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A Randomized Controlled Trial of Two
Interventions to Improve Medication Reconciliation
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and John M. Hickner, MD, MSc

Objective: Medication errors can be caused by lack of agreement between what physicians believe pa-
tients are taking and what patients actually take. There has been little systematic research to find the
best way to reconcile medication lists in primary care. The objective of this study was to assess the im-
pact of 2 interventions on agreement between electronic medical record medication lists and what pa-
tients report actually taking.

Methods: This study was a factorial randomized trial that randomized 440 eligible patients (English-
speaking, age 18 and older, taking at least 2 prescriptions) visiting 20 primary care physicians; 367
completed the study. Interventions included (1) providing patients a printed copy of their current medi-
cation list at check-in and (2) beginning the medication review with an open-ended question. Patients
were randomized to receive no intervention, one or the other intervention, or both interventions. The
outcome measure was agreement on all prescription and nonprescription medications, vitamins, and
supplements between the list from the electronic medical record after the visit and a list based on pa-
tient report generated during a phone interview within a week of the office visit.

Results: Agreement rates between medication lists and patient report for the 4 study groups were:
67.4% in the no intervention group, 66.7% in the printed list only group, 58.1% in the open-ended
question only group, and 75.6% in the combined intervention group. Both a printed list and beginning a
medication discussion with an open-ended question were required before any significant increase in
agreement was observed.

Conclusions: While neither intervention alone improved medication list agreement, these interven-
tions may have value in a multistep protocol to improve the agreement of medication lists in primary
care offices. Baseline agreement was much higher than expected, possibly reflecting a Hawthorne effect.
(J Am Board Fam Med 2014;27:347–355.)
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Medication errors and adverse drug events are
common in outpatient settings. A meta-analysis of
29 studies found an incidence of about 15 adverse

drug events per 100 outpatients per year, of which
20% were judged as being preventable.1 In a sys-
tematic review of 15 studies, Winterstein et al2

estimated that 4.3% of US hospital admissions are
due to preventable drug-related causes. One source
of outpatient medication error is discrepancies be-
tween what physicians prescribe and believe pa-
tients are taking, as recorded in patients’ medica-
tion lists, and what patients actually take. Of the
medication errors reported in one primary care
study, 23% were inaccuracies in the medication
list.3 Therefore, one way to reduce medication er-
rors and adverse drug reactions is to carefully rec-
oncile a patient’s medication list in the medical
record against what the patient actually takes.4 A
Veterans Affairs study found that only 21% of
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medical records had accurate documentation of all
drug names, dosages, and directions for use com-
pared with a structured review by a pharmacist.5

There has been little systematic research, how-
ever, to identify the best approach for continually
updating and maintaining an accurate outpatient
medication list in primary care practices—the
venue for most medication management of patients
with chronic diseases who take multiple medica-
tions. As of December 2013, 4 interventional studies
to improve medication reconciliation in ambulatory
care have been published; none were randomized
trials.

One was conducted in an oncology practice6 and
the other 3 in primary care practice settings.7–9 In
the study by Varkey et al,7 patients were asked to
bring their medication lists to their appointments
to verify and correct the most recent list in the
electronic medical record (EMR) with their physi-
cians. In doing this, the proportion of medication
discrepancies was reduced from 89% to 49%, and
the proportion of medication lists with a discrep-
ancy was reduced from 89% to 66%. In another
study, receptionists asked patients to bring updated
medication lists or medication bottles to appoint-
ments.8 During the appointments, patients were
asked to write down their medications. This list
then was recorded by a medical assistant (MA) and
reconciled by the physician. The proportion of
discrepancies did not change dramatically after the
intervention, and the proportion of lists with dis-
crepancies actually increased from 76% to 82%.

Primary care offices in PeaceHealth instituted a
5-step protocol involving all office staff and pa-
tients in the process9: (1) All patients were asked to
bring in a current list of medications, including
over-the-counter (OTC) drugs and herbal supple-
ments. (2) Clinical staff (nurses and MAs) reviewed
the medications with the patient at the start of the
visit. (3) The patient’s medication list was recon-
ciled with the list in the clinic’s EMR, and any
changes were documented by the physician/pro-
vider. (4) Any newly prescribed medications were
checked for interactions with the updated, recon-
ciled medication list in the EMR by the physician/
provider. (5) The patient left the office with a paper
copy of an updated, reconciled medication list.
Three months after this protocol was implemented,
the percentage of lists containing discrepancies
dropped from 80% to 50%. The researchers did

not test the individual steps, so it is uncertain to
what extent each step improved reconciliation.

A 2011 observational study of medication rec-
onciliation in Cleveland Clinic primary care prac-
tices found that only 15.1% of medication lists
were fully concordant for prescription medications,
herbals, and other over the counter medications,
and 29.8% for prescription medications alone, a
rate similar to that of the Veterans Affairs and
PeaceHealth systems before interventions.10

We wanted to discover whether discrete inter-
ventions improved the agreement between EMR
and patient-reported medication lists. In the 2011
Cleveland Clinic observational study, using an
open-ended question such as, “Tell me about your
medications” was associated with a 20% absolute
increase in agreement between the EMR medica-
tion list and patient report. The PeaceHealth study
found that presenting the patient with a paper copy
of their current EMR medication list at check-in
for review before the encounter with the physician
improved medication reconciliation.9 Therefore,
we conducted this study to evaluate the effective-
ness of 2 interventions on the agreement of EMR
medication lists and patient report: (1) providing a
paper copy of their EMR medication list to patients
at check-in for review, and (2) having MAs use an
open-ended question to introduce the medication
review.

Methods
Site Selection and Training
We identified 2 Cleveland Clinic family health cen-
ters that did not provide printed medication lists to
patients before visits. At these sites, standard policy
was to have MAs review the medication list before
the doctor’s visit, but there was no formal medication
reconciliation protocol. Each physician worked al-
most exclusively with a particular MA for the majority
of his or her clinics. Ten such physician/MA pairs
(MD/MA pairs) from each center agreed to partic-
ipate in the study. Although both sites serve as
teaching clinics for medical students and residents,
none were precepting with the MD/MA pairs while
this research was being conducted. The study be-
gan in October 2011 and concluded in April 2012.

Before patient enrollment with each MD/MA
pair began, the study coordinator (CMW) in-
structed the MAs individually in the design, which
required varying the approach to medication rec-
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onciliation based on the randomization of each
patient. The list-oriented approach consisted of the
MA stating, “Let’s review your medication list” and
then listing each medication already in the record,
with the patient generally saying “yes” or “no”. For
the open-ended question approach, the script be-
gan with the statement, “Tell me about your med-
ications”, allowing the patient to lead the review of
medications. If the MA felt the list had not been
adequately reviewed, she would use follow-up
statements/questions to complete the discussion,
such as, “Have there been any changes or additions
since your last visit here?” and “Let’s review your
medication list.”

Patient Enrollment, Randomization, and Sample
Size Calculation
Each morning, the study coordinator identified el-
igible patients from physicians’ schedules. Eligibil-
ity criteria were age �18 years, English speaking,
and having at least 2 prescription medications on
the EMR list before the visit. When an eligible
patient arrived, the coordinator would escort the
patient to the examination room, where informed
consent and contact information were obtained.

The study coordinator randomized each con-
senting patient to 1 of the 4 groups (Figure 1) using
a random number generator. Randomization was
performed using a block approach with the
MD/MA pairs, so that each set of 4 patients was
assigned to 1 of the 4 groups in a random order.

As noted in a previous observational study, the
prevalence of agreement between medication lists
and patient report in Cleveland Clinic primary care
practices was approximately 20% before the study.10

We estimated that each intervention would in-

crease the agreement between the medication list
and patient report by 20%. To detect a 20% abso-
lute difference from 20% to 40%, 82 patients per
group were needed to achieve 80% power at a
2-tailed significance level of .05. This was extrap-
olated to a 4-group factorial design, resulting in a
total of 328 observations required; the possibility of
this being underpowered for smaller interaction
effects was acknowledged. Initially, a goal of 400
patient observations was selected after inflating the
sample size to account for dropout rates observed
in the previous observational study,10 which used
the same pharmacist-conducted telephone inter-
view process. Twenty patients were enrolled with
each of the first 10 MD/MA pairs. We had a higher
than anticipated rate of loss to follow-up, so 24
patients were enrolled for each of the remaining 10
MD/MA pairs to achieve the desired sample size
and adequate power.

Intervention
If the patient was randomized to a group receiving
a printed copy of the medication list, the study
coordinator handed the patient a printed medica-
tion list and a pen and said: “This is a current list of
your medications. Please read it carefully, and use
this pen to note anything that doesn’t look right to
you. Then please mention the differences when
your medications are reviewed during the visit so
that we can update the list.”

Before leaving the room, the study coordinator
turned on a digital recorder; then the coordinator
attached the appropriate script card to the outside
of the door. The MA read the card before entering
the room and began the interview as prescribed by the
card (open-ended or list-oriented script). After the
medication review was complete, the MA turned off
the recorder. The remainder of the visit was con-
ducted routinely.

Data Collection
When the encounter was complete, the study
coordinator entered the EMR medication list
generated at the end of the visit into the study
database. The study coordinator also listened to
each recording to determine whether the MA
asked the proper question and the duration of the
medication review.

To document medications patients report tak-
ing, a pharmacist conducted a detailed telephone
interview with the patient and/or caretaker within a

Figure 1. Subjects were randomized to 1 of 4 study
groups: no intervention (group A), printed medication
list only (group B), open-ended question only (group
C), and both interventions (group D).

Review of printed medication list 

No Yes 

Open-ended 
question 

No A B 
Yes C D 

   A:  NO patient review of printed medication list & NO open-ended question 
   B:  Patient review of printed medication list ONLY
   C:  Open-ended question ONLY
   D:  BOTH patient review of printed medication list & open-ended question
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week of the office visit using a prepared script. The
pharmacist recorded the exact name, dosage, route,
and instructions for use, as read from the bottle
label by the patient, and asked the patient how she
or he actually takes the medication, thus generating
a list based on patient self-report. Medications were
categorized as prescription, OTC-meds, or OTC-
other. The OTC-meds group included medica-
tions such as acetaminophen, ibuprofen, and aspi-
rin at doses available OTC. The OTC-other group
included nonmedication items such as vitamins,
herbals, and other supplements available OTC.

The pharmacist noted any discrepancies be-
tween the EMR and the patient’s/caretaker’s self-
report and asked about reasons for the discrepan-
cies. When discrepancies were identified during the
phone interview, the pharmacist sent a message
through the EMR to the physician advising them of
the discrepancy. The pharmacist also asked the
patients several other follow-up questions and as-
sessed their health literacy.11

Study data were collected and managed using
REDCap (Research Electronic Data Capture) tools
hosted at the Cleveland Clinic.12 REDCap is a
secure, web-based application designed to support
data capture for research studies; it provides (1) an
intuitive interface for validated data entry; (2) audit
trails for tracking data manipulation and export
procedures; (3) automated export procedures for
seamless data downloads to common statistical
packages; and (4) procedures for importing data
from external sources.

Data Analysis
Medication lists were considered in full agreement
when the EMR medication list and patient report
agreed on the 5 following elements: (1) name of
medication, (2) dose, (3) frequency of administra-
tion, (4) route of administration, and (5) PRN sta-
tus. Agreement between the EMR medication list
and patient report was assessed using 2 measures:
(1) a dichotomous categorical variable (perfect
agreement or not between the prescription medi-
cations on the medication list gathered through the
phone interview and the medication list recorded in
the EMR) and (2) a numeric variable (the propor-
tion of individual medications that had at least one
discrepancy between the medication list from the
phone interview and the medication list in the
EMR). Sample size was estimated based on the first
criterion.

Descriptive statistics (means, standard devia-
tions, counts, and proportions) were used to sum-
marize all data. The primary outcome was full
agreement between the medication list and patient
report. To assess whether the proportion of medi-
cation lists in agreement with patient report dif-
fered among the 4 study groups, a mixed model was
used to account for the hierarchical data structure
(patients clustered within the MD/MA pair). An
unadjusted analysis was performed, then the data
were analyzed again, adjusting for potential con-
founders as necessary. Covariates achieving a P
value �.2 in unadjusted analyses were carried for-
ward for possible inclusion in the multivariable
mixed model. A backward stepwise approach to
variable selection determined the final model. The
use of randomization helped evenly disperse factors
related to MAs, physicians, and sites since random-
ization was blocked within MA/MD pairs. The data
from the audio files was used when analyzing the
implementation of the interventions.

Results
Of the 440 patients randomized, 73 were lost to
follow-up and 367 were included in analysis—an
83.4% follow-up rate. Figure 2 shows the consort
diagram of enrollment. Follow-up rate and patient
variables, including age, sex, number of medica-
tions on list, and health literacy, were well distrib-
uted in all 4 groups, suggesting successful random-
ization (Table 1).

There were no significant differences among
groups in the time taken for the medication review
by the MAs (range, of 1.3–1.5 minutes; P � .75),
and the open-ended question intervention was eas-
ily learned and performed by the MAs (range, 94–
96% correct implementation). The mean duration
of the medication reconciliation performed by the
pharmacists by telephone after the visit was 10.3
minutes (range, 5–35 minutes).

The primary outcome was list agreement. The
overall agreement rate was 67%; 121 of 367 lists
contained at least one discrepancy. Considering
only prescription medications, the overall agree-
ment rate was 82%. The overall agreement rates in
each group are given in Figure 3. Compared with
no intervention (67.4%), there was almost no
change in agreement when patients were given a
printed list only (66.7%), a decrease in agreement
when the medication reconciliation began with an
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open-ended question only (58.1%), and an increase
in agreement in the combined intervention group
(75.6%). Although not the primary outcome, the
proportions of individual medications in agreement
were as follows: 0.92 in the no intervention group,
0.88 in the open-ended question group, 0.92 in the
printed list group, and 0.95 in the combined inter-
vention group.

Figure 4 displays the agreement rate for all med-
ications among the 20 MD/MA pairs, which shows
considerable variation, from 33% to 91%. There-
fore, clustering patients within MD/MA pairs had
to be taken into account in the analysis. This also
illustrates why it was important to randomize
within MD/MA pairs in the study design: to min-
imize the effects of MD/MA pair variability.

A significant interaction (P � .04) was identified,
indicating that both a printed list and beginning
with an open-ended question are required before

any increase in agreement takes place. This can be
seen visually in Figure 3, where the proportion of
lists in full agreement is less than the control group
for each intervention but is greater when both
interventions are implemented together.

Adjusting for demographic factors (patient age,
type of visit, total number of medications, and site)
and taking into account the clustering of patients
within each MD/MA pair, the interaction remained
significant (P � .01). This means that the effect of
each intervention on list agreement depends on the
status of the other intervention. When the recon-
ciliation does not begin with an open-ended ques-
tion, agreement is not associated with whether the
medication list is provided (odds ratio, 0.95; 95%
confidence interval, 0.56–1.63). When the recon-
ciliation does begin with an open-ended question,
however, the probability of agreement increases
when the medication list is provided (odds ratio,

Figure 2. Consort diagram describing the number of patients enrolled, randomized, and lost to follow-up and the
number of patients completing the trial by study group.

* 37 eligible patients were not approached due to logistical challenges. In order to avoid disrupting patient 
flow and causing the physician and medical assistant to run behind, we had to skip some patients. This was
a completely non-selective process.

564  patients seen 
during enrollment 

period 

54  ineligible 
37 not approached* 

33 declined 

440 randomized 

110 assigned to no 
intervention group 

110 assigned to 
printed list group 

110 assigned open-
ended question group 

110 assigned to both 
interventions group 

15 lost to follow-up 

95 included in 
analysis 

96 included in 
analysis 

14 lost to follow-up 24 lost to follow-up 20 lost to follow-up 

86 included in 
analysis 

90 included in 
analysis 
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2.70; 95% confidence interval, 1.73–4.22). This
can be seen visually in Figure 3; with no open-
ended question (dashed line) there is no impact of
the printed list; with the open-ended question
(solid line); there is, however, an increase in agree-
ment with the printed list (positive slope).

The data can be further explored with regard to
the types of discrepancies that occurred in each

group. The categories were categorized broadly as
1 of 3 types: medications being taken but missing
from list, medications on lists that are not being
taken, and medications being taken incorrectly
(Figure 5).

Discussion
Medication reconciliation is an important element
of medication safety. There has been little system-
atic research to find the best way to maintain ac-
curate outpatient medication lists. Presented here
are the results of the first randomized trial to im-
prove the agreement of medication lists in outpa-
tient care.

In this study, neither intervention alone im-
proved the agreement between patient-reported
and EMR medication lists. There was, however, a
significant interaction that persisted even after ad-
justing for potential confounders. This means that
the effect of the printed list on agreement depends
on whether an open-ended question was used and
vice versa. The significant interaction of the 3 in-
terventions suggests that efforts toward improving
medication list agreement are more likely to suc-
ceed when they use a multistep approach. Indeed,

Table 1. Patient Demographics, Average Number of Medications Prescribed, and Literacy Levels of Patients in the
4 Study Groups

Study Group

P Value*

No Printed List and No
Open-Ended Question

(n � 95)

Printed
List Only
(n � 96)

Open-Ended
Question Only

(n � 86)

Printed List and
Open-Ended Question

(n � 90)

Male sex (%) 37 42 31 36 .39
Age (years) 58.4 � 13.9 57.6 � 16.4 55.6 � 18.1 59.6 � 16.9 .12
Total items on list 7.9 � 5.4 8.2 � 5.1 7.8 � 4.5 8.9 � 5.1 .24
Rx meds† 5.3 � 3.7 5.4 � 4.3 5.1 � 3.4 5.9 � 3.6 .25
OTC medications‡ 0.9 � 1.0 0.8 � 0.8 0.9 � 0.9 1.2 � 1.2 .16
OTC other§ 1.8 � 2.3 2.0 � 2.0 1.8 � 2.2 1.8 � 2.2 .95
Follow-up rate (%) 86 87 78 82 .31
Health literacy (“How confident are you

filling out medical forms by
yourself?”) (%)

.88

High (“all or most of the time”) 87 87 85 83
Moderate (“sometimes”) 7 11 11 10
Low (“never”) 7 2 4 7

Data are mean � standard deviation unless otherwise indicated.
*These P values account for the clustering of patients within physician/medical assistant pairs.
†Rx meds include any substance that requires a prescription.
‡OTC medications include any medication available over the counter (OTC) at an OTC strength.
§OTC other include any nonmedication available OTC at OTC strength.

Figure 3. Unadjusted medication list agreement for the
4 study groups showing the synergy between medical
assistants’ use of an open-ended question and
patients’ review of a printed medication list before
seeing the physician.
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this was demonstrated by the PeaceHealth im-
provement project.9

In this study, the combined intervention group
increased the agreement rate by approximately
10% compared with the no intervention group. We
believe that an increase of this magnitude, espe-
cially in the setting of an already high rate of
agreement at baseline, should be considered clini-
cally important. We suggest, therefore, that practices
use a multistep intervention model for improvements
in the medication reconciliation process.

The high baseline agreement and the failure of
the single interventions to improve agreement de-
mand an explanation. During the consent process,
patients were told that the purpose of the study was
to learn more about the way medication lists are
updated. The MAs and physicians knew that they
were being studied, which may have led them to
increase their efforts during the medication list

update. This is known as the Hawthorne effect13: a
psychological response in which subjects in a re-
search study change their behavior simply because
they are subjects in a study, not because of the
research treatment. Thus, the heightened aware-
ness of the patients, MAs, and physicians about the
significance of the medication review could have
increased the baseline agreement rate. This effect,
however, would affect all 4 intervention groups
equally and thus would explain only the high over-
all baseline agreement rate, not the group differ-
ences observed.

During the study the Cleveland Clinic health
system began a system-wide effort to improve med-
ication reconciliation, although there had been no
dissemination of educational materials to physi-
cians or support staff before the conclusion of this
study. However, it is possible that the MAs and
physicians were aware of an increased focus on

Figure 4. Variation in agreement rates of the 20 physician/medical assistant (MD/MA) pairs.

Figure 5. Number and types of discrepancies by study group.

44%
26% 25% 29%

44%

55% 55%
36%

11% 19% 20%
36%

0%

20%

40%

60%

80%

100%

no intervention
(N = 61)

open-ended
question
(N = 78)

printed list
(N = 64)

combined
intervention

(N = 45)

Extra med on list

Med missing from list

Med taken incorrectly
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medication reconciliation and that this could have
affected their reconciliation practices, again possi-
bly increasing the baseline agreement rate.

Also, new prescribing technology was imple-
mented just before the trial started; the technology
automates certain features of prescribing. For ex-
ample, one cannot prescribe a medication without
entering the route of administration. These minor
improvements to the electronic tools used for pre-
scribing may have increased the completeness of
the items listed in the EMR. However, in the ob-
servational study conducted at the Cleveland Clinic
1 year before this randomized controlled trial, only
5% (11 of 212) of the total discrepancies identified
were due to differences in route of administration.
This particular change, therefore, would not com-
pletely explain the high rate of agreement at base-
line.

We expected that the open-ended question ap-
proach and the paper medication list would im-
prove agreement between the EMR lists and pa-
tient report since they were highly correlated with
medication list agreement in the prior observa-
tional study. Open-ended questions and statements
can be powerful in clinical practice because patients
may feel empowered to provide more information
than they might otherwise share. However, if pa-
tients are not prepared to review their medications
or do not know their medications well, the open-
ended approach may not be used to its full advan-
tage. When a list is provided but the communica-
tion approach is closed, patients may assume that
the medications already listed are the only ones that
should be included and that the information listed
is more accurate than their memory. Patients may
also hesitate to ask for or provide clarification when
not prompted. More exploration into the types of
discrepancies that occurred with each approach
may provide insight into the causes of failure of
each solo intervention.

The duration of the medication reconciliation
during the office visit lasted only 1.3 to 1.5 minutes,
without significant variation between intervention
and no intervention groups. This means that the
interventions had a minimal effect on the duration
of the office visit, which is essential in a busy pri-
mary care setting. In contrast, the pharmacist-led
reconciliation by phone lasted an average of 10.3
minutes. While such an in-depth review is ideal for
medication reconciliation, such a time-intensive in-

tervention is not feasible in most primary care prac-
tices on a routine basis.

There are some limitations to this study. First, as
discussed, we suspect the Hawthorne effect was at
play. Second, only one element of medication man-
agement is addressed by this study, and the lack of
agreement between medication lists and patient
report accounts for only about a quarter of medi-
cation errors in office practice. Third, because we
only studied 2 practices, the results are not neces-
sarily generalizable to all primary care sites. Fourth,
there was substantial variation in list agreement by
physician, suggesting that individual effort has a
large effect on the accuracy of medication lists.
Finally, one could argue that the MD/MA pair
should have been randomized to preserve the ac-
curacy of the intervention and maximize interven-
tion effects. However, because we had noted in our
prior study great variation in medication reconcil-
iation performance among MD/MA pairs, a large
number of MD/MA pairs would have been re-
quired to overcome this variability and obtain valid
estimates, which was not feasible given our re-
sources for the study. Therefore, we chose to ran-
domize each patient, implement objective interven-
tions (providing a list and scripted dialogue), and
adjust for patient clustering within MD/MA pair in
the statistical analyses, resulting in slightly attenu-
ated but valid estimates.

Conclusion
This study did not support the use of these 2
methods as single, discrete interventions to im-
prove medication reconciliation in primary care.
However, our results suggest that these interven-
tions may have value as part of a more comprehen-
sive process aimed at improving the agreement of
medication lists with patient report. Therefore, we
believe future efforts to improve medication recon-
ciliation in primary care should focus on multistep
protocols.
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