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A B S T R A C T

Objectives: Prescription drug monitoring programs (PDMPs) are state-based databases that contain information
about controlled substance prescriptions dispensed by pharmacies. Many states now mandate PDMP use by
prescribers, despite unclear effectiveness. We hypothesize that it is possible to improve the interpretability, and
hence effectiveness, of PDMPs by enhancing them.
Methods: This was a real-time simulation of an enhanced PDMP. Fifty practicing physicians (25 primary care, 25
emergency medicine) were randomized to see three cases with a standard profile or an enhanced profile that
included graphical representation of prescriptions and identified risky prescribing patterns. After a two-month
washout period, participants were placed in the opposite group.
Results: Physicians presented with the enhanced profile were more likely to correctly identify patients with
multiple providers (97.0% vs. 85.8%, p= 0.002), overlapping opioid and benzodiazepine prescriptions (94.7%
vs. 87.5%, p= 0.03), overlapping opioid prescriptions (89.5% vs. 70.8%, p < 0.01), high daily dosages of
opioids (99.2% vs. 25.0%, p= 0.02), and traveling to distant pharmacies (79.7% vs. 2.5%, p < 0.01). There
was no difference in interpretation time for the three cases (standard profile 657.3 s vs. enhanced profile 686.3 s,
p= 0.31).
Conclusions: A simulated PDMP with graphical displays and interpretation of findings was, for this cohort of
emergency physicians and primary care physicians, associated with an increased ability to determine high-risk
features on PDMP profiles.

1. Introduction

1.1. Background

The United States continues to face an opioid overdose and abuse
crisis, with an average of 130 people dying each day due to an opioid-
related overdose in 2017 (Centers for Disease Control and Prevention
(CDC), 2019). Although the number of prescribed opioids is finally
decreasing after more than a decade of increases – a 22% decrease
between 2013 and 2017 – more than 40% of all U.S. opioid overdose
deaths in 2016 still involved a prescription opioid (IQVIA Institute for
Human Data Science, 2018; Seth et al., 2018).

Prescription drug monitoring programs (PDMPs) are state-based
databases that contain information on controlled substance prescrip-
tions dispensed by pharmacies and prescribers. They can be used by

prescribers to monitor controlled substance use by patients and by
states to monitor prescribing practices and population-level medication
use trends. There has been rapid uptake of PDMPs around the country,
and as of February 2018, 50 states, the District of Columbia, Guam and
Puerto Rico had some form of a PDMP (Sacco et al., 2018). PDMPs can
be expensive, with startup costs that can range as high as $1.5 million
and annual operating costs ranging from $125,000 to nearly $1.0 mil-
lion (Sacco et al., 2018).

1.2. Importance

Despite the widespread adoption and expenditure, the efficacy of
PDMPs has been questioned. A large systematic review found in-
sufficient evidence that PDMPs either increased or decreased fatal and
nonfatal overdoses (Fink et al., 2018). Overall use of PDMPs is variable,
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both between specialties and states (Irvine et al., 2014; Deyo et al.,
2014; Sun et al., 2018). To address this dilemma, multiple states have
instituted mandated use of PDMPs, either by mandating that prescribers
register or mandating access prior to every opioid prescription written
(Shev et al., 2018; Williams et al., 2018; Grecu et al., 2019). These
mandates carry significant penalties in certain states if the PDMP is not
accessed and do appear to be associated with decreased opioid pre-
scribing in several settings (Haffajee et al., 2015; Rasubala et al., 2015;
Winstanley et al., 2018; Suffoletto et al., 2018). Furthermore, states
with more robust PDMP programs do appear to have decreased opioid
prescriptions compared with states which do not (Haffajee et al., 2018).

Although there are PDMPs in all 50 states, and prescribers are
mandated to use the PDMP in at least 41 of those states, it is surprising
that there have been few studies that evaluate how the systems can be
improved and become more useful for clinicians. Past work has de-
termined that the transitional workflow of accessing the PDMP through
a website outside of a provider’s electronic medical record is a time-
consuming barrier (Poon et al., 2016). Additionally, research has de-
monstrated that providers seeing the exact same PDMP report may
interpret it in different ways, with variations in rates of opioid pre-
scribing despite seeing the same clinical scenario and same PDMP re-
port (Hoppe and Weiner, 2015). PDMP profiles can be complicated to
quickly synthesize and interpret for a provider, especially if there are
multiple prescriptions present (Rutkow et al., 2015). Enhancing the
PDMP in a way that simplifies use and interpretation, quickly identifies
“red flags” of concern, and highlights data not easily determined by the
clinician – such as total daily morphine milligram equivalents (MMEs)
or distance the patient traveled to get to a pharmacy – could increase
utility and also improve the quality of the prescriber’s interpretation
leading to increased patient safety.

1.3. Goals of this investigation

We performed a real-time simulation of an enhanced PDMP. A si-
mulated website was created and current opioid prescribers viewed
either a standard PDMP or an enhanced version. The primary aim was
to determine the ability of clinicians to detect high-risk opioid features
from prescription drug monitoring program (PDMP) profiles, com-
paring standard with enhanced displays. We hypothesized that sig-
nificant risk factors, such as overlapping opioid prescriptions, high
daily doses of opioids, concurrent opioid and benzodiazepine pre-
scriptions, traveling far distances to have a prescription filled, or having
a large number of self-pay prescriptions (avoiding use of insurance)
would be missed when clinicians evaluated standard profiles. The sec-
ondary aims were to determine time spent reviewing the standard vs.
enhanced profiles, and to ascertain clinician impressions about the
enhanced profile.

2. Materials and methods

2.1. Study design and setting

This was a prospective cross-over study of a cohort of attending
physicians affiliated with a health system in an urban area. The health
system includes an academic Level 1 trauma center with 777 licensed
beds, an affiliated community hospital with 162 licensed beds, and 15
affiliated primary care practices. We recruited a convenience sample of
25 emergency physicians and 25 primary care physicians from across
the organization. Prescribers were required, by self-report, to be ac-
tively practicing, had written at least 6 opioid prescriptions in the
preceding 6 months, and had accessed the state’s PDMP at least 6 times
in the preceding 6 months. The study was approved by the hospital’s
institutional review board.

2.2. Selection of participants

Physicians were enrolled by responding to an email sent out by an
investigator, and then they were randomly assigned to the enhanced
profile group (25 participants) or the standard profile group (25 partici-
pants). As an exploratory study without preexisting data, no sample size
calculation was performed. In Phase 1, which was open from December
22, 2017 to January 9, 2018, all participants were provided with
written instructions and a brief online video to orient them to the study.
Participants logged onto a website at a place and time of their choosing,
reviewed three clinical scenarios with accompanying PDMP profiles
(either enhanced or standard) and then answered questions about the
cases and the profile on the website. After a two-month washout period,
Phase 2 was launched, open from March 10, 2018 to March 23, 2018, in
which the participants were assigned the opposite PDMP profile (en-
hanced instead of control and vice versa) and were presented with the
same three cases and asked the same questions. Participants were
compensated with a $50 gift card each of the two times they completed
the task ($100 total). In both phases, subjects were contacted by email
up to three times until they completed the study.

2.3. Development of the enhanced profile

As part of an ongoing research project on prescription drug fraud
and abuse, members of our team conducted a survey of existing deci-
sion-making tools that assist physicians when prescribing opioids. The
respondents provided a wish list of features, which included three ca-
tegories: 1) clear indication of medications with MME calculations; 2)
visualizations to help interpret data; 3) concise and easily interpretable
metrics. Using this as guidance, a web application called the Medication
Decision Support Suite (MeDSS) was created (Tripathi and Weiner,
2017).

MeDSS contains two components, a patient timeline graph and a
risk assessment summary. Usability and interpretability were tested at
the Indiana Board of Pharmacy and content was improved based on
user feedback. The patient timeline graph contains information on
multiple provider episodes, polypharmacy, distance traveled to obtain a
prescription, dosage escalations, MMEs and payment type. Payment
type was included because of the potential for riskier prescribing if the
patient self-pays for a prescription outside of their insurance (Becker
et al., 2017). The risk assessment summary displays predictors of risk
that were determined by applying advanced analytics on a large long-
itudinal PDMP dataset (12 million records from INSPECT, Indiana’s
PDMP program). The CRISP-DM data mining model was employed with
features that were derived from the raw data attributes, to feed into
machine learning algorithms (Shearer, 2000). The enhanced profile is
based on the MeDSS tool. The three vignettes, which varied for emer-
gency medicine and primary care, are demonstrated in Appendix A1

The standard PDMP profile and enhanced PDMP profile are demon-
strated in Fig. 1.

2.4. Methods of measurement

Participants were first asked basic demographic questions including
specialty and years in practice. They then viewed each case vignette
presented in either the enhanced profile or standard profile view. Next,
the participants were then asked to respond to questions about the
patient’s timeline chart, to identify the presence of high-risk features
and to decide whether or not they would prescribe an opioid medica-
tion to the simulated patient. After completing the three vignettes and
associated questions, the participants answered questions about the tool
itself, such as the format and value of an enhanced profile.

1 Supplementary material can be found by accessing the online version of this
paper at http://dx.doi.org and by entering doi:…
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2.5. Primary data analysis

After study completion, data was extracted from the website to an
Excel spreadsheet and double-checked for accuracy. Data were im-
ported into JMP v12 (SAS Corporation, Cary, NC) and were analyzed
with descriptive analytics.

3. Results

There were 50 total participants in the cohort. Half (25/50) were

specialized in primary care and half (25/50) in emergency medicine.
For the entire cohort, the mean number of years in practice was 16.2
(SD 10.2) years, range 5–41 years. Twenty-nine providers (58%) were
male. Participants estimated that the percentage of patients they pre-
scribed an opioid to in their practice was an average of 5.7% (SD 4.0),
range 0–20%. The number of times that the PDMP was checked prior to
writing an opioid prescription was 78% (SD 32.0), range 0–100%.

Table 1 demonstrates the participants’ answers regarding the pre-
sence of high-risk factors on the patients’ profiles. Physicians presented
with the enhanced profile were more able to correctly identify patients

Fig. 1. A sample of the standard prescription drug monitoring report (panel A) and enhanced report (panel B). The information presented was unique to each of the
three patient vignettes. Pharmacy names were chosen randomly from local pharmacies, but all prescription and provider data are simulated.
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with multiple providers, overlapping prescriptions, high dosages, and
other risk factors such as paying in cash and traveling to distant
pharmacies. The only category where the enhanced profile group re-
sponded with lower accuracy than the standard group was in identi-
fying patients who had visited many pharmacies (more than 4) in the
last year.

Table 2 describes provider responses on whether they would pre-
scribe an opioid to the patient after seeing either the standard or en-
hanced profile. There was a significant difference for Patient A (19.5%
standard profile vs. 4.3% enhanced profile prescribing an opioid), and
no significant difference for the other two patients or for all three pa-
tients combined.

We also evaluated the time it took to complete the activity. On
average the standard profile group (n=40 observations) spent a mean
of 657.3 (95% CI 561.9–752.6) seconds, or 10min, 57 s reviewing the
three profiles and answering questions, and the enhanced profile group
(n= 43 observations) spent a mean of 686.3 (95% CI 618.2–754.5)
seconds, or 11min, 26 s reviewing the three profiles and answering
questions, p= 0.31. As Fig. 2 demonstrates, the time it took to com-
plete each profile decreased with each subsequent profile.

Table 3 demonstrates the usefulness of various features of the en-
hanced profile on a scale from 1 to 5 (5 being most useful). Participants
ranked the graphical representation of prescriptions, color-coding of
medication types, identification of early refills and overlapping of same-
type prescriptions, and identification of polypharmacy as being the
most useful features on the enhanced profile.

4. Discussion

The increased adoption of PDMPs has seen a rapid progress in their
use of technology. Only a few years ago, there was limited interstate
data sharing, delays between the time the prescription was filled and
when it appeared in the state’s database, partial reporting of controlled
substance prescriptions (such as only reporting of schedule II medica-
tions) and a tabular format presentation that made it challenging to
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Table 2
Determination if the provider would provide an opioid prescription after re-
viewing the vignette and profile.

Standard Profile
Group

Enhanced Profile
Group

P-value

Overall 18.3% 12.0% 0.22
Patient A (dental pain) 19.5% 4.3% 0.04
Patient B (rib fracture) 33.3% 27.3% 0.72
Patient C (back pain) 2.3% 4.7% 1.00

P values< 0.05 are considered statistically significant and are in bold text.

Fig. 2. Mean time in seconds required to evaluate the three cases for both the
standard and enhanced profiles. Error bars represent 95% confidence intervals.
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quickly get the picture of a patient’s PDMP history (Manasco et al.,
2016). Certain states have undertaken their own enhancements to im-
prove the system. Wisconsin, for example, uses a proprietary system
that includes graphical representations of patient, prescriber and
pharmacy locations to quickly and visually identify doctor- and phar-
macy-shopping behavior (Wisconsin.gov, 2019). The site also high-
lights “red flag” concerning features such high MME.

The majority of states (currently 42 states and territories) use a
PDMP created by Appriss, Inc. called PMP AWARxE (Appriss Health,
2019). The basic system is continually undergoing updates, including
improved patient data matching algorithms, identification of daily
MME and easy identification of cash payments. Appriss also offers a
proprietary system that condenses findings from the PDMP profile into
three-digit scores and also has a graphical representation. A retro-
spective study associating higher numeric scores with higher overdose
death risk using Ohio’s PDMP data can be found on their website
(Huizenga et al., 2017). However, we are unaware of any studies
comparing this system to the standard PDMP profile, both in terms of
provider satisfaction, detection of concerning profile features or its
influence on medical decision-making. Likewise, it is possible that pa-
tients with higher numeric scores have higher overdose death risk be-
cause they are more complex patients that need to use higher doses of
opioids or have concurrent prescriptions for opioids and benzodiaze-
pines (e.g. those with cancer pain or severe trauma). Higher scores
might also not mean that an opioid is contraindicated for that patient;
each patient’s care must be personalized. Other recent work has high-
lighted that physicians are concerned that overdose risk scores may
overly determine prescribing decision and expose the prescriber to
liability if an opioid is prescribed despite a high-risk score, even if
deemed clinically necessary (Leichtling et al., 2019).

In our study, the indicators for risky behavior were the results al-
gorithms which learned from training on historical data where the
output (or target variable) was risk of overdose. It is important to un-
derstand that these indicators should not be viewed independently but
in conjunction with each other. Indicators such as self-pay or driving far
distances to fill a prescription may unintentionally discriminate against
vulnerable patient populations that have to travel far distances for care
or self-pay because of lack of insurance coverage, and are better in-
dicators when viewed as co-mingled payments (Medicaid and cash) or
simultaneous visits to other prescribers who are located at closer
proximity to the patient.

We detected that the enhanced profile was associated with several
benefits, including more accurate detection of overlapping opioid and
benzodiazepine prescriptions, overlapping opioids between prescribers
and high MME per day. The pharmacy indicators, including use of
multiple pharmacies and determining the distance traveled to fill a
prescription were also improved with the enhanced profile. In one out
of the three patients the probability of prescribing an opioid was sig-
nificantly lower (19.5% vs 4.3%) in the enhanced profile groups, but
there was no significant difference in opioid prescription rates for the
other two patients. This was a simulated patient with dental pain, and it

is likely that the nuanced PDMP data affected prescribing behavior. It is
also possible that for the other cases (a confirmed rib fracture and
musculoskeletal back pain) the providers had already decided their
prescribing decision regardless of the PDMP information.

We tested several features of an enhanced PDMP profile, but it is
also important to recognize that other enhancements may be of value.
For example, the aforementioned Wisconsin system also includes im-
portant information that is not routinely reported in PDMP data, in-
cluding if a patient has suffered an overdose. Given that most providers
continue to write opioid prescriptions after their patients have suffered
an overdose, this functionality could markedly improve PDMPs
(Larochelle et al., 2016). Other ideas would be to provide a prompt to
the provider to ask about their concurrent benzodiazepine and opioid
prescribing and provide resources to explain the risk of these combined
medication or encourage a provider to prescribe naloxone for higher
risk patients. Regardless of what enhancements are made, it is essential
that evaluation occurs to ensure protection of individual patient and
overall population health and avoid unintended consequences like
under-treatment of pain. Going forward, for maximum effectiveness we
would recommend a dashboard that contains additional components
including alerts, geospatial maps, and incorporation of clinical data not
currently reported in PDMPs such as medical diagnoses and non-con-
trolled substance prescriptions.

We propose that the enhanced profile does not alter prescribing
behavior much for obvious cases of aberrant drug-related behavior,
such as a long list of different providers for opioid prescriptions, or for
cases when there are few or no prescriptions on the PDMP. Likewise, it
may not change decision-making when the provider was not going to
prescribe an opioid in any case (e.g. musculoskeletal back pain) or was
going to prescribe regardless (e.g. for a fracture). Rather, it is most
helpful for the more nuanced cases where the provider is undecided
about prescribing or for identifying patient safety concerns such as
overlapping opioid and benzodiazepine prescriptions or high daily
MMEs. While PDMPs may alter provider prescribing behavior, it has yet
to be seen what additional benefits they may provide to improving the
health of individuals and at the population level.

There was no significant difference in time needed to review the two
different profiles. We hypothesize that part of the reason for the in-
significant time difference was lack of familiarity with the enhanced
tool, and the fact that the enhanced view offers more information with
two components in two tabs within the web application. However, we
found that progressively less time was spent with each successive pa-
tient review. We predict that time spent will vastly improve if used in
routine clinical practice.

Satisfaction with the tool overall was high, with each of the features
we enquired about having a median of at least 4 out of 5 for usefulness.
The tools with a usefulness median of 5 out of 5 were easy ways to
identify polypharmacy, early refills, color coding of the types of pre-
scriptions and graphical representations of prescriptions. Some of these
features have recently been incorporated in some states’ PDMPs; the
other features could be considered for further expansion.

4.1. Limitations

Our study has several limitations that must be considered. This was
a single site study of mainly academic physicians at one health system,
in a state where PDMP use is mandatory prior to every opioid pre-
scription. Results from other sites and states may vary. The cases the
participants saw were simulated based on a small case vignette and
patient histories selected from a PDMP database, that were then
anonymized; in an actual patient encounter PDMP data would be pre-
sented synchronously alongside the patient’s electronic health records
in real-time. The selected PDMP profiles were ‘extreme’ to capture
complexities, with multiple provider episodes, multiple prescriptions
and features that are purposefully difficult to ascertain by just evalu-
ating a standard profile. Not all of the participants completed every

Table 3
Physician evaluation of the usefulness of various features on the enhanced
profile, on a scale of 1–5 (5 being “most useful”).

Information presented Median Rating

Daily morphine milligram equivalent graph 4.5
Distance from patient’s home to prescribers/pharmacies 4
Specialty of prescribers 4
Payment methods used 4
Graphical representation of prescriptions 5
Color-coding of medication types 5
Identification of early refills and overlapping of same-type

prescriptions
5

Identification of polypharmacy 5
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vignette, as some had technical problems related to browser issues with
our prototype website. This was a crossover study, and although several
weeks passed between phases, it is possible that participants re-
membered certain case features in Phase 2. Although participants were
shown an orientation video about the enhanced profile, they had
otherwise never used it. A wealth of information was displayed on the
timeline graph but even more could be gleaned by right-clicking on
each color-coded rectangular bar that represents a prescription. Some
participants may not have been aware of this feature which displays
information about the pharmacy, its location, the specific drug and
dosage. We imagine that with more use and familiarity the tool would
become even easier to use, exemplified by the time data which showed
a decreasing amount of time needed to review each subsequent case.

4.2. Conclusions

A simulated PDMP with advanced graphical displays and inter-
pretation of findings was, for this cohort of emergency physicians and
primary care physicians, associated with an increased ability to de-
termine high-risk features on PDMP profiles. The tool did not reduce
the time needed to review cases and interpret the PDMP. However,
providers in the enhanced profile were able to identify several im-
portant nuances compared with the standard view. The providers rated
several features of the enhanced profile highly, and these should be
considered for incorporation in further iterations of states' PDMP sys-
tems to enhance accuracy of interpretation, improve prescribing habits,
increase patient safety, and encourage provider use of PDMPs overall.
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