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Background: Opioid analgesics and benzo diazepines are often misused in clinical practice. We determined whether implementation
of a centralized prescription network offering
real-time access to patient-level data on filled
prescriptions (PharmaNet) reduced the number of potentially inappropriate prescriptions
for opioids and benzodiazepines.
Methods: We conducted a time series analysis
using prescription records between Jan. 1,
1993, and Dec. 31, 1997, for residents of the
province of British Columbia who were receiving social assistance or were 65 years or older.
We calculated monthly percentages of filled
prescriptions for an opioid or a benzodiazepine that were deemed inappropriate
(those issued by a different physician and dis-

M

ost pharmacies and an increasing
number of physicians rely on computer systems to maintain patient
profiles that include clinical information,
laboratory reports and medication records. 1,2
Such systems provide a measure of safety
with regard to medication errors, therapeutic
duplication and drug interactions.3,4 However,
they frequently operate in isolation and without information on prescriptions issued by
other prescribers or dispensed at other pharmacies.
Centralized prescription networks may be a
useful tool to reduce inappropriate prescribing
and dispensing of prescriptions, particularly with
controlled substances that are prone to misuse or
resale, such as benzodiazepines and opioid analgesics. For example, a recent study found that
almost 1 in 5 patients undergoing methadone
maintenance therapy received and filled prescrip-
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pensed at a different pharmacy within 7 days
after a filled prescription of at least 30 tablets
of the same drug).
Results: Within 6 months after implementation
of PharmaNet in July 1995, we observed a relative reduction in inappropriate filled prescriptions for opioids of 32.8% (95% confidence
interval [CI] 31.0%–34.7%) among patients
receiving social assistance; inappropriate filled
prescriptions for benzodiazepines decreased by
48.6% (95% CI 43.2%–53.1%). Similar and statistically significant reductions were observed
among residents 65 years or older.
Interpretation: The implementation of a centralized prescription network was associated with
a dramatic reduction in inappropriate filled prescriptions for opioids and benzodiazepines.

tions for other opioids, most often from a different physician or pharmacy.5
Many jurisdictions throughout North America
have implemented prescription monitoring programs that track the prescription and sale of controlled substances,6 and there is some evidence
they are effective at reducing misuse of opioids.7
However, these systems do not offer real-time
information to pharmacists at the time of prescription processing, as a centralized prescription
network would.
In July 1995, the province of British Columbia implemented a real-time processing system
(PharmaNet) that links all BC pharmacies and
hospitals to a centralized database containing
real-time data on the prescription records of all
provincial residents.8 In this study, we examined
the impact of PharmaNet on inappropriate prescribing and dispensing of prescriptions for opioid analgesics and benzodiazepines.
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Methods
Study design and datasets
The intervention of interest was the populationwide implementation of PharmaNet in all community pharmacies in BC in July 1995. We used
an interrupted time series analysis in which the
proportion of all filled prescriptions per month
that were deemed inappropriate (defined below)
was regressed on time, using 30 months of data
preceding the implementation of PharmaNet and
30 months of data thereafter. Prescriptions for the
analysis were extracted from a BC Ministry of
Health data warehouse that included prescription
records from the PharmaNet database (all prescriptions filled by community pharmacies), as
well as an earlier prescription database that
included nearly all prescriptions for patients 65
years of age or older and patients receiving social
assistance at the time their prescriptions were
filled. The earlier database did not have real-time
functionality, and pharmacists could not view
prescriptions filled at other pharmacies. Also, the
earlier database was missing most prescriptions
for people not receiving social assistance and
those less than 65 years old, which limited our
analysis to the aforementioned groups.
Inappropriate filled prescriptions
The primary outcome was the proportion of
filled prescriptions for a study drug deemed
potentially inappropriate, defined in the following manner. First, we identified all filled prescriptions for 30 or more tablets of an opioid
analgesic or a benzodiazepine during a 5-year
period (Jan. 1, 1993, to Dec. 31, 1997). We
chose this number of tablets because it is a commonly prescribed quantity that should, in many
instances, encompass at least 7 days of treatment. For each filled prescription, patients were
followed for 7 days to ascertain whether another
prescription for the same drug was filled. We
defined a subsequent filled prescription as inappropriate if it was issued by a different physician
and dispensed at a different pharmacy. Then, we
assembled 4 datasets representing 2 patient
groups (seniors and recipients of income assistance) and 2 drug classes (opioids and benzodiazepines). Each dataset contained one observation per month, where each observation was the
proportion of filled prescriptions that month that
were identified as inappropriate according to our
definition.
Statistical analysis
We used ordinary least-squares regression to
estimate the impact of PharmaNet on the proportion of inappropriate filled prescriptions.

Regression models were estimated for each of
the 4 datasets using the 30 months of available
data preceding the implementation of PharmaNet in July 1995. The dependent variable in
each model was the proportion of filled prescriptions deemed inappropriate. Independent
variables in the models included time (in
months), 11 monthly indicator variables for calendar month and autoregressive lag variables to
compensate for temporal correlations.
We calculated the change in inappropriate
filled prescriptions following the implementation
of PharmaNet by summing the differences
between observed and predicted monthly levels
of inappropriate filled prescriptions across the
30-month interval. Predicted values for the postPharmaNet period were generated from the linear regressions on pre-PharmaNet data. We calculated 95% confidence intervals (CIs) using an
iterative process, replicated 1000 times, in which
each observed value in the post-PharmaNet
period was subtracted from a randomly generated value drawn from a normal distribution
defined by the corresponding predicted value and
its standard error.9
Finally, to test for specificity, we replicated our
analysis using prescriptions for 3 commonly used
nonsteroidal anti-inflammatory drugs (NSAIDs;
oral formulations of ibuprofen, naproxen and
diclofenac) to determine whether an impact of
PharmaNet on filled prescriptions for opioids and
benzodiazepines represented a more general effect
on duplicate prescriptions, rather than an effect
specific to drugs prone to abuse.

Results
Residents receiving social assistance
For residents receiving social assistance during
the study period, we identified 1 353 118 filled
prescriptions for opioids among 86 704 patients
(median age 40 [interquartile range (IQR) 32–
50] years) and 1 483 368 filled prescriptions for
benzodiazepines among 47 983 patients (median
age 42 [IQR 35–51] years).
In the 30 months before the implementation
of PharmaNet, 3.2% of opioid and 1.2% of benzodiazepine filled prescriptions on average were
deemed inappropriate according to our definition. We observed a rapid and sustained decrease
in the monthly proportion of inappropriate filled
prescriptions for both drug classes after the
implementation of PharmaNet (Figure 1). Overall, there was a 32.8% relative reduction in inappropriate prescriptions for opioids (95% CI
31.0%–34.7%) and a 48.6% relative reduction in
inappropriate prescriptions for benzodiazepines
(95% CI 43.2%–53.1%) in the first 30 months
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after PharmaNet was implemented. These
estimated relative reductions for opioids and
benzodiazepines translate to average absolute
reductions of 1.08% and 0.49% per month,
respectively.
Senior residents
For provincial residents 65 years or older, we
identified 1 180 721 filled prescriptions for opioids among 199 497 patients (median age 73
[IQR 69–78] years) and 2 010 548 benzodiazepine prescriptions among 150 699 patients
(median age 74 [IQR 69–79] years).
In the 30 months before PharmaNet implementation, 0.15% of filled prescriptions for opioids and 0.62% of filled prescriptions for benzodiazepines on average were found to be
inappropriate. There was a 40.1% relative reduction in inappropriate prescriptions for opioids
(95% CI 32.0%–48.0%) and a 42.4% relative
reduction in inappropriate prescriptions for benzodiazepines (95% CI 31.4%–53.2%) in the first
30 months after PharmaNet was implemented
(Figure 2). These estimated relative reductions
for opioids and benzodiazepines translate to
average absolute reductions of 0.28% and 0.05%
per month, respectively.
As expected, we found that inappropriate
filled prescriptions for NSAIDs were infrequent
in both groups and did not change after the
implementation of PharmaNet (Figure 3).

Interpretation
Our analysis showed that the implementation of
a province-wide centralized prescription network
was associated with large, immediate and sustained reductions in filled prescriptions for opioid analgesics and benzodiazepines deemed
inappropriate by our definition. These findings
provide empirical evidence that centralized prescription networks can reduce inappropriate prescribing and dispensing of prescriptions by offering health care professionals real-time access to
prescription data. Physicians did not have access
to PharmaNet when it was first introduced; consequently, the reductions observed in our study
likely reflect the availability of real-time prescription information to front-line pharmacists.
Although the effectiveness of centralized
systems may vary across jurisdictions, such
differences are likely irrelevant from a policy
standpoint, because even modest reductions in
inappropriate prescriptions are clinically meaningful. If our findings can be generalized to other
jurisdictions, we estimate that such networks
could eliminate millions of inappropriate filled
prescriptions in the United States and Canada
annually.
Limitations
Some limitations of our study merit emphasis.
Defining filled prescriptions as inappropriate
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Figure 1: Monthly percentages of filled prescriptions for opioid analgesics and benzodiazepines deemed
inappropriate among residents of British Columbia receiving social assistance before and after the implementation of PharmaNet, a centralized prescription network. The dashed and dotted lines shown after the
implementation of PharmaNet represent the predicted percentages and their 95% confidence intervals had
the system not been implemented. (The method for calculating the overall change in inappropriate filled
prescriptions during the 30-month period following implementation of the prescription network is
described in the Methods section.)
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with the use of claims data is not straightforward. We purposefully employed a rigid definition so that our estimates of system impact
would be conservative. Our definition may have
resulted in some appropriate prescriptions being
classified as inappropriate. However, it excluded
many other inappropriate prescriptions, including those characterized by smaller quantities
(< 30 tablets), longer intervals between prescriptions, and provenance from either a single prescriber or a single pharmacy. Our definition also
excluded situations involving proximate pre-

scriptions for different drugs, such as oxycodone
and hydromorphone, and lorazepam and alprazolam. Consequently, our results almost certainly
underestimate the ability of such networks to
reduce inappropriate prescribing and dispensing
of prescriptions. We used a 7-day window rather
than a longer follow-up window to avoid classifying appropriate prescriptions as inappropriate.
Inherent to this choice was an assumption that
the probability of accurately identifying an inappropriate prescription decreased as more time
elapsed between prescriptions.
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Figure 2: Monthly percentages of filled prescriptions for opioids and benzodiazepines deemed inappropriate among residents of British Columbia 65 years of age or older before and after the implementation of
PharmaNet. The dashed and dotted lines shown after the implementation of PharmaNet represent the predicted percentages and their 95% confidence intervals had the system not been implemented. (The
method for calculating the overall change in inappropriate filled prescriptions during the 30-month period
following implementation of the prescription network is described in the Methods section.)

1.0
0.9

% of prescriptions

0.8

Implementation
of PharmaNet

BC residents aged ≥ 65 years
BC residents receiving
social income assistance

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
1993

1994

1995

1996

1997

Figure 3: Monthly percentages of filled prescriptions for nonsteroidal anti-inflammatory drugs deemed
inappropriate among residents of British Columbia 65 years of age or older and residents receiving social
assistance during the study period.
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Some pharmacies started using PharmaNet
before the summer of 1995, when most pharmacies went online. This limitation could only have
attenuated any observed effect of PharmaNet.
The effect of PharmaNet on benzodiazepine
prescriptions may have been augmented by an
educational letter on sleep management mailed
to physicians and pharmacists in BC in January
1996.10 However, a previous evaluation of the letter suggests it was associated with a nonsignificant reduction in de novo prescribing of benzodiazepines,11 and no such letter was issued for
opioids.
Finally, our analysis reflects data from a natural experiment that took place 17 years ago.
However, the data are of high quality and are
particularly relevant in light of prevailing concerns regarding the abuse and diversion of prescription drugs.12
Conclusion
The implementation of a centralized prescription
network was associated with a dramatic reduction
in potentially inappropriate filled prescriptions
for opioids and benzodiazepines. We speculate
that wider implementation of such networks
could substantially reduce the costs and harms
associated with misuse of prescription drugs.
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