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Abstract

Policies and practices have proliferated to optimize prescribers’ use of their states’ prescription 

drug monitoring programs, which are statewide databases of controlled substances dispensed at 

retail pharmacies. Our study assessed the effectiveness of three such policies: comprehensive 

legislative mandates to use the program, laws that allow prescribers to delegate its use to office 

staff, and state participation in interstate data sharing. Our analysis of information from a large 

commercial insurance database indicated that comprehensive use mandates implemented during 

2011–15 were associated with a 6–9 percent reduction in opioid prescriptions with high risk for 

misuse and overdose. We also found delegate laws to be associated with reductions of a similar 

magnitude for selected outcomes. In general, the effects of all three policies strengthened over 

time, especially beginning in the second year after implementation. Our findings support 

comprehensive use mandates and delegate laws to optimize prescribers’ use of drug monitoring 

programs, but the results will need updates in the context of evolving state opioid policies—

including the increasing integration of drug monitoring data with electronic health records.

Prescription drug monitoring programs (PDMPs) are statewide databases of controlled 

substances dispensed at retail pharmacies. By providing a nearly complete picture of 

controlled substance use by individual patients, the programs can assist prescribers in 

identifying unsafe use or misuse of prescription opioids without compromising safe and 
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medically warranted use of pain medications. Thus, the programs are a prominent tool in 

states’ efforts to combat the opioid crisis. Their success depends on the actual use of PDMPs 

by prescribers at the point of care. However, existing data suggest that use of the programs 

overall is low and varied,1,2 which raises concerns about the effectiveness of this policy tool.

In recent years states have adopted a series of policies and practices aimed at improving 

prescribers’ use of PDMPs. Legislative mandates that prescribers use the programs at the 

point of care are prominent, but these use mandates vary substantially in their 

comprehensiveness and strength.3,4 For example, by the end of 2017 only twenty of the 

thirty-seven states that had some type of use mandate in effect had adopted mandates that 

applied to prescribers of controlled substances in all settings, required use of the program at 

initial prescription and at least annually thereafter, and did not rely on prescribers’ discretion 

on whether to use the program.5 Evidence is accumulating that use mandates that fall short 

of these criteria provide limited value in reducing overall opioid prescribing;4 have a much 

weaker effect in curbing excessive opioid use,6 compared to stronger and more 

comprehensive mandates; and have no effect in reducing deaths associated with opioid 

overdose.6,7

Policies and practices other than legislative mandates have also proliferated in recent years.
3,8 These policies are designed to lower prescriber burden when using the PDMP (for 

example, by allowing office staff to check the PDMP on behalf of the authorized prescriber) 

or to enhance the program’s timeliness (by updating its information daily), 

comprehensiveness (by enabling interstate data sharing), or usability (by enhancing the user 

interface or providing alerts). National evidence is limited on the effectiveness of these 

policies independent from the effects of mandates.9–11 However, data from selected states 

suggest that there were increases in the use of PDMPs and user satisfaction after 

implementation of delegation laws, more timely reporting, or improved PDMP interfaces.3

We assessed the effects of PDMP policies and practices implemented in the period 2011–15 

on patterns of prescriptions that put patients at high risk of misuse and overdose (“high-risk 

prescriptions”). We focused on three types of policies: comprehensive mandates to use a 

PDMP at the point of care, legislation allowing delegate access to PDMP, and participation 

in interstate data sharing. These policies were selected because of the promises they present 

for increasing prescribers’ use of PDMPs, their adoption by a sufficient number of states 

during the study period, the relative homogeneity of policies adopted across states, and the 

availability of reliable data on effective dates of the policies for all adopting states.

We used data from a large commercial insurance claims database and focused on the 

nonelderly adult population (ages 18–64) with private insurance. In 2016 an estimated 5.6 

million such adults nationwide used prescription opioids nonmedically, compared to 2.1 

million with Medicaid, 0.7 million with Medicare, and 0.3 million with both Medicare and 

Medicaid (authors’ analysis of data from the 2016 National Survey on Drug Use and 

Health).12 The implications of PDMP policies for privately insured adults remain 

understudied: Only a few studies have used population aggregate data covering people with 

all types of insurance.7,13 By focusing on the privately insured, we provide policy makers 
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with much-needed evidence concerning the largest population that states’ drug control 

policies are designed to benefit.

Study Data And Methods

Data

Our data for 2011–15 came from the Health Care Cost Institute’s insurance claims database,
14 which includes claims for about fifty million people per year enrolled in a health 

insurance plan offered or administered (that is, self-insured plans) by Aetna, Humana, and 

UnitedHealthcare. The institute’s data include beneficiary enrollment information and 

inpatient facility, outpatient facility, physician, and pharmacy claims. Pharmacy claims 

provide information on the National Drug Code, days of supply, quantity and unit, and 

strength/dosage for each prescription.

Population And Sample

Our study population consisted of privately insured adults ages 18–64 who had at least one 

opioid prescription in 2011–15. Only patients who were continuously enrolled in 

employment-based or individual-market plans in a calendar year were included in the 

sample. We excluded patient-years in which the patient had a cancer diagnosis to focus on 

people receiving opioids for noncancer pain. All forty-eight states with an operating PDMP 

by the end of 2015 were adequately represented in each year of the sample (online Appendix 

Exhibit A1).15

Measures

Our unit of analysis was the patient-quarter. We examined four measures of high-risk opioid 

prescriptions conditional on having any opioid prescription in a quarter: overlapping opioid 

prescriptions for seven days or more days;16,17 opioid prescriptions from three or more 

prescribers;18 overlapping opioid and benzodiazepine prescriptions for seven or more days;
19–21 and a very high standardized dosage of opioids, indicated by a daily dose exceeding 

120 morphine milligram equivalents (MMEs).21–23 These measures were selected because 

they either strongly suggest “doctor shopping” (patients’ obtaining multiple prescriptions 

from multiple doctors) or misuse (patients’ using opioids in a manner or dose other than 

prescribed) or are associated with substantially increased risks of overdose – behaviors that 

PDMPs are designed to curtail. Opioid-benzodiazepine overlap is a salient measure because 

of its high risk of overdose and because all PDMPs now monitor Schedule IV drugs, 

including benzodiazepines. When deriving these measures, we “assigned” days’ supply of a 

prescription to adjacent quarters if the prescription was filled in one quarter and extended 

into the next.

Implementation of PDMP policies was defined based on the effective date of legislation (for 

comprehensive use mandates and delegation laws) or the “go-live” date of interstate data 

sharing. The National Alliance for Model State Drug Laws24 provided us with effective 

dates of pertinent state legislation. During our study period, the most robust way of enabling 

interstate data sharing was through state participation in PMP InterConnect, provided by the 

National Association of Boards of Pharmacy.25 Participating states sign a memo of 
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understanding and develop an interface to connect their PDMP with PMP InterConnect. 

Each state controls access to its data via a dashboard within PMP InterConnect, allowing 

selected states to share the data. By the end of our study period, ten states had implemented 

comprehensive use mandates, thirty-eight had allowed prescribers to delegate PDMP use to 

an office staff member, and thirty were participating in interstate data sharing via PMP 

InterConnect (Appendix Exhibit A2).15 We set each of the three policy indicators to 1 for 

each full quarter after the effective date of the policy in a given state, and 0 otherwise.

Analysis

The staggered implementation of PDMP policies across states created a natural experiment. 

We examined changes in study outcomes from before to after policy implementation in 

implementing states, using states that had not implemented the policy as controls. Our main 

analysis focused on the twenty-eight states with a fully operating PDMP (one that users 

could access) by the end of 2010. States that launched PDMPs later were more likely to have 

adopted mandates and other PDMP-enhancing policies at the same time or shortly after they 

launched PDMPs, which made it challenging to statistically isolate the effects of PDMP-

enhancing policies from the effects of launching a PDMP. In a secondary analysis, we 

assessed the robustness of our findings by including all forty-eight states that had an 

operating PDMP by the end of 2015 (the twenty-eight states mentioned above and the 

twenty with newly implemented PDMPs during 2011–15; the excluded states were Missouri 

and Pennsylvania, as well as the District of Columbia).

We estimated a linear probability model and a logistic model for each outcome. The main 

independent variables were the three dichotomous PDMP policy variables indicating that a 

specific state-quarter was before or after implementation of a given policy. The models 

included a set of dichotomous state indicators (state fixed effects) to control for differences 

between states that did not change over time and a set of calendar-quarter fixed effects (from 

the second quarter of 2011 to the fourth quarter of 2015) to control for nationwide trends in 

the outcomes. Each model also controlled for patients’ sex, age (at the beginning of a 

quarter), pain-related diagnoses based on health care claims in the calendar year, any mental 

health condition, and any substance use condition (which was further broken down into 

alcohol use disorders, drug use disorders, and tobacco use). (The International Classification 
of Diseases, Ninth Revision (ICD-9), diagnostic codes used to define these conditions are in 

Appendix Exhibit A3.)15 We did not include patient ZIP code–level sociodemographic 

profiles in the final models because missing ZIP codes would have dropped 2.5 percent of 

the sample from analysis and because excluding these controls did not change the main 

findings. All analyses took into account clustering of quarters of the same patient in deriving 

robust standard errors.

Our main analysis estimated the average effect of the policies, regardless of how long they 

had been in effect. We conducted an additional analysis to allow the effect to differ by time 

since implementation. Specifically, in place of the dichotomous policy indicators, we 

included indicators that the index quarter was within 0–6 months, 7–12 months, or 13 or 

more months after implementation. We also included indicators of 0–6, 7–12, 13–18, and 19 

or more months before implementation for implementing (versus nonimplementing) states, 
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to determine whether trends in a given outcome leading to policy implementation differed by 

state implementation status. This analysis, known as an “event study” in the economics 

literature,26 treated 0–6 months before implementation as the reference period in which the 

difference between the implementing and nonimplementing states was held to zero.

In the secondary analysis that included all forty-eight states with an operating PDMP by the 

end of 2015, we included a dichotomous indicator of an operating PDMP in addition to all 

policy indicators considered in the main analysis.

Limitations

Our study had a number of limitations. First, our measures of high-risk prescriptions 

represent direct behavioral targets of PDMP policies. Our study did not provide data on 

implications for downstream outcomes of public health significance such as opioid-related 

overdose events and deaths.

Second, whether a state adopts a PDMP policy and the timing of such adoption may be 

correlated with the opioid epidemic in the state, leading to potentially biased estimates. Our 

event study analysis provided a way to check whether implementing and nonimplementing 

states followed parallel trends prior to the policy—a critical assumption of our statistical 

approach.

Third, co-occurrence of state drug control policies is the norm rather than the exception. In 

particular, comprehensive use mandates and delegate laws could have synergistic effects. 

Because six of the seven states with comprehensive mandates in our main analysis had 

adopted delegate laws before or at the same time as their comprehensive mandates took 

effect, it was challenging to assess the added effects of having both policies above and 

beyond having comprehensive mandates alone. The effects we estimated pertaining to 

comprehensive mandates thus more closely reflect the combined effects of comprehensive 

mandates and delegate laws. On the other hand, seventeen of the twenty-three states with 

delegate laws did not adopt comprehensive use mandates. The effect estimates pertaining to 

delegate laws thus captured their effects independent of the effects of the mandates.

Fourth, we did not include non-PDMP policies that could have direct implications for opioid 

prescribing. Previous studies have found that state laws governing pain clinics did not 

change effect estimates pertaining to PDMPs.6 Other state policies, such as day or dosage 

limits for first opioid prescriptions, were implemented more recently (that is, after our study 

years). While adequately accounting for all state policies is difficult and beyond the scope of 

this study, our estimates may reflect overestimation of true effects.

Finally, we were not able to control for any prescriber characteristics because prescriber 

identifiers were encrypted in our data and could not be linked to external sources.

Study Results

The sample for our main analysis contained 6,244,784 patient-quarters with at least one day 

of opioid prescriptions, contributed by 3,314,040 unique patients from the twenty-eight 

states with an operating PDMP by the end of 2010. (Characteristics pertaining to the sample 
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and study outcomes are summarized in Appendix Exhibit A4.)15 Of the patient-quarters, 7.4 

percent had overlapping opioid prescriptions for seven or more days, 2.8 percent had three or 

more prescribers of opioids, 10.4 percent had overlapping opioid and benzodiazepine 

prescriptions for seven or more days, and 5.8 percent had a daily morphine milligram 

equivalent of more than 120. Because these outcomes were of different scales, we report 

below changes associated with the policy relative to the sample means. Results reported are 

based on linear probability models. Results based on logistic models (in terms of marginal 

changes in outcomes) were similar and are reported in Appendix Exhibit A5.15

Policies’ Overall Effects

Based on our main analysis of the twenty-eight states with an operating PDMP by the end of 

2010, a comprehensive use mandate was associated with a 9.2 percent reduction in the 

probability of overlapping opioid prescriptions, a 6.6 percent reduction in the probability of 

having three or more opioid prescribers, and an 8.0 percent reduction in the probability of 

having overlapping opioid and benzodiazepine prescriptions (Exhibit 1). A comprehensive 

use mandate was not associated with a significant difference in having a daily MME greater 

than 120.

Delegate laws were associated with a 7.2 percent reduction in the probability of having three 

or more prescribers of opioids, a 1.9 percent reduction in the probability of having 

overlapping opioid and benzodiazepine prescriptions, and a 4.3 percent reduction in the 

probability of having a daily MME greater than 120 (Exhibit 2). Having interstate data 

sharing was associated with a 2.6 percent reduction in having three or more prescribers of 

opioids and a 2.0 percent reduction in having overlapping opioid and benzodiazepine 

prescriptions, but not with the other two outcomes (Exhibit 3).

Policies’ Effects Over Time

Our secondary analysis allowed the effects of the policies to differ over time. The results 

indicate that the reductions in the probabilities of high-risk prescriptions associated with a 

comprehensive use mandate strengthened over time (Exhibit 4). For example, while the 

estimated effect on the probability of overlapping opioid prescriptions was not significantly 

different from zero in the first year (0–6 and 7–12 months), the estimated effect increased to 

0.74 percentage points (10 percent of the sample mean) after the mandate had been in effect 

for at least thirteen months. For delegate laws, reductions in the probability of overlapping 

opioid and benzodiazepine prescriptions strengthened from close to zero in the first six 

months to 0.4 percentage points (3.8 percent of the sample mean) after at least thirteen 

months (Appendix Exhibit A6).15 For interstate data sharing, substantial reductions were 

seen after at least thirteen months in overlapping opioid prescriptions (3.1 percent of the 

sample mean) and a daily MME greater than 120 (13.2 percent of the sample mean) – even 

though the policy was not associated with changes in either outcome in the overall analysis. 

Results of the event studies also indicate that for all three measures of high-risk opioid 

prescriptions, outcomes in implementing and nonimplementing states largely followed 

parallel trends leading to policy implementation (Appendix Exhibit A6).15
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Policies’ Effects For All States With A Prescription Drug Monitoring Program By 2015

Our analysis that included forty-eight states with an operating PDMP by the end of 2015 

generated findings that were largely comparable with those from the main analysis 

(Appendix Exhibit A7).15 For example, a comprehensive use mandate was associated with a 

10 percent reduction in the probability of overlapping opioid prescriptions, a 5 percent 

reduction in the probability of having three or more opioid prescribers, a 7 percent reduction 

in the probability of overlapping opioid and benzodiazepine prescriptions (all p < 0.001), 

and a 3 percent reduction in the probability of having a daily MME exceeding 120 (p < 

0.01).

Discussion

In recent years states have adopted various policies and practices to optimize prescribers’ 

use of prescription drug monitoring programs. We found states’ adoption of comprehensive 

use mandates to be associated with a 6–9 percent reduction in almost all measures of high-

risk prescriptions. These estimates—if applied to all nonelderly, privately insured people in 

the US in 2016—suggest that the adoption of comprehensive use mandates by every state 

would be associated with over 36,000 fewer people having overlapping opioid prescriptions 

and over 44,000 fewer people having overlapping opioid and benzodiazepine prescriptions 

in any given quarter (Appendix Exhibit A8).15 (Total impacts of these policies are likely to 

be much greater when accounting for people with other insurance status.) We found delegate 

laws to be associated with reductions of a similar magnitude for selected measures of high-

risk prescriptions. Our results suggest that, in general, the effects of all three policies 

strengthened over time, especially beginning in the second year after a policy took effect.

Our findings support comprehensive use mandates as an effective policy tool to curb high-

risk opioid prescriptions. The relative effect sizes of comprehensive mandates estimated in 

this study (6–9 percent of the sample mean) are comparable to and, in some cases, greater 

than what has been reported in previous studies that focused on the Medicaid4 and Medicare 

populations.6 In our main analysis of the twenty-eight states with an operating PDMP by the 

end of 2010, four of the seven states with comprehensive use mandates did not implement 

the mandate until 2015 and therefore had limited exposure to the policy. Our estimates may 

have been driven by the much longer experience of the three early-adopting states, Kentucky 

(2012), West Virginia (2012), and Tennessee (2013). Given our finding that the effect of 

such mandates strengthened over time, it is plausible that the true effects of comprehensive 

mandates, if given enough time, could be greater than estimated. On the other hand, because 

the three states presented higher opioid prescribing rates than the rest of the country,27 our 

estimates pertaining to comprehensive use mandates might not be generalizable and should 

be updated when data for more recent years become available.

Our findings indicate that legislation that allows physician office staff to check the PDMP on 

behalf of the prescriber (independent from comprehensive use mandates) was associated 

with a reduction in the probability of having three or more prescribers of opioids in a 

quarter, a behavior that strongly suggests doctor shopping. The time required to check the 

PDMP at the point of care – usually by logging into an online portal completely separate 

from the electronic health record (EHR) – was perceived by physicians as a major barrier to 
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using the PDMP.28,29 Being able to delegate the task to office staff may significantly reduce 

the burden on physicians and, in turn, make it more likely that they will use the PDMP to 

inform their prescribing decisions.

The implications of our findings regarding the mandate and delegation policies may change 

in future years, especially in the context of increasing integration of PDMPs with EHRs. 

Such integration should substantially lower the time burden of using a PDMP, especially if 

clinicians can access its information with a single click from within the EHR or if PDMP 

information is automatically integrated into the EHR. A recent study of a statewide initiative 

to automate PDMP queries from emergency department EHRs found a substantial increase 

in PDMP queries for patients with previous dispensing of controlled substances, albeit no 

difference in opioid prescribing or quantity.30 Increased integration should further strengthen 

prescriber use mandates by making it easier for prescribers to use a PDMP; meanwhile, 

delegate access might become less important.

We did not find states’ participation in interstate data sharing to be associated with 

meaningful changes in high-risk opioid prescriptions overall, although an additional analysis 

indicated substantial reductions in selected high-risk outcomes starting in the second year 

after the data sharing went live. Patients engaged in doctor shopping for opioids across state 

lines were likely a very small proportion of the entire population of prescription opioid 

users. The effect of interstate data sharing, if any, could have been diluted in a population-

based analysis. Future research should reexamine the policy effects by focusing on 

subpopulations of patients who, because of either their previous high-risk behaviors or their 

geographic location (for example, proximity to state borders), are at a higher risk of 

engaging in doctor shopping in another state.

Conclusion

Our analysis of private insurance claims data provides evidence that supports comprehensive 

use mandates and delegate laws as policies to optimize prescribers’ use of prescription drug 

monitoring programs and curb high-risk opioid prescriptions. Our analysis also suggests that 

policy effects became stronger over time, especially starting in the second year after 

implementation. To further promote prescribers’ use of PDMPs, states should consider 

adopting comprehensive use mandates and laws allowing delegate access, if they have not 

already done so. Future research should continue to assess the utility of interstate data 

sharing, emerging PDMP-EHR integration, and other policy innovations in this arena.
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Exhibit 1. 
Changes in the probability of high-risk opioid prescriptions after the implementation of a 

comprehensive mandate to use a prescription drug monitoring program, 2011–15

Source/Notes: SOURCE Authors’ analysis of data for 2011–15 from the Health Care Cost 

Institute’s insurance claims database. NOTES The exhibit shows the predicted changes in 

the probabilities of outcomes associated with the implementation of a mandate among 

privately insured adults who were ages 18–64, had at least one opioid prescription in the 

study period, and lived in the twenty-eight states that had an operating program by the end 

of 2010. The whiskers indicate 95% confidence intervals. The percentages (relative effects) 

indicate the difference between probabilities with and without a mandate. High-risk opioid 

prescriptions are explained in the text. MME is morphine milligram equivalent. ****p < 

0.001
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Exhibit 2. 
Changes in the probability of high-risk opioid prescriptions after the implementation of 

legislation allowing delegate access to prescription drug monitoring program databases, 

2011–15

Source/Notes: SOURCE Authors’ analysis of data for 2011–15 from the Health Care Cost 

Institute’s insurance claims database. NOTES The exhibit shows the predicted changes in 

the probabilities of outcomes associated with the implementation of the legislation among 

the population described in the notes to Exhibit 1. The whiskers indicate 95% confidence 

intervals. The percentages (relative effects) indicate the difference between probabilities 

with and without the legislation. High-risk opioid prescriptions are explained in the text. 

MME is morphine milligram equivalent. ***p < 0.01 ****p < 0.001
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Exhibit 3. 
Changes in the probability of high-risk opioid prescriptions after states’ participation in 

interstate data sharing in prescription drug monitoring programs, 2011–15

Source/Notes: SOURCE Authors’ analysis of data for 2011–15 from the Health Care Cost 

Institute’s insurance claims database. NOTES The exhibit shows the predicted changes in 

the probabilities of outcomes associated with data sharing among the population described 

in the notes to Exhibit 1. The whiskers indicate 95% confidence intervals. The percentages 

(relative effects) indicate the difference between probabilities with and without data sharing. 

High-risk opioid prescriptions are explained in the text. MME is morphine milligram 

equivalent. ***p < 0.01 ****p < 0.001
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Exhibit 4. 
Changes in the probability of high-risk opioid prescriptions after the implementation of a 

comprehensive mandate to use a prescription drug monitoring program, by time since 

mandate implementation, 2011–15

Source/Notes: SOURCE Authors’ analysis of data for 2011–15 from the Health Care Cost 

Institute’s insurance claims database. NOTES The exhibit shows the predicted changes in 

the probabilities of outcomes associated with the implementation of a mandate among the 

population described in the notes to Exhibit 1, relative to the period 0–6 months before 

implementation. The whiskers indicate 95% confidence intervals. MME is morphine 

milligram equivalent.
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