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Abstract

Prescription drug monitoring programs (PDMP) enable registered prescribers to obtain real-time 

information on patients’ prescription history of controlled medications. We sought to describe the 

impact of a state-mandated PDMP on opioid prescribing by Emergency Medicine providers. We 

retrospectively analyzed electronic medical records of 122,732 adult patients discharged with an 

opioid prescription from 15 Emergency Departments in a single health system in Pennsylvania 

from July 2015 to March, 2017. We used an interrupted time-series design to evaluate the 

percentage of patients discharged each month with an opioid prescription before and after state 

law mandated PDMP use on August 25th, 2016. From August (pre-PDMP) to September, 2016 

(post-PDMP), the opioid prescribing rate decreased from 12.4% (95% CI 10.8% to 14.1%) to 

10.2% (95% CI 8.8% to 11.8%). For each month between September, 2016 to March, 2017, there 

was a mean decline of 0.46% (95% CI −0.38% to −0.53%) in the percentage of patients 

discharged with an opioid prescription. There was heterogeneity in opioid prescribing across 

hospitals as well as by patient diagnosis.
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INTRODUCTION

In the United States, prescription opioid misuse is a major and urgent public health concern. 

Rates of prescription opioid deaths are climbing, with 22,598 deaths due to prescription 
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opioid overdoses in 2015, more than deaths due to illicit opioids.13 Using the most recent 

available data, acute care visits involving the misuse of prescription opioids appear to be 

increasing20 and there is evidence that prescription opioid misuse often leads to downstream 

illicit opioid use, further amplifying risks.8 Given that many of these trends coincide with 

increases in prescribing of opioid analgesics7, health care providers have become a target for 

interventions aimed at reducing opioid prescribing12.

One way to assist providers in reducing inappropriate opioid prescribing is through access to 

real-time data on a patient’s past use of controlled medications. Currently, 49 states maintain 

Prescription Drug Monitoring Programs (PDMPs) with electronic databases containing 

records of controlled substances dispensed from pharmacies that can be accessed and 

queried by prescribers.9 The belief is that implementation of PDMPs will reduce opioid 

prescribing by providers to individuals at greater risk for opioid diversion and misuse and 

thus lower frequency of negative consequences such as opioid abuse and mortality 

associated with overdose.3 Studies examining the association between PDMP 

implementation and opioid prescribing do not indicate a consistent pattern of effects4,14,15,18 

which is thought to be due to the variability in both legislated components and 

implementation strategies. For example, only 29 states currently mandate prescribers to 

check the PDMP for each patient to whom they are considering prescribing an opioid.

In this study, we sought to determine if implementation of state-mandated PDMP in a single 

health system through an email awareness campaign altered opioid prescribing among 

Emergency Medicine (EM) providers. EM is a medical specialty that has received significant 

attention related to opioid prescribing.2,5 Reasons include the high frequency of pain related 

EM care21 and the high proportion of patients who receive an opioid prescription by EM 

providers16. Our primary hypothesis was that the percentage of adult patients discharged by 

EM providers with an opioid prescription would decrease immediately after implementation 

of the mandatory PDMP. To explore any heterogeneity, we sought to identify any differences 

in the total number of opioid prescriptions by (1) site characteristics (EM training vs. non-

training; major metropolitan vs. non-metro), (2) EM provider type (MD/DO vs. midlevel), 

and key patient characteristics (age, sex, pain severity, diagnosis categories). To understand 

how the PDMP affected higher count prescriptions, we examined the change in the 

percentage of opioid prescriptions for >12 tablets (equivalent to 3 days of treatment based on 

most common dosing schedules) over time.

METHODS

Study Design and Setting

We used interrupted time series analyses of retrospective electronic medical record data 

from 15 EDs in a single health system to compare monthly rates of opioid prescribing by 

EM providers before and after a state law mandated PDMP went live in Pennsylvania on 

August 25th, 2016. The state law required all prescribing providers to query the PDMP and 

to document their query “each time a patient is prescribed an opioid drug product or 

benzodiazepine.” Around one month prior to the “go-live” date, EM providers in our health 

system received an email from the health system which instructed them to register an 

account with the state PDMP by August 25, 2016. Around one week prior to the “go-live” 
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date, EM providers were reminded through a follow-up email that they are mandated by 

state law to query the PDMP “each time a patient is prescribed an opioid drug product or 

benzodiazepine or if a prescriber believes or has reason to believe, using sound clinical 

judgment, that a patient may be abusing or diverting drugs”. When indicated, providers 

opened a web browser, navigated to the state PDMP web site 

(www.pennsylvania.pdmpaware.net/login), logged in with their credentials, and entered 

patient name and birth date into the search fields. The web site would then list all 

prescriptions for controlled substances filled at a pharmacy in Pennsylvania in the past 12 

months.

In addition to describing the change in rates from before to after an intervention, interrupted 

time series designs identify any underlying trend and changes in trends post-intervention. 

We chose to examine pre-implementation rates of change up to greater than 1 year prior to 

PDMP to control for other cultural-temporal changes and examine at least 6 months post-

implementation to understand durability of changes. This study was approved by the 

Institutional Review Board at The University of Pittsburgh with a waiver of individual 

consent of patients and providers.

Selection of Participants

We collected data from the electronic medical record of all patients age≥ 18 years 

discharged with an opioid prescription from the 15 Emergency Departments in the UPMC 

system from July 2015 to March 2017. During this study period, all opioid prescriptions in 

our health system were written and stored electronically. We included patients who may 

have been admitted for ED-based observation care and patients prescribed opioids by both 

physicians and advance practice non-physician-(i.e. midevel) providers. We collected the 

number of adults discharged each month from each site over the same time from the hospital 

registration system, which served as the denominator in our primary outcome measure.

Methods of Measurement

We extracted the following data from the electronic medical record: (a) patient age; (b) 

patient sex; (c) initial triage numeric pain scale (NPS) score (score ranges 0 to10); (d) 

discharge diagnosis codes (ICD-10; up to 3 per patient encounter); (e) site of patient 

encounter (i.e. hospital); (f) EM prescriber name and qualifications (MD, DO, NP, PA); and 

(g) date and time of encounter; (h) name of opioid, strength (i.e. 5 mg), and formulation (i.e. 

acetaminophen-oxycodone); and (i) opioid quantity dispensed. We categorized patient age 

into quartiles and NPS scores into tertiles and EM prescribers into MD/DO vs. physician 

assistant (PA)/nurse practitioner (NP). We categorized sites into EM training vs. non-EM 

training sites and into large central metropolitan vs. non-central metro/rural based on the 

2013 NCHS Urban–Rural Classification Scheme for Counties.11 We created diagnosis 

categories of the most common pain-related diagnosis based on the National Hospital 

Ambulatory Care Survey (2014) 17 using ICD-10 codes as follows: (1) lower (S72; S82; 

S92) and upper extremity fractures (S42; S52; S62); (2) abdominal pain (R10); (3) low back 

sprain/strain (S33; S54.4; S54.5); (4) dental pain (K00-K08); (5) headache (G43; G89; R51); 

(6) renal colic (N20-N23).
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Outcome Measures

The primary outcome of interest was the percentage of discharged adult patients prescribed 

an opioid by am EM provider. Our secondary outcome of interest was the percentage of 

opioid prescriptions for greater than 12 tabs. We also examined the number of opioid 

prescriptions written per month for exploratory aims.

Analysis

We used interrupted time series analyses (ITSA) with segmented linear regression models to 

compare epochs before and after PDMP was implemented. The primary analyses included 

14 months pre-PDMP and 7 month post-PDMP. We included August, 2016 in the pre-PDMP 

period because the PDMP went live on August 25th, 2016. We tested one ITSA model 

separately for each outcome of interest. We assessed whether the introduction of the PDMP 

was associated with changes in (a) outcome level (intercept) and (b) trend of change over 

time (ordinary least squared regression slope). We adjusted for autocorrelation across time 

using the generalized Durbin-Watson test and included autocorrelation orders in our 

regression models. We also tested whether there were seasonality association by testing an 

interaction term of month.

Sensitivity analyses were conducted using varying pre-implementation periods (from 14 

months to 7 months) and redefined secondary outcomes as total number of opioid 

prescriptions (as opposed to percentage of discharged patients) or percent of opioid 

prescribed for 28 tabs, following ACEP guidelines published in 2012 recommending opioids 

be prescribed for less than 7 days.6 We also conducted exploratory stratified interrupted time 

series analyses to investigate whether the PDMP may have had a differential impact on the 

number of opioid prescriptions written based on site characteristics (EM training vs. non-

training; major central metropolitan vs. non-central metro/rural), provider type (MD/DO vs. 

NP/PA) and by key patient characteristics (age, sex, pain severity, diagnosis categories). We 

used Stata 14.0 (StataCorp, College Station, TX), including the itsa command for ITSA 

analyses.

RESULTS

Characteristics of Study Subjects

De-identified patient-level data from 122,825 encounters where an opioid was prescribed in 

the Emergency Department to an adult patient was provided by an honest broker. A clinician 

investigator further reviewed the data and excluded duplicate reports (n=93), resulting in a 

final cohort of 122,732 from 15 Emergency Departments over 21 months during the period 

of July 2015 to March 2017. Five EDs were training sites for an EM residency program. 

Eight sites were located in large central metropolitan areas, five were in non-central metro 

areas, and 2 were in rural areas.

Patient mean age was 44.6 (standard deviation [SD] 16.4) and 57.4% were female. Mean of 

NPS scores (available Sept 2015 to March 2017) was 7.9 (SD 2.1) and did not change over 

time. 5.6% of patients reported NPS score of 11 on a 10-point scale. For the selected pain-

related diagnoses, 6.3% of all opioid prescriptions were for dental pain, 8.9% for abdominal 
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pain, 7.3% for headaches, 4.6% for urolithiasis, 6.1% for low back pain, and 8.9% for 

extremity fractures.

A total of 1373 unique EM providers prescribed at least one opioid at some point from July, 

2015, to March, 2017, with 416 providers prescribing an average of at least one opioid per 

month. Of all opioid prescriptions, 69.3% were written by a physician (MD/DO) and 30.7% 

were written by a non-physician advanced provider (NP/PA). Analyzed by site, 42.8% of all 

prescriptions came from EM training and 57.2% came from non-EM training locations. 

58.8% of all opioid prescriptions were written at hospitals in large central metro areas, 

34.6% from non-central metro areas and 6.6% from rural areas.

The most frequently prescribed opioids were acetaminophen-hydrocodone (43.3%), 

acetaminophen-oxycodone (24.8%), oxycodone (17.9%) and tramadol (12.0%). 

Acetaminophen-codeine and codeine were prescribed 2,057 times, which was 1.7% of total 

opioids. The most common dosages were acetaminophen 325mg-hydrocodone 5mg 

(42.4%), acetaminophen 325mg-oxycodone 5mg (26.6%), oxycodone 5mg (18.3%), 

together composing 98% of all opioids prescribed. Only 195 (0.16%) prescriptions were for 

extended release formulations. The most common number of tabs prescribed was 12 

(51.1%), with 30.5% of opioid prescriptions written for more than 12 tabs.

Selected prescription, patient, provider and site characteristics from the 7 months prior to 

PDMP compared to the 7-months after PDMP introduction are shown in Table 1 and 

detailed opioid prescribing data by month for the entire period studied are presented in 

Appendix Table A.

Percentage of Discharged Adult ED Patients Receiving Any Opioid

In July, 2015, 16.6% [95% Confidence Interval (CI) 16.3% to 17.0%] of discharged adult 

patients received an opioid prescription. For each month between July, 2015 and August, 

2016, there was a mean decline of 0.29% (95% CI 0.22% to 0.37%) in the percentage of 

patients discharged with an opioid prescription. From August (pre-PDMP) to September, 

2016 (post-PDMP), the opioid prescribing rate decreased from 12.4% (95% CI 10.8% to 

14.1%) to 10.2% (95% CI 8.8% to 11.8%), equivalent to a relative reduction of 17.7%. For 

each month between September, 2016 to March, 2017, there was a mean decline of 0.46% 

(95% CI −0.38% to −0.53%) in the percentage of patients discharged with an opioid 

prescription. The results of the ITSA can be seen in Figure 1 and Table 2. Using total 

number of opioid prescriptions as the outcome, we found an immediate relative reduction of 

19.5% from August (pre-PDMP) to September, 2016 (post-PDMP). Results were similar 

when we performed a sensitivity analysis by reducing the months pre-PDMP 

implementation and there were no seasonality effects.

Percentage of Discharged Adult ED Patients Receiving >12 Tabs

In July, 2015, 35.4% (95% CI 34.3% to 36.5%) of opioid prescriptions were written for >12 

tabs. For each month between July, 2015 and August, 2016, there was a mean decline of 

0.56% (95% CI −0.41 to −0.71) in the percentage of opioid prescriptions written for >12 

tabs. There was no immediate reduction in the proportion of opioid prescriptions written for 

>12 tabs after mandatory PDMP implementation and no change in the trend (slope). These 
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results can be seen in Figure 2 and Table 3. Results were similar when we performed a 

sensitivity analysis by increasing the threshold to 28 tabs.

Exploring Heterogeneity in Number of Discharged ED Patients Receiving Any Opioid

The heterogeneity in percentages of discharged patients prescribed an opioid across sites can 

be seen in Figure 3. For example, in August, 2016, there was a low of 6.7% at one site to a 

high of 21.1% at another site. In September, 2016 (post-PDMP), there was a low of 5.8% at 

one site to a high of 16.0% at another site. Greater reductions in opioid prescribing over time 

were observed in sites with higher pre-PDMP opioid prescribing. The only noticeable 

difference between EM training and non-training sites was in the slope of change after 

PDMP, such that EM training sites had a greater slope of decline in opioid prescribing than 

non-training sites. There were no differences in the immediate level or the slope of change 

between central metropolitan and non-central metro/rural hospitals, nor between provider 

types (MD/DO vs. NP/PA) or by key patient characteristics (age, sex, pain severity). There 

was heterogeneity in opioid prescribing between key diagnosis categories, with the least 

reductions in opioid prescribing over time among patients with renal colic and extremity 

fractures and the greatest reductions in opioid prescribing over time among patients with 

abdominal pain, as shown in Figure 4.

DISCUSSION

In this analysis of opioid prescribing across 15 Emergency Departments in a single health 

system in Pennsylvania, we found that there was an immediate relative reduction of 17.7% 

in the proportion of patients that were prescribed an opioid by EM providers from the month 

before to the month after PDMP implementation. As well, we found that there was an 

accelerated reduction in the proportion of discharged patients prescribed an opioid of around 

0.5% every month after PDMP implementation, with only around 7.6% prescribed an opioid 

by March 2017. Although the intensity of association seemed to vary between sites, all 

except two sites (who were both low volume opioid prescribers prior to PDMP) showed 

immediate reductions in opioid prescribing. As well, we did not find that the type of opioid 

prescribed changed over time, suggesting that the PDMP did not result in providers 

substituting one opioid for another.

While the proportion of opioid prescriptions written by EM providers for >12 tabs decreased 

over time, which is likely due to the accumulating evidence and awareness about the risks of 

higher volume opioid prescriptions, we did not find evidence of specific association of the 

PDMP. The lack of accelerated reduction in the proportion of opioid prescriptions for >12 

tabs after implementation of PDMP may be due to the minority of patients (27%) being 

discharged with an opioid prescription for >12 tabs in the month prior to PDMP 

implementation, allowing for much less potential impact. Another reason is that at-risk 

patients should not be provided any opioid, not a lower number of tabs.

Our findings complement prior research. Bao et al.1 used data from a national survey to 

assess the effects of PDMPs on opioid prescribing in the ambulatory care setting in 24 states 

from 2001 to 2010 and found that their implementation was associated with a 30% reduction 

in the rate of opioid prescribing. Our findings are also comparable with Weiner et al., 
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201722, who examined the effect of Ohio’s opioid prescribing guidelines, which were 

implemented in April 2012, on EM provider prescriptions. They found similar yet smaller 

immediate reductions in the number of opioids prescribed by EM providers (12% vs. 

17.7%), which could be due to Ohio not mandating use of the PDMP, resulting in lower 

utilization by EM providers.14

The heterogeneity in opioid prescribing across hospitals suggests that even within a single 

health system, there are different practice patterns or “norms” which develop. Although 

some of these differences may be related to different frequency of pain-related diagnoses, 

they do not completely explain differences. The sites with higher pre-PDMP opioid 

prescribing showed greater reductions post-PDMP, suggesting that these are the sites to 

focus on when instituting opioid policies. Also, it suggests that a floor is reached, beyond 

which reductions in opioid prescribing are not likely possible. The finding that EM training 

sites decreased opioid prescribing at a greater rate than non EM-training sites post-PDMP 

suggests that involving EM residents in patient care increases the likelihood of PDMP being 

queried or altering prescribing decisions based on PDMP findings. It also fits with prior 

studies showing higher rates of quality metrics being met at teaching hospitals than non-

teaching hospitals.19

We did not find differential associations of PDMP with opioid prescribing based on patient 

age, sex or pain level, indicating that the PDMP does not seem to identify specific patient 

sub-groups. We found that there was heterogeneity in the reduction of opioid prescriptions 

provided over time across different diagnoses, with the least reductions among patients with 

diagnoses that have objective evidence of pain insult, such as occurs with kidney stones and 

broken bones. This suggests that EM providers are not withholding opioid analgesics when 

it is likely warranted.

Several limitations should be noted. We do not know for sure that the implementation of the 

state mandated PDMP within a single health system was the singular reason for reduced 

opioid prescribing rates. Implementation coincided with other reasons for changes in 

prescribers’ behavior, notably the CDC Guidelines for Opioid Prescribing10, released around 

5 months prior to PDMP implementation (shown in Figure 1). Also, we do not know for 

what percentage of patient encounters EM providers accessed the PDMP. In a follow-up 

survey completed by 42 EM providers sampled from 10 out of the 15 hospitals in our health 

system, 38 (90%) reported “accessing the PDMP always or most of the time when 

considering prescribing an opioid for pain”. We do not know whether the reductions in 

opioid prescribing would be seen within EM providers from other health systems in 

mandated states or within other providers within the same health system. Future studies 

could examine how EM providers, who do not have longitudinal relationships with patients, 

compare with other specialties (e.g. medicine) that do. Although we did find greater 

reductions in opioid prescribing at EM training hospitals than non-training hospitals, we 

cannot isolate the effect of resident participation on opioid prescribing. Finally, we did not 

seek to determine the appropriateness of opioid prescribing. There are lay reports of reduced 

access to opioid prescriptions resulting in illicit substance use and suffering, but no peer-

reviewed literature to confirm this possibility. Future studies should study how often patients 
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with high-risk PDMP activity (e.g. multiple prescribers) seek and use illicit analgesic 

substances when refused opioid prescriptions.

In conclusion, the implementation of state-mandated PDMP in a single health system was 

associated with additive and sustained decreases in opioid prescribing by EM providers in a 

large healthcare system. Finding support current PDMP mandates in reducing opioid 

prescriptions which could curb the prescription opioid epidemic and may ultimately reduce 

abuse, misuse, and overdose death.
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Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS

• A state-mandated PDMP reduced opioid prescribing among emergency 

medicine providers.

• There was heterogeneity in opioid prescribing across hospitals as well as by 

patient diagnosis.

• PDMP-associated reductions in opioid prescriptions could curb the 

prescription opioid epidemic.
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Perspective

This study examined the impact of a state-mandated PDMP on opioid prescribing among 

emergency medicine providers from 15 different hospitals in a single health system. 

Finding support current PDMP mandates in reducing opioid prescriptions which could 

curb the prescription opioid epidemic and may ultimately reduce abuse, misuse, and 

overdose death.
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Figure 1. 
Predicted and Actual Proportion of Adults Discharged with an Opioid Prescription over 

Time Before and After PDMP
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Figure 2. 
Predicted and Actual Proportion of Opioid Prescriptions for >12 tabs over Time Before and 

After PDMP
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Figure 3. 
Proportion of Adult ED Patients Discharged with an Opioid Prescription by Hospital
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Figure 4. 
Number of Opioid Prescriptions by Key Pain-Related Diagnoses
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