Research
Recherche

The medical office of the 21st century (MOXXI):
effectiveness of computerized decision-making
support in reducing inappropriate prescribing
in primary care
Robyn Tamblyn, Allen Huang, Robert Perreault, André Jacques, Denis Roy, James Hanley,
Peter McLeod, Réjean Laprise
Abstract

Background: Adverse drug-related events are common in the elderly, and inappropriate prescribing is a preventable risk factor. Our objective was to determine whether inappropriate
prescribing could be reduced when primary care physicians
had computer-based access to information on all prescriptions dispensed and automated alerts for potential prescribing problems.
Methods: We randomly assigned 107 primary care physicians
with at least 100 patients aged 66 years and older (total
12 560) to a group receiving computerized decision-making
support (CDS) or a control group. Physicians in the CDS
group had access to information on current and past prescriptions through a dedicated computer link to the provincial seniors’ drug-insurance program. When any of 159 clinically relevant prescribing problems were identified by the
CDS software, the physician received an alert that identified
the nature of the problem, possible consequences and alternative therapy. The rate of initiation and discontinuation of
potentially inappropriate prescriptions was assessed over a
13-month period.
Results: In the 2 months before the study, 31.8% of the patients
in the CDS group and 33.3% of those in the control group
had at least 1 potentially inappropriate prescription. During
the study the number of new potentially inappropriate prescriptions per 1000 visits was significantly lower (18%) in the
CDS group than in the control group (relative rate [RR] 0.82,
95% confidence interval [CI] 0.69–0.98), but differences between the groups in the rate of discontinuation of potentially
inappropriate prescriptions were significant only for therapeutic duplication by the study physician and another physician (RR 1.66, 95% CI 0.99–2.79) and drug interactions
caused by prescriptions written by the study physician (RR
2.15, 95% CI 0.98–4.70).
Interpretation: Computer-based access to complete drug profiles and alerts about potential prescribing problems reduces
the rate of initiation of potentially inappropriate prescriptions
but has a more selective effect on the discontinuation of
such prescriptions.
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D

rug-related adverse events are reported to be the
sixth leading cause of death1,2 and contribute to
substantial morbidity, particularly in the elderly.2–9
Inappropriate prescribing has been identified as a preventable cause of at least 20% of drug-related adverse
events.10–16 Elderly patients are at greatest risk of receiving
inappropriate prescriptions.17 Because primary care physicians write approximately 80% of prescriptions for people
65 years of age and older,18 effective interventions to optimize prescribing in primary care are a priority.
Computerized decision-making support (CDS) for drug
management may be an effective method of reducing inappropriate prescribing. Automated surveillance of a patient’s
drug and disease profile can alert a physician to potentially
problematic prescriptions when treatment decisions are being made. There is evidence that CDS in hospital can reduce the incidence of drug-related adverse events,19–22 improve the cost-effectiveness of drug selection 23–27 and
optimize drug–dose calculations.28–32
Evaluation of CDS for prescription drug management
in primary care settings has been limited.20 One of the challenges in community-based practice is that there is no central pharmacy to track all drugs prescribed. This is a substantial problem because 40% of elderly patients use more
than 1 pharmacy, and 70% have more than 1 prescribing
physician.18 In this study we assessed whether inappropriate
prescribing would be reduced when primary care physicians had access to information on all prescriptions dispensed to their elderly patients.

Methods
Context
The study was conducted in Quebec, where a universal health
insurance program provides complete coverage of medical and
hospital services for all residents, as well as comprehensive drug insurance for the elderly. Beneficiary, medical-service and prescription-claims databases maintained by the Régie de l’assurance maladie du Québec (RAMQ)33 and previously validated34 were used to
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assemble the eligible study population, provide information on
prescriptions dispensed, and evaluate the use of both medical services and drugs before and after the implementation of CDS.

Study design and participants
To test whether CDS would reduce inappropriate prescribing,
we conducted a 13-month cluster-randomized controlled trial between January 1997 and February 1998. Sample size was estimated for the cluster trial35 with a relative reduction in inappropriate prescribing of 30%, type 1 and 2 errors of 1% and 20%
respectively and estimates of variation in rates among patients and
among physicians.36 The Collège des medicines du Québec used
annual licensure-renewal data to identify eligible physicians: general practitioners 30 years of age or older who had practices in
Montreal, spent at least 70% of the week in private fee-for-service
practice and had a minimum of 100 elderly patients. Letters of invitation and information sessions were used to recruit physicians.
To minimize the possibility of contamination, only 1 physician
per group practice was included. Differences in characteristics and
prescribing habits of participating and non-participating physicians were assessed with the use of non-identifiable data from the
Collège and the RAMQ prescription-claims files.
Patients of participating physicians were eligible if they were
66 years of age or older, had been seen on 2 or more occasions by
the study physician in the past year, and were living in the community at the start of the study. The RAMQ provided a list of eligible patients to each physician and a total count of patients per
practice to the investigators. With the consent of the patient, personal information was provided to the RAMQ and the researchers.

Randomization and blinding
Physicians were stratified by age (3 categories), sex, language
(French, English), location of medical school of graduation (foreign, Canada or the United States) and number of elderly patients
(less than 118, 118 or more).
Two months before CDS was implemented, after more than
90% of patients had been recruited, half of the physicians within
each stratum were randomly assigned to the CDS group and the
other half to the control group. Physicians and patients were not
told the specific outcomes of the study but were aware of which
group they had been assigned to.

Basic intervention
Each physician was given a computer, a printer, healthrecord software and dial-up access to the Internet. The healthrecord software documented health problems and medications
prescribed. For each patient, trained personnel developed a
health-problem list by abstracting, coding and entering data
from the primary care physician’s chart, using a standardized
form that documented the 26 health problems related to the
targeted drug–disease contraindications, as well as other
chronic health problems. Concordance in identification of key
target problems between the chief abstractor and the abstraction team was 86.1% (κ = 0.56) in independent audits of a systematic sample of 1138 charts.
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CDS group
Physicians in the CDS group obtained information on each
patient by downloading updates of dispensed prescriptions from
the RAMQ drug-insurance program. All retail pharmacies have a
data link to the RAMQ for online prescription adjudication,
which provided a daily update of all prescriptions dispensed for
each patient. These data were integrated into the patient’s health
record and categorized as having been prescribed by the study
physician or by another physician. Alerts were instituted to identify 159 clinically relevant prescribing problems in the elderly, a
list established previously by expert consensus:37 26 problems were
related to drug–disease contraindications, 23 to drug interactions,
17 to drug–age contraindications, 3 to duration of therapy and 90
to therapeutic duplication. The alerts appeared when the electronic chart was opened, when prescription-record updates were
downloaded from the RAMQ, and when current health problems
and prescriptions were recorded by the physician in the chart.
Each alert message identified the nature of the problem and possible consequences and suggested alternative therapy in accordance
with the expert consensus.

Outcomes
The primary outcome measures were initiation and discontinuation rates of the 159 prescription-related problems.
Records of prescriptions dispensed and medical visits (from the
RAMQ prescription-claims and medical-service-claims files and
from the abstracted office-chart data) were used to assess outcomes to ensure that the same measures were used for the 2
groups of physicians. Discontinuation rates were calculated for
patients who had been given at least 1 inappropriate prescription
in the 2 months before the study began. An inappropriate prescription was considered to have been discontinued by the study
physician if it had not been refilled within 2 months after the
prescription end date and if there had been a visit to the study
physician before or during the month of the prescription end
date. Initiation rates were calculated for the remaining patients
from the prescriptions written by the study physician for 1 or
more of the 159 prescription-related problems during the 13month study period. The denominator for each rate, measured
by medical-service claims, was the number of patient visits to
the study physician during the study period; this number provided an accurate assessment of differences in opportunity to
initiate or discontinue inappropriate prescriptions. Follow-up
was terminated after an inappropriate prescription had been initiated or discontinued. Secondary outcomes were initiation and
discontinuation rates by type of prescribing problem and discontinuation rates by source of prescription.

Analysis
Descriptive statistics were used to summarize the characteristics of the physicians and patients in the 2 groups. The association between the weekly frequency of prescription downloads
and the number of weeks of computer problems was estimated
with Pearson correlation. Poisson regression, within the framework of a generalized estimating equation, was used to determine if there were differences between the 2 groups of physicians in the rates of initiation and discontinuation of
inappropriate prescriptions, based on an intention-to-treat
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analysis.38,39 The patient was the unit of analysis. Physicians were
identified as the clustering factor within which rates were examined, and an exchangeable correlation structure was used to take
into account the dependence of observations for patients of the
same physician. Empirical standard errors were used to take into
account the overdispersion in estimated rates.

Results
Of the 440 eligible physicians, 127 (28.9%) agreed to
participate, and the first 107 were included in the study
(Fig. 1). Participating physicians were slightly younger
than those who did not participate (mean age 46.5 v. 49.4
years). However, participating and nonparticipating physicians were similar in the average number of prescriptions
per elderly patient (35.6 v. 33.8) and the prevalence of inappropriate prescribing (18.9% v. 18.8%) in the 18
months before the study start date. There were no differences in characteristics between the CDS and control
groups (Table 1).
Of the 20 109 eligible patients, 12 560 (62.4%) agreed
to participate. Those in the CDS group were more likely
than those in the control group to be men, to have made
fewer visits to their primary care physician and to have received fewer prescriptions from their primary care physician (Table 1).
At the beginning of the study, there was at least 1 prescribing problem for 33.3% of the patients in the control
group and 31.8% of those in the CDS group (Table 2). For
20.4% and 18.8%, respectively, the problems were attributable to a study physician, for 3.3% and 3.2% they were
attributable to a study physician plus another physician,

and for 8.3% and 9.1% they were attributable to another
physician. In both groups, drug–disease contraindications
were the most common prescribing problems, followed by
drug–age contraindications and excessive duration of therapy (Table 2).
Two unforeseen factors influenced the effectiveness of
the CDS. First, copayments for prescription drugs were
increased when the study began, which resulted in a 9%
reduction in prescription drug use by the elderly.40 Second,
22% of the physicians experienced frequent hardware or
software failure in the early months of the study; the proportion declined to 4% by month 6. Physicians in the
CDS group downloaded prescription information in 81%
of the study weeks; however, those who had more computer problems downloaded information less often
(r = –0.31).
During the study, the rate of initiation of an inappropriate prescription was significantly lower (18%) in the
CDS group than in the control group (Table 3). This
trend was evident for drug–disease contraindications,
drug–age contraindications, excessive duration of therapy
and therapeutic duplication and was significant for
drug–age contraindications and excessive duration of
therapy.
CDS had no significant impact on the discontinuation
of pre-existing inappropriate prescriptions (Table 4). Although more patients in the CDS group than in the control group had all inappropriate prescriptions discontinued (47.5% v. 44.5%; or 35.5 v. 32.1 per 1000 visits;
relative rate [RR] 1.14; 95% confidence interval [CI]
0.98–1.33), the 14% difference was not statistically significant. The only substantially higher discontinuation rate

Assessed for eligibility
General practitioners practising in Montreal
n = 702

Eligible
n = 440
Excluded
Refused to participate (n = 313)
Consented too late (n = 20)

CDS group
n = 54

Ineligible
Working < 20 h/wk (n = 88)
Salaried practice (n = 7)
< 10% of patients ≥ 66 years (n = 102)
Planning to retire or move within
24 mo (n = 65)

R

Control group
n = 53

Fig. 1: Selection and assignment of study population. List of Montreal general practitioners provided by the Collège des médecins du Québec. Random assignment was within strata defined
by physician age (34–44, 45–48, 49–68 years), language (French, English), sex, number of elderly patients (< 118, ≥ 118) and location of medical school of graduation (foreign, Canada or
the United States). CDS = computerized decision-making support.
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for a specific prescribing problem was for drug interactions: 68.6 v. 51.5 per 1000 visits in the CDS and control
groups respectively.
Physicians in the CDS group were able to identify excessive duration of therapy, therapeutic duplication and
drug interaction resulting from more than one source of
prescribing for the same patient. Most of the therapeutic
duplications and drug interactions occurred because prescriptions were written by both the study physician and
another physician or another physician alone (Table 5).
Discontinuation rates in the CDS group were systematically higher for problems created by the combination of

prescriptions from study physicians and other physicians
than for the other types of prescription problems. An exception was with drug interactions: the relative difference
in discontinuation rates between CDS and control physicians was highest for problematic prescriptions written by
the study physician, followed by problematic prescriptions
written by both the study physician and another physician.
Adjusting for patient characteristics (Table 1) did not
modify differences in initiation and discontinuation rates
between the CDS and control groups. However, a physician’s previous computer experience influenced the effectiveness of CDS. Among experienced computer users the

Table 1: Characteristics of physicians and patients in study of effectiveness
of computerized decision-making support (CDS) in reducing inappropriate
prescribing
Practice group
Variable
Physician characteristics
No.
Mean age (and SD), yr
Sex, % (and no.)
Male
Female
First language, % (and no.)
French
English
Medical school of graduation, % (and no.)
Foreign
North American
Computer experience,* % (and no.)
Beginner
Experienced
Practice characteristics
Eligible elderly patients, mean no. (and SD)
Eligible patients participating in study, mean %
(and SD)
Characteristics of participating patients
No.
Sex, % (and no.)
Male
Female
Mean age (and SD), yr
Mean values per patient (and SD) in 18 mo before
study
Total no. of physician visits
No. of visits to primary care physician
% of visits to primary care physician
Total no. of prescriptions
No. of prescriptions from primary care physician
No. of prescribing physicians
No. of pharmacies

CDS

Control

54
48.0 (6.7)

53
46.2 (5.6)

81.5 (44)
18.5 (10)

83.0 (44)
17.0 (9)

74.1 (40)
25.9 (14)

73.6 (39)
26.4 (14)

22.2 (12)
77.8 (42)

22.6 (12)
77.4 (41)

40.7 (22)
59.3 (32)

41.5 (22)
58.5 (31)

214.3 (101.7)

214.5 (114.5)

64.6 (16.6)

65.6 (15.7)

6284

6276

38.8 (2439)
61.2 (3845)
75.4 (6.3)

35.8 (2248)
64.2 (4028)
75.3 (6.2)

20.7 (19.5)
7.7 (5.3)
49.5 (26.4)
51.0 (43.1)
30.3 (32.4)
3.3 (2.3)
1.8 (1.1)

21.2 (20.5)
8.3 (5.5)
51.4 (25.5)
53.3 (40.7)
32.4 (31.8)
3.3 (2.2)
1.8 (1.2)

Note: SD = standard deviation.
*Physicians were considered beginners if they had no experience using a computer for word-processing, Internet
activity, literature searches, or any other recreational or work-related activity. Physicians who had used computers
for any of the aforementioned activities were considered to be experienced.
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Table 2: Prevalence of potentially inappropriate prescribing in the 2-month period before the study
% (and no.) of participating patients with prescribing problems; practice group
Overall
CDS (n = 6284)

Prescribing problem
Any of 159 clinically relevant problems
Mean no. of problems per patient (and SD)
Drug–disease contraindication
NSAID–hypertension
NSAID–peptic ulcer disease
Drug–age contraindication
Long-half-life benzodiazepine
Active-metabolite TCA
Excessive duration of therapy
Benzodiazepine > 90 d
NSAID > 60 d
Therapeutic duplication
Salicylate
Drug interaction

31.8 (1996)
1.36 (0.64)
17.2 (1080)
6.5 (410)
3.2 (198)
11.3 (711)
5.3 (331)
3.6 (226)
8.2 (515)
5.2 (330)
3.2 (204)
3.8 (238)
0.7 (42)
2.6 (166)

Attributable only to study physician

Control (n = 6276)
33.3 (2092)
1.38 (0.65)
16.7 (1047)
6.1 (383)
3.6 (229)
14.2 (891)
6.7 (422)
4.0 (252)
8.7 (547)
6.1 (382)
3.2 (198)
4.1 (255)
0.9 (55)
2.4 (149)

CDS (n = 6284)
18.8 (1180)
1.25 (0.53)
10.5 (659)
4.6 (292)
2.0 (128)
8.0 (505)
4.0 (252)
2.5 (157)
5.9 (371)
3.8 (242)
2.2 (142)
1.0 (60)
0.1
(7)
0.7 (46)

Control (n = 6276)
20.4 (1282)
1.28 (0.55)
10.1 (637)
4.2 (264)
2.4 (153)
11.1 (699)
5.2 (327)
3.0 (191)
6.4 (401)
4.5 (284)
2.2 (139)
1.0 (63)
0.2 (11)
0.8 (49)

Note: NSAID = nonsteroidal anti-inflammatory drug, TCA = tricyclic antidepressant.

Table 3: Potentially inappropriate prescribing started by the study physicians during the 13-month study period

Prescribing problem and
practice group
Any
CDS
Control
Drug–disease
contraindication
CDS
Control
Drug–age
contraindication
CDS
Control
Excessive duration of
therapy
CDS
Control
Therapeutic duplication
CDS
Control
Drug interaction
CDS
Control

No. of patients
at risk*

No. of visits
at which
inappropriate
prescribing could
have started†

No. of patients
given an
inappropriate
prescription

No. of inappropriate
prescriptions started
per 1000 visits

Relative rate‡
(and 95% CI)

4767
4603

17 246
17 430

755
909

43.8
52.2

0.82 (0.69–0.98)
Reference

5520
5469

23 869
25 597

396
470

16.6
18.4

0.89 (0.72–1.10)
Reference

5727
5516

26 423
27 307

283
375

10.7
13.7

0.77 (0.59–1.00)
Reference

5791
5768

27 056
29 199

361
499

13.3
17.1

0.78 (0.61–0.99)
Reference

6193
6188

29 170
31 846

179
217

6.1
6.8

0.87 (0.69–1.11)
Reference

6221
6212

30 847
33 906

49
51

1.6
1.5

1.12 (0.68–1.87)
Reference

Note: CI = confidence interval.
*No. of participating patients in the study physician’s practice who had no prescribing problem in the 2-month period before the start of the study who visited the study
physician during the study period.
†No. of ambulatory visits to the study physician before the dispensing date of a potentially inappropriate prescription or during the study period for patients for whom no
potentially inappropriate prescriptions were started.
‡Relative rates were estimated by means of Poisson regression within a generalized estimation equation framework. The patient was the unit of analysis. Physicians were
identified as the clustering factor within which rates were examined, and an exchangeable correlation structure was used to take into account the dependence of
observations for patients of the same physician.
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rate of initiation of inappropriate prescriptions was 30%
lower in the CDS group than in the control group (RR
0.70, 95% CI 0.55–0.89). Among the computer beginners
the rate of initiation of inappropriate prescriptions was virtually identical in the 2 groups (RR 1.03, 95% CI
0.82–1.29). The same trend was evident for discontinuation
rates (RR for experienced users 1.17 and for beginners
0.93), but this apparent modification of the effectiveness of
CDS by computer experience was not significant (interaction term: study group*computer experience, p = 0.32).

Interpretation
This study illustrated the magnitude of the challenge of
coordinating health care for elderly patients in an urban
setting. Primary care physicians provided only half of all
medical services to their elderly patients, who, on average,
received prescriptions from at least 3 other physicians and
filled those prescriptions at several pharmacies. We addressed the problem of incomplete information on current
drug use by using existing prescription-claims information
to provide a complete drug profile for each patient. This
was a lower-cost solution than using pharmacy-information
networks41,42 or smart cards.43

The study also addressed one of the chief criticisms of
software screening for drug interactions: clinical relevance.44 We limited alerts to interactions judged by a consensus panel to produce clinically important adverse effects,
and we expanded surveillance to include clinically relevant
drug–disease contraindications, drug–age contraindications, excessive duration of therapy and therapeutic duplication.37 The alert system was limited, however, by the absence of treatment indications (needed to assess
prescription appropriateness) and the absence of weight,
height and data on renal function (needed to assess dosage
appropriateness). Further, because lower levels of evidence
are used to identify potentially problematic prescriptions,
the effect of reducing inappropriate prescribing on health
outcome remains unknown.
The selectively greater impact of CDS on the initiation
of inappropriate prescriptions than on the discontinuation
of existing ones could be the result of inaccurate measurement of discontinuation or type 1 errors from multiple
comparisons. However, the same pattern was observed in a
drug review trial,45 in which physicians were reluctant to
stop drug therapy, even when they agreed with the consulting pharmacist’s recommendation, because of concerns
for patient resistance or discomfort in discontinuing ther-

Table 4: Potentially inappropriate prescribing discontinued by the study physicians during the 13-month study period

Prescribing problem
and practice group
Any
CDS
Control
Drug–disease
contraindication
CDS
Control
Drug–age
contraindication
CDS
Control
Excessive duration of
therapy
CDS
Control
Therapeutic
duplication
CDS
Control
Drug interaction
CDS
Control

No. of patients with
inappropriate
prescriptions before
start of study*

No. of visits at which
inappropriate
prescriptions could have
been discontinued†

No. of patients for
whom inappropriate
prescriptions were
discontinued

No. of discontinuations
of inappropriate
prescriptions per
1000 visits

Relative rate
(and 95% CI)

1578
1670

14 043
15 586

1002
1045

71.4
67.4

1.06 (0.89–1.26)
Reference

933
881

8 818
9 024

552
522

62.6
57.9

1.08 (0.85–1.36)
Reference

636
812

8 101
9 351

330
401

40.7
42.9

0.94 (0.79–1.13)
Reference

506
548

6 075
6 372

196
208

32.3
32.6

1.00 (0.77–1.29)
Reference

150
176

461
509

146
170

317.1
334.0

0.94 (0.59–1.51)
Reference

148
134

1 546
1 729

106
89

68.6
51.5

1.33 (0.90–1.95)
Reference

*No. of patients with an inappropriate prescription in the 2 months before the start of the study who visited the study physician during the study period. During the study period 418 (20.9%) of
the 1996 patients in the CDS group and 422 (20.2%) of the 2092 in the control group with an inappropriate prescription preceding the study had that prescription discontinued before the first
visit to the study physician, died or entered long-term care.
†No. of ambulatory visits to the study physician before and including the month in which the inappropriate prescription was discontinued or during the study period for patients for whom no
inappropriate prescription was discontinued.
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0.75 (0.35–1.59)
Reference
81.8
122.0
1.33 (0.74–2.54)
Reference
165.1
76.5
29.7 (44)
35.3 (47)

2.15 (0.98–4.70)
Reference

36.5 (54)
36.8 (49)

74.6
56.1

33.8 (50)
27.8 (37)

1.10 (0.65–1.85)
Reference
662.5
585.6
1.66 (0.99–2.79)
Reference
388.1
495.7
21.6 (32)
17.8 (31)

0.78 (0.3–2.2)
Reference

35.8 (53)
40.2 (70)

519.6
312.1

42.5 (63)
42.0 (73)

1.09 (0.63–1.89)
Reference
46.4
42.3
1.43 (0.7–3.1)
Reference
16.3
11.4
63.7
59.7

Excessive duration
of therapy
CDS (506)
Control (548)
Therapeutic
duplication
CDS (148)
Control (174)
Drug interaction
CDS (148)
Control (133)

63.6 (322)
65.5 (359)

1.06 (0.8–1.5)
Reference

13.4 (68)
13.0 (71)

22.9 (116)
21.5 (118)

Relative rate
(and 95% CI)
No. of
discontinuations
per 1000 visits
Relative rate
(and 95% CI)

Relative rate
(and 95% CI)

% (and no.)
of all
prescribing
problems
No. of
discontinuations
per 1000 visits
% (and no.)
of all
prescribing
problems
No. of
discontinuations
per 1000 visits

Problem and study
group (and no. of
patients receiving
inappropriate
prescriptions)

% (and no.)
of all
prescribing
problems

Inappropriate prescribing by study
physician and another physician
Inappropriate prescribing by study physician alone

Table 5: Discontinuation rates for prescribing problems that can be created by multiple prescribing physicians

Inappropriate drug prescribed by
another physician alone
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apy prescribed by another physician. Physicians in the
CDS group expressed similar concerns, particularly in relation to drugs prescribed by other physicians. As with a
Dutch study,46 we found that the perception of responsibility for patients’ treatment varied among the physicians.
This lack of clarity in responsibility likely had an impact
on the action taken when physicians identified problematic
prescriptions.
Poor technical performance is a known deterrent to
the use of computer-based systems. 47–49 Hardware and
software failures reduced the frequency of computer use
and likely the potential benefits of the CDS. An extensive
infrastructure was required to resolve numerous technical
problems with the computers and local patient databases.
This “heavy client model” is not a viable solution for
community-based computer networks. Handheld “personal digital assistants” and wireless technologies, coupled
with architectures that provide centralized services for applications and data,50 will provide community-based physicians with less labour-intensive technologic solutions in
patient care.
Future research should assess the role of more robust information technologies in primary care, as well as the impact of inappropriate prescriptions on health outcomes.
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