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ABSTRACT
Objective Errors in community medication histories
increase the risk of adverse events. The objectives of this
study were to estimate the extent to which access to
community-based pharmacy records provided more
information about prescription drug use than
conventional medication histories.
Materials and methods A prospective cohort of
patients with public drug insurance who visited the
emergency departments (ED) in two teaching hospitals in
Montreal, Quebec was recruited. Drug lists recorded in
the patients’ ED charts were compared with pharmacy
records of dispensed medications retrieved from the
public drug insurer. Patient and drug-related predictors
of discrepancies were estimated using general estimating
equation multivariate logistic regression.
Results 613 patients participated in the study (mean
age 63.1 years, 59.2% women). Pharmacy records
identified 41.5% more prescribed medications than were
noted in the ED chart. Concordance was highest for
anticoagulants, cardiovascular drugs and diuretics.
Omissions in the ED chart were more common for drugs
that may be taken episodically. Patients with more than
12 medications (OR 2.92, 95% CI 1.71 to 4.97) and
more than one pharmacy (OR 3.85, 95% CI 1.80 to
6.59) were more likely to have omissions in the ED
chart.
Discussion The development of health information
exchanges could improve the efficiency and accuracy of
information about community medication histories if they
enable automated access to dispensed medication
records from community pharmacies, particularly for the
most vulnerable populations with multiple morbidities.
Conclusions Pharmacy records identified a substantial
number of medications that were not in the ED chart.
There is potential for greater safety and efficiency with
automated access to pharmacy records.

BACKGROUND AND SIGNIFICANCE
Errors in the recording of prescription medication
histories are distressingly common in the hospital
setting, occurring in upwards of 50–70% of admit-
ted patients.1–3 Over one quarter of these errors
are attributable to incomplete medication histories
obtained at the time of admission.4 In many cases,
medication discrepancies lead to interrupted or
inappropriate drug therapy during and after hospi-
talization, 5–7 and are an important contributor to
adverse drug events among hospitalized and
recently discharged patients.3 6 Following hospital

discharge, the perpetuation of these errors may
result in unintended disruptions in essential treat-
ment, drug interactions or therapeutic duplication
—all of which have the potential to cause signifi-
cant clinical harm and result in additional health-
care costs.7 Indeed, a recent study suggests that
there may be a 10% increase in adverse drug events
among patients whose medication was unintention-
ally disrupted by a hospital stay.6

Although research in this area remains limited,
some studies have shown significant discrepancies
between medication lists generated during emer-
gency department (ED) triage and those later veri-
fied by a pharmacist.1–3 7 8 The most common
example is the omission of medications taken at
home;2 7 over 59% of medication histories
recorded by physicians differ from those collected
by pharmacy staff,2 and although pharmacists are
more effective in obtaining an accurate medication
history, they are not available for all patient
encounters.9 While computerized provider order
entry systems are effective in minimizing the risk
associated with prescribing errors, they cannot
detect home medication use without linkage to a
community pharmacy database.7 Better methods of
obtaining the complete community drug list for
each patient upon hospital admission would help
to avoid preventable adverse drug events and
increase the utility of community pharmacy systems
in improving patient safety. The development of
health information exchanges (HIE) in the USA
and the pan-Canadian electronic health record in
Canada are examples of technological infrastruc-
tures that could be used to provide access to com-
munity pharmacy records.10 11 What remains
unclear is whether access to community-based
pharmacy records will provide substantially more
information about prescription drug use than con-
ventional medication histories.
Two recent studies, one conducted in Denmark

and the other in the USA, set out to evaluate the
magnitude of discrepancy between these two
sources of information; however, their results were
conflicting. In the Danish study, 27% of medica-
tions documented in electronic pharmacy records
were not reported by patients on admission to an
acute medical emergency ward, whereas only 6%
of medications reported by patients were omitted
from pharmacy records.12 In contrast, in the
American study, 30% of medications reported by
patients were not included in an insurance claims
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database, possibly because unlike pharmacy records, which
record all prescriptions dispensed, insurance claims only include
those drugs that are covered.13 Neither of these studies identi-
fied the characteristics of patients at risk of having discrepancies
in their medication histories. These data are needed to evaluate
the extent to which investment in and maintenance of HIE will
produce clinical value for patients.

OBJECTIVE
The purpose of this study was to determine the extent to which
community medication histories documented in the ED differed
from records of dispensed medications provided by community
pharmacies, and the patient and drug-related predictors of dis-
crepancies that could be used to identify higher risk groups.

MATERIALS AND METHODS
Setting
This study took place at two teaching hospitals in Quebec,
Canada, where all residents have provincial medical insurance,
and approximately 50% of the population is covered by public
drug insurance. Claims records for all dispensed medications
from Quebec pharmacies and medical services from
fee-for-service physicians are maintained at the Régie de
l’Assurance Maladie du Quebec (RAMQ) and can be linked
using a unique lifetime identifier to create a longitudinal health
record for each provincial resident.

Study design and participants
A prospective cohort study was conducted. Individuals who
were seen in the ED at the Royal Victoria Hospital and the
Montreal General Hospital between 21 May and 27 August
2008, who were 18 years of age or older, reported that they
took at least one prescription medication and who had public
drug insurance were asked to participate. Research assistants
assessed eligibility and sought patient consent. The McGill
University Health Centre’s ethics committee, the RAMQ, and
the provincial privacy commission approved the study.

Data collection and retrieval
For each consenting patient, two different community drug lists
were retrieved: one that contained the drug list recorded by the
triage nurse and ED staff in the patient’s paper-based medical
chart at the time of their ED visit, and another obtained from
the community pharmacy records of dispensed medications
recorded in the administrative databases of the RAMQ. For
patients with multiple ED visits during the study period, only
information pertaining to their first visit was collected from the
ED chart and the community pharmacy records.

Chart retrieval
Trained research assistants reviewed all prescription drugs
recorded in the ED section of the patient’s hospital chart and
entered the community drug list (drug name, strength, form)
documented at the time of the visit into an electronic database.
To minimize data entry errors, the database auto-generated a list
of possible drug names from the first three typed letters; once
the drug was selected, the strength and form was selected from
a drop-down list, or entered in a free text field if the correct
option was not available. If a drug name, strength, or form was
missing or illegible, this information was also recorded in the
database. All drugs, both prescription and over the counter,
were coded by drug identification number, when possible, and/
or by the generic drug code (ie, by drug ingredient regardless of
manufacturer or format) using a proprietorial classification

system (Vigilance Santé).14 The number of illegible drugs was
recorded for each patient, when applicable.

Provincial insurer (RAMQ) medication list retrieval from Quebec
pharmacies
For each consenting patient, data on all prescription drugs dis-
pensed from Quebec pharmacies in the year before the ED visit
date were retrieved from the RAMQ. Data included medication
drug identification number, strength, format, quantity dis-
pensed, the duration of the prescription, and encrypted identi-
fiers for each of the patients, prescribing physician, and
dispensing pharmacy. Dispensed drugs were grouped by generic
code and those with an active prescription within the 2 months
before the ED visit date were classified as current community
medications. Patients using medications for chronic conditions
may miss 20% of doses (a mean compliance of 80%), and thus
a window of 2 months back from the ED visit date was used to
identify current medication.

Main outcome
The primary outcome was a discrepancy between community
medications that were documented in the ED chart compared to
dispensed medication records from the RAMQ databases. A dis-
crepancy was defined as the absence of a drug with the same
generic drug code in either the ED or RAMQ drug lists. All
illegible drug entries in the ED chart were excluded.

Predictors of discrepancies
Potential patient and drug-related predictors of medication list
discrepancies were measured with the aim of identifying subsets
of patients who may be at greater risk of an incomplete commu-
nity medication history. As many jurisdictions do not have
access to records of dispensed medications, we assessed patient
characteristics that were associated with a greater number of
medications in pharmacy-recorded claims relative to the ED
chart. Using a combination of medical chart and administrative
data, we measured patient age and sex, health conditions that
would create potential communication barriers,15 as well as the
number and therapeutic classes of medications as these factors
may influence patient recall and communication. Using adminis-
trative data we measured the frequency of ED visits, and hospi-
talization in the past year, as well as the number of pharmacies
and physicians involved in prescribing and dispensing as these
factors create challenges in the continuity of care. Published
algorithms were employed to measure patient and healthcare
utilization characteristics.16–19 Over-the-counter drugs were
excluded, as they are not recorded in the pharmacy records.

Statistical analysis
Descriptive statistics were used to characterize the cohort, and
to examine the frequency of discrepancies between the ED and
Quebec pharmacy dispensing records for prescription drugs, by
class and most frequent generic drugs. Multivariate logistic
regression was used to estimate the association between patient
demographics, health conditions, and healthcare utilization, as
well as the likelihood of having more prescribed drugs listed in
the pharmacy records than the ED chart. We estimated both the
univariate and multivariate associations for each variable. To
avoid multi-collinearity, we selected only one variable when
multiple variables measuring the same concept were used (eg,
number and types of drugs). SAS V.9.2 was used for all analyses.
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RESULTS
Overall, 613 patients met the eligibility criteria and were
enrolled in the study. The mean patient age was 63.1 years,
59.2% were women, and 32.6% had health conditions that may
have created potential communication barriers (table 1). In the
year before the ED visit, 45.7% of patients had four or more
prescribing physicians, and 7.5% had four or more pharmacies.

Approximately one quarter (26.1%) of patients had more
than 12 active prescription drugs documented at the ED visit,
either in the hospital chart or through the pharmacy records;
57.3% used at least one over-the-counter medication, and
14.5% had at least one illegible drug in the ED chart (table 2).

The most prevalent over-the-counter medications were acet-
aminophen, acetylsalicylic acid, multivitamins, and calcium
(table 3). For prescribed medications, 30.8% of patients had a
single prescribing physician, and 72.4% had a single dispensing
pharmacy. Cardiovascular drugs, central nervous system agents,

hormones and synthetic substitutes were the most prevalent
therapies Pharmacy records documented more active drugs than
the ED chart in 75.5% of patients, and in 11.9%, the ED chart
listed more medications.

There was concordance between the ED chart and pharmacy
records for 45.2% of medications, 41.5% were only identified
in the pharmacy records, and 13.4% were only in the ED chart.
Concordance was highest for anticoagulants (64.6%), cardiovas-
cular drugs (61.4%), and diuretics (56.2%) (table 4).

Drugs that are taken episodically were more frequently
recorded in pharmacy records only (table 4). For example,
80.9% of skin agents, 75.3% of anti-infective drugs, 68.6% of
eye, ear nose and throat medications, 46.2% of central nervous
system agents, 44.0% of gastrointestinal drugs, and 43.4% of
autonomic drugs, such as bronchodilators, were only recorded
in pharmacy records. In the case of anti-infective drugs, 91% of
patients who used anti-infective agents had a prescription
end-date that preceded the ED visit; however, 34% of patients

Table 1 Demographic and healthcare utilization characteristics of
the 613 patients in the study population in the year before the ED
visit

Demographic characteristics Mean SD

Patient age (years) 63.1 18.8
N %

<50 years 150 24.5
50–70 years 197 32.1
>70 years 266 43.4

Sex
Female 363 59.2
Male 250 40.8

Health conditions with communication barriers
Any condition 200 32.6
Psychiatric disorder* 183 29.9
Social distancing problem† 32 5.2
Physical communication problems‡ 3 0.5

Healthcare utilization in past year
No of ED visits in past year
No visits 307 50.1
1 Visit 141 23.0
2–3 Visits 104 17.0
≥4 Visits 61 10.0

No of hospitalizations in past year

No hospitalizations 412 67.2
1 Hospitalization 116 18.9
≥2 Hospitalizations 85 13.9

Continuity of medication management in past year
No of prescribing physicians in past year
No information on prescribers 35 5.7
1 Prescriber 84 13.7
2–3 Prescribers 214 34.9
≥4 Prescribers 280 45.7

No of pharmacies in past year
No information on pharmacies 33 4.5
1 Pharmacy 327 53.3
2–3 Pharmacies 207 33.8
≥4 Pharmacies 46 7.5

*Including diagnoses for depression, anxiety and adjustment disorders, schizophrenia
and other psychotic disorders, mood disorder including bipolar and personality
disorder.
†Includes alcoholism, drug abuse and homelessness.
‡Includes documented communication difficulties, blindness and deafness.
ED, emergency department.

Table 2 Characteristics of prescribed and OTC medication use at
ED visit and discrepancies between ED and pharmacy record sources
at the time of the ED visit

No of prescribed drugs (either ED or pharmacy source) N %

0 Drugs (only OTC) 8 1.3
1 Drug 36 5.9
2–6 Drugs 220 35.9
7–12 Drugs 189 30.8
>12 Drugs 160 26.1

Patients with ≥1 OTC medication 351 57.3
Patients with ≥1 illegible drug in the ED chart 89 14.5
Drug use by therapy class
Central nervous system agents 360 58.7
Cardiovascular drugs 363 59.2
Hormones and synthetic substitutes 282 46.0
Blood formation, coagulation and thrombosis 218 35.5
Gastrointestinal drugs 211 34.4
Electrolytic, caloric and water balance 237 38.9
Anti-infective agents 162 26.4
Autonomic drugs 161 26.3
Eye, ear, nose and throat preparations 93 15.7
Other 273 44.5

No of prescribing physicians
No information on prescribers 45 7.3
1 Prescriber 189 30.8
2–3 Prescribers 265 43.2
≥4 Prescribers 114 18.6

No of pharmacies
No information on pharmacies 45 7.3
1 Pharmacy 444 72.4
2–3 Pharmacies 114 18.6
≥4 Pharmacies 10 1.6

Differences between pharmacy records and ED chart
Pharmacy records document more prescribed drugs than ED chart 463 75.5
1 More drug 122 19.9
2–4 More drugs 219 35.7
≥5 Drugs 122 19.9

ED chart documents more prescribed drugs than pharmacy records 73 11.9
1 More drug 31 5.0
2–4 More drugs 25 4.1
≥5 Drugs 17 2.8

ED, emergency department; OTC, over-the-counter.
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were prescribed multiple different anti-infective agents in the
past 2 months. Of interest, 9.9% (gastrointestinal drugs) to
18.7% (autonomic drugs) of drugs were listed in the ED chart
but were not found in pharmacy records of dispensed medica-
tions, at least in the 2 months before the ED visit.

The likelihood of having more drugs documented in phar-
macy records than the ED chart was associated with the number
of prescribed drugs, and the number of pharmacies, but not age,
sex, hospitalizations or communication problems. (table 5).
Patients with more frequent ED visits were more likely to have
discrepancies in bivariate analysis, but these trends were largely
explained by the number of medications and healthcare use and
were not significant in multivariate analysis.

Patients using more than 12 drugs were almost three times
more likely (OR 2.92, 95% CI 1.71 to 4.97) to have drugs
documented in pharmacy records that were not noted in the ED
chart. Compared to cardiovascular drugs, anti-infective drugs,
blood formation, coagulation and thrombosis drugs, gastrointes-
tinal drugs, and central nervous system drugs were more likely
to be documented only in pharmacy records and not the ED
chart. The number of prescribing physicians, both in the past
year and for current medications, was associated with the

likelihood of having more drugs documented in pharmacy
records. However, the number of prescribing physicians was
also strongly correlated with the number of drugs (r=0.54,
p<.0001), so only the number of drugs was included in the
multivariate models. Using more than one pharmacy, both in
the past year and for current medication, was associated with
more than a threefold increase (OR 3.45, 95% CI 1.80 to 6.59)
in the risk of having more medications listed in pharmacy
records, even after adjusting for the number of current
medications.

DISCUSSION
This study provides insight into the potential value of accessing
information electronically from community pharmacy medica-
tion records at the time of an ED visit. Pharmacy records identi-
fied 41.5% more prescribed medications that were not noted in
the ED chart. More vulnerable patients, that is, those with many
medications, many prescribing physicians, and multiple ED
visits were more likely to have omissions in their ED record of
current medications. Although having potential communication
problems did not turn out to be a significant predictor of medi-
cation discrepancies, patients who were unconscious or agitated
would have been less likely to be enrolled in this study because
of known consent biases,20 and thus we probably underesti-
mated these effects. We found that omissions were more
common for some groups of medications than others, particu-
larly for therapeutic classes of drugs that may be taken episodic-
ally to control symptoms: anxiolytics, analgesics, gastrointestinal
drugs, and asthma medications. The clinical significance of dis-
continuing these medications, even when intended, is substantial
as discontinuation results in an adverse event rate of 14.3%
(gastrointestinal drugs) to 29.7% (anxiolytics) in older people.21

These groups of medications are more likely to be ‘forgotten’ by
patients in self-reported surveys of medication use7 22–24 and
ED medication histories2 when compared to home-based assess-
ment of medicine cabinets,25 26 and pharmacist review.2

Although most cardiovascular and anticoagulant medications
were documented in both the ED chart and pharmacy records,
29.2% of patients prescribed clopidogrel, and 8.3% of those
prescribed warfarin had these medications only documented in
pharmacy records. Although ED staff may selectively solicit
information about these medications (particularly anticoagu-
lants) as these drugs are frequently involved in adverse drug
events,27–30 there is clearly benefit in obtaining pharmacy
records for patients on these medications.

Although pharmacy records of dispensed medications do not
reflect actual usage, they can provide a clinically useful proxy.
Several validation studies have shown that medication possession
ratios calculated from pharmacy records are predictive of
various measures of disease control such as blood pressure, gly-
cosylated hemoglobin levels, and asthma exacerbation.31–35

There is also excellent agreement between dispensing records
and the use of antihypertensive drugs.31 32 36 37 Moreover, if
access to dispensed medications records from community phar-
macies is automated, there is considerable potential to improve
efficiencies for hospital-based pharmacists in documenting the
best medication history,38 39 as the average time spent per
patient for this task can range from 13 to 90 min.7 40 41

To optimize the utility of access to computerized community-
based pharmacy records, a few issues need to be addressed.
First, a decision needs to be made about the time window that
will be used to retrieve data. In this study, we included medica-
tions in the 2 months before the ED visit. For patients with
poor compliance, we found that we could only pick up

Table 3 Frequency distribution of OTC drugs documented in the
ED chart by therapeutic class and most frequently used drugs

Therapeutic class N
% of all
OTC drugs

% of
patients
using drug

Central nervous system agents 175 24.8 28.5
Acetaminophen 85 12.1 13.9
ASA 80 11.3 13.1
Ibuprofen 9 1.3 1.5

Electrolytic, caloric and water balance 118 16.7 19.2
Calcium carbonate+vitamin D 35 5.0 5.7
Calcium carbonate 28 4.0 4.6

Calcium citrate 28 4.0 4.6
Blood formation, coagulation and
thrombosis

111 15.7 18.1

ASA antiplatelet 85 12.1 13.9
Ferrous sulfate 12 1.7 2.0
Iron-chelated 7 1.0 1.1

Vitamins 95 13.5 15.5
Multivitamins 39 5.5 6.4
Vitamin D3 18 2.6 2.9
Vitamin D 12 1.1 2.0

Gastrointestinal drugs 101 14.3 16.5
Docusate sodium 38 5.4 6.2
Sennosides A–B 21 3.0 3.4
Dimenhydrinate 9 1.3 1.5

Skin and mucous membrane agents 27 3.8 4.4
Petrolatum-white 8 1.1 1.3
Gramicidin+PO Lymyxin B 3 0.4 0.5
Clotrimazole 3 0.4 0.5

Other* 87 11.4 14.1
Quinine sulfate 9 1.3 1.5
Potassium iodide+ammonium chloride 7 1.0 1.1
Products natural miscellaneous 6 0.9 1.0

*Other: Miscellaneous therapeutic agents, antihistamine drugs, respiratory tract
agents, diagnostic agents, devices, anti-infective agents, autonomic drugs, eye, ear,
nose and throat preparations.
ASA, acetylsalicylic acid; ED, emergency department; OTC, over-the-counter.

394 Tamblyn R, et al. J Am Med Inform Assoc 2014;21:391–398. doi:10.1136/amiajnl-2013-001704

Research and applications

 group.bmj.com on May 20, 2014 - Published by jamia.bmj.comDownloaded from 

http://jamia.bmj.com/
http://group.bmj.com/


medications that were only documented in the ED chart if we
looked back 12 months before the ED visit. In contrast, a
shorter time window may be more appropriate to exclude short-
term treatments such as antibiotics, which were likely to be
‘over-reported’ as current medications, because 91% had an
end-date that preceded the ED visit. However, of interest was
the fact that we found that 34% of patients were taking more
than one anti-infective drug in the past 2 months. This informa-
tion could be relevant to ED staff in detecting adverse anti-

infective drug events or in avoiding previous failed treatment
choices. To accommodate these issues, the window for retrieving
medications for clinical use needs to be adjustable, allowing the
user to conduct reviews by time period, therapy class, popula-
tion, and insurance cost-sharing policies that affect compliance.
Mean prescription duration is also an important factor to con-
sider, as in some jurisdictions 3-month durations (versus
1 month in Quebec) are the norm, and thus a longer retrieval
window will be needed.

Table 4 Discrepancies in prescribed drugs between pharmacy records* and the ED chart by therapeutic class

Therapeutic class† Total ED only (n, %) Pharmacy only (n, %) Documented in both (n, %)

Cardiovascular drugs 903 113 (12.5) 236 (26.1) 554 (61.4)
Atorvastatin 120 13 (10.8) 27 (22.5) 80 (66.7)
Amlodipine 80 3 (3.8) 15 (18.8) 62 (75.5)
Metoprolol 69 8 (11.6) 12 (17.4) 49 (71.0)

Central nervous system agents 716 121 (16.9) 331 (46.2) 264 (36.9)
Lorazepam 64 8 (12.5) 27 (42.2) 29 (45.3)
Naproxen 42 6 (14.3) 28 (66.7) 8 (19.0)
Codeine+acetaminophen 40 6 (15.0) 30 (75.0) 4 (10.0)

Hormones and synthetic substitutes 408 47 (11.5) 134 (32.8) 227 (55.6)
Levothyroxine 97 5 (5.2) 18 (18.6) 74 (76.3)
Metformin 87 7 (8.0) 9 (10.3) 71 (81.6)
Prednisone 38 2 (5.3) 20 (52.6) 16 (42.1)

Blood formation, coagulation and thrombosis 96 15 (15.6) 19 (19.8) 62 (64.6)
Warfarin 48 9 (18.8) 4 (8.3) 35 (72.9)
Clopidogrel 24 1 (4.2) 7 (29.2) 16 (66.7)
Dalteparin 4 1 (25.0) 2 (50.0) 1 (25.0)

Gastrointestinal drugs 232 23 (9.9) 102 (44.0) 107 (46.1)
Pantoprazole 108 13 (12.0) 43 (39.8) 52 (48.1)
Esomeprazole 33 5 (15.2) 14 (42.4) 14 (42.4)
Omeprazole 29 0 13 (44.8) 16 (55.2)

Electrolytic, caloric and water balance 169 17 (10.1) 57 (33.7) 95 (56.2)
Furosemide 65 8 (12.3) 17 (26.6) 40 (61.5)
Hydrochlorothiazide 65 8 (12.3) 20 (30.8) 37 (56.9)
Indapamide 16 1 (6.3) 7 (43.8) 8 (50.0)

Anti-infective agents 239 24 (10.0) 180 (75.3) 35 (14.6)

Ciprofloxacin 36 3 (8.3) 28 (77.8) 5 (13.9)
Amoxicillin 25 2 (8.0) 20 (80.0) 3 (12.0)
Azithromycin 18 2 (11.1) 16 (88.9) 0

Autonomic drugs 249 49 (18.7) 108 (43.4) 92 (36.9)
Salbutamol 74 19 (25.7) 37 (50.0) 18 (24.3)
Tamsulosin 31 5 (16.1) 10 (32.3) 16 (51.6)
Tiotropium 26 4 (15.4) 11 (42.3) 11 (42.3)

Eye, ear, nose and throat preparations 172 25 (14.5) 118 (68.6) 29 (16.9)
Fluticasone 53 8 (15.1) 36 (67.9) 9 (17.0)
Latanoprost 16 2 (12.5) 10 (62.5) 4 (25.0)
Mometasone 16 3 (18.8) 12 (75.0) 1 (6.3)

Skin and mucous membrane agents 89 10 (11.2) 72 (80.9) 7 (7.9)
Betamethasone valerate 8 1 (12.5) 7 (87.5) 0
Mometasone furoate 8 1 (12.5) 7 (87.5) 0
Fluocinonide 6 1 (16.7) 5 (83.3) 0

Other‡ 208 22 (10.6) 86 (41.3) 100 (48.1)
Alendronate 31 2 (6.5) 12 (38.7) 17 (54.8)
Risedronate 30 3 (10.0) 11 (36.7) 16 (53.3)
Allopurinol 18 1 (5.6) 5 (27.8) 12 (66.7)

Overall 3481 466 (13.4) 1443 (41.5) 1572 (45.2)

*Active prescribed drugs in the 2 months before the ED visit.
†Includes the three most common drugs in each therapeutic class.
‡Including respiratory tract agents, devices, antineoplastic agents, miscellaneous therapeutic agents, diagnostic agents, vitamins, smooth and muscle relaxants, heavy metal antagonists.
ED, emergency department.
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Our results demonstrate the potential value in having access
to community-based pharmacy records through infrastructures
such as HIE, because they provide more information about pre-
scription drug use compared to conventional medication histor-
ies. However, the cost of integrating and sustaining electronic
access to these records would need to be justified by either a

reduction in professional time for medication history-taking
(which is a substantial barrier to the medication reconciliation
process), and/or in preventable adverse drug events. To date,
cost–benefit models of HIE have been largely theoretical, based
on economic modeling of assumed benefits and cost-savings.42 43

The lack of empirical evidence of the sources and types of cost

Table 5 Factors associated with discrepancies: more drugs in pharmacy records than documented in the ED chart

Factors
More drugs pharmacy records Bivariate analysis Multivariate analysis

N (%) OR (95% CI) p Value OR (95% CI) p Value

Patient age (years)
<50 111 (23.9) Ref. Ref.
50–70 149 (32.0) 1.09 (0.67 to 1.78) 0.72 0.875 (0.504 to 1.518) 0.64
>70 205 (44.1) 1.18 (0.75 to 1.88) 0.47 0.814 (0.470 to 1.412) 0.46

Gender

Female 273 (58.7) Ref.
Male 192 (41.3) 1.09 (0.75 to 1.59) 0.66 1.00 (0.67 to 1.49) 0.99

Communication barrier 158 (34.0) 1.29 (0.86 to 1.94) 0.22 1.08 (0.69 to 1.67) 0.75
No of prescribed drugs
1 Dug 18 (3.9) 0.66 (0.31 to 1.42) 0.29 0.74 (0.33 to 1.68) 0.47
2–6 Drugs 137 (29.5) Ref. Ref.
7–12 Drugs 121 (26.0) 1.86 (1.16 to 3.00) 0.01 1.99 (1.21 to 3.29) 0.007
≥12 Drugs 166 (33.3) 2.92 (1.80 to 4.76) <.0001 2.92 (1.71 to 4.97) <.0001

Therapeutic class†
Cardiovascular 286 (61.5) Ref.
Central nervous system 289 (62.2) 1.64 (1.09 to 2.46) 0.01
Hormones/synthetic subs. 222 (47.7) 1.11 (0.73 to 1.67) 0.63
Blood, coag/thrombosis 192 (41.3) 2.96 (1.79 to 4.89) <.0001
Gastrointestinal 181 (38.9) 1.69 (1.05 to 2.71) <.0001
Electrolytic, caloric and water 196 (42.2) 1.12 (0.71 to 1.76) 0.64
Anti-infectives 145 (31.2) 3.49 (1.99 to 6.12) <0.001
Autonomic 128 (27.5) 0.72 (0.44 to 1.19) 0.20
Eye, ear, nose and throat 77 (16.6) 0.96 (0.51 to 1.79) 0.89
Other 236 (50.8) 2.46 (1.57 to 3.86) <.0001

ED visits in past year
No visits 218 (46.9) Ref. Ref.
1 Visit 107 (23.0) 1.28 (0.81 to 2.02) 0.30 1.14 (0.70 to 1.84) 0.61
2–3 Visits 85 (18.3) 1.80 (1.03 to 3.12) 0.04 1.58 (0.86 to 2.89) 0.14
≥4 Visits 55 (11.8) 3.50 (1.49 to 8.23) 0.004 2.33 (0.91 to 5.96) 0.08

Hospitalizations in past year
No hospitalization 304 (65.4) Ref. Ref.
≥1 Hospitalization 161 (34.6) 1.42 (0.95 to 2.14) 0.09 0.93 (0.58 to 1.50) 0.76

Current pharmacies
1 Pharmacy 352 (75.7) Ref. Ref.
≥2 Pharmacies 113 (24.3) 3.85 (2.03 to 7.30) <.0001 3.45 (1.80 to 6.59) 0.0002

Current prescribing MD*
1 Prescriber 128 (27.5) Ref.
2–3 Prescribers 228 (49.0) 5.05 (3.28 to 7.77) <.0001

≥4 Prescribers 109 (23.4) 16.50 (6.72 to 40.50) <.0001
Pharmacies past year†
1 Pharmacy 253 (54.4) Ref.
2–3 Pharmacies 172 (37.0) 2.06 (1.35 to 3.16) <.0001
≥4 Pharmacies 40 (8.6) 2.64 (1.11 to 6.23) 0.03

Prescribing MD past year*
1 Prescriber 55 (11.8) Ref.
2–3 Prescribers 161 (34.6) 3.50 (2.18 to 5.64) <.0001
≥4 Prescribers 249 (53.5) 9.21 (5.45 to 15.44) <.0001

*Number of prescribing physicians and number of drugs was strongly correlated (r=0.54) so only number of drugs was included in the model.
†Therapeutic drug classes and number of drugs was correlated so only number of drugs was included in the multivariate model. We selected the utilization variable for number of
pharmacies that was most strongly associated with the outcome.
ED, emergency department; MD, physician.

396 Tamblyn R, et al. J Am Med Inform Assoc 2014;21:391–398. doi:10.1136/amiajnl-2013-001704

Research and applications

 group.bmj.com on May 20, 2014 - Published by jamia.bmj.comDownloaded from 

http://jamia.bmj.com/
http://group.bmj.com/


saving may be one reason why most regional HIE in the USA
have not established viable business models for financial sustain-
ability.44 A recent evaluation of HIE in ED care in Tennessee is
among one of the first studies to provide evidence that HIE
implementation can reduce hospitalizations, and in some cases,
can reduce diagnostic and laboratory test ordering, producing
an annual cost savings of US$1.07 million.45

Greater efficiencies and cost savings in professional time could
be gained with automated access to pharmacy records if patients
were provided with an opportunity to verify the medications
they were taking. An interesting approach was evaluated in the
Veteran’s hospital system. Kiosks were available in the ED for
patients to retrieve and verify medications they were actually
taking based on records of dispensed prescriptions.46 A majority
of the ED staff agreed that the tool was effective; however, the
overwhelming volume of information made identifying discrep-
ancies in the medication lists difficult, and some providers felt
that it increased their workload. Despite these shortcomings, the
kiosk was successfully integrated in the ED workflow and even
patients with poor computer skills were able to use it. Similar fea-
tures could be included in personal health records and patient
portals that are linked to community pharmacy information
systems, and this may be a fruitful area for future research.

Limitations that need to be considered are that the study was
based in two teaching hospitals where electronic health records
were not available. The benefits of automating access to commu-
nity pharmacy records may be greater for hospitals that are still
using paper-based processes as we found that 14.5% of patients
had at least one illegible drug in their ED chart, highlighting
one of the many benefits of electronic documentation of medi-
cation histories. Only publicly insured patients were included,
and this subpopulation may be more vulnerable as it includes
both older patients and those receiving social assistance. We did
not have a definitive ‘gold standard’ of the current medication
list by which the accuracy of the ED list, or the additional drugs
identified from community pharmacies could be judged.
Moreover, as drug doses and routes were rarely recorded in the
chart, we probably underestimated discrepancies related to dose
and route.

CONCLUSION
In summary, we found community pharmacy dispensed medica-
tion records identified a substantial number of additional medi-
cations that were not noted in the ED chart, particularly for the
most vulnerable patients. There is potential to gain greater
safety and efficiency within hospital ED with automated access
to these pharmacy records.

Contributors RT, LP, AH, NW and CMR contributed to the conception and design,
acquisition of data, or analysis and interpretation of data, and drafted the article or
critically revised it for important intellectual content. TM completed the data analysis
and PD contributed to drafting and revising the article. All authors approved the
final version to be published.

Funding Funding was provided by the: Canadian Institutes of Health Research.

Competing interests None.

Ethics approval The McGill University Health Centre’s ethics committee, the
RAMQ, and the provincial privacy commission approved the study.

Provenance and peer review Not commissioned; externally peer reviewed.

Open Access This is an Open Access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 3.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/3.0/

REFERENCES
1 Andersen SE, Pedersen AB, Bach KF. Medication history on internal medicine wards:

assessment of extra information collected from second drug interviews and GP lists.
Pharmacoepidemiol Drug Saf 2003;12:491–8.

2 de Winter S, Spriet I, Indevuyst C, et al. Pharmacist- versus physician-acquired
medication history: a prospective study at the emergency department. Qual Saf
Health Care 2010;19:371–5.

3 Slain D, Kincaid SE, Dunsworth TS. Discrepancies between home medications listed
at hospital admission and reported medical conditions. Am J Geriatr Pharmacother
2008;6:161–6.

4 Tam VC, Knowles SR, Cornish PL, et al. Frequency, type and clinical importance of
medication history errors at admission to hospital: a systematic review. CMAJ
2005;173:510–15.

5 Bell CM, Bajcar J, Bierman AS, et al. Potentially unintended discontinuation of
long-term medication use after elective surgical procedures. Arch Intern Med
2006;166:2525–31.

6 Bell CM, Brener SS, Gunraj N, et al. Association of ICU or hospital admission with
unintentional discontinuation of medications for chronic diseases. JAMA
2011;306:840–7.

7 Cornish PL, Knowles SR, Marchesano R, et al. Unintended medication discrepancies
at the time of hospital admission. Arch Intern Med 2005;165:424–9.

8 Mazer P, Gischler SJ, Koot HM, et al. Impact of a child with congenital anomalies
on parents (ICCAP) questionnaire; a psychometric analysis. Health Qual Life
Outcomes 2008;6:102;2.

9 Mersfelder TL, Bickel RJ. Inpatient medication history verification by pharmacy
students. Am J Health Syst Pharm 2008;65:2273–5.

10 Webster PC. Centralized, nationwide electronic health records schemes under
assault. CMAJ 2011;183:E1105–6.

11 Kuperman GJ. Health-information exchange: why are we doing it, and what are we
doing? J Am Med Inform Assoc 2011;18:678–82.

12 Glintborg B, Poulsen HE, Dalhoff KP. The use of nationwide on-line prescription
records improves the drug history in hospitalized patients. Br J Clin Pharmacol
2007;65:265–9.

13 Warholak TL, McCulloch M, Baumgart A, et al. An exploratory comparison of
medication lists at hospital admission with administrative database records. JMCP
2009;15:751.

14 Vigilance Santé, Quebec, Canada. 2013. http://www.vigilance.ca/.
15 Bartlett G, Blais R, Tamblyn R, et al. Impact of patient communication problems on

the risk of preventable adverse events in acute care settings. CMAJ
2008;178:1555–62.

16 Tamblyn R, Reid T, Mayo N, et al. Using medical services claims to assess injuries in
the elderly: sensitivity of diagnostic and procedure codes for injury ascertainment.
J Clin Epidemiol 2000;53:183–94.

17 Tamblyn R, Laprise R, Hanley JA, et al. Adverse events associated with prescription
drug cost-sharing among poor and elderly persons. JAMA 2001;285:421–9.

18 Tamblyn R, Abrahamowicz M, Dauphinee WD, et al. Association between licensure
examination scores and practice in primary care. JAMA 2002;288:3019–26.

19 Wilchesky M, Tamblyn RM, Huang A. Validation of diagnostic codes within medical
services claims. J Clin Epidemiol 2004;57:131–41.

20 Tu JV, Willison DJ, Silver FL, et al. Impracticability of informed consent in the
Registry of the Canadian Stroke Network. N Engl J Med 2004;350:1414–21.

21 Graves T, Hanlon JT, Schmader KE, et al. Adverse events after discontinuing
medications in elderly outpatients. Arch Intern Med 1997;157:2205–10.

22 Lau HS, Florax C, Porsius AJ, et al. The completeness of medication histories in
hospital medical records of patients admitted to general internal medicine wards. Br
J Clin Pharmacol 2000;49:597–603.

23 Pippins JR, Gandhi TK, Hamann C, et al. Classifying and predicting errors of
inpatient medication reconciliation. J Gen Intern Med 2008;23:1414–22.

24 Lindberg M, Lindberg P, Wikstrom B. Medication discrepancy: a concordance
problem between dialysis patients and caregivers. Scand J Urol Nephrol
2007;41:546–52.

25 Glintborg B, Hillestrom PR, Olsen LH, et al. Are patients reliable when self-reporting
medication use? Validation of structured drug interviews and home visits by drug
analysis and prescription data in acutely hospitalized patients. J Clin Pharmacol
2007;47:1440–9.

26 Yang JC, Tomlinson G, Naglie G. Medication lists for elderly patients: clinic-derived
versus in-home inspection and interview. J Gen Intern Med 2001;16:112–15.

27 Gurwitz JH, Field TS, Harrold LR, et al. Incidence and preventability of adverse drug
events among older persons in the ambulatory setting. JAMA 2003;289:1107–16.

28 Piazza G, Nguyen TN, Cios D, et al. Anticoagulation-associated adverse drug
events. Am J Med 2011;124:1136–42.

29 Alam M, Goldberg LH. Serious adverse vascular events associated with perioperative
interruption of antiplatelet and anticoagulant therapy. Dermatol Surg
2002;28:992–8.

30 Ho PM, Peterson ED, Wang L, et al. Incidence of death and acute myocardial
infarction associated with stopping clopidogrel after acute coronary syndrome. JAMA
2008;299:532–9.

Tamblyn R, et al. J Am Med Inform Assoc 2014;21:391–398. doi:10.1136/amiajnl-2013-001704 397

Research and applications

 group.bmj.com on May 20, 2014 - Published by jamia.bmj.comDownloaded from 

http://www.vigilance.ca/.
http://www.vigilance.ca/.
http://jamia.bmj.com/
http://group.bmj.com/


31 Choo PW, Rand CS, Inui TS, et al. Validation of patient reports, automated
pharmacy records, and pill counts with electronic monitoring of adherence to
antihypertensive therapy. Med Care 1999;37:846–57.

32 Lau HS, De BA, Beuning KS, et al. Validation of pharmacy records in drug exposure
assessment. J Clin Epidemiol 1997;50:619–25.

33 Bramley TJ, Gerbino PP, Nightengale BS, et al. Relationship of blood pressure
control to adherence with antihypertensive monotherapy in 13 managed care
organizations. J Manag Care Pharm 2006;12:239–45.

34 Ho PM, Rumsfeld JS, Masoudi FA, et al. Effect of medication nonadherence on
hospitalization and mortality among patients with diabetes mellitus. Arch Intern
Med 2006;166:1836–41.

35 Stern L, Berman J, Lumry W, et al. Medication compliance and disease exacerbation
in patients with asthma: a retrospective study of managed care data. Ann Allergy
Asthma Immunol 2006;97:402–8.

36 Sikka R, Xia F, Aubert RE. Estimating medication persistency using administrative
claims data. Am J Manag Care 2005;11:449–57.

37 Steiner JF, Prochazka AV. The assessment of refill compliance using pharmacy
records: methods, validity, and applications. J Clin Epidemiol 1997;50:105–16.

38 Maenpaa T, Suominen T, Asikainen P, et al. The outcomes of regional healthcare
information systems in health care: a review of the research literature. Int J Med
Inform 2009;78:757–71.

39 Protti D. Comparison of information technology in general practice in 10 countries.
Healthc Q 2007;10:107–16.

40 Elliott RA, Woodward MC. Medication-related problems in patients referred to aged
care and memory clinics at a tertiary care hospital. Australas J Ageing
2011;30:124–9.

41 Lizer MH, Brackbill ML. Medication history reconciliation by pharmacists in an
inpatient behavioral health unit. Am J Health Syst Pharm 2007;64:1087–91.

42 Overhage JM, Dexter PR, Perkins SM, et al. A randomized, controlled trial of
clinical information shared from another institution. Ann Emerg Med
2002;39:14–23.

43 Vest JR, Zhao H, Jaspserson J, et al. Factors motivating and affecting health
information exchange usage. J Am Med Inform Assoc 2011;18:143–9.

44 Adler-Milstein J, Bates DW, Jha AK. A survey of health information exchange
organizations in the United States: implications for meaningful use. Ann Intern Med
2011;154:666–71.

45 Frisse ME, Johnson KB, Nian H, et al. The financial impact of health information
exchange on emergency department care. J Am Med Inform Assoc
2012;19:328–33.

46 Lesselroth BJ, Felder RS, Adams SM, et al. Design and implementation of a
medication reconciliation kiosk: the Automated Patient History Intake Device
(APHID). J Am Med Inform Assoc 2009;16:300–4.

398 Tamblyn R, et al. J Am Med Inform Assoc 2014;21:391–398. doi:10.1136/amiajnl-2013-001704

Research and applications

 group.bmj.com on May 20, 2014 - Published by jamia.bmj.comDownloaded from 

http://jamia.bmj.com/
http://group.bmj.com/


doi: 10.1136/amiajnl-2013-001704
August 16, 2013

 2014 21: 391-398 originally published onlineJ Am Med Inform Assoc
 
Robyn Tamblyn, Lise Poissant, Allen Huang, et al.
 
records
access to the community-based pharmacy 
community medication compared to on-line
emergency department records of 
Estimating the information gap between

 http://jamia.bmj.com/content/21/3/391.full.html
Updated information and services can be found at: 

These include:

References
 http://jamia.bmj.com/content/21/3/391.full.html#ref-list-1

This article cites 45 articles, 10 of which can be accessed free at:

Open Access

non-commercial. See: http://creativecommons.org/licenses/by-nc/3.0/
terms, provided the original work is properly cited and the use is
work non-commercially, and license their derivative works on different 
license, which permits others to distribute, remix, adapt, build upon this
Creative Commons Attribution Non Commercial (CC BY-NC 3.0) 
This is an Open Access article distributed in accordance with the

service
Email alerting

the box at the top right corner of the online article.
Receive free email alerts when new articles cite this article. Sign up in

Collections
Topic

 (146 articles)Open access   �
 
Articles on similar topics can be found in the following collections

Notes

 http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:

 http://journals.bmj.com/cgi/reprintform
To order reprints go to:

 http://group.bmj.com/subscribe/
To subscribe to BMJ go to:

 group.bmj.com on May 20, 2014 - Published by jamia.bmj.comDownloaded from 

http://jamia.bmj.com/content/21/3/391.full.html
http://jamia.bmj.com/content/21/3/391.full.html#ref-list-1
http://jamia.bmj.com/cgi/collection/unlocked
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://jamia.bmj.com/
http://group.bmj.com/

