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a b s t r a c t

Objective: To investigate whether an electronic prescribing and integrated drug informa-

tion system was more likely to be used by primary care physicians for patients of low

socioeconomic (SES) patients.

Methods: Prospective 9 months follow-up study was conducted in Montreal, Canada from

March to November 2003. The study included 28 primary care physicians and their 4096

respective patients with provincial drug insurance. Utilization rate was defined as the num-

ber of times the electronic medication history (EMH) and electronic prescribing system (E-rx)

were accessed divided by the total number of medical visits made by those patients. System

audit trails (utilization), provincial health insurance databases (visits) were used to mea-

sure system utilization rate. For each patient neighborhood-based measures of household

income, derived from Statistics Canada, were used to measure socioeconomic status.

Results: The EMH was used 14.5 times per 100 visits. In comparison to high SES patients,

there was a significant 70% increase (RR: 1.70; 95%CI: 1.15–2.47) in the EMH utilization for

low SES patients. The electronic prescribing system was used 38.5 times per 100 visits and

did not vary by patient SES. The EMH utilization rate for low SES patients with multiple

emergency room (ER) visits was 2.4 times higher than for high SES patients with <1 ER visit

(RR: 2.38; 95%CI: 1.36–4.14). The utilization rate for low SES patients, who took, at least six
drugs per day, was four times higher compared to high SES patients with less complex drug

management (RR: 4.00; 95%CI: 2.22–7.17).

Conclusions: Primary care physicians were more likely to access electronic information on

current drug use for patients of low SES taking multiple medications and with fragmented

care.

errors. The rapid increase in the number of drugs used per

1. Introduction
Adverse drug-related events are the sixth leading cause of
mortality [1]. In ambulatory care where the majority of med-
ication prescriptions are generated, 58% of adverse drug
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events are associated with potentially avoidable prescribing
1.

patient [2–4] as well as the existence of multiple prescrib-
ing physicians contribute to these avoidable prescribing errors
[5,6]. Indeed, there is evidence that neither community-based

erved.
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hysicians nor emergency room staff have access to complete
nformation regarding a patient’s current medication profile.

recent study indicates that 27–48% of medications being
sed by community-based patients are not known or docu-
ented at the time of hospital admission or by the primary

are physician [7]. Incomplete medication history is estimated
o account for approximately 30% of all prescribing errors [8].

The implementation of computerized electronic prescrib-
ng and integrated drug management systems has been
dentified as one potential solution to reduce this source of
voidable prescribing errors [3,9–11]. Considerable investment
as been made in developing integrated drug information
anagement systems to facilitate safety in drug treatment

2,12–14]. However, the actual benefits of implementing an
ntegrated drug information system in primary care, partic-
larly for vulnerable subpopulations such as patients of low
ES, are unknown.

Patients of lower socioeconomic status (SES) have a higher
ate of morbidity and hospitalization [15–18]. Underutiliza-
ion of recommended medical treatment for low SES patients
ppears to be in part responsible for the reported greater
orbidity [19]. Such sub-optimal therapy may be related to

reater fragmentation of care in lower SES patients [18,20]
s evidenced by the use of more primary care services,
21–24] provided by different physicians [20,24] and a greater
ikelihood of using the emergency room (ER) as a regu-
ar source of care for their disease management [18,25–28].
n low SES patients, the problem may be compounded by
he greater number of medications prescribed [29] and the
onsequent increased likelihood of experiencing preventable
dverse drug-related events [6].

If incomplete drug information represents a significant
roblem in providing care for patients, we would expect physi-
ians to use a computerized drug management system to
eview the current drug profile of patients of low SES more
requently than for other patients. By contrast, various other
spects of electronic prescribing such as the generation of
yped prescriptions would not be expected to vary by socioe-
onomic status.

We had an opportunity to evaluate the utilization of a com-
uterized electronic prescribing and integrated drug manage-
ent system for community-based patients of primary care

hysicians. Using a combination of data retrieved from the
omputerized drug management system and comprehensive
ealth care utilization information from the universal health

nsurance program, we tested the hypothesis that information
n current drug use would be more likely to be accessed during
linical encounters for patients of low SES, with fragmented
are and with a greater number of medications.

. Methods

.1. The Quebec prototype

he Medical Office of the Twenty First Century (MOXXI) is

n electronic prescription and drug management system for
rimary care physicians, community-based pharmacists and
heir respective patients. In the MOXXI system, physicians are
ble to write prescriptions electronically and retrieve infor-
n f o r m a t i c s 7 7 ( 2 0 0 8 ) 98–106 99

mation on dispensed prescriptions and medical visits from
the health insurance program and community pharmacy net-
work (Fig. 1a). Information on dispensed medications and their
costs are displayed in an electronic medication history (EMH)
that provides a graphic representation of the list of medica-
tions based on start and end dates of prescriptions, color-
coded by prescribing physician. The EMH also provides infor-
mation on ER visits and hospitalizations based on medical visit
information from the health insurance program (Fig. 1b).

2.2. Study design

A prospective follow-up study was conducted to assess the
utilization of the electronic medication history (EMH) and
electronic prescribing system (E-rx) over a 9-month period
(March–November 2003) after the implementation of the
MOXXI system. The study population was comprised of 28 pri-
mary care physicians who were in full time, fee-for-service
private practice in the suburbs of Montreal, a metropolitan
area of 3.9 million people. The population of patients stud-
ied was restricted to those covered by the provincial health
insurance agency (RAMQ) which provides drug insurance for
approximately half the population, including the elderly, wel-
fare recipients, and persons without employer provided drug
insurance [30].

2.3. Data sources

2.3.1. Health care administrative data
The provincial health insurance agency (RAMQ) provides first
dollar coverage for all medical and hospital care for all Que-
bec residents. Three databases administered by RAMQ were
used to measure beneficiary characteristics and utilization
rate. The health beneficiary demographic database provided
data on age, sex, and postal code. The medical services
claims database provided information on the beneficiary, date,
type, provider, and location of service delivery (e.g. inpatient,
emergency, clinic) for all medical services remunerated on a
fee-for-service basis (approximately 86% of all services) [31].
The prescription claims database provided information on
each drug dispensed including the drug name, quantity, date
and duration for each prescription, the prescribing physician,
and the dispensing pharmacy.

2.3.2. Clinical data from the MOXXI system
The clinical data captured by the MOXXI system includes elec-
tronic prescriptions, a problem and allergy list, and an audit
trail information on physician activity. In addition, records of
all dispensed prescriptions and medical services from com-
munity pharmacies and the RAMQ are updated daily to the
central server tables through a batch download. A copy of the
clinical data is made daily to a research server, where patient
and physician names are replaced with a study identification
number to protect confidentiality.

The audit trail records a physician’s utilization of different
features of the MOXXI system. Each time the physician

accesses the electronic medication history, or writes elec-
tronic prescriptions, the audit trail records the date and time,
the patient’s Medicare number, the physician identification
number, and the drug prescribed. The audit trail logs of the
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hot a
Fig. 1 – (a) Electronic prescribing system screen s

system were used to assess electronic medication history and
electronic prescription use. Data from all sources were linked
by Medicare number, a unique identifier for each Quebec
resident.

2.4. Outcome assessment

2.4.1. Electronic medication history (EMH) utilization
The EMH utilization rate was defined as the number of indi-
vidual patient visits during which the EMH was accessed
divided by the total number of medical visits made by eligible
patients to the study physicians during the follow-up period.
The numerator, defined as the number of times the EMH was
accessed, was determined by inspecting daily EMH access
audit trails for patients who had made a visit to the study
physicians. The denominator of medical visits was obtained
from the medical services claims database, using the date of
service, physician and beneficiary identifiers, and location ser-
vice code.

2.4.2. Electronic prescribing (E-rx) utilization

The E-rx utilization rate was defined as the number of indi-
vidual patient visits during which the E-rx system was used
divided by the number of medical visits made by patients to
their study physicians. The number of visits in which an E-rx
nd (b) electronic medication history screen shot.

was written for these patients was determined from the audit
trails of the E-rx system.

2.5. Predictors Assessment

2.5.1. Socioeconomic status (SES)
Statistics Canada census information on mean household
income by enumeration area was used to provide a proxy
measure of patient socioeconomic status (SES) [32]. Mean
household income in each enumeration area was first mapped
to six-digit postal codes. In the province of Quebec there are
187,025 postal codes. Since postal codes do not respect cen-
sus geographic boundaries, some six-digit postal codes match
several enumeration areas [33]. When this was the case, mean
household income of the particular six-digit postal code was
calculated as the weighted average of mean household income
of the enumeration areas represented in the six-digit postal
code, where the weight represented the number of households
in the enumeration area. The six-digit postal code of the resi-
dential address recorded for each eligible patient was used to
assign household income to each patient.
Individuals were allocated to one of three categories of
SES based on average household income of residents in their
postal code. Low SES was defined as an average household
income under the poverty line for a family of three in a
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etropolitan area (CA$ 31,753 in 1995). High SES was defined
s an average household income of CA$ 80,001 or more. This
s the highest income category used in the 1996/1997 National
opulation Health Survey and is based on observed com-
inations of household income and size of household [34].
iddle SES was defined as average household income between

efined lower SES and higher SES (CA$ 31,754–80,000).

.5.2. Fragmentation of care
hree indices were used to measure fragmentation of care.
he “number of emergency room visits” was defined as the
umber of distinct days that a patient received medical ser-
ices in the ER during the follow-up period. The service
ocation code and date in the RAMQ medical service claims
as used to produce a count for each patient. The “number of
rescribing physicians” was defined as the number of differ-
nt physicians who prescribed drugs for each patient during
he follow-up period. The prescriber identification number in
he RAMQ prescription claims database was used to produce
count for each patient.

The “proportion of visits to study physicians” was defined

s the number of visits that patients made either to the study
hysician or to another physician to which the study physician
eferred the patient, as a proportion of all visits made to any
hysician by an individual patient in the baseline year prior

Table 1 – Characteristics of patients who visited the study phys
status (n = 4096)

Socioeconomic Status
Low SES (n = 349)

Patient demographics
Age

≥65 years old 254 (72.8%)

Mean [S.D., range] 67.1 [17.1, 2–99]

Gender (%)
Female 233 (66.8%)

Fragmentation of care
Number of emergency room visits

0–1 299 (85.7%)
>1 50 (14.3%)

Mean [S.D., range] 0.6 [1.4, 0–13]

Number of prescribing physicians
0–1 137 (39.3%)
>1 212 (60.7%)

Mean [S.D., range] 2.2 [1.7, 0–8]

Proportion of visits to study physicians
>65% of visits 165 (37.3%)
41–65% of visits 154 (34.8%)
0–40% of visits 124 (28.0%)

Mean [S.D.] 0.61 [0.29]

Complexity of drug management
≤3.0 drugs/day 166 (47.6%)
3.0–6.0/day 124 (35.5%)
>6.0 drugs/day 59 (16.9%)

Mean [S.D., range] 3.50 [3.13, 0–15.4]
f o r m a t i c s 7 7 ( 2 0 0 8 ) 98–106 101

to implementation of the MOXXI system [35]. The date of ser-
vice and the identification of the physician who provided the
service or referred the patient in the medical services claims
database was used to calculate a value for each patient.

2.5.3. Complexity of drug management
“Complexity of drug management” was defined as the aver-
age number of drugs dispensed per day during the follow-up
period. For each day in the follow-up period, the drug iden-
tification number and the prescription start and end date in
the prescription claims files were used to create a drug by day
matrix. The average number of drugs per day was determined
for each patient by dividing the sum of the number of drugs
per day by the total number of days in the follow-up period.

2.6. Statistical analysis

Descriptive statistics were used to characterize the study pop-
ulation and determine utilization rates of the EMH and E-rx
system by SES, degree of care fragmentation and complexity of
drug treatment. Poisson regression within a generalized esti-

mated equation (GEE) framework was used to test the study
hypothesis. Physician was identified as a clustering variable in
the GEE model, and an exchangeable correlation structure was
used to account for correlation among residuals. Each model

icians from March to November 2003 by socioeconomic

Middle SES (n = 3304) Higher SES (n = 443)

2265 (68.6%) 265 (59.8%)

66.1 [15.6, 1–97] 62.1 [19.3, 1–93]

1961 (60.0%) 266 (60.1%)

2961 (89.6%) 415 (93.6%)
343 (10.4%) 28 (6.3%)

0.4 [1.3, 0–20] 0.4 [1.1, 0–11]

1326 (40.1%) 216 (40.1%)
1978 (59.9%) 227 (59.9%)

2.2 [1.7, 0–14] 1.9 [1.7, 0–11]

1105 (33.4%) 123 (35.2%)
1098 (33.2%) 112 (32.1%)
1101 (33.3%) 114 (32.7%)

0.61 [0.28] 0.64 [0.29]

1889 (57.2%) 310 (70.0%)
938 (28.4%) 99 (22.4%)
477 (14.4%) 34 (7.7%)

3.01 [2.42, 0–20.4] 2.23 [1.64, 0–13.2]
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Fig. 2 – Physicians’ differential utilization rate of electronic
medication history and electronic prescribing (E-rx) system
by patient socioeconomic status. (1) Compared to high SES
group, increase in electronic medication history utilization
rate for low SES group (rate ratio: 1.70; 95%CI: 1.15–2.47)
and for middle SES group (rate ratio: 1.55; 95%CI: 1.15–2.08)
was statistically significant. (2) Adjusted GEE analysis for
age and gender in relationship to E-rx was not possible due
to high intra-cluster correlation among patients prescribed
102 i n t e r n a t i o n a l j o u r n a l o f m e d

included dummy variables for SES using high SES as the refer-
ence category. The unit of analysis was the patient. Each model
was adjusted for age and gender. Combined effects of patient
SES, fragmented care, and complex drug therapy were esti-
mated by adding regression coefficients from the GEE Poisson
regression model. Ninety-five percent confidence intervals (CI)
for combined effects were estimated using equations pro-
posed by Schlesselman [36].

3. Results

In the 9 months after the MOXXI system implementation, 4096
patients (47.9%) in the RAMQ drug insurance plan made at
least one visit to a study physician. Of these, 343 (8.4%) were
categorized as low SES, 443 (10.8%) were high SES, and the
remainder were middle SES (Table 1). Patients of low SES were
more likely to be female and 65 years of age or older. Low
SES patients tended to have greater fragmentation of care and
greater complexity of drug management compared to patients
of middle and high SES. The proportion of patients having at
least one ER visit and having been dispensed more than three
drugs per day was highest in the lower SES patients. By con-
trast, the number of prescribing physicians and the proportion
of visits to study physicians were similar across the three SES
groups.

The overall EMH utilization rate was 14.5 per 100 visits.

In comparison to high SES patients, there was a significant
55% increase (RR: 1.55; 95%CI: 1.15–2.08) in the EMH utilization
for middle SES patients and a 70% increase (RR: 1.70; 95%CI:
1.15–2.47) for low SES patients (Fig. 2). The overall E-rx sys-

Fig. 3 – Physicians’ utilization rate of electronic medication histo
care, and complexity of drug management. (1) EMH utilization ra
emergency room visits; (2) EMH utilization rate by patient socioe
EMH utilization rate by patient socioeconomic status and propor
patient socioeconomic status and average number of medication
medications by the same physicians (r = 0.6).

tem utilization rate was 38.5 per 100 visits and did not vary
by SES. Adjustment for age and gender in relationship to E-

rx was not possible due to the high intra-cluster correlation
among patients prescribed medications by the same physi-
cians (r = 0.6).

ry (EMH) by patient socioeconomic status and fragmented
te by patient socioeconomic status and number of
conomic status and number of prescribing physicians; (3)
tion of visits to study physicians; (4) EMH utilization rate by
s dispensed per day.
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Table 2 – Electronic medication history utilization rate ratio by patient socioeconomic status, fragmented care , and
complexity of drug management (n = 4096)

Electronic medication history utilization rate ratioa (95%CI)b

Socioeconomic Status (SES)

Low SES (n = 343) Middle SES (n = 3304) High SES (n = 443)

1. Fragmentation of care
Number of emergency room (ER) visits

0–1 ER visits 1.70 (1.17–2.48) 1.56 (1.16–2.10) Referencec

>1 ER visits 2.38 (1.36–4.14) 2.18 (1.32–3.61) 1.49 (0.48–4.64)

Number of prescribing physicians
0–1 prescribing physicians 1.71 (1.16–2.54) 1.55 (1.15–2.08) Referencec

>1 prescribing physicians 2.25 (1.47–3.46) 2.03 (1.39–2.97) 1.10 (0.67–1.83)

Proportion of visits to study physicians
>65% of total visits 1.69 (1.18–2.40) 1.55 (1.17–2.05) Referencec

40–65% of total visits 2.06 (1.46–2.92) 1.54 (1.14–2.08) 0.99 (0.86–1.15)
<40% of total visits 2.24 (1.06–4.74) 1.67 (1.14–2.46) 1.33 (1.12–1.58)

2. Complexity of Drug Management Average number of drugs dispensed per day
<3 drugs/day 1.64 (1.01–2.66) 1.50 (1.05–2.15) Referencec

3.0–6.0 drugs/day 2.79 (1.43–4.28) 2.69 (1.44–5.04) 1.65 (1.13–2.38)
>6.0 drugs/day 4.00 (2.22–7.17) 3.67 (2.29–5.87) 2.44 (1.87–3.18)

a Generalized estimates equation (GEE) rate ratio adjusted for patient age and gender.
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b CI indicates confidence interval.
c Reference group.

Overall, the EMH utilization rates for patients who had a
reater degree of fragmented care and more complex drug
reatment were consistently higher across the three SES
roups. The increase in the EMH utilization rates among
atients with lower SES was more pronounced for those
atients who also had evidence of fragmented care and more
omplex drug therapy (Fig. 3).

Multivariate analysis showed that all the indices of frag-
ented care were positively associated with EMH utilization,

nd the magnitude of EMH utilization increased inversely
y patient SES. A similar trend of EMH utilization was
hown by the complexity of drug therapy and patient SES
Table 2).

. Discussion

any countries are making a considerable investment in
he development of integrated drug information manage-

ent systems to facilitate electronic prescribing and improved
afety in drug treatment [2,12–14]. However, there has been
xtremely limited evaluation of these systems even though
mplementation of these systems in ambulatory care is
xpected to provide enhancements for detecting adverse
rug-related events. This is particularly true for primary care
hysicians as they provide front-line health care to patients
ith a wide range of types and numbers of comorbidities, a

ommon reason for adverse drug-related events.
Improving health outcomes in patients of low SES has
een recognized as one of the major priorities in the health
are system. This study demonstrated that electronic infor-
ation regarding current drug use was more likely to be

ccessed by physicians for patients who have a high risk
of adverse drug events: a group characterized as low SES
patients using multiple medications, and with fragmented
care. The selective use of the electronic medication history,
but not the electronic prescribing system, for low SES patients
with risk factors for adverse events suggests that there may
be some immediate clinical benefits of having complete drug
information available through an information infrastructure
including ensuring safety for those patients.

There are likely multiple reasons why physicians were
more likely to use an electronic medication history for low SES
patients, and there are major challenges ahead for primary
care physicians in obtaining a complete medication history
from patients of low SES [14,37–39]. Low SES patients are more
likely to use the emergency room for medical care and to be
hospitalized. They are also more likely to use a greater number
of medications, and have many prescribing physicians pro-
viding care [18,20]. Low SES patients in this study exhibited
these characteristics; the proportion of patients having multi-
ple emergency room visits were three times greater in low SES
patients and twice as many low SES patients are prescribed at
least six drugs per day. Access to computerized information
would allow better management of patients with increased
risk of adverse events associated with multiple medications
use and fragmented care. Use of the electronic medication his-
tory may also be efficient for patients with many medications,
reducing time for completing medication history [40].

Although each of the factors above are inter-related, the
involvement of multiple health care providers [6] and number
of medications [14,37,38,41] may not be the only explana-

tion for the greater use of the electronic medication history
for lower SES patients. Even after adjusting for these factors,
physicians were still more likely to use the electronic medi-
cation history for lower SES patients, compared to higher SES
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Summary points

Previous scientific knowledge before conducting our
study:

• The majority of adverse drug events are potentially
avoidable. The number of drugs used per patient and
multiple prescribing physicians are some of the con-
tributing factors to these avoidable prescribing errors.

• Patients of lower socioeconomic status (SES) have a
higher rate of morbidity and hospitalization. Num-
ber of drugs used per patient and fragmented care
are some of contributing factors of the reported sub-
optimal medical treatment among patients of lower
SES.

• Implementation of the integrated drug information
system in the primary care setting has a great poten-
tial for ensuring patient safety by detecting potentially
avoidable prescribing errors.

• In order to assess such success, an evaluation of actual
utilization of such a system by primary care physicians
is a prerequisite.

• Previous studies failed to evaluate the degree of actual
utilization of the system among primary care physi-
cians during patients’ visits.

• There is little evidence with respect to the degree of
actual utilization of the integrated drug information
systems among primary care physicians for popula-
tions which are likely to have the most benefit by
the utilization of such information systems, such as
patients of lower SES.

The authors believe our original scientific contributions
are:

• Evaluation methodology of integrated drug informa-
tion management systems in the primary care setting.

• To illustrate the finding that primary care physicians
are more likely to access comprehensive drug histo-
ries, compared to electronic prescription systems.

• To illustrate the finding that greater access to a com-
prehensive drug history was found for populations at
greater risk of adverse drug-related events, including
low SES patients, those using a greater number of med-
ications, multiple prescribing physicians, ER visits, and
104 i n t e r n a t i o n a l j o u r n a l o f m e d

patients. There are several plausible explanations to suggest
the use of electronic medication history may have provided
greater benefits and efficiency in the provision of care for this
group [42].

A recent systematic review identified differences in physi-
cians’ communication styles by patients’ socioeconomic
status. Patients of lower SES were more likely to receive a
more directive and a less participatory consulting style, char-
acterized by the number of questions asked by the physician.
Physicians are more likely to ask a greater number of questions
for lower SES patients, including those about medications,
compared to higher SES patients [43]. This difference could
be reflected by patients’ communication style as patients of
lower social class are less likely to play an active role in clinical
information exchange between physician and patient during
their consultations.

A particular type of nonadherence to medical regimen that
is more prevalent among patient of lower SES may also have
influenced the greater use of medication history by primary
care physicians. According to Lowry et al. [44], patients of lower
SES are more likely to have unintentional nonadherence, a
passive process to properly adhering to the treatment regi-
men, to antihypertensive medication, compared to intentional
nonadherence which is characterized by an active process in
which the patient chooses to deviate from the treatment reg-
imen in order to suit their own needs [45].

A lack of financial resources to allow for appropriate
adherence to a medical regimen determined by their health
providers may be one of the major potential reasons for unin-
tentional non-adherence among patients of low SES. Several
studies identified that monthly out-of-pocket cost was asso-
ciated with cost-related underuse of treatments [46–49]. Our
study population of patients is restricted to those who were
covered by the provincial health insurance agency drug insur-
ance. Even though these insured patients pay only a portion
of the cost of the drug purchase [30], out-of-pocket costs to
purchase the prescription may be a significant burden for
low SES patients [32,47]. As patients often fail to alert their
physicians about this cost-related medication underuse and
the cost issue itself [48], access to both pieces of information
regarding current treatment information via the medication
history would be an exceptional opportunity for physicians to
identify nonadherence behavior and assist low SES patients to
improve health outcomes.

This study has several limitations. No information was
available regarding the reasons why physicians used the
electronic prescribing system and the electronic medication
history. It is plausible that study physicians did not need
to use the E-rx system during a visit for patients who did
not need a prescription; whereas the electronic medication
history could have been used during any visit to obtain
information on prescriptions written by other physicians, to
examine compliance or information on emergency room vis-
its/hospitalization. Because we used a common denominator
for calculating the utilization rate of the two systems, the
E-rx system utilization rate is likely to have been underesti-

mated. Similarly, in the electronic medication history there
are several types of drug information available to assist pri-
mary care physicians in the care for their patients. Future
research should include reasons for access within the audit
poorer continuity of care.

log file, at least for a random subset of patients to eluci-
date the rationale for access to identify potential sources of
benefit.

The clinical impact of a computerized system depends on
the extent to which the system is used in care delivery. A prior
study by Eccles et al. [49] concluded that a computerized deci-

sion support system had no significant effect on quality of
care, likely because the system was rarely used by study physi-
cians. A future study should explore whether higher rates of
utilization of the electronic medication history by primary care
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