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Abstract 

Title of Dissertation: Impact of Prescription Drug Monitoring Program Implementation 

and Rigor on Prescription Opioid Utilization in Medicare 

Patience Moyo, Doctor of Philosophy, 2017 

Dissertation Directed by: Linda Simoni-Wastila, BSPharm, MSPH, PhD 

Background: Prescription drug monitoring programs (PDMPs) are central to the federal 

and state policy responses to address prescription drug abuse. PDMPs are state-run 

electronic databases used to track the prescribing and dispensing of controlled 

prescription medications. Despite their prominence, there is limited and mixed evidence 

of PDMP effectiveness, particularly among vulnerable populations. This study aimed to 

evaluate the influence of PDMP implementation and program rigor on prescription opioid 

utilization among disabled and older adults. 

Methods: A retrospective study using 2007-2012 Medicare claims and PDMP state laws 

from the Prescription Drug Abuse Policy System was designed to quantify associations 

between PDMP status or rigor and state- and individual-level opioid utilization (opioid 

volume, days supplied, daily morphine equivalents, number of prescriptions, daily dose 

≥120mg), accounting for sociodemographic characteristics and state controlled substance 

laws. A PDMP composite score was developed from the total number of best practices 

adopted by each state (range: 0-14), classifying states according to the median score 

(“high PDMP rigor” and “low PDMP rigor”). Generalized linear, negative binomial, and 

modified Poisson regression models adjusting for clustering were applied. 



Results: From 2007-2012, the number of states operating PDMPs rose from 27 to 44. 

PDMP implementation was associated with reduced opioid volume (-2.36kg/month, 95% 

CI -3.44, -1.28) compared to non-PDMP states. Observed reductions were stronger in 

disabled adults than older adults. Annual prescription rates per 10,000 opioid-users were 

lower in states with low PDMP rigor (-578 [95% CI: -1006, -151]) or high rigor (-687 

[95% CI: -1081, -293]) than non-PDMP states. At the individual level, PDMPs of any 

rigor were associated with decreased opioid utilization. There was no significant evidence 

that estimated associations between states with low and high rigor PDMPs were different.  

Conclusions: Findings suggest PDMP rigor has limited impact on individual-level opioid 

utilization among Medicare beneficiaries. Further studies are needed to elucidate which 

PDMP characteristics add value rather than adding operating cost and effort with little 

return. 
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1 OVERVIEW 

1.1 Study Rationale and Significance 

Opioid analgesics are a class of prescription medications used in the treatment of 

moderate to severe pain. In the United States, estimates of dispensed opioid prescriptions 

indicate dramatic increases in their availability over the past two decades.1-3 Coinciding 

with this expansion in opioid availability are increases in opioid-related harms, including 

non-medical use, abuse and dependency, poisoning, and mortality.1,3-7 National surveys 

of adolescents and adults estimate that the number of past-year initiates of non-medical 

use of opioids grew faster than new initiates of all illicit substances excluding marijuana.8 

Prescription opioid-related deaths currently surpass those related to heroin and cocaine 

use combined.7 Adding to the public health toll is that for each opioid death, there are 

many more emergency department visits, hospitalizations, and treatment admissions for 

abuse and dependency.9  

The opioid crisis reinvigorated the establishment and enhancement of Prescription 

Drug Monitoring Programs (PDMPs), state-run electronic databases used to track the 

prescribing and dispensing of controlled prescription medications to patients. The Centers 

for Disease Control and Prevention (CDC) recommend the PDMP as a tool that can be 

leveraged to monitor suspected abuse or diversion and identify high-risk patients who 

may benefit from early interventions, such as addiction treatment.9 PDMPs also are 

central to the White House’s national drug control strategy to address the epidemic of 

prescription drug abuse developed under President Obama.10 Currently, 49 states and the 

District of Columbia have enacted legislation to create PDMPs; and all are operational.11 

Missouri is the only state without legislation authorizing the creation and operation of a 
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statewide PDMP; however, Saint Louis city and county passed ordinances establishing a 

regional PDMP in Missouri. 

Despite the prominence of PDMPs, there is sparse current peer-reviewed literature 

on the impact of PDMPs on opioid prescribing and related consequences.12 In light of 

limited studies and their mixed findings on PDMP effectiveness, the field often relies on 

expert opinion, ‘grey’ literature, and experiences from individual states to inform 

policymaking.13 Additionally, in evaluating PDMP impact across multiple states, nearly 

all existing studies assume PDMPs are homogenous by not considering variation in 

program characteristics.14 This is a non-trivial assumption, as PDMPs are highly variable 

by state and across time, and it is important to factor these variations into research 

designs. The almost universal presence of PDMPs in all states except Missouri also 

warrants research to shift from analyzing PDMPs in a binary manner to incorporating 

program differences. As such, there is growing consensus for studies to consider the rigor 

or robustness with which PDMPs operate.15,16 In other words, research should evaluate 

how states with more robust PDMP characteristics, as indicated by alignment with best 

practices, perform relative to states with weaker programs in achieving targeted 

outcomes. 

Studies evaluating the impact of PDMPs on patterns of opioid utilization among 

vulnerable populations, such as disabled persons and older adults, are even more 

limited.17 Yet, the presence and rigor of PDMPs may affect opioid availability to these 

populations that have higher than average need for analgesics due to injury, illness, or 

aging-related pain. Further, disabled and older adults are at high risk for intense, chronic, 

and potentially problematic use of opioids.18,19 However, opioid consumption in this large 
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and growing population has not been well studied.19,20 In 2014, the Medicare Payment 

Advisory Commission (MedPAC), a body that advises the Congress on Medicare issues, 

examined opioid use in the Medicare Part D prescription drug benefit.21 MedPAC’s 

preliminary analysis of 2011 data estimated that the top 5% of Medicare beneficiaries 

who used opioids accounted for 69% of total opioid spending.21 This finding raises 

concern of potentially inappropriate, and possibly fraudulent, opioid use in Medicare. The 

MedPAC’s recommendation of PDMPs as one of the measures to help curb opioid 

misuse and overuse underscores the importance of understanding the impact of PDMP 

policy on the epidemiology of opioid use in disabled and older adults who constitute the 

Medicare population. 

This dissertation investigates the association of PDMP status and program 

characteristics with opioid utilization in Medicare Part D from 2007 to 2012. Several 

metrics of opioid utilization (i.e.; total opioid volume, number of prescriptions, mean 

daily dose, days supplied, and prevalence of opioid use) were evaluated because each 

represents a specific but complementary facet of quantifying opioid availability.22 This 

study is one of the first to develop a measure of PDMP structure and rigor, and the first to 

evaluate the impact of PDMP rigor on both state- and individual-level opioid utilization 

among Medicare Part D beneficiaries. This study explores diverse subgroups of 

beneficiaries, including non-elderly disabled individuals (<65 years of age) versus older 

adults (≥65 years), fee-for-service versus Medicare Advantage enrollees, and individuals 

with diagnoses for non-cancer pain-related conditions (NCPCs) because, in addition to 

contextual factors in each state, the ultimate influence of PDMPs may depend on 

beneficiary sociodemographic and clinical attributes. 



 

4 

 

1.2 Specific Aims and Hypotheses 

This dissertation aimed to evaluate the influence of PDMP implementation and 

program characteristics on opioid prescribing. This dissertation expands the line of 

inquiry on PDMP effectiveness by examining opioid prescribing and utilization 

nationally using data from Medicare Part D. The first part of the dissertation compares 

pre- and post- PDMP trends of opioid prescribing in Medicare for states whose programs 

became operational from 2008-2011. The last two components of this study include 

beneficiaries from all 50 states and the District of Columbia from 2007-2012. This 

dissertation estimates the comprehensiveness of PDMP characteristics or PDMP rigor to 

measure the extent to which the program may restrict opioid availability per capita and 

beneficiary-level opioid utilization. 

Specific Aim 1: To compare trends of opioid utilization before and after PDMP 

implementation among PDMP states relative to control states, and estimate the 

association between PDMPs and opioid prescribing.  

Sub-Aim 1 (i): To compare disabled individuals with older adults to test whether the 

impact of PDMP implementation on opioid utilization differed by age and reason for 

Medicare eligibility. 

Alternative Hypothesis 1 (i): Disabled Medicare beneficiaries experience greater 

reductions in opioid utilization than older adults do.  

Sub-Aim 1 (ii): To contrast the effect of PDMPs on opioid use among individuals 

enrolled in fee-for-service prescription drug plans (PDP) compared to Medicare 

Advantage drug plans (MAPD). 
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Alternative Hypothesis 1 (ii): The effect of PDMP implementation varies by plan type. 

Specific Aim 2: To develop a PDMP composite index variable, based on legal data on 

state PDMP laws, to estimate a score of PDMP rigor/robustness/strength across states and 

time. 

Sub-Aim 2 (i): To estimate the association between PDMP rigor and opioid utilization 

per-capita. 

Alternative Hypothesis 2 (i): Medicare beneficiaries in states exhibiting moderate/high 

PDMP rigor have lower rates of opioid availability than beneficiaries who reside in states 

with weaker programs. 

Specific Aim 3: To examine the effect of PDMP rigor variability on opioid utilization 

among Medicare-insured disabled and older adults with non-cancer pain-related 

conditions (NCPCs). 

Sub-Aim 3 (i): To estimate the effect of PDMP rigor on opioid use separately in cohorts 

of non-elderly disabled adults and older adults. 

Alternative Hypothesis 3 (i): PDMP rigor minimally influences opioid utilization among 

older adults, whereas disabled beneficiaries’ opioid utilization is sensitive to PDMP 

restrictiveness 

Sub-Aim 3 (ii): To identify specific PDMP characteristics associated with opioid 

utilization. 

Alternative Hypothesis 3 (ii): Not all PDMP characteristics included in the rigor index 

measure are significantly associated with opioid utilization. 
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2 CONCEPTUAL FRAMEWORK  

It is important to review the role of contextual factors in order to enhance 

understanding of the processes through which PDMPs may contribute to changes in the 

prescribing and eventual use of opioids. The conceptual framework in Figure 1 illustrates 

a myriad of possible influences, and their interactions, that could directly or indirectly 

affect patient access to opioid analgesics. Adaptations of health and social behavioral 

models including the Andersen behavioral model suggest that the decision to prescribe 

opioids (or not) is influenced by patient and contextual characteristics that predispose, 

enable or suggest need for individual use of health services.23-25 Therefore, it is essential 

to analyze PDMP impact on opioid utilization while controlling for patient 

characteristics, state regulatory environment, and other factors to the extent possible.  

Figure 1: Conceptual Framework  
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Patient factors that influence prescription opioid utilization include perceived or 

evaluated medical need attributed to the presence of painful conditions. Patient disposing 

factors include demographics such as age, sex and race. Income, extent of health 

insurance coverage, and methods of compensating providers serve as factors enabling 

health services utilization.23,25-27  

Physician factors of prescribed drug utilization are a combination of the 

evaluation of the patient’s diagnosis; specialty; knowledge of prescription therapy and its 

costs; practice style; training and experience; and prescribing incentives.26 Pharmacist 

availability and knowledge also are provider determinants that impact drug utilization.26  

Environmental factors broadly encompass regulatory characteristics, marketing by 

pharmaceutical companies, and health care system factors. Environmental determinants 

of drug utilization include laws/regulations that may have a chilling effect on prescribing; 

advertising and drug promotion pressures; as well as availability of providers, 

organization of care and payment schemes in the health care system.25,26,28 State laws also 

contribute to the environmental forces affecting the use of availability and use of 

prescription opioids. Health policies and legislation fall into the category of contextual 

enabling factors.27 Consideration of the regulatory and legislative conditions is 

particularly relevant given that states have responded to the opioid epidemic by adopting 

laws to restrict the prescribing and dispensing of controlled substances.17 Because some 

variables are unobserved and/or unavailable from the data, this study controlled for all the 

aforementioned variables or their proxies were possible. For example, estimates of the 

prevalence of non-medical use of prescription pain-relievers and overdose deaths are 

used as proxies to measure the drug abuse burden in a state.  
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3 BACKGROUND 

3.1 Epidemiology of Analgesic Use 

Analgesics are commonly used medicinal therapies that provide relief from pain. 

Several types of analgesics are marketed, from over-the-counter (OTC) products to those 

available only with a prescription. Two major categories of analgesics exist: opioids and 

non-opioids, referred to as narcotics and non-narcotics respectively.  The primary 

difference between opioid and non-opioid analgesics is their mechanism of action. 

Opioids directly activate the opioid receptors located in the central nervous system to 

increase the release of the neurotransmitter dopamine, resulting in feelings of 

euphoria.29,30 Additionally, opioids act on the brain by interfering with the transmission 

of pain messages by blocking the pain receptors.30 The extent of pain alleviation depends 

on the degree to which the opioid agent has binding affinity for the opioid receptors.31 

For example, hydrocodone displays greater affinity for opioid receptor sites than codeine 

and is therefore a more potent, and effective, analgesic.28,31,32 

Non-opioid agents include acetaminophen and non-steroidal anti-inflammatory 

drugs (NSAIDs). These differ from opioids in that their primary mechanism of action is 

by inhibiting the formation of prostaglandins, which are naturally synthesized chemicals 

responsible for increased pain sensitivity and inflammation in the peripheral nervous 

system.33 Several products combine opioid and non-opioid analgesics. One commonly 

used product is Vicodin, a combination of acetaminophen with hydrocodone. Opioids 

alone lack anti-inflammatory properties, and non-opioids may not provide sufficient 

relief for moderate to severe pain. As a result, the clinical value of combinations is that 

they compensate for what the other component may lack. Combination products 
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containing opioids are classified as opioids because the opioid activity is more salient 

than the non-opioid effects.28  

Despite their medical relevance, combination preparations have safety issues that 

are attributable to the non-opioid component. For instance, combination products 

containing acetaminophen are associated with severe liver toxicity and acute liver failure 

when excessive amounts (more than 4000 milligrams daily) of acetaminophen are 

consumed.34 Of particular concern is that patients are often unaware of both their 

simultaneous use of multiple acetaminophen-containing prescription or OTC products 

and potential toxicities of exceeding the maximum daily dose.35,36 Similarly, NSAIDs and 

opioids in combination are linked to gastrointestinal toxicity including bleeding ulcer.37-39 

In addition, certain NSAIDS (e.g., selective COX-2 inhibitors) are associated with 

increased risk of cardiovascular events.37,39 

3.1.1 Controlled Substances Act 

While the clinical use of opioids as pain-relievers is fundamental in medicine, 

their use is constrained by their side-effects and abuse potential.40 Opioids are subject to 

regulation under the Controlled Substances Act (CSA), also known as Title II of the 

Comprehensive Drug Abuse Prevention and Control Act of 1970.41 The CSA is the 

Federal United States drug policy under which the supply and distribution of prescription 

drugs is regulated and drug control laws are enforced. The legislation created a five-

schedule system to categorize drugs: Schedules I, II, III, IV and V. Each successive 

schedule represents a lower risk of abuse and schedule classification is based on a drug's 

relative potential for abuse, current status of accepted medical use in treatment in the 

United States, and status of accepted safety for clinical use. The schedule classification 
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also is indicative of the relative severity of psychological or physical dependence that can 

occur as a result of abusing a drug.  

The statute passed by Congress created the initial listing of controlled substances. 

However, the Attorney General, Drug Enforcement Agency (DEA), and the Food and 

Drug Administration (FDA) are responsible for determining which substances are added 

to or removed from the schedules.42 Drugs that fall under Schedule I [(e.g. heroin and 

lysergic acid diethylamide (LSD)] have no medically accepted use and are not available 

by prescription. Examples of opioids in the other Schedule categories include: Schedule 

II (e.g. oxycodone, fentanyl), III (e.g. buprenorphine), IV (e.g. tramadol) and V (e.g. 

cough preparations with codeine). Prior to October 6th in 2014, hydrocodone combination 

products were classified as Schedule III (CIII) but have since been rescheduled to the 

more restrictive CII level of regulatory controls because of the abuse potential of the 

products.43,44 

 

3.1.2 Prescription Opioid Use and Abuse Trends 

The United States experienced a dramatic increase in opioid prescriptions over the 

past two decades.1,5,45 The initial rise in medical use of opioids at the turn of the century 

was deemed as progress in pain management.6 However, the continued escalation of 

prescription opioid use, whether medically indicated or not, and safety concerns 

including long-term risks, remain current topics of intense debate. The predominance of 

opioid prescribing in the U.S. is irrefutable. While Americans constitute only 4.6% of the 

world’s population, they consume 80% of all opioids and 99% of hydrocodone.2 

Increases in opioid prescribing were observed across various patient populations,19 health 

care settings,46 and health insurance types.47  
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The milligram per person use of opioids in the U.S. rose 402% (from 74 to 369 

milligrams) between 1997 and 2007.2 Over the same decade, the volume of opioid sales 

grew from 100 morphine milligram equivalents per person to 700 morphine milligram 

equivalents per person.48 In 2000, retail pharmacies dispensed 174 million opioid 

prescriptions; by 2009, they dispensed 257 million prescriptions, an increase of 48%.49 It 

is estimated that opioid prescriptions rose at twice the rate of non-opioid analgesic 

prescriptions.4,50,51  

The increased availability of opioids also has contributed to increases in their 

problematic use and negative sequelae, including abuse,2,6,50,52-58 addiction,59-62 

overdose,48,63-69 economic burdens to individuals and payers,54,70 and death. 54,68,71-75 

Additionally, nonmedical use of opioids costs insurance payers up to 72.5 billion dollars 

annually in health care costs.75 The Office of National Drug Control Policy (ONDCP) has 

declared the widespread nonmedical use, abuse, and diversion of controlled prescription 

medications, particularly opioids, as America’s fastest growing drug problem.10 Recent 

drug overdose mortality data from 2013-2014 demonstrate worsening of the opioid 

epidemic and increasing predominance of illicit opioids, particularly illicit fentanyl and 

heroin.76 

3.1.3 Evolving Role of Opioids in Medical Practice 

The rise in the prescribing of opioids for non-cancer pain conditions is a 

contentious topic among various stakeholders mainly because of uncertainty regarding 

the long-term effectiveness of chronic opioid therapy.77-83 Concerns related to safety, 

effectiveness (particularly in long-term use), and abuse cultivate varied attitudes, 

sometimes driving a more restrictive perspective and at other times leading to a greater 
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willingness to endorse treatment with opioids.84 Opponents to long-term opioid use claim 

prescribers often prematurely initiate patients on opioids without trying alternative non-

pharmacological and non-opioid pharmacological therapies. Notably, expanded access to 

opioids to patients with chronic non-cancer pain-related conditions is considered one of 

the biggest driving factors of the opioid epidemic.85-87 Other factors include the rising 

prevalence of chronic pain, expansion of Medicare in 2006 to include prescription drug 

coverage, and efforts to increase opioid use to address the under-treatment of pain in the 

elderly.88 

The limited training medical professionals receive in pain management and 

addiction is frequently emphasized in major national forums such as the National 

Prescription Drug Abuse Summit, the International Conference on Opioids, and the 

National Institutes of Health (NIH) Pathways to Prevention Workshop89 as an area that 

needs to be addressed in order to reduce problematic opioid use. Simultaneously, scrutiny 

that physicians are too liberal in their prescribing of opioids poses a threat to patients’ 

legitimate access to opioids. Consequently, under-treatment of both pain and opioid 

abuse represent two major, and intertwined, public health problems that influence patient 

access to opioids, particularly among those with chronic non-cancer pain. A cautious, 

structured, and selective approach to treating chronic pain with opioids is needed to 

balance the competing risks of opioid addiction and living with pain.90 In 2016, the CDC 

published recommendations for primary care clinicians who care for adults with chronic 

pain to guide decisions whether and how to prescribe opioids, improve clinician-patient 

communication, and prevent opioid use disorders and opioid-related overdose.91 The 

extent to which these guidelines are being followed in clinical practice is uncertain. 
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3.1.4 Prescription Opioid Analgesic Use by Medicare Beneficiaries 

The volume of opioid prescriptions dispensed to Medicare beneficiaries rose from 

46 million in 2007 to 57 million in 2010, an increase of 24%.92 The growth in the number 

of enrollees in Medicare prescription drug plans suggests that improved access to 

medications since the onset of Part D is partly responsible for the higher quantities of 

opioids covered under Medicare.93,94 Additionally, the rising prevalence of painful 

chronic non-cancer conditions,88,95 growing acceptance of opioids to treat these 

conditions,6,84,96-98  heightened attention to address under-treatment of pain,99-102 and the 

proliferation of rogue pain management clinics103 also have fueled the escalation of 

opioid prescriptions. A characteristic of rogue pain clinics is they knowingly prescribe 

opioids, often in large amounts and with no legitimate medical justification, to 

individuals who sell the medications in the black market. 

Despite mounting evidence that documents the trends, risk factors, and 

consequences of medical and recreational opioid use, studies assessing opioid use and 

outcomes in disabled and older adults are lacking. Along with advanced age, older adults 

often have increased frailty, changes in drug metabolism, increased physical and/or 

psychiatric morbidity, cognitive impairment, and high medication burdens. Collectively, 

these factors compound the risk of iatrogenic complications, including dependency and 

abuse.58 Although problematic use of prescription drugs is less common, and usually 

unintentional, in older adults compared to middle-aged or younger adults and 

adolescents,104 drug abuse105 and dependency among older adults are projected to grow as 

the ‘baby boomer’ generation ages.58 At least one study has found that concurrent opioid 

prescribing by multiple providers is common, and associated with higher rates of opioid-

related hospital admissions among Medicare patients.20 
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Regarding the use of opioids by disabled individuals, the literature largely 

discusses this issue in the context of workers’ compensation where authorities are 

concerned about rising use and potential overuse of opioids.106,107 Beyond two studies17,19 

documenting recent trends of opioid use among Medicare beneficiaries below age 65, 

little is known about opioid use among disabled Medicare beneficiaries. Using 2007-2011 

Medicare claims Morden et al. found opioid use was common with annual prevalence at 

least 40% among disabled adults in the study period.19 The proportion of disabled 

Medicare beneficiaries who had chronic use, defined as ≥6 prescription fills, rose from 

21.4% in 2007 to 23.1% in 2011. Additionally, nearly 20% of chronic opioid users took a 

dose of at least 100 morphine milligram equivalents, which raises concern as use of this 

intensity is associated with risk of overdose death.19 The prevalence of opioid use across 

hospital referral regions ranged from 33.0% to 58.6%, whereas chronic use ranged from 

14.0% to 36.6%.19 Meara et al. report no associations between the adoption of various 

controlled substance laws, including PDMPs, and potentially hazardous use of opioids or 

overdose among disabled Medicare beneficiaries.17 

There is wide variation in rates of opioid use, dosage and specific opioids 

prescribed to Medicare beneficiaries by geographic location, within and across hospitals, 

and among physicians.19,108,109 Recent findings suggest that for opioid-naïve Medicare 

patients even one emergency department encounter with a high intensity prescriber could 

drive clinically significant future long-term opioid use and potentially increase adverse 

outcomes.108  
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3.1.5 Responses to Opioid Abuse  

The alarming statistics and devastating consequences of opioid abuse led the CDC 

to declare prescription overdose fatalities a national problem of epidemic proportions.110 

The Department of Health and Human Services (DHHS) urged multiple federal, state, 

and local initiatives to address prescription drug abuse. One of the policy responses 

championed by ONDCP, DHHS, the Centers for Disease Control and Prevention (CDC), 

and the Department of Justice (DOJ) is the implementation, enhancement, and increased 

utilization of prescription drug monitoring programs (PDMPs). PDMPs also are a key 

element of President Obama’s Prescription Drug Abuse Prevention Plan, which aimed to 

reduce unintentional opioid deaths by 15% by 2016, and recommends that all states 

operate PDMPs that require prescribers be trained in their use.10,14 Other policies such as 

drug take-back programs, prescriber education, and pain clinic laws also have been 

implemented to address the opioid epidemic.111 

The Centers for Medicare and Medicaid Services (CMS) support the use of PDMPs 

in clinical practice and have engaged in communication and education for prescribers 

promoting active participation in PDMPs.112,113 For example, the agency explained 

PDMPs and promoted their use in its annual “Dear Doctor” letter (i.e., the Announcement 

About Medicare Participation for Calendar Year 2013).112,113 Further, in December 2012, 

CMS prepared and distributed an article through the Medicare Learning Network (MLN) 

to encourage physicians to use their state PDMPs.113 The purpose of the MLN is to 

provide education, information, and resources for the national Medicare fee-for-service 

community.114 
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3.2 Prescription Drug Monitoring Programs 

PDMPs consist of state-specific electronic databases that are intended to monitor 

the prescribing, dispensing, and purchase of medications classified as controlled 

substances.115 PDMPs collect, analyze, and report information on prescription drug 

prescribing. Although provider participation in PDMPs is voluntary in many states, a 

growing number of states are requiring prescribers to not only register, but to also consult 

the database under certain circumstances.116 Of the 49 states with PDMPs, 22 (45%) 

legally mandate prescribers to query the database.117 PDMPs are a public health 

surveillance tool whose main goal is to reduce prescription drug diversion and abuse. 

Appropriate use of PDMPs should not infringe on the legitimate prescribing of controlled 

substances.  

Apart from being a system that allows prescribers to access patient prescription 

histories and identify drug-seeking behaviors, PDMPs serve multiple functions. They 

enhance the capacity of regulatory and law enforcement agencies to collect and analyze 

controlled substance prescription data through a centralized database. Professional 

licensing boards, if permitted by law, may use PDMP data to identify clinicians with 

aberrant prescribing and dispensing patterns, and to assist law enforcement in 

investigations of controlled substance diversion. Further, PDMP data can support state 

efforts in education, research, and prescription drug abuse prevention. There is growing 

discussion among state and federal agencies to leverage PDMPs as intervention points to 

identify and channel individuals who need care into substance abuse treatment.  

Despite recent adoption by many states, PDMPs have a long history and are not a 

new development. The earliest monitoring programs operated by transmitting copies of 



 

17 

 

prescriptions to law enforcement and government health agencies.118,119 These programs 

were called multiple copy prescription programs (MCPPs) because they used government 

issued duplicate or triplicate paper forms. A precursor to PDMPs was New York’s 

duplicate system implemented in the 1910s followed by the by the first true PDMPs 

implemented by California and Hawaii in the 1940s.118,120 Seven additional states had 

enacted legislation for PDMPs of some type by the 1990s.118 

In addition to technological advancements and developing understanding of the 

impact of such programs, federal funding to encourage the establishment or enhancement 

of PDMPs has contributed to their recent proliferation. Starting in fiscal year 2002, 

Congress appropriated $2 million for the U.S. Department of Justice to support the 

Harold Rogers Prescription Drug Monitoring Program.121 Grant funds under this program 

are used to build or enhance data collection and analysis systems, encourage exchange of 

data among states, evaluate program effectiveness and enhance collaborations with law 

enforcement, health care providers and regulatory boards.122    

The National All Schedules Prescription Electronic Reporting (NASPER) Act of 

2005 created an additional source of funding for states to establish or improve existing 

PDMPs.123  NASPER authorized spending of $60 million, through fiscal year 2010, 

towards creating federal grants at DHHS.121 In November 2013, a bill ( NASPER 

Reauthorization Act of 2013) to amend and reauthorize the controlled substance 

monitoring program under section 399O of the Public Service Act was introduced in the 

House of Representatives.124 The bill was referred to the Subcommittee on Health and the 

decision is pending as of this writing. The Comprehensive Addiction and Recovery Act 

(CARA) passed into law in 2016 addresses six areas including prevention, treatment, 



 

18 

 

recovery support, criminal justice reform, overdose reversal, and law enforcement as part 

of the response to addiction.125 States stand to receive funding to strengthen PDMPs 

through CARA.  

3.2.1 PDMP Characteristics and Variability 

In 2003, only 17 states had established PDMPs; however, as of December 2016, 

49 states and the District of Columbia had operational PDMPs. Missouri is the only state 

that has not passed legislation to enact a statewide PDMP; however Saint Louis 

jurisdictions have developed a regional PDMP within the state. Although PDMPs share 

common features, many nuances differentiate state programs from each other.  

Variability exists in how PDMPs are structured, implemented, and used. State 

PDMPs may differ in: schedules of controlled substances monitored; governing authority; 

mandates requiring prescribers to consult PDMP data before prescribing controlled 

substances; interstate data sharing; data sharing with law enforcement; designations of 

authorized users of PDMP data; frequency of reporting to the PDMP registry; monitoring 

of non-scheduled substances; and period of data retention before purging. As state-run 

programs, PDMPs also differ in design as a function of factors, such as state financial and 

human resources appropriated to the program, the magnitude or severity of the state’s 

drug abuse problem, and the funding sources. PDMP variation also may depend on the 

regulatory and political environment and the state’s experience with managing the 

programs. Statute specifications further contribute to the profile of each PDMP and the 

differentiation across state programs.   

The average reporting frequency from pharmacies to the PDMP database 

decreased from 30 days in 2003 to 7 days in 2014. Currently, 14 states report every 24 
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hours; Oklahoma is the only state with real-time point of sale reporting.126 While all 

states collect data on CII drugs, there is variation in the other Schedules monitored by the 

PDMP. Furthermore, some PDMPs have statutory authority to monitor prescriptions of 

non-scheduled prescription drugs. Diversity also exists in the agencies that administer 

PDMPs. Although public health departments, law enforcement, and pharmacy boards 

commonly house PDMP, Departments of Consumer Protection (e.g. Connecticut), 

substance abuse (e.g. North Carolina, Maine, Maryland), and professional licensing (e.g. 

Arkansas, Delaware) agencies are examples of other organizations which govern PDMPs.  

The capacity for physicians to access PDMP information in their primary site of 

clinical practice varies across states, and potentially within states as well.12 Some states 

allow prescribers and dispensers to designate another licensed healthcare practitioner to 

access PDMP data as a way to increase use of the database, while others do not.127 

Nurses, psychologists, therapists, social workers and pharmacy technicians are examples 

of practitioners who can serve as delegates. The number of states allowing delegated 

access tripled from 12 in 2012 to 36 in 2014.127 States also vary on the authorization and 

degree to which they provide PDMP data to law enforcement, judiciary members, 

licensing/regulatory boards, Medicare/Medicaid, other state health insurance programs, 

patients, worker’s compensation specialists, medical examiners, and substance abuse 

professionals.128 To demonstrate the variability of authorization levels across states 

among specific healthcare providers, consider states that provide PDMP data to mental 

health or substance abuse professionals. There are differences in who has authorized 

access within those institutions. For instance, Utah provides data to all mental health or 
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substance abuse professionals, whereas Tennessee provides data only to the chief 

pharmacist and medical director of the Department of Mental Health.120  

Certain states (e.g. Kentucky, Arizona, and Tennessee) require licensed 

prescribers and/or pharmacists to register for PDMP databases and require registrants to 

access PDMP data in certain circumstances.128 Yet other states, (e.g. Alabama, Indiana, 

and Iowa) have explicit laws that impose no expectation on practitioners to access PDMP 

data prior to prescribing or dispensing.128 The provision of unsolicited reports to 

prescribers is another relevant characteristic of PDMPs because it is thought to be an 

effective approach to draw attention to emerging issues. Twenty-eight states engaged in 

providing unsolicited PDMP data in 2014 compared to 18 in 2012.127 

Except one study,15 hardly any research has consolidated PDMP characteristics to 

represent PDMP structure. The CDC’s three-level rating scale (green, yellow, and red) 

used in the prescription drug overdose prevention status reports (PDO PSRs) is an early 

ranking system used to characterize PDMP characteristics.129 The PDO PSRs focus on 

the status of the implementation of PDMPs that follow selected best practices and 

operation of state pain clinic laws meeting selected criteria. The PDMP rating scale in the 

PDO PSRs assesses three practices identified by the PDMP Training and Technical 

Assistance Center (TTAC) as selected best practices that PDMPs should follow.130 These 

include (1) providing prescribers and dispensers access to PDMPs; (2) demonstrating 

interoperability with the PDMP of at least one other state; and (3) proactively reporting to 

law enforcement and regulatory agencies.130  
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The PDMP composite index proposed in this dissertation has notable advantages 

over the PDO PSR rating scale as it exists to date. First, a more comprehensive approach 

that goes beyond the three practices listed above is developed. The composite score 

captures the multidimensional aspects of PDMPs by incorporating information on 

schedules monitored, frequency of reporting, mandates for PDMP use, governing agency, 

and other relevant characteristics for which reliable information is available. The 

quantitative and continuous nature of the proposed rigor score renders it a potentially 

better reflection of the extensive variability of PDMPs than the three-level rating scale 

used for the PDO PSRs. 

3.2.2 Health Care Professionals’ Perspectives on PDMPs 

The success of PDMPs is closely tied to the uptake of PDMP use by prescribers 

and dispensers in routine clinical practice. Although, prescriber participation in PDMPs is 

voluntary in many states; a growing number of states have transitioned to compulsory use 

of PDMPs under certain circumstances. Currently, 22 of the 49 states with PDMPs 

legally mandate prescribers to query the database before prescribing controlled 

substances.131 The median PDMP registration rate among licensed prescribers who issue 

at least one controlled substance is 35%.132 This statistic suggests that many prescribers 

may not even be knowledgeable of the PDMP’s existence, and that required PDMP 

consultation may be an effective approach to increase PDMP awareness and use. Even 

so, mandated use is not a panacea because not all registered prescribers regularly use 

PDMPs.  

Among respondents to a 2012 survey, reasons why prescribers did not use a 

PDMP if available included time restraints (73%), feeling it would not change practice 
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for that patient (39%), difficult navigation of the database (29%), forgetting the password 

(28%), never having applied for access (11%) and lack of computer availability (9%).133 

Unsurprisingly, mandated PDMP use faces significant prescriber opposition across the 

country.117,134 Objections relate to the lack of robust evidence on how to best target 

mandates to prescriber types and contexts, which makes defining exemptions a policy 

challenge.117 Moreover, prescribers are averse to the severe punitive consequences 

entailed in mandated PDMP use.117 The penalties for failure to appropriately use PDMPs 

range from increased liability risk to loss of licensure or imprisonment.117 The 

experiences of early adopters of mandated PDMP use suggest that to generate support for 

a mandate, PDMP advocates should work with the medical community and other 

stakeholders to build an evidence base for its benefits, and be willing to negotiate 

compromises when crafting legislation.116 

Studies of prescribers in Rhode Island,135 Oklahoma,136 Ohio,137 Oregon,138 

California,139 and Kentucky140 found that prescribers who made use of PDMP data were 

more likely than non-users to alter prescribing behaviors in response to new information, 

as well as to refer patients to substance abuse treatment or pain management.139 

Prescribers and pharmacists responding to surveys appear to have positive perceptions 

regarding the utility of viewing PDMP data. In a 2007 California survey, 91% of 

physician responders rated the effectiveness of the PDMP Patient Activity Reports in 

maintaining the care and health of their patients as good to excellent.139 A 2010 survey of 

users of Kentucky’s PDMP found that 70% of respondents judged the PDMP reports to 

be “very” or “somewhat” important in helping them decide what drug to prescribe to a 

patient.140 A 2007 impact evaluation of Maine’s PDMP indicated that 97% of prescribers 
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and pharmacists responding to a survey considered the PDMP to be useful in monitoring 

prescriptions and controlling doctor shopping.141  

Developing evidence, largely in the ‘grey’ literature, suggests that PDMP 

implementation is associated with improved health outcomes as declines in opioid 

mortality,142,143 admissions for substance abuse treatment,56,144 overdose-related 

emergency department (ED) visits,145 and poison center calls concerning intentional 

exposures to opioids.146 In 2012, following the first decline in opioid overdose deaths in a 

decade, Kentucky health officials attributed the decrease to laws requiring prescriber use 

of PDMPs and better regulation of pain clinics.147 Reductions in prescription drug-related 

deaths in Florida (41% drop in oxycodone-related deaths from 2011 to 2012)148 and 

Washington state (27% drop in prescription drug-related deaths from 2008 to 2012) were 

attributed to state initiatives to address prescription drug abuse and overprescribing, 

including the PDMP.143 Nonetheless, it is probable that these reductions were due to co-

interventions such as the introduction of abuse-deterrent opioid formulations. Although 

these findings must be rigorously validated, they suggest the potential influence of 

mandates to reduce unsafe opioid prescribing.117 

Novel PDMP Applications 

An emergence of innovative PDMP data applications and partnerships aimed at 

addressing community concerns is occurring within many states. For example, the New 

York City (NYC) Mayor’s task force on prescription painkiller abuse created a 

multidisciplinary collaborative platform dubbed “RxStat” for responding to problem drug 

use at the municipal or county level.149 Led by the NYC Department of Health and 

Mental Hygiene, RxStat uses the PDMP database in conjunction with other existing data 
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sources to develop targeted interventions and policy responses to reduce public health 

and public safety consequences of problematic opioid use. As a result of RxStat’s success 

in NYC, a technical assistance manual to guide other states in pooling data to develop 

similar initiatives is now publicly available.149 

The establishment of local drug overdose fatality review (LOFR) teams in 

Maryland represents one of the first applications of fatality reviews in the context of drug 

overdose. Maryland’s LOFR teams, established in law in 2014, were modeled from the 

national system of child fatality review, which is a systematic, multi-agency, multi-

disciplinary examination of child fatalities.150 As part of overdose prevention efforts, 

Maryland LOFR teams may use PDMP records, in conjunction with other data sources, 

to identify risk factors for overdose, potential opportunities for intervention, and changes 

to laws, policies, procedures, and programs that may prevent future fatal and non-fatal 

overdoses.151 

3.2.3 PDMP Research 

There are a limited but growing number of peer-reviewed studies on PDMPs, and 

few are national in scope. There are generally four major themes in the literature:12 

PDMP effect on prescribing opioids56,144,146,152 PDMP effect on prescribing 

benzodiazepines,153,154 health care professionals’ perspectives on PDMPs,155-157 and 

multiple provider use and patient characteristics.137,158,159  

The literature presents inconsistent findings pertaining to the impact of PDMPs on 

opioid availability and prescribing.56,144,152,160 These inconsistencies could be an artifact 

of different study designs and outcomes, lack of differentiation between paper and 

electronic PDMPs, and/or insufficient control for confounding. For instance, one study 
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using 1997 to 2003 Automation of Reports and Consolidated Orders System (ARCOS) 

opioid retail distribution data compared states with PDMPs with non-PDMP states and 

found that PDMP states had decreased quantities of opioid shipments,56 lower rates per 

capita supply of opioids,144 and reduced probability of abuse.144 These findings differ 

from Paulozzi et al. who found no evidence of an association between PDMPs and rates 

of opioid consumption or opioid overdose mortality using 1995 to 2007 ARCOS data.152 

Paulozzi et al. also found no associations of PDMPs with trends in opioid use or overdose 

deaths in analyses that focused on proactive PDMPs or programs with relatively high 

rates of reporting.152 Proactive PDMPs were defined as those generating unsolicited 

reports for prescribers, dispensers or law enforcement authorities. 

Studies also depict mixed effects of PDMPs on prescribing. Baehren et al.137 

found PDMP use frequently altered prescribing behavior for management of ED patients 

with complaints of non-traumatic pain in Ohio. Access to PDMP data changed 

emergency physicians’ prescription plans in 41% of cases and led to less prescribing.137 

In contrast, Weiner et al.161 found PDMP review changed management plans in 9.5% of 

ED cases and resulted in more prescribing in Massachusetts. It is important to note that 

18 providers enrolled in the Baehren et al.137 study were responsible for 63% of the 

patient encounters, whereas Weiner et al.161 enrolled 38 providers and limited the 

participation of any one provider to 10%. The true effect of PDMPs on prescribing may 

be closer to the findings in the Weiner et al. study due to the bias inherent in the Baehren 

et al. study; however, further investigation is needed.111 

A 2009 study found that states with PDMPs had reductions in admission rates to 

opioid addiction treatment programs compared to non-PDMP states.56 A 2006 national 
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evaluation focused on Schedule II controlled substances compared states with and 

without PDMPs and found PDMP states were associated with lower rates of treatment 

admissions for abuse of these drugs. 144 Using calls involving intentional opioid 

poisoning as an indicator of opioid abuse or misuse, analysis of poison center data from 

2003 to mid-2009 found intentional exposures grew 0.2% each quarter in states with 

PDMPs, whereas calls increased 1.9% in states without PDMPs.146 

Retrospective analyses of Medicaid data (1988-1990) in New York and New 

Jersey (control) reported that the requirement to use triplicate prescription forms (PDMP) 

reduced benzodiazepine use with limited substitution of alternative drugs, lowered the 

rates of potential abuse, but also possibly limited non-problematic benzodiazepine use.153 

The authors found the PDMP was associated with 54% reduction in benzodiazepine use 

and $12 million savings. Using the same data, Simoni-Wastila et al. observed similar 

findings of 31% reduction in benzodiazepine use in a subset of severely ill patients with 

chronic psychiatric and neurologic disorders.154  

A 2003 mail survey in southwest Virginia examined physician knowledge of, and 

attitudes towards the implementation of a pilot electronic PDMP and its impact on their 

prescribing behaviors.155 This survey revealed that less than one-half of the 275 

respondents had previously heard about the PDMP. Nearly 60% of physicians believed 

their prescribing behaviors were more closely monitored as a result of the PDMP.155 Of 

these, 23% reported that the close monitoring negatively impacted their ability to help 

patients manage their pain.155 The study also found that among 68% who reported the 

PDMP was useful for monitoring patients’ prescription histories and reducing doctor 
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shopping, only 11% had requested information from the PDMP database, primarily due 

to access barriers.155 

In their 2008 online survey of community pharmacists in Ohio, researchers found 

that the top reason for pharmacists not enrolling in the PDMP was the time involved in 

accessing the report.156 The pharmacists registered with the PDMP noted being able to 

decrease doctor shopping as the main factor influencing their decision to enroll in the 

PDMP.156 A 2010 mail survey of pharmacists carried out prior to the implementation of 

Florida’s PDMP found that a majority of the state’s pharmacists across all settings (chain 

84.0%, hospital 74.2%, independent 77.9%, and other 71.1%) were in favor of 

implementing a PDMP.157 Additionally, Florida pharmacists in different practice settings 

largely disagreed or strongly disagreed with the statements that they would be 

"discouraged to dispense controlled substances" by the PDMP (chain 61.4%, hospital 

50.0%, independent 60.2%, and other 63.8%).157 

Studies that analyze multiple provider episodes or doctor shopping (i.e., 

concurrent use of several physicians by a patient) using PDMP databases are growing in 

the literature. Using data from the California PDMP, Wilsey et al. found that opioid 

utilization and demographic characteristics differed between the groups of patients who 

used two to five prescribers and those who only used one provider over a one-year 

period.158 The differences in demographic characteristics of patients with two to five 

providers compared to those with a single provider did not support the hypothesis of 

increased likelihood of abuse. Specifically, patients with two to five providers did not 

have characteristics associated with substance abuse (e.g. youth and male gender) or 

doctor shopping (e.g. larger metropolitan areas).158 The authors concluded that it is 
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justifiable not to investigate patients with two to five providers in a 365 day period. They 

also suggested that a cutoff of eight providers should be chosen to achieve low false-

positive rates. Further, it is worthwhile to take into account the type of providers seen by 

a patient prior to initiating investigations. For example, someone treated by a primary 

care provider, a surgeon, and an oncologist might be quite different from an individual 

seeing three primary care providers or pain specialists. 

A few studies suggest that PDMP characteristics affect program effectiveness. For 

example, one study found associations of PDMPs with reductions in days supply 

prescribed per physician in Medicare Part D were negated in states where statutes 

explicitly did not require PDMP use.162 Recent findings that mandatory PDMP 

enrollment and mandatory access by prescribers are associated with the reduction in days 

of opioid non-medical use and doctor shopping further highlight that PDMP 

characteristics may have a measurable impact.163 

 Patrick et al. found states with robust characteristics – including monitoring 

multiple schedules and having a data reporting frequency of at least weekly – had greater 

reductions in opioid overdose deaths than states whose PDMPs lacked these 

characteristics.16 One study examined a composite measure of overall PDMP strength and 

found states with more robust PDMP characteristics had fewer prescription opioid 

overdose death rates than states with weaker programs.15 Additionally, state experiences 

in Kentucky, Tennessee, and New York suggest that PDMPs that require prescribers to 

register with their PDMP are associated with declines in opioid prescribing compared to 

PDMPs based on voluntary participation.116  
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While research on PDMPs is a growing area of study, there remain few current 

peer-reviewed studies of their effect on opioid use and other health outcomes14,17,152,164 

because prior studies are dated or use data that are more than a decade old.12,152,165 Also 

of importance is that current PDMPs are electronic, and substantially differ from paper-

based programs that were the focus in early PDMP studies.153,154 Additionally, the 

proliferation of PDMPs in the past decade adds to the need for more recent data to be 

investigated. Further, there is lack of research evaluating which program characteristics 

distinguish features of effective PDMPs – this is especially relevant because PDMP 

characteristics vary substantially from state to state. The high financial costs of initiating 

and operating PDMPs call for a better understanding of how to structure PDMPs to reach 

their full potential in providing benefit to patients, prescribers, and society while also 

controlling cost and effort to maintain these programs. 

Beyond the background section, this dissertation contains four additional 

chapters, including three manuscripts related to Aims 1, 2, and 3. The final chapter 

summarizes the findings, provides a discussion of the study implications, and potential 

directions for future research. 
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4 IMPACT OF PRESCRIPTION DRUG MONITORING PROGRAMS (PDMPs) 

ON OPIOID UTILIZATION AMONG MEDICARE BENEFICIARIES 

4.1 Abstract 

Aims: Prescription Drug Monitoring Programs (PDMPs) are a principal strategy states 

use to address prescription drug abuse. We (1) compared opioid utilization pre- and post-

PDMP implementation and (2) estimated differences of PDMP impact by Medicare 

eligibility and plan type. 

Design: We analyzed opioid prescription claims in select states that implemented PDMPs 

relative to non-PDMP states during 2007-2012. 

Setting: Florida, Louisiana, Nebraska, New Jersey, Vermont, Georgia, Wisconsin, 

Maryland, New Hampshire, Arkansas; USA. 

Participants: 310,105 disabled and older adults enrolled in Medicare.  

Measurements: Primary outcomes were monthly total opioid volume, mean daily 

morphine milligram equivalent (MME) dose per prescription, and number of opioid 

prescriptions dispensed. The key predictors were PDMP status and time. Tests for 

moderation examined PDMP impact by Medicare eligibility (disability versus age) and 

drug plan (privately-provided Medicare Advantage [MAPD] versus fee-for-service 

[PDP]).  

Findings: Overall, PDMP implementation was associated with reduced opioid volume 

[2.36kg/month, 95% Confidence Interval (CI) =-3.44, -1.28] and no changes in mean 

MMEs or opioid prescriptions twelve months after implementation compared to non-

PDMP states. We found evidence of strong moderation effects. In PDMP states, 

estimated monthly opioid volumes decreased 1.67kg (95% CI =-2.38, -0.96) and 0.75kg 

(95% CI=-1.32, -0.18) among disabled and older adults, respectively, and 1.2kg, 
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regardless of plan type. MME reductions were 3.73mg/prescription (95% CI=-6.22, -

1.24) in disabled and 3.02mg/prescription (95% CI=-3.86, -2.18) in MAPD beneficiaries 

but there were no changes in older adults and PDP beneficiaries. Dispensed prescriptions 

increased 259/month (95% CI=39, 479) among the disabled and decreased 610/month 

(95% CI=-953, -257) among MAPD beneficiaries.  

Conclusions: This study of opioid use among disabled and older adult Medicare 

beneficiaries residing in 10 states found that prescription drug monitoring programs were 

associated with reductions in opioid volume; however, their impact on daily opioid doses 

and dispensed opioid prescriptions varied by reason for Medicare eligibility and plan 

type.  
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4.2 Introduction 

Opioid analgesic use more than doubled worldwide between 2001-2003 and 2011-

2013, with North America, Western and Central Europe and Oceania accounting for the 

growth in use.166 In the United States, increased opioid availability has coincided with 

epidemic levels of abuse,2,54,56 addiction,60-62 and overdose deaths.63,64,74 Although 

increases in opioid prescribing have been observed across various patient populations,19 

health care settings,46 and health insurance types,47 relatively little is known regarding 

opioid use in the Medicare population.  

Opioid prescriptions dispensed to Medicare beneficiaries rose from 46 to 57 million 

between 2007 and 2010, an increase of 24%.92 A study of opioid use trends among 

disabled Medicare beneficiaries found nearly 20% of chronic opioid users had daily doses 

of 100 morphine milligram equivalents (MMEs) or greater, which raises concern as use 

of this intensity is associated with elevated risk of overdose death.19  From 2007 to 2011, 

increases in opioid prescriptions and large variation in opioid dispensing across states 

were reported among older adult Part D recipients.167 The growth in Medicare drug plan 

enrollment since the onset of Part D contributes to this increase.93,94 Additionally, the 

rising prevalence of painful chronic non-cancer conditions,88,95 growing acceptance of 

opioids to treat these conditions,97  and heightened attention to address under-treatment of 

pain 100 have fueled opioid dispensing and use.  

The implementation, enhancement, and utilization of prescription drug monitoring 

programs (PDMPs) is one of the key federal and state policy responses to prescription 

drug abuse.14 PDMPs are state-specific databases used to monitor the prescribing, 

dispensing, and purchase of controlled prescription medications.115 Along with other third 
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party payers, the Centers for Medicare and Medicaid Services (CMS) promote 

prescribers’ active participation in PDMPs.112,113  

The literature presents varying effects of PDMPs on opioid availability and 

prescribing.56,144,152,160 A study using 1997-2003 U.S. Drug Enforcement Administration 

(DEA) data on opioid retail distribution compared states with PDMPs with non-PDMP 

states and found PDMP states had lower opioid supply 56,144 and reduced probability of 

opioid abuse.144 However, another study using 1999-2005 DEA data did not find an 

association between PDMP implementation and lower rates of opioid consumption or 

lower rates of overdose mortality.152 This latter study also found no association of 

proactive PDMPs, defined as PDMPs generating unsolicited reports for prescribers, 

dispensers or law enforcement authorities, with trends in opioid use or overdose 

deaths.152  

Recent studies point toward important nuances of the effects of PDMPs on opioid 

prescribing patterns and mortality. In Florida, opioid prescribing and use reduced 

following PDMP and pill mill law implementation but was limited to prescribers and 

patients with the highest baseline opioid prescribing and use.168 Florida also experienced 

reductions in opioid overdose mortality; however, scientific debate continues regarding 

whether the pill mill law or PDMP policy contributed most to these changes.169,170  

Also, a national analysis of ambulatory visits to office-based physicians found 

PDMP implementation was associated with substantial reduction in the prescribing of 

Schedule II opioids, while there was no significant association between PDMPs and 

overall opioid prescribing.171 The lack of significant effect on overall opioid prescribing 
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may be explained by increased dispensing of Schedule III opioids offsetting parallel 

decreases in Schedule II opioids.152 These findings provide rationale to assess all 

Schedules in PDMP research. Other literature indicates that while implementation of 

PDMPs had no discernible impact on per-capita opioids dispensed through 2008, there 

was marked variation across states with significantly less opioid dispensing in 9 states, no 

effect in 14 states, and a significant increase in 8 states.172 

A recent study using a database of state controlled substance laws, including 

PDMPs, found that their implementation was not associated with reductions in potentially 

hazardous opioid use, long-term or non-long-term opioid receipt, or overdose among 

disabled Medicare beneficiaries.17 Beyond this study, little is known about the impact of 

PDMPs in Medicare beneficiaries. Understanding opioid use and the impact of PDMP 

policy holds particular clinical and public health relevance for the growing Medicare 

population,167 yet, to date, the role of PDMPs on opioid availability and use among 

Medicare beneficiaries is under-studied.19,20  

In light of the prominence of PDMPs, research elucidating their impact on opioid 

prescribing, particularly among the disabled and older adults, is important. In addition to 

eligibility status, differences in enrollment through Medicare Advantage (MA) or 

traditional fee-for-service (FFS) are relevant given evidence that beneficiary 

characteristics and experiences differ between these two insurance types.173-175 MA plans 

are offered by private insurance companies that contract with Medicare to provide 

benefits, whereas FFS plans are administered directly through the federal government. 

MA plans, which use a variety of financial incentives to influence the quality and 

quantity of prescribed services, may be able to treat patients with greater efficiency than 
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Medicare FFS by employing programs to avoid excessive utilization.176 Also, MA plans 

may select for healthier beneficiaries than FFS plans. Thus, there is relevance for the 

distinction between Medicare Advantage Drug Plans (MAPDs) and traditional 

Prescription Drug Plans (PDPs) in analyses. Our study sought to (1) compare trends of 

opioid utilization before and after PDMP implementation among PDMP states relative to 

control states, and (2) estimate the association between PDMPs and opioid dispensing 

and use.  

Also, we aimed to (1) compare disabled individuals with older adults to test 

whether the impact of PDMP implementation on opioid utilization differed by age and 

reason for Medicare eligibility, (2) contrast the effect of PDMPs on opioid use among 

individuals enrolled in PDPs versus MAPDs, and (3) test the stability of the estimated 

associations through sensitivity analyses that varied the states and length of the 

observation window analyzed. 

4.3 Methods 

4.3.1 Study Design 

Using a comparative interrupted time series design, this study examined changes 

in opioid use by Medicare beneficiaries before and after PDMP implementation. Trends 

of opioid use in a cohort of states that started operating PDMPs were compared to trends 

in geographically proximal states with similar rates of drug abuse burden that had not 

adopted PDMPs. We approximated aggregate monthly opioid use at the state level from 

the service dates indicated in Medicare administrative claims of prescription fills. In 

order to ascertain potential differential effects of PDMPs in specific subgroups of 

Medicare beneficiaries, we created and analyzed stratified datasets composed of (1) 
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disabled, (2) older adults, (3) fee-for-service, and (4) Medicare Advantage beneficiaries 

in addition to the overall sample. Our analysis assessed monthly trends of opioid use over 

a 24-month observation period, and up to 36 months in sensitivity analysis.  

4.3.2 Data Source 

The study data were composed of beneficiary summary files and Part D 

Prescription Drug Event (PDE) claims derived from a 5% national sample of Medicare 

beneficiaries from 2007 to 2012.177 PDE claims represent all retail outpatient 

prescriptions dispensed to Part D beneficiaries included in the sample. We linked claims 

to the First Databank dictionary to obtain drug information.178  

4.3.3 Outcomes 

Four monthly measures of opioid utilization were summarized at the state level: 

1) the mean daily MME dose per prescription,179 which standardizes opioid prescriptions 

by adjusting for differences in opioid potency, quantity, and strength of dispensed doses; 

2) total opioid volume or kilogram weight dispensed using the cumulative monthly mean 

MME dose; 3) number of opioid prescriptions dispensed, commonly used as a proxy 

measure of drug availability and defined as all new and refill prescriptions dispensed over 

a particular period,22 and 4) total opioid volume dispensed by Federal drug Schedule 

classification: Schedule II (CII), Schedule III (CIII), and combined Schedules IV and V 

(CIV/CV). MME calculations for fentanyl and buprenorphine patches accounted for 

differences in measurement units  and multiple-day use.180 We excluded injectable 

opioids because they have different MME conversion factors than their oral counterparts 

and use is uncommon in outpatient settings. We chose these specific measures because 

they estimate the quantity and dosage of opioids dispensed and thus address the scope of 

the study to assess PDMP impact on broad opioid utilization. 168,181 
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4.3.4 Selection Criteria for State Pairs 

We examined pre- and post- PDMP opioid prescribing in states where PDMP 

prescriber access began between January 2008 and January 2012. Fourteen PDMP states 

(Alaska, Arizona, Connecticut, Florida, Iowa, Kansas, Louisiana, Nebraska, New Jersey, 

North Dakota, Oregon, South Carolina, Vermont, and Washington) met this criterion; six 

states (Arkansas, Georgia, Maryland, Missouri, New Hampshire, Wisconsin) and the 

District of Columbia (DC) were without operational PDMPs by the end of the 

observation period (December 2012).  

For each PDMP state we used propensity score (PS) matching to identify a 

comparison state with similar likelihood of implementing a PDMP.182,183 Given the small 

number of states (n=21) in the analysis, we could not use a large set of covariates on 

which to match. Our choice of potential covariates was guided by the literature and 

theory, which suggest that state prescription drug abuse burden and geography play roles 

in PDMP implementation and amounts of opioids dispensed.165,169,184,185 We 

operationalized geography using census regions and drug abuse burden using drug-

induced death rates obtained from the Centers for Disease Control and Prevention (CDC) 

underlying cause of death database.  

Additionally, geography is heavily relied upon as a variable that condenses many 

dimensions of a state into a single observation 186 and has often been used as the sole 

matching variable in similar studies.168 We applied firth adjustment for bias-reduction in 

small sample sizes to estimate a parsimonious logistic model accounting for geographic 

region and drug overdose death rates in the pre-implementation period to calculate each 

state’s PS. 187 Nearest neighbor matching was used to match PDMP states to controls.182 
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We excluded DC from all analyses because of its outlying PS. Because Missouri’s PS 

differed from PDMP states and recognizing that Missouri might be unique in that it is the 

only state yet to implement a statewide PDMP, we decided to exclude Missouri from the 

primary analysis. 

From the available pool of 14 PDMP states and 5 controls, we limited the primary 

analysis to the best matches based on a 1:1 ratio since using a control for more than one 

treated unit may undermine the precision of the estimated causal effects.188 Matching 

with replacement was allowed in sensitivity analyses to allow a control state to be 

matched to more than one PDMP state because there were fewer controls than treatment 

states. Our primary analysis used aggregate data for PDMP states (Florida, Louisiana, 

Nebraska, New Jersey, and Vermont) versus controls (Georgia, Arkansas, Wisconsin, 

Maryland, and New Hampshire). Secondarily, data from individual state pairs (Florida-

Georgia, Louisiana-Arkansas, Nebraska-Wisconsin, New Jersey-Maryland, Vermont-

New Hampshire) were analyzed. Sensitivity analyses included the additional PDMP 

states. 

4.3.5 Exposure of Interest 

The primary exposure of interest was PDMP implementation defined as the date 

on which a state initiated online PDMP access to prescribers. We used online data from 

the National Association of Model State Drug Laws 189 to determine each state’s PDMP 

implementation date, confirmed through contact with PDMP administrators, the PDMP 

TTAC,13 and state PDMP websites. Control states were assigned the same time values as 

the PDMP states they were paired with.  
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4.3.6 Statistical Analysis 

We applied comparative interrupted time series analysis to estimate PDMP effect 

on opioid utilization relative to the comparison state. We performed three sets of 

regression analyses including state fixed-effects to model within-state variation. First, our 

primary analysis focused on 10 states with 12 months pre- and 12 months post-

implementation observations. We tested for the presence of effect modification by adding 

main effects and interactions of PDMPs with the current reason for Medicare eligibility 

(disability vs. age) and plan type (PDP vs. MAPD) in separate models. Subsequently, we 

performed stratified analyses using these variables. Second, we performed sensitivity 

analyses where all 14 PDMP states were considered. Third, additional sensitivity 

analyses examined a 36-month observation period. All analyses excluded observations 

that occurred two months before and after PDMP implementation to allow for PDMP 

phase-in.190 

We specified linear regression models to quantify PDMP effect on each 

outcome’s level and trend and to determine the statistical significance of any changes.191  

The dependent variable Yt, representing the difference in outcome between PDMP and 

comparison states in month ‘t’ was modeled using the following equation described by 

Penfold and Zhang 191. Yt = β0 + β1timet + β2PDMPt + β3time_aftert + εt.  

The variable “time” is an indicator of the linear time trend. β1 captures the overall 

secular trend of opioid utilization over the entire time period. PDMP is a dichotomous 

variable indicating the time periods when the program was in effect, which captures the 

interaction between the policy implementation and time. β2 represents the immediate 

impact of the policy on the level of the outcome (i.e., level change). The “time_after” 
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variable was coded 0 before the policy was implemented, then sequentially counted the 

months after implementation. β3 captures the continuing effect of the policy (i.e., trend 

change). 191 Finally, εt is a random unobserved error term containing all predictors of Yi 

that the model omits. To account for the correlated nature of time series observations 

within each state, we estimated an autoregressive model using proc autoreg and specified 

a generalized Durbin-Watson test for the presence of autocorrelation.191 Analyses were 

conducted using SAS 9.3 (SAS Institute, Cary, NC, USA). The University of Maryland 

Baltimore Institutional Review Board approved this study. 

4.4 Results 

Study Population: Our primary analysis included 310,105 unique beneficiaries 

(Appendix 1); of these, 195,300 (63%) resided in PDMP states. There were significant 

differences in demographic characteristics of beneficiaries residing in PDMP and non-

PDMP states. We captured baseline demographic characteristics using beneficiary 

enrollment information in the month prior to PDMP implementation. In the total sample, 

mean age was 71.5 years, 62.0% were female, 78.3% were White, and 15.4% were Black, 

almost a third was eligible for Medicaid (dual-eligible); 17.8% were eligible for Medicare 

due to disability and 37.0% received Part D through Medicare Advantage. The majority 

of beneficiaries received Part D benefits through FFS, 59.6% and 68.9% in PDMP and 

non-PDMP states, respectively.  

Trends in Outcomes: Levels of all outcomes were higher in PDMP states than 

control states during both pre- and post- implementation periods (Figures 2-7). However, 

absolute differences between PDMP and control states narrowed during the post-

implementation period (Table 1). Reductions in the total opioid volume were largely 
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influenced by decreased volume of CII opioids. Estimated pre-PDMP outcomes differed 

substantially by age group (Appendix 2) and plan type (Appendix 3). Although the 

absolute change was often greater in magnitude among disabled beneficiaries, the percent 

change was sometimes higher among older adults. For example, the pre-PDMP mean 

opioid volume dispensed was higher among the disabled (22.9kg/month) than in older 

adults (15.3kg/month) but represented a smaller percentage reduction (9.6%) compared to 

the elderly (13.7%) after PDMP implementation (Appendix 2).  
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Figure 2: Total opioid volume dispensed per month 

 

 

Figure 3: Mean daily morphine milligram equivalent dose per prescription 
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Figure 4: Total number of opioid prescription fills per month 

 

 

Figure 5: Schedule II opioid volume dispensed per month 
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Figure 6: Schedule III opioid volume dispensed per month 

 

 

Figure 7: Schedule IV and V opioid volume dispensed per month 
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Table 1: Overall mean monthly changes in outcomes during pre- and post-PDMP 

implementation periods (N=200 state-months) 

 Pre-

Implementation 

Post-

Implementation 

Pre- to Post- Change 

   Absolute 

change 

Percent 

change 

 

Monthly total opioid 

volume, mean (kg) 

PDMP states** 

Control states* 

 

 

 

38.0 

24.9 

 

 

 

33.8 

24.4 

 

 

 

-4.2 

-0.5 

 

 

 

-11.1 

-2.0 

 

Mean daily MME per 

Rx, (mg) 

PDMP states** 

Control states** 

 

 

 

57.6 

53.3 

 

 

 

52.2 

50.1 

 

 

 

-5.4 

-3.2 

 

 

 

-9.4 

-6.0 

 

Monthly total number 

of prescriptions, mean 

PDMP states 

Control states* 

 

 

 

31,946 

24,283 

 

 

 

31,689 

24,842 

 

 

 

-257 

559 

 

 

 

-0.8 

2.3 

 

CII Monthly total 

opioid volume, mean 

(kg) 

PDMP states** 

Control states** 

 

 

 

27.2 

16.2 

 

 

 

23.3 

15.6 

 

 

 

-3.9 

-0.6 

 

 

 

-14.3 

-3.7 

 

CIII Monthly total 

opioid volume, mean 

(kg) 

PDMP states** 

Control states** 

 

 

 

 

6.9 

5.4 

 

 

 

 

7.4 

6.1 

 

 

 

 

0.5 

0.7 

 

 

 

 

7.2 

13.0 

 

CIV, CV Monthly 

total opioid volume, 

mean (kg) 

PDMP states** 

Control states** 

 

 

 

 

3.9 

3.3 

 

 

 

 

3.1 

2.7 

 

 

 

 

-0.8 

-0.6 

 

 

 

 

-20.5 

-18.2 

* P ≤ 0.05; ** P ≤ 0.01 

The Wilcoxon Rank-Sum test was used to examine the difference in values of outcomes between 

the pre- and post-implementation periods within PDMP and non-PDMP states. P-values are based 

on two-sided t approximations.  
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Regression Analyses: Controlling for secular trends, our results indicate that 

PDMP implementation was associated with statistically significant reductions in the 

levels of the total opioid volume of 2.36 kg per month (95% CI =-3.44, -1.28) in PDMP 

states compared to non-PDMP states (Table 2). There was no significant evidence of 

changes after PDMP implementation for mean daily MME or monthly number of opioid 

prescriptions. The magnitude and direction of the policy effect on opioid utilization 

varied markedly when individual state pairs were analyzed (Appendix 4).  

Significant statistical tests for the interaction of eligibility and plan type with 

PDMP implementation supported interpreting the coefficients as different through 

stratified analysis (Table 2). The impact of PDMPs was concentrated in the disabled and 

in MAPD. PDMP implementation was associated with significant reductions in total 

opioid volume (-1.67kg/month, 95% CI=-2.38, -0.96) and mean daily MME (-

3.7mg/prescription, 95% CI=-6.22, -1.24), but increased opioid prescriptions (259/month, 

95% CI=39, 479) among disabled beneficiaries; there also was a significant increasing 

trend in the number of prescriptions dispensed each month. Twelve months after 

implementation, our results suggest significant reductions in total opioid volume (-

0.75kg/month, 95% CI=-1.32, -0.18) and dispensed prescriptions (-590, 95% CI=-1172, -

8) and no apparent changes in MME per prescription (-0.001, 95% CI=-0.65, 0.65) 

among older adults. Although reductions in total opioid volume were similar (-1.2 

kg/month) among beneficiaries in PDP and MAPD, significant reductions in MME and 

number of prescriptions were only observed in MAPD. There were no changes in MME 

(-0.68, 95% CI=-2.25, 0.89) and number of prescriptions dispensed (228, 95% CI=-219, 

675) associated with PDMPs in PDPs.   
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Table 2: Overall and stratified effect of PDMP implementation on monthly opioid 

utilization (N=200 state-months)a 
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Sensitivity Analyses 

In aggregate analyses of 14 PDMP states compared to 6 non-PDMP states, the 

direction and statistical significance of sensitivity results were consistent with findings in 

the primary analysis for all outcomes except mean daily MME per prescription. The 

magnitude of the effect size varied, indicating greater reductions and stronger levels of 

statistical significance in outcomes (Table 3). Significant reductions were observed for 

total opioid volume (-5.96 kg/month, 95% CI=-7.10, -4.82) and mean daily MME (-2.46 

mg/month, 95% CI=-3.17, -1.75).  

Lengthening the observation window yielded similar results to primary analysis of 

the aggregate data; however, the relative changes in outcome levels were generally 

attenuated. Unlike the primary analysis, findings from an 18-month window changed 

direction and showed significant change in level (-1.49 kg/month, 95% CI=-2.90, -0.08) 

and trend (-0.15 kg/month, 95% CI=-0.27, -0.03) for CIV and CV opioid volumes. 

Changes in trends were more likely to be significant with the 18-month window, with 

significant decreasing trends for all outcomes except total number of prescriptions 

observed (Table 3). A summary of findings from the primary and sensitivity analyses is 

provided in Appendix 5. 
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Table 3: Effect of PDMP implementation on monthly opioid utilization: sensitivity 

analyses 

  PDMP vs. non-PDMP Effect Estimate (95% CI) 

 

24 Months Total 

Observation 

36 Months Total 

Observation 

 

14 State Pairsa 9 State Pairsb 

Variable (N=280 state-months) (N=288 state-months) 

Total opioid volume, 

kg 

  Level -5.96 (-7.10, -4.82) -1.80 (-2.76, -0.84) 

Trend 0.23 (0.05, 0.41) -0.21 (-0.31, -0.11) 

Mean Daily MME per Prescription, mg 

 Level -2.46 (-3.17, -1.75) -2.84 (-6.86, 1.18) 

Trend -0.03 (-0.15, 0.09) -0.52 (-0.95, -0.09) 

Total Dispensed Opioid Prescriptions, n 

 Level 377 (-801, 1555) 312 (-352, 976) 

Trend 291 (169, 413) 34 (-23, 91) 

Schedule II, total opioid volume, kg 

 Level -5.22 (-7.04, -3.40) -1.10 (-1.90, -0.30) 

Trend 0.15 (-0.07, 0.37) -0.03 (-0.11, 0.05) 

Schedule III, total opioid volume, kg 

 Level -0.60 (-0.99, -0.21) -0.46 (-0.72, -0.21) 

Trend 0.05 (0.01, 0.09) -0.02 (-0.04, -0.00) 

Schedule IV & V, total opioid volume, kg 

 Level -0.10 (-0.98, 0.78) -1.49 (-2.90, -0.08) 

Trend 0.01 (-0.09, 0.11) -0.15 (-0.27, -0.03) 

a States defined as PDMP states=FL, NE, NJ, VT, LA, WA, IA, CT, OR, AZ, SC, AK, MN, KS 

versus non-PDMP states=GA, WI, MD, NH, AR, MO 
b States defined as PDMP states=NE, VT, LA , IA, CT, AZ, SC, MN, KS versus non-PDMP 

states=GA, WI, MD, NH, AR, MO 

All values represent pre-post differences between monthly averages between non-PDMP and 

PDMP in each outcome 
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4.5 Discussion  

This retrospective study is among the first to assess PDMP impact on opioid 

utilization in disabled and non-disabled older adult Medicare beneficiaries. Our primary 

analysis in 10 states found PDMP implementation was associated with statistically 

significant reductions in total opioid volume, but had no apparent effect on mean daily 

MME per prescription and number of prescriptions dispensed. The estimated total opioid 

volume decline of 2.4 kg/month, equivalent to approximately 480,000 5-mg tablets of 

hydrocodone bitartrate per month, in PDMP states is notable. Given no overall changes in 

opioid prescriptions filled, yet substantial reduction in total and CII opioid volumes, our 

findings suggest shifts in the quantity of days and/or choice of opioid prescribed. This 

finding reflects that opioid volume may be more sensitive to policy changes than the 

number of prescriptions dispensed.  

As a cumulative measure of MMEs dispensed, the opioid volume responds to 

multiple facets of a prescription event in accounting for drug strength, quantity, potency 

and days supplied. Because the difference in opioid volume was largely driven by 

significant reductions in CII opioid volume, the perception that PDMPs impacted 

prescribing behavior is plausible. In examining various metrics of population exposure to 

opioids, our study demonstrates each outcome measure may respond differently to PDMP 

implementation. Differences in opioid use measures and study populations also should be 

considered when comparing our findings with the other study, which found no 

association between PDMPs and opioid use among disabled Medicare beneficiaries.17 

Results from the stratified analyses demonstrated the presence of effect 

modification by eligibility and Part D plan type for most outcomes (Table 2). Disabled 
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beneficiaries experienced greater reductions in total opioid volume and daily MMEs than 

those eligible by age, suggesting differential impact of PDMPs on utilization by 

beneficiary type. While regression results indicated higher absolute declines in opioid 

volume among disabled beneficiaries than older adults, the relative proportional changes 

represented a smaller percentage reduction because pre-PDMP opioid volumes were 

greater among disabled beneficiaries compared to older adults (Appendix 2). The larger 

effect size of PDMP implementation on opioid utilization in MAPD compared to PDP is 

supported by studies that have found managed care better than FFS at delivering 

preventive services.173,192  

Underlying differences in beneficiaries enrolled in MAPDs versus PDPs also may 

explain differing effects associated with PDMP implementation. MA plans tend to attract 

healthier beneficiaries than FFS plans;193 therefore, it is plausible that demand for opioids 

is more elastic among MA beneficiaries compared to relatively less healthy FFS 

beneficiaries whose opioid utilization may be difficult to reduce without compromising 

adequate pain management. The subgroup analyses emphasize the importance of further 

research to examine other factors besides age and plan type on which effect modification 

may exist and to adjust for potential confounding, as we found prevailing differences on 

other variables between PDMP and non-PDMP states even after matching (Appendix 1). 

Our study found varied effects of PDMPs across individual states. For example, the 

estimated magnitude of reductions in opioid volume was substantial in Florida but 

minimal in Louisiana. By contrast, opposite patterns were observed in New Jersey and 

Vermont where the total opioid volume increased twelve months post-PDMP 

implementation. This variation is likely explained by marked differences among states’ 
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PDMP structure and management, and possibly population differences that were not 

controlled for in the propensity analyses. Wide geographic variation in intensity and 

trends of opioid use also may play an important role in the outcomes.19 The mixed effects 

of PDMPs on opioid prescribing mirror the inconsistent findings of previous studies, and 

suggest the differential impact of the policy across states. Nontrivial dissimilarities in 

how PDMPs are structured and contextual factors may influence the extent of the 

program’s impact on outcomes.117,120,194   

In sensitivity analyses, the inclusion of additional states that implemented PDMPs 

yielded similar results but greater magnitudes of monthly changes. Also, we observed 

statistically significant MME reductions of approximately 2.5mg/day in PDMP states 

during the first year post-implementation. However, using an 18-month window showed 

PDMPs were associated with no changes in mean MMEs and a statistically significant 

decreasing trend. The observed mean daily doses, ranging from 50-58 mg were notably 

lower than the 80-120 mg daily MME that experts maintain clinicians should not 

prescribe beyond195,196 but higher than the CDC guideline cautioning against dosages ≥50 

MME when prescribing opioids for chronic pain.197 Our results reflect state-level 

population averages and do not account for indications for opioid use; therefore, they 

should be interpreted with caution due to limited ability to characterize the legitimacy of 

prescribing or quality of pain management.  

Our study has limitations. First, state-to-state variability of the impact of PDMPs 

constrains the ability to obtain robust findings of the overall impact of the policy when 

using aggregate data from multiple PDMP states. Second, our findings reflect the average 

effect of PDMP policy in the overall sample and do not inform on potential differential 
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impacts of the policy across different levels of baseline opioid use and prescribing. Third, 

the small sample size precluded our ability to control for extensive covariates. We 

attempted to address this issue through stratified analysis by age and Medicare plan type 

– variables that represent important beneficiary characteristics. Fourth, we examined 

PDMP impact in the first 12-18 months after implementation through 2012; therefore, 

our findings may not reflect long-term PDMP impact on opioid prescribing. Future 

studies examining the effects of PDMP implementation in more recent years and the role 

of states’ increasing adoption of mandates and policies governing PDMP use are 

warranted.171 Fifth, the 5% Medicare sample is not stratified by state; therefore, our 

analytic sample may not be representative of each state analyzed. 

Sixth, our analysis did not account for PDMP utilization because all the programs 

were newly operated and PDMP registration and query data immediately after program 

operation are sparse. We recognize the extent of actual PDMP use in clinical practice can 

influence prescribing practices. Also, we cannot rule out the potential for confounding 

due to coinciding interventions, such as pill mill laws, medical marijuana laws, Medicaid 

lock-in programs, or involvement of medical associations, law enforcement or 

community-based initiatives in PDMP states that may impact opioid prescribing. Indeed, 

availability of medical marijuana is negatively associated with use of prescription drugs 

for pain in Medicare, adding to the evidence that multiple factors affect prescriber 

behavior.198 

Finally, our study cannot be used to make inferences about individual-level opioid 

utilization over time.191 Although decreasing the volume and dose of prescribed opioids 

in circulation is associated with reductions in opioid-related morbidity and mortality 
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45,142,169,199 we cannot decipher the benefits, harms, and unintended consequences of the 

policy effect from our findings. For example, we cannot discern if patients in need of 

opioids are not getting them, or if individuals who do not require pain management are, 

in fact, high opioid utilizers.  

4.6 Conclusions 

Across the examined states, PDMPs were associated with decreased opioid 

utilization among Medicare beneficiaries as indicated by significant declines in total and 

Schedule II opioid volumes. We found heterogeneous effects of PDMPs by reason for 

Medicare eligibility, Part D plan type, and across states.  
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5 ARE MORE COMPREHENSIVE PRESCRIPTION DRUG MONITORING 

PROGRAMS MORE INFLUENTIAL ON PRESCRIPTION OPIOID 

UTILIZATION IN MEDICARE PART D?  

5.1 Abstract  

Background: Prescription drug monitoring programs (PDMPs) are one of the strategies 

states use to reduce opioid abuse and diversion, yet little is known regarding the impact 

of these programs and their characteristics on opioid utilization among Medicare 

beneficiaries. 

Methods: We conducted retrospective analyses combining 2007-2012 Medicare claims 

for older adults and disabled beneficiaries with information on PDMP laws from the 

Prescription Drug Abuse Policy System across 50 states and the District of Columbia 

(n=306 state-years). We used generalized linear models to quantify the associations 

between state-level opioid utilization (any opioid use, opioid volume, and opioid 

prescriptions per 10,000 beneficiaries) and PDMP robustness accounting for 

sociodemographic characteristics and other state controlled substance laws. We defined 

PDMP robustness using a continuous (range: 0-14) or categorical score (no PDMP: 

score=0, low rigor: 0<score<median, high rigor: score ≥ median) of the number of 

regulatory mechanisms implemented. We calculated rates using the Part D sample or 

opioid utilizing beneficiaries as the denominator. 

Results: From 2007-2012, the number states operating PDMPs rose from 27 to 44, and 

the median PDMP score increased from 5 to 8. The prevalence of opioid use and 

kilogram opioid volume did not differ across levels of PDMP rigor. Beneficiaries in 

states with high PDMP scores had significantly lower opioid prescriptions dispensed 

compared to those in states without PDMPs (-330 [95% CI: -581 to -78]). However, the 

number of prescriptions among opioid users decreased in both states with low PDMP 
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rigor (-578 [95% CI: -1006 to -151]) or high rigor (-687 [95% CI: -1081 to -293]) relative 

to non-PDMP states. Analyses treating the PDMP score as a continuous variable yielded 

substantively similar results. 

Conclusions: We found no associations of PDMP comprehensiveness with both the 

prevalence of use and opioid volume dispensed among Medicare beneficiaries. However, 

programs that are more robust were associated with fewer prescription fills than states 

with weaker PDMPs.  
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5.2 Introduction 

In the United States, the quantity of prescriptions dispensed for opioid analgesics 

has risen in the past two decades across various patient populations,19 health care 

settings,46 and health insurance types.47 Coinciding with this expansion in opioid 

availability are increases in opioid-related harms, including non-medical use, abuse and 

dependency, poisoning, and mortality.1,3-7 National surveys of adolescents and adults 

estimate that the number of past-year initiates of non-medical use of opioids grew faster 

than new initiates of all illicit substances excluding marijuana.8 Prescription opioid-

related deaths currently surpass those related to heroin and cocaine use combined.7 

Adding to the public health toll is that for each opioid death, there are many more 

emergency department visits, hospitalizations, and treatment admissions for abuse and 

dependency.9  

Prescription drug monitoring programs (PDMPs) have emerged as a common 

policy response implemented by states to help curb prescription drug abuse, aberrant 

prescribing and diversion. PDMPs are state-run programs that collect data from 

pharmacies on the prescribing and dispensing of controlled substances and make those 

data accessible to health care providers and law enforcement officials. As of 2016, all 

states but one had implemented PDMPs. Although Missouri does not have a state-wide 

PDMP, Saint Louis city and county have enacted ordinances forming a regional 

prescription drug database covering 22% of Missouri residents.200 Concerns related to 

privacy and claims of limited evidence on the effectiveness of PDMPs have kept 

Missouri from enacting statewide PDMP legislation.201 



 

58 

 

Despite near universal adoption of PDMPs, the great expense of maintaining and 

enhancing PDMPs warrants questions about how well these programs work in achieving 

desired outcomes. Previous studies present mixed findings and suggest differential 

impacts of PDMPs on controlled substance prescribing, misuse, and overdose across 

states.17,56,152,171,202 The relationship between PDMPs, opioid use, and related outcomes 

remains unclear because prior research evaluated diverse study designs and outcomes, 

short time periods, few states, and/or had insufficient control for confounding.17,168,202 

Moreover, variability in how PDMPs are structured, implemented, and used influence the 

extent of the program’s impact on outcomes.117,120,194 As state-run programs, PDMPs also 

differ in design as a function of regional and state contextual factors, such as state 

resources appropriated to the program, the magnitude or severity of the state’s drug abuse 

problem, and funding sources. Statute specifications further contribute to the profile of 

each PDMP and differentiation across state programs.   

In evaluating PDMP impact across states, most studies assume PDMPs are 

homogenous by ignoring variation in program characteristics.14 Comparisons of PDMPs 

with and without certain characteristics have been made in the few studies that factored 

variability of PDMPs into research designs, and findings suggest that PDMP 

characteristics affect program effectiveness.15,172,203 For example, PDMPs with proactive 

or unsolicited reporting were associated with lower substance abuse treatment rates 

compared to reactive programs that only generate solicited reports in response to a 

specific query made by a prescriber or dispenser.56 Paulozzi et al. compared opioids sales 

and overdoses in New York and Pennsylvania, neighboring states that both had long-

standing PDMPs but differed in that New York’s program was better funded and used 
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serialized, tamper-proof prescription forms.165 The finding that per capita utilization of 

major opioids in New York was two-thirds that of Pennsylvania, and Pennsylvania’s drug 

overdose mortality was 1.6 times that of New York in 2006 prompts questions as to 

whether the differences between New York and Pennsylvania were attributed to 

regulatory environments including how PDMPs were managed.165  

Additionally, there is emerging evidence that PDMPs that require medical 

providers to register and use their PDMP are more effective compared to PDMPs based 

on voluntary participation.162 Notably, prescriber mandates in Kentucky, Tennessee, and 

New York, early adopters of the PDMP mandatory use requirement, were associated with 

declines in the prescribing of opioids.117 Subsequent to mandating PDMP use, Tennessee 

experienced a 7% drop in the number of opioid prescriptions and nearly 6% reduction in 

total morphine milligram equivalents (MMEs) dispensed, and total opioid prescriptions in 

New York fell by over 9%.116 While rigorous validation of these findings is needed, for 

example, by comparing them to outcomes in states without mandates and adjusting for 

co-interventions, they suggest the potential influence of PDMP mandates to impact 

opioid prescribing.204 

Studies incorporating PDMP characteristics into analyses have been limited in both 

the states and characteristics examined.120,152 Little is known about the extent to which 

the state profiles of PDMP characteristics influence opioid consumption or rates of opioid 

abuse and overdose at the national level. Hence, there is a need to consider the 

comprehensiveness of PDMP characteristics (e.g., functionality, data sharing, and 

prescriber and dispenser requirements) for the development of a richer evidence base on 

the impact of PDMPs. This study contributes a unique approach to capture statutory 
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variations in state PDMPs by estimating program robustness measured through select 

candidate PDMP best practices. The PDMP best practices were derived from an 

assessment of both peer-reviewed and non-peer-reviewed studies conducted by the 

PDMP TTAC at Brandeis University.130 Using opioid dispensing as a surrogate marker 

for consumption, this study examined the relationship between the robustness of PDMPs 

and opioid use in a national sample of Medicare beneficiaries. 

5.3 Methods 

5.3.1 Study sample 

We analyzed a 5% random sample of Medicare claims of disabled and older 

adults enrolled at any point from 2007-2012. Medicare claims included beneficiary 

summary files and Part D Prescription Drug Event (PDE) claims provided by the Chronic 

Conditions Data Warehouse (CCW).177 PDE claims represent all retail outpatient 

prescriptions dispensed to Part D beneficiaries included in the sample. We linked claims 

to the First Databank dictionary to obtain drug information.178 

5.3.2 PDMP Characteristics 

Legal analysis datasets from the Prescription Drug Abuse Policy System 

(PDAPS) were used to obtain state and year-specific information on PDMP 

characteristics. Funded by the National Institute on Drug Abuse to track key state laws 

related to prescription drug abuse, PDAPS is a source of legal data for researchers and 

provides detailed policy information.205 The PDMP datasets in PDAPS are comprised of 

three topics including PDMP administration, PDMP access and registration, and PDMP 

reporting and authorized use. PDMP administration laws specify the governing agency 

that collects and stores PDMP data, how the PDMP is funded and the programs’ 

responsibilities to act under the law.206 PDMP access and registration regulations specify 



 

61 

 

who may have access to patient PDMP records.207 PDMP reporting and authorized use 

rules govern who must report or check the PDMP database, what drugs are covered by 

the PDMP rules, and whether and with what entities PDMP data may be shared.208  

5.3.3 Exposure of Interest 

To estimate PDMP comprehensiveness we developed time-varying PDMP scores 

by using PDAPS to track each state’s PDMP statutory regulations or design mechanisms 

relating to a defined set of characteristics identified from candidate PDMP best practices.  

Variable selection was guided by literature review of research on PDMPs and the 

regulatory mechanisms that impact prescribing202 and evidence of PDMP best practices 

proposed by the Centers for Disease Control and Prevention (CDC)129 and the Brandeis 

PDMP TTAC.130  The final variable list (Table 4) contained 14 variables each 

dichotomized such that a value of one represented a state that had the specific regulation 

in place for at least eight months in a given calendar year. Appendix 6 and Appendix 7 

provide the correlation matrix for the 14 variables and the 2012 status of states on these 

characteristics, respectively. PDMP robustness was estimated by a score determined by 

summing the number of PDMP regulations in place for each state for an annual 

maximum possible score of 14 and minimum score of zero for states without an 

operational PDMP. 
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Table 4: List of variables used to calculate the PDMP score by state and year from 2007 

to 2012 
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5.3.4 Covariates 

Our analysis controlled for state-level beneficiary demographics in each year by 

including variables for the percent distribution of females, White race, disability status, 

enrollment in managed care, and Medicare-Medicaid dual eligibility. We adjusted for 

other state controlled substance laws including quantitative prescription limits, patient 

identification requirements, requirements with respect to physician examination or 

pharmacist verification, doctor-shopping restrictions, requirements related to tamper-

resistant prescription forms, and pain-clinic regulations.17 Also, we accounted for state 

medical marijuana laws, given their reported negative association with prescription 

opioid overdose deaths209 and significant effect on prescribing patterns in Part D.198 

5.3.5 Outcomes 

We analyzed three yearly measures of opioid utilization at the state level. These 

included: 1) the total opioid volume per 10,000 beneficiaries calculated using the 

cumulative MME dose, which provides standardization for opioid prescriptions by 

adjusting for differences in opioid potency, quantity, and strength of dispensed doses,179 

2) total number of opioid prescriptions per 10,000 beneficiaries dispensed commonly 

used as a proxy measure of drug availability and defined as all new and refill 

prescriptions dispensed over a particular period;22 and 3) prevalence of any opioid use 

among beneficiaries with Part D prescription drug coverage. We calculated rates of 

opioid volumes and prescriptions dispensed in two ways: using the overall count of Part 

D beneficiaries or the number of opioid utilizing beneficiaries as the denominator. 

5.3.6 Data Analysis 

We analyzed panel data representing 306 state-years from 50 states and the District 

of Columbia observed over six years. We developed separate generalized linear models 
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to determine the association between the PDMP score and each of our outcomes of 

interest. First, we fit unadjusted models followed by adjusted models including year fixed 

effects to ensure that the associations between the PDMP score and rates of opioid use 

were identified using only within-state variation over time. In addition to year fixed 

effects, we adjusted for geographic census divisions, year-to-year changes in beneficiary 

characteristics, and relevant state policies. To account for repeated measures within states 

over time, we used generalized estimating equations with a first-order autoregressive 

(AR-1) working covariance matrix.  

In separate regression models, the main independent variable was the PDMP score 

analyzed as a continuous or categorical variable. The coefficient of the continuous PDMP 

score variable represented the mean annual difference in the outcome associated with 

each unit increase in the value of the PDMP score. We explored the sensitivity of the 

estimates by categorizing the PDMP score into three levels: no PDMP (score = 0), low 

robustness (0<score<median), moderate/high robustness (score ≥ median) and examining 

the associations of opioid utilization rates in states with more robust PDMPs compared to 

states with no PDMPs. All analyses were conducted with SAS 9.3 (SAS Institute, Cary 

NC). This study protocol was reviewed and approved by the University of Maryland, 

Baltimore Institutional Review Board.  

5.4 Results 

PDMP score 

Of the 306 state-years examined in this study, 206 (67.3%) represented state-years 

with operational PDMPs. The number of states with operational PDMPs grew over time: 

2007 (n=27), 2008 (n=30), 2009 (n=33), 2010 (n=34), 2011 (n=38), and 2012 (n=44). 
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The mean and median PDMP scores across states with operational PDMPs also increased 

(Figure 8). From 2007 to 2012, the mean PDMP score rose from 5.1 to 7.4, whereas the 

median score increased from 5.0 to 8.0. The maximum PDMP score ranged from 8.0 in 

2007 to 12.0 in 2012. We found varied trajectories of state-specific changes in PDMP 

score over time as depicted in Figure 9. For example, in Rhode Island there were no 

amendments to program characteristics during our observation period and the PDMP 

score remained unchanged at 5. In contrast, Kansas operated a PDMP starting in 2011 

(score=10) and in 2012 added two regulatory mechanisms including the requirement for 

the PDMP to have an advisory or oversight board and permitting proactive identification 

of suspicious behavior raising the score to 12. 
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Figure 8: Box plots of the distribution of PDMP scores in states with operational 

programs indicate that on average PDMP comprehensiveness increased nationally from 

2007-2012a 

 

a The PDMP score is indicates the sum of PDMP best practices adopted by a state. The diamond    

represents the sample mean of the PDMP score across the number of states with operational 

programs denoted by n. 
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Figure 9: Trajectories of within-state variation in PDMP score estimates representing the 

comprehensiveness of PDMP characteristics among 50 states and the District of 

Columbia from 2007 to 2012a 

 

a Each point on the panel gives the PDMP score which indicates the sum of PDMP best practices 

adopted by a state for the period 2007-2012. We assigned zero for the PDMP score in years in 

where there was no operational PDMP in a state.   



 

68 

 

Unadjusted opioid utilization 

Figures 10-12 display unadjusted mean estimates and standard deviations for 

measures of opioid utilization during our study period. The rates of each measure 

increased initially peaking in 2009 or 2010 before declining. The opioid volume 

dispensed per 10,000 beneficiaries peaked in 2009 at 26.1kg before falling to 19.5kg in 

2012 (Figure 10).  The rate of opioid prescriptions dispensed per 10,000 beneficiaries 

peaked in 2010 at 22,577 and declined to 20,251 in 2012 (Figure 11). Over 1 in 3 

beneficiaries had any opioid use annually and there was little overall change in the 

prevalence of any opioid use (Figure 12). We observed wide standard deviations across 

the three outcomes in all years indicating the large degree to which individual states 

differ from the sample mean. 

Figure 10: Annual total opioid volume dispensed per 10,000 beneficiaries 
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Figure 11: Annual total number of prescriptions dispensed per 10,000 beneficiaries 

 

Figure 12: Annual prevalence of any opioid use among Medicare beneficiaries 

 

Regression Findings 

In regression models, we found large differences in the magnitude and statistical 

significance of estimates obtained in unadjusted compared to adjusted models (Table 5, 

Table 6). Modest changes to the effect size were observed when sociodemographic and 

state level covariates were included, suggesting those covariates capture residual 

confounding that remains even after adjusting for year effects and geographic regions. 

Our interpretation of results is therefore based on the fully adjusted models taking into 
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account region and year fixed effects, as well as covariates including sociodemographic 

characteristics and state laws.   

Among all Medicare beneficiaries enrolled in Part D we found that for every unit 

increase in PDMP score there was no difference in the total opioid volume dispensed (-

0.06 [95% CI: -0.13 to 0.01] kilograms per 10,000 beneficiaries; Table 5) or prevalence 

of any opioid use (-0.02 [95% CI: -0.06 to 0.02]). We found a statistically significant 

reduction of approximately 39 opioid prescriptions per 10,000 beneficiaries (-39 [95% 

CI: -67 to -11]) per incremental unit change in PDMP strength. There was no evidence of 

a difference in the opioid volume dispensed between states with low PDMP strength (-

0.40 [95% CI: -1.27 to 0.47] kilograms per 10,000 beneficiaries) or moderate/high PDMP 

strength (-0.49 [95% CI: -1.06 to 0.07] kilograms per 10,000 beneficiaries) and those 

with no PDMPs (Table 6).  

We found that states with the most comprehensive PDMPs had statistically lower 

opioid prescriptions dispensed relative to states without PDMPs (-330 [95% CI: -581 to -

78] per 10,000 beneficiaries). There were no differences in the prevalence of opioid use 

across different levels of PDMP robustness. Analyses of the impact of PDMP rigor 

among opioid utilizing beneficiaries supported the lack of association between program 

comprehensiveness and dispensed opioid volumes. As with the continuous PDMP score, 

we found significant decreased rates of opioid prescriptions filled among opioid utilizers 

in states with low PDMP rigor (-578 [95% CI: -1006 to -151] per 10,000 beneficiaries) 

and high PDMP rigor (-687 [95% CI: -1081 to -293] per 10,000 beneficiaries) relative to 

states with no PDMP. 
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Table 5: Estimates of the relationship between continuous PDMP score and opioid 

utilization among Medicare beneficiaries with Part D coverage 
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Table 6: Estimates of the relationship between categorical PDMP score and opioid 

utilization among Medicare beneficiaries with Part D coverage 
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5.5 Discussion 

Given near universal implementation of PDMPs across the U.S., understanding 

how variability of state programs influences targeted outcomes is increasingly 

imperative. While PDMPs are not a panacea to the opioid crisis, how they are structured 

and the robustness of their operation may predict their level of effectiveness on opioid 

prescribing practices and patterns of opioid utilization.  Previous research has 

investigated the impact of PDMPs on opioid consumption, and fatal and non-fatal 

overdoses, among other topics, compared to states without PDMPs and found mixed 

results.202 Remarkably, there is no literature that investigates the extent to which the 

overall robustness of PDMPs affects the prescribing and dispensing of opioids. Our study 

provides the first evidence on the impact of PDMP robustness on opioid availability by 

examining the effect of state alignment with candidate PDMP best practices on the use of 

opioids in the Medicare Part D program. 

Overall, we found that when states adopted more candidate PDMP best practices, 

the number of opioid prescriptions per capita declined, whereas the prevalence of opioid 

use and the total opioid volume remained unchanged. Apart from magnitude differences 

due to diluted rates in the larger sample, interpretations of our results were fundamentally 

consistent when we considered rates of opioids dispensed among all Part D beneficiaries 

and among opioid utilizing beneficiaries. These findings suggest increasing PDMP 

robustness does not necessarily reduce medical access to opioids by decreasing the 

proportion of opioid users and kilograms dispensed. Rather, PDMP robustness affects the 

number of prescriptions dispensed. These results demonstrate that the comprehensiveness 

of PDMPs may influence the ultimate effect of PDMPs on opioid prescribing and 

dispensing. As such, PDMPs should consider adopting a sufficient number of features 
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identified in candidate best practices in order to maximize their effectiveness. Future 

research that investigates what this threshold might be is warranted.    

Differences between our results and those of previous studies that found no 

associations between PDMPs and prescription opioid use may be explained by our 

consideration of PDMP heterogeneity, comprehensive adjustment for relevant co-

occurring interventions, and distinct study sample. Indeed, varied effect estimates also are 

plausible depending on specific states or regions and opioid use outcomes examined. 

Additionally, as PDMPs generally become more robust over time, studies based on data 

from earlier periods may provide different findings because the evolution of program 

characteristics can modify the ultimate effect of PDMPs. In addition, because this study 

is the first to examine the construct of PDMP robustness in relation to opioid prescribing 

it is difficult to compare our findings to existing literature. 

As a heavily-promoted strategy to address the opioid crisis, PDMPs are faced with 

great expectations to demonstrate evidence of effectiveness given the high annual 

operating costs, estimated to range from $125,000 to $1 million in 2009, necessary to 

maintain and enhance these programs.210 Our findings have policy, public health, and 

research significance for several aspects of the evolution of PDMPs and methods to 

evaluate their performance. The recent wave of state mandates governing the use of 

PDMPs and other controlled substance laws is likely to increase differentiation in state 

PDMP profiles and heterogeneity in how opioid prescribing and dispensing will be 

impacted across states.171 Federal actions such as the rescheduling of tramadol and 

hydrocodone-combination products, development of clinical guidelines for prescribing 

opioids for chronic pain control, and class-wide safety labeling changes further 
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emphasize the multi-faceted responses to prescription opioid abuse that can impact opioid 

prescribing patterns.43,91,211  

Ongoing assessments of both existing and new policies are important as PDMPs, 

clinical practice of pain management, and the drug abuse epidemic evolve over time. 

Future PDMP research should consider the heterogeneity inherent in PDMPs and account 

for this variability in study design and analyses. Further, adequate control for 

confounding is paramount for the conduct of robust analyses to the extent that state 

reforms to PDMP policies coincide with other reasons for changes in prescribing 

behavior. Of note, the availability of medical marijuana is negatively associated with the 

use of prescription drugs for pain in Medicare Part D, adding to the evidence that 

multiple stimuli affect prescriber behavior.17,198 

Our study has limitations. First, the ecological nature of this study limits direct 

inferences on our results’ clinical implications on the quality and adequacy of opioid pain 

management receipt among Medicare beneficiaries. Nonetheless, our findings provide 

some evidence of the inverse relationship between PDMP robustness and the quantity of 

opioids in circulation. This may be related to “the chilling effect” of PDMPs referring to 

the reluctance to prescribe or dispense controlled substances for fear of legal 

repurcussions.212 A chilling effect could compromise access to opioids for legitimate 

medical care and lead to increased prescribing of alternate medications (substitution 

effect) even if they are inferior in managing pain or have greater side effects.213 From a 

public health perspective, given the sheer volume of opioid prescribing in the U.S., 

changes in opioid prescribing in response to varying levels of PDMP robustness are 

likely to reflect a move toward more prudent prescribing of opioids among some 
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prescribers.171 Our study provides a framework that can be adapted as needed to expand 

the existing evidence base of PDMP literature. Natural extensions of our work are to 

investigate the impact of PDMP policies on clinical care in sub-populations, including 

age- and disease-specific cohorts, and high-risk behaviors associated with deleterious 

effects, including chronic high dose opioid use, concurrent opioid-benzodiazepine use, 

and multiple-provider episodes.91  

Other considerations are that substantial amendments to PDMP statutes have 

occurred since 2012, the end of our study period; thus our estimations of PDMP 

robustness may not reflect present day characteristics of the programs. For instance, in 

2012 only 3 states legally mandated prescribers to query the PDMP before prescribing 

controlled substances, whereas by 2015, more than 20 states had that requirement.204 

Nonetheless, this study introduces a time-varying approach for measuring PDMP 

robustness that can be applied to more recent data as it becomes available. Future 

research should investigate recent changes in PDMP policies to ascertain whether these 

adaptations improve PDMP effectiveness and offer intended benefits.  

Another limitation is that Medicare beneficiaries differ from the general U.S. 

population in terms of demographic and clinical features. Importantly, Medicare 

beneficiaries are predominantly female and White and often experience multiple 

comorbidities.214 Thus, our findings may not apply to other populations. Also, we 

recognize that the specific characteristics included in the PDMP score may not represent 

the totality of important PDMP dimensions that characterize their robustness. We 

assumed equal weight of each PDMP characteristic when calculating the PDMP score, an 

assumption that might be argued given emerging evidence suggesting the differential 
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importance of policies aimed at increasing PDMP utilization such as mandatory use and 

delegation of access authority.116,215  

We decided against a weighted approach because limited evidence exists to inform 

meaningful assignment of a weight to each characteristic. Further, although additional 

candidate PDMP best practices such as payment source, and PDMP integration with 

electronic health records could conceivably have been included, few variables have been 

measured or tracked among all states and across time. Thus, we limited the candidate best 

practices constituting PDMP robustness to characteristics on which high quality historic 

information on PDMP characteristics was available in the PDAPS. Moreover, we cannot 

rule out incongruence between actual PDMP operation and statute specifications outlined 

in PDMP law. Therefore, it is plausible that our measure of PDMP robustness could be 

over- or under-estimated in some circumstances. Finally, our approach does not allow 

isolation of individual characteristics essential for PDMP effectiveness. However, the 

PDMP score created in this study provides a parsimonious composite measure to estimate 

overall program robustness instead of the comparative effectiveness of specific 

characteristics designed to promote the reach and effectiveness of PDMPs. Again, we 

leave exploration of these important issues to future research. 

5.6 Conclusions  

In the discourse on PDMP effectiveness, one aspect often overlooked is the wide 

variation in program characteristics across states and time. It is unsurprising that the 

literature of PDMP outcomes and effectiveness portrays mixed evidence because policies 

governing PDMP operation and use and contextual factors relevant to each state or 

population of interest influence the ultimate effect of PDMPs. For both the overall sample 
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and among opioid utilizing beneficiaries, our analysis of outpatient use of prescription 

opioids among disabled and older adults in Medicare indicated no associations of PDMP 

rigor with the prevalence of opioid use and total volume dispensed.  

We demonstrated that, compared to states with weaker PDMPs, programs with 

higher robustness had relatively larger and stronger associated reductions in the number 

of prescriptions dispensed relative to states with no PDMP. As PDMP policymaking has 

shifted from implementation to enhancement, each state should seek to identify its own 

critical mass of PDMP features needed to maximize the benefits of the PDMP given 

state-specific budgetary constraints, contextual factors, and other controlled substance 

laws that may be in place. Finally, as interest in evaluating PDMP effectiveness 

intensifies, due attention should be given to the heterogeneity of PDMPs across states and 

time in order to develop a more rigorous evidence base.   
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6 PRESCRIPTION DRUG MONITORING PROGRAM RIGOR HAS LIMITED 

IMPACT ON MEASURES OF OPIOID UTILIZATION AMONG MEDICARE 

BENEFICIARIES 

6.1 Abstract 

Background: State prescription drug monitoring programs (PDMPs) are promising 

interventions to facilitate appropriate prescribing of controlled prescription drugs and 

reduce diversion. There has been much discussion and effort to strengthen PDMPs 

through the adoption of best practices; however, the effect of overall PDMP rigor (e.g. 

total number of best practices adopted) on prescription opioid utilization is unclear. 

Methods: This retrospective analysis of Medicare beneficiaries diagnosed with non-

cancer pain-related conditions (NCPCs) used administrative claims combined with data 

on PDMP laws from the Prescription Drug Abuse Policy System for 2007-2012 (1.5 

million person-years). We used generalized linear, negative binomial, and modified 

Poisson models to quantify the associations between beneficiary-level opioid utilization 

(opioid volume, number of prescriptions, days supplied, daily morphine equivalents, high 

daily dose ≥120mg) and a PDMP composite score, with adjustment for beneficiary 

characteristics, state laws, and time. We defined the PDMP score using the number of 

best practices adopted by a state (range: 0-14), classifying states according to the median 

score (“high PDMP rigor” and “low PDMP rigor”). We used contrast statements to test 

the difference between low and high scored PDMPs.  

Results: From 2007-2012, the median scores of the PDMP composite increased from 5 to 

8, suggesting increased rigor in PDMP programs. The PDMP composite score was 

associated with decreased cumulative yearly opioid doses, lower daily opioid doses, 

lower day’s opioid supply, and higher prevalence of high dose prescriptions when 
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compared to states with no PDMP. Furthermore, in general, there was no significant 

evidence of a difference in these estimated associations between states with low and high 

scoring PDMPs. There was little to no impact of PDMPs on opioid utilization among 

older adults, however, there were significant and greater reductions among disabled 

adults.  

Conclusion: We found no evidence that opioid utilization patterns differed between 

states with low and high PDMP composite scores compared to non-PDMP states. These 

findings suggest a threshold of PDMP rigor may exist beyond which adoption of 

additional PDMP best practices yields diminishing returns. Further research is needed to 

elucidate the combinations of PDMP characteristics that add value, in contrast to adding 

operating cost and effort with little return. 
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6.2 Introduction 

Prescription opioid analgesics are important in the treatment of moderate to severe 

pain. In the United States, dramatic increases in opioid sales and parallel epidemics of 

opioid abuse and overdose have led to intensified federal and state efforts to constrain 

their illegitimate use. Prescription drug monitoring programs (PDMPs) are one of the 

cornerstones of the policy response to curtail diversion and inappropriate prescribing.111 

PDMPs collect, analyze, and report information on practitioner and patient prescription 

behaviors to assist health care and law enforcement officials in reducing aberrant 

prescribing and drug abuse.115 

There is currently near-universal implementation of PDMPs in all states and in the 

District of Columbia, but in Missouri the program is limited to Saint Louis jurisdictions. 

How PDMPs are structured and operated varies substantially across states. A 2014 

Congressional Research Services (CRS) report described shortcomings of prior studies of 

PDMP effectiveness that overlooked differences among PDMPs and over time.210 Indeed, 

with evolving public health challenges, improved availability of newer technology, 

widening stakeholder needs, and growing research on PDMP effectiveness, it is 

inevitable that PDMPs would change over time as demonstrated by the ongoing spread of 

state mandates and policies governing their use.14,210  

The PDMP best practices published in 2012 by Brandeis University’s PDMP 

Training and Technical Assistance Center (TTAC) represent promising practices likely to 

facilitate maximum PDMP effectiveness and serve as a foundation for many recent 

PDMP enhancements.130 The TTAC report used literature, consensus statements of expert 

opinion, and accumulated experiences among states to derive thirty-five best practices 
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encompassing multidimensional aspects of PDMPs. These practices can be categorized 

as: (1) data collection and data quality, (2) data linking and analysis, (3) user access and 

report dissemination, (4) PDMP recruitment, utilization, and education, (5) inter-

organizational best practices for PDMPs, (6) evaluation of PDMPs, and (7) funding 

PDMPs.130  

The growing number of states adopting best practices contributes to a shift in state 

PDMP profiles. For example, in 2012, 12 PDMPs authorized data access for delegates 

(non-physician licensed health providers) compared to 47 in 2016. In 2012, 14 PDMPs 

engaged in data sharing with at least one other state compared to 42 in 2016, with the 

remaining states considering or in the process of establishing interstate data sharing 

arrangements.216 The 2016 TTAC assessment of PDMPs concluded that PDMPs are 

becoming more homogeneous with respect to selected PDMP best practices because 

successful enhancements to one PDMP often lead to similar enhancements in other 

PDMPs.216 Thus, it is imperative for PDMP evaluations to consider that PDMPs are not 

static and to account for these variations.14  

With few exceptions,15,16,120,165 PDMP studies have relied on measuring PDMP 

implementation as a ‘yes vs no’ independent variable despite the fact that PDMPs are 

nearly universal in the United States. Studies that heed the comprehensiveness or overall 

rigor of PDMPs (e.g., functionality, data sharing, physician, and dispenser regulations) 

are needed to enhance evidence on the impact of PDMPs. Although a growing literature 

on PDMPs exists,12,15,16,144,152,168,170,171,202,217 only recently has research started to examine 

the role of program characteristics and differences in evaluations of PDMP 

effectiveness.15,16 One study found states whose PDMPs had robust characteristics, 
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including monitoring four or more drug schedules and updating data at least weekly, had 

greater reductions in fatal prescription-opioid overdoses compared to PDMPs without 

such characteristics.16 Another study, which measured PDMP rigor through a composite 

score of several regulatory mechanisms, found states with more robust PDMPs had fewer 

opioid overdose deaths than states with weaker programs.15 Our study adds to the 

literature by considering different outcomes, more PDMP characteristics and adjustment 

for co-interventions (e.g. pain clinic laws, pharmacist regulations, and medical marijuana 

laws), which is more comprehensive. 

While there is wide support for the establishment and enhancement of PDMPs, 

stakeholder concerns persist about public health and public safety uses of PDMP data 

with regard to maintaining access to opioids for patients with legitimate medical needs.210 

Assuring adequate patient access to opioids in the face of rising oversight and strict 

enforcement over opioid prescribing is especially contentious because expanded opioid 

use to manage chronic non-cancer pain conditions (NCPCs) is regarded as a key driving 

factor in the opioid epidemic.85-87 Beside studies of the impact of New York’s triplicate 

prescription program on benzodiazepine use in Medicaid patients with chronic 

psychiatric and neurologic disorders in the 1990s,154 no published studies have explored 

the impact of PDMP rigor across states and time on patterns of controlled substance 

consumption in vulnerable subpopulations. 

Our study sought to assess the impact of a PDMP composite score, which summed 

the total number of best practices adopted by a given state, on opioid utilization among 

Medicare-insured disabled and older adults with NCPC diagnoses. We aimed to (1) 

estimate the effect of PDMP rigor on opioid use in cohorts of non-elderly disabled adults 
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and older adults with NCPC, (2) compare the impact of PDMP rigor on opioid use in the 

NCPC cohort against the general Medicare population, and (3) identify specific PDMP 

characteristics associated with opioid use.   

6.3 Methods 

6.3.1 Study Population 

This study used 2007-2012 claims from a 5% random sample of Medicare 

beneficiaries.177 We included disabled (under age 65) and older adult (≥65 years) 

beneficiaries from 50 states and the District of Columbia enrolled in fee-for-service 

Medicare Parts A, B, and D (inpatient, outpatient, and prescription benefits) for at least 

10 months annually. We aimed to examine opioid use outside end of life pain 

management and excluded beneficiaries who resided in nursing homes, received hospice 

care, had cancer or HIV/AIDS diagnoses or end-stage renal disease.  

To assess the impact of PDMP rigor on opioid use among beneficiaries with 

NCPCs, we created cohorts identified by the presence of at least one inpatient or 

outpatient claim containing an International Classification of Diseases, Ninth Revision 

(ICD-9-CM) code for arthritis/joint pain, back pain, migraine/headache, and neck pain in 

a calendar year. Although we could not verify that opioids were prescribed for these 

diagnoses or that the conditions were chronic, these ICD-9-CM codes (Appendix 8) have 

been used previously to capture NCPC whose chronic forms are the most likely reason 

for long-term opioid use in the general medical population.47  

6.3.2 Outcomes 

We report five measures of opioid use at the beneficiary level per calendar year: 

1) mean daily morphine milligram equivalent (MME) dose per prescription,179 which 
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standardizes opioid prescriptions by adjusting for differences in opioid potency, quantity, 

and strength of dispensed doses; 2) cumulative opioid dose; 3) number of opioid 

prescriptions dispensed, commonly used as a proxy measure of drug availability and 

defined as all new and refill prescriptions dispensed over a particular period,22 4) days 

supply of opioids dispensed, and 5) high daily dose (≥120MME) opioid use, which is 

associated with opioid overdose. 

6.3.3 PDMP Composite Score 

We created a composite score variable to estimate PDMP rigor. Composite 

indices have been developed to handle highly correlated area-level socioeconomic 

characteristics in cancer studies218-220 and to evaluate public health interventions.15,221 We 

used the Prescription Drug Abuse Policy System (PDAPS), which maintains longitudinal 

research data on state laws, to create a score estimating PDMP rigor for each state from 

2007-2012.  

We used five steps to guide variable selection. First, we removed items that are 

linear combinations of other variables. Second, we examined the distribution of 

observations and excluded variables with little or no variability. We deemed sufficient 

variability present where the smallest category had no less than 10% of observations for 

dichotomous variables.  Third, we removed redundant variables as indicated by perfect 

correlations. Next, PDMP best practices were considered in determining theoretically 

relevant variables to retain.130  

Appendix 9 displays 13 program characteristics/practices included and the point 

allocation rules applied to develop the PDMP composite score. We added an indicator for 

PDMP status so operational programs would have a minimum score of one if none of the 
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selected characteristics were adopted. We dichotomized each characteristic, and allocated 

a value of one to each state that had the practice in place for at least eight months in a 

given calendar year. We assigned equal weighting because empirical evaluations of the 

relative importance of several characteristics are lacking. We calculated PDMP scores by 

summing the number of PDMP regulations in place for each state with an annual 

maximum possible score of 14 and minimum score of 0 for non-PDMP states. A PDMP 

composite score has been used to assess prescription opioid overdose deaths in another 

study;15 thus we employed the approach in our study.  

6.3.4 Covariates 

Our models controlled for beneficiary sociodemographic characteristics 

(disability status, sex, race, any receipt of Part D low-income subsidy, and Medicare-

Medicaid dual enrollment); behavioral-health diagnoses (depression and serious mental 

illness); and specific pain-related conditions (arthritis/joint pain, back pain, neck pain, 

migraine/headache). We adjusted for the year-specific state controlled substance laws 

including quantitative prescription limits, patient identification requirements, 

requirements with respect to physician examination or pharmacist verification, doctor-

shopping restrictions, requirements related to tamper-resistant prescription forms, and 

pain-clinic regulations.17 We adjusted for the time when medical marijuana laws (MMLs) 

were enacted, given their reported negative association with prescription opioid overdose 

deaths209 and significant effect on opioid prescribing patterns in Medicare.198 We 

obtained state estimates of past-year nonmedical use of pain-relievers among adults (18+ 

years) from the 2005-2006 National Survey on Drug Use and Health, which we 

dichotomized as below or above the national average, to control for the baseline 

prevalence of opioid misuse as it may vary across states.222 We did not adjust for non-
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medical use during the study period because of the plausibility that this predictor is in the 

causal pathway between PDMP rigor and opioid prescribing. 

6.3.5 Statistical Analysis 

We modeled the PDMP score as a three-tier categorical variable: no PDMP (score 

= 0), low rigor (0<score<median), high rigor (score ≥ median). We applied generalized 

linear models to estimate whether cumulative opioid doses, opioid daily doses, and days 

supplied differed at varying levels of the PDMP score. We controlled for time fixed 

effects, geographic region, beneficiary characteristics, and state-level covariates. All 

models used robust standard errors to adjust for within-state clustering. We used SAS 

Proc Genmod and estimated separate regression models for each of the five outcomes.  

We modeled the count of opioid prescriptions using negative binomial regression 

to account for over-dispersion and report results as rate ratios (RRs), whereby opioid 

prescription fill rates in states without PDMPs are the reference. We calculated the 

probability of opioid receipt and found the rare event rate assumption of logistic 

regression was violated.223 Therefore, we used a modified Poisson regression approach to 

estimate prevalence ratios224 (PRs) for prescriptions involving a high daily dose, a binary 

outcome. Except for the RR and PR where coefficients less than 1 indicate reductions, a 

negative coefficient indicates a decrease relative to non-PDMP states. 

We conducted two secondary analyses. First, we analyzed the general Medicare 

sample to compare the strength of the associations against results from the primary 

analyses of the NCPC cohort. Second, we replaced the PDMP score variable in 

regressions with indicators for PDMP characteristics to elucidate specific PDMP 

attributes significantly associated with opioid use. We report the latter results at a 
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statistical significance of p<0.001 to account for the false positive rate associated with 

multiple testing. In all other analyses, we present confidence intervals using two-tailed 

tests and a 0.05 significance level. The University of Maryland, Baltimore Institutional 

Review Board approved this study. 

6.4 Results 

Descriptive Statistics: Our sample contained 707,124 unique beneficiaries (1.5 

million person-years) with ≥1 NCPC diagnoses (Table 7). Beneficiaries with NCPC had a 

mean age of 69 years, were predominantly female (71.4%), and mostly White (82.6%). 

Eighty percent of disabled beneficiaries also had Medicaid, and only 26.2% of older 

adults were dually-enrolled. On average, 56.6% of Medicare beneficiaries with NCPC 

filled one or more opioid prescriptions yearly. Receipt of opioids was more prevalent 

among disabled beneficiaries than older adults (72.9% vs. 50.8%). Disabled adults had 

double the average number of opioid prescriptions (10.4 vs. 5.3) and days’ supply (218 

days vs. 103 days) yearly compared to older adults. Older adults had a mean daily dose of 

43mg and disabled adults had an average daily dose of 52mg. The various measures of 

opioid utilization studied generally peaked in 2010 (Table 8). 

States operating PDMPs increased from 27 (2007) to 44 (2012) and median PDMP 

scores increased from 5.0 to 8.0. The maximum PDMP score was 9 (California, Indiana, 

North Dakota) in 2007 and 13 (Kansas) in 2012. There were no apparent systematic 

trends for opioid use across beneficiaries with NCPC exposed to different levels of the 

PDMP score (Table 8). 
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Table 7: Characteristics of the sample and prescription opioid use, 2007-2012 

 

 

  

Cohort with non-cancer pain conditions 

(NCPC) 

 

Full 

Sample 

(N= 

4,548,177 

person-yr) 

Subsample 

(N= 

1,528,414 

person-yr) 

Age < 65 

(N=403,44

3 person-

yr) 

Age ≥ 65 

(N=1,124,971 

person-yr) 

Age, years (%) 

    Mean ± standard deviation 75.9 ± 7.5 69.3 ± 14.3 49.8 ± 10.0 76.3 ± 7.6 

< 65 23.2 26.4     100.0 0.0 

≥ 65 76.8 73.6 0.0       100.0 

Female (%) 62.9 71.4       59.4         75.7 

Race (%) 

    White 82.0 82.6 73.3         85.9 

Black        10.6 11.3 19.9           8.1 

Other 7.4 6.2  6.8           6.0 

Medicare Part D low-income 

subsidy (%) 6.8 6.8  9.2 5.9 

Medicaid enrollment (%)       36.2         40.3 79.5         26.2 

Pain-related diagnoses a (%)       53.9       100.0      100.0       100.0 

Arthritis/joint pain       28.8         85.7 78.5         88.3 

Back pain       11.5         34.1 44.3         30.5 

Neck pain         3.7         11.0 16.2 9.2 

Migraine/headache 1.0 2.9   7.4 1.3 

Fibromyalgia 2.0 6.1 10.5 4.5 

Chronic pain 1.7 4.9 11.0 2.7 

Other diagnoses (%) 

    Depression 6.3 13.0 24.4 8.9 

Serious mental illness 3.4 5.1 14.4 1.8 

State covariates (%) 

    PDMP score mean (median) 4.5 (5.0) 4.6 (5.0) 4.7 (5.0) 4.5 (5.0) 

No PDMP (PDMP score = 0) 25.3 24.5 25.2 22.7 

Low Rigor (PDMP score < 

median) 50.4 51.4 50.7 53.1 

High Rigor (PDMP score ≥ 

median) 24.3 24.1 24.1 24.2 

Medical marijuana law 22.0 20.8 20.9 20.8 

Pain clinic regulation 8.3 8.1 7.9 8.2 

Prescription limit 97.9 97.8 97.8 97.8 

Physician examination 76.4 75.6 75.0 75.7 

Tamper-resistant prescription 50.1 47.7 47.1 47.8 

Patient identification 41.5 41.5 42.0 41.3 
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Table 7 continued 

     

   

Cohort with non-cancer pain conditions 

(NCPC) 

 

Full 

Sample 

(N= 

4,548,177 

person-yr) 

Subsample 

(N= 

1,528,414 

person-yr) 

Age < 65 

(N=403,44

3 person-

yr) 

Age ≥ 65 

(N=1,124,971 

person-yr) 

Pharmacist verification 39.1 39.8 39.3 40.0 

Doctor-shopping restriction 28.1 27.3 28.1 27.1 

    Baseline past-year non-medical 

use above national average 52.8 53.3 56.4 52.2 

Opioid measures     

Filled ≥1 opioid prescription (%) 35.3 56.6 72.9 50.8 

Among those receiving opioids 

1,605,278 

person-yr 

860,071 

person-yr 

289,601 

person-yr 

570,470 

person-yr 

Cumulative yearly opioid dose 

(mg) 

    

Mean (SD) 

7,545 ± 

20,176 

8,287 ± 

23,949 

15,520 ± 

35,858 

4,565 ± 

12,900 

Median 1350 1,350 3,750 900 

Number of prescriptions received 

yearly 

    Mean (SD) 6.8 ± 7.4 7.0 ± 7.8 10.4 ± 9.7 5.3 ± 5.9 

Median 4 4 8 3 

Daily MME dose per prescription 

    

Mean (SD) 

45.7 ± 

46.3 46.2 ± 47.2 52.0 ± 62.0 43.2 ± 36.9 

Median 33.3 33.3 36.7 32.1 

Daily dose ≥ 90 MME (%) 10.8 10.4 11.8 9.7 

Daily dose ≥ 120 MME (%) 5.4 5.2 7.0 4.2 

Days supply of opioids per year 

    Mean (SD) 137 ± 176 143 ± 189 218 ± 232 103 ± 149 

Median 45 46 141 30 

1-30 days 82.3% 44.3% 31.0% 51.0% 

31-90 days 5.1% 16.2% 13.6% 17.5% 

91-180 days 3.4% 10.6% 10.4% 10.6% 

181+ days 9.2% 29.0% 45.0% 20.9% 

a Identified from the presence of one or more non-cancer pain diagnoses, including arthritis, back 

pain, neck pain, migraine, fibromyalgia, chronic pain, recorded in inpatient and/or outpatient 

claims 
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Table 8: Opioid use among Medicare beneficiaries with non-cancer pain conditions 

(NCPCs) 

  

  2007 2008 2009 2010 2011 2012 

% Change  

'07-'12 

Filled ≥1 opioid prescription (%) 

Overall 56.4 56.7 56.9 57.6 56.5 54.9 -2.7 

No PDMP 55.2 55.5 56.1 57.3 56.7 57.4 4.1 

Low rigor 57.6 57.8 57.8 57.4 56.2 53.5 -7.0 

High rigor 56.3 56.4 56.6 59.3 57.6 55.8 -0.9 

Among those receiving opioids 

Cumulative yearly opioid dose (mg) 

Overall 7405 7904 8409 8370 7002 6373 -13.9 

No PDMP 7200 7762 8458 8680 6986 6270 -12.9 

Low rigor 7503 7934 8378 8169 6951 6239 -16.8 

High rigor 7608 8153 8439 8522 7105 6499 -14.6 

Number of prescriptions received 

Overall 6.8 7.0 7.0 7.0 6.7 6.4 -5.9 

No PDMP 6.6 6.9 6.9 7.0 6.8 6.6 -0.2 

Low rigor 6.9 7.1 7.1 7.1 6.7 6.2 -11.0 

High rigor 6.7 6.8 6.9 7.0 6.8 6.6 -2.4 

Daily MME dose per prescription (mg) 

Overall 51.7 49.7 50.2 47.6 38.8 38.7 -25.1 

No PDMP 52.7 51 51.8 49.6 39.8 38.8 -26.4 

Low rigor 51.6 49.4 49.9 46.7 38.4 38.6 -25.2 

High rigor 48.4 47.4 48.7 47.3 38.8 38.8 -19.8 

Days supply of opioids per year 

Overall 128 137 141 143 138 133 3.9 

No PDMP 121 129 134 140 134 132 9.1 

Low rigor 133 141 145 145 139 129 -3.0 

High rigor 130 138 138 138 140 137 5.7 

Daily dose ≥ 120 MME (%) 

Overall 7.3 6.7 6.6 5.4 3.0 2.8 -61.5 

No PDMP 7.4 6.9 7.0 5.9 3.1 2.5 -66.3 

Low rigor 7.3 6.7 6.4 5.1 2.9 2.8 -61.0 

High rigor 6.7 6.4 6.6 5.3 3.0 2.9 -57.1 
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Regression Findings: The PDMP composite score was associated with decreased 

cumulative yearly opioid doses received by beneficiaries with NCPC compared to their 

counterparts in states without PDMPs (Table 9). There was no significant evidence of a 

difference in cumulative doses between low and high scoring PDMPs for disabled 

(p=0.94) and older adults (p=0.10). The overlapping confidence intervals support that 

there is no difference between states with low PDMP scores compared to states with high 

PDMP scores: high PDMP scores (-296mg, 95% CI: -512, -80) and low PDMP scores (-

340mg, 95% CI: -548, -132). The association between the PDMP composite score and 

cumulative opioid dose was significant and stronger among disabled beneficiaries (high 

PDMP scores vs. no PDMP [-967mg, 95% CI: -1451, -483]); however, there was no 

evidence of an association between PDMP scores and cumulative opioid doses in older 

adults (high PDMP scores vs. no PDMP [-77mg, 95% CI: -213, 59]). 

Our results (Table 9) showed no evidence of an association between the PDMP 

composite score and opioid prescription fill rates among older adults (high PDMP scores 

vs. no PDMP: RR=1.00, 95% CI: 0.98, 1.00). However, the score was associated with 

significantly lower rates of prescription fills among disabled beneficiaries (high PDMP 

scores vs. no PDMP: RR=0.97, 95% CI: 0.95, 0.98). There was no significant evidence of 

a difference in rates of opioid prescription fills between low and high scoring PDMPs 

among disabled (p=0.44) and older adults (p=0.12). 
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Table 9: Effect estimates of PDMP rigor on opioid utilization among Medicare 

beneficiaries with non-cancer pain conditions (NCPCs)  

 

 

 

*P<0.05 ** P<0.01 ***P<0.001 
a Prevalence/rate ratio where significant estimates do not include 1 in the 95% confidence interval 
b Significant estimates exclude zero in the 95% confidence interval         
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The PDMP score was associated with decreased average daily doses, with 

estimated reductions nearly double in magnitude among disabled beneficiaries (high 

PDMP scores vs. no PDMP: -2.31mg, 95% CI: -3.14, -1.48) compared to older adults 

(high PDMP scores vs. no PDMP: -1.23mg, 95% CI: -1.57, -0.89) (Table 9). There was 

no evidence of significant differences in daily doses between low and high scoring 

PDMPs for both disabled (p=0.27) and older (p=0.62) adults compared to states without a 

PDMP. 

Medicare beneficiaries in states with high PDMP score were associated with 

approximately four fewer days of opioid supply yearly (-3.92mg, 95% CI: -5.67, -2.18) 

compared to beneficiaries in non-PDMP states (Table 9). The estimated yearly days 

supply decreased 8 days among disabled beneficiaries (-7.84 days, 95% CI: -10.6, -5.04). 

In contrast, there was little (high PDMP rigor vs. no PDMP [-1.85 days, 95% CI: -3.69, -

0.01]) to no change (low PDMP rigor vs. no PDMP [-1.50 days, 95% CI: -3.17, 0.16]) in 

opioid days supply among older adults. Furthermore, contrast testing did not show 

significant differences between low and high scoring PDMPs among disabled (p=0.20) 

and older adults (p=0.61). We found that PDMP scores did not significantly affect the 

prevalence of high dose opioid prescribing in older adults. A significant positive 

association between high PDMP rigor and high dose prescribing among disabled 

beneficiaries contributed to the increase in the overall NCPC cohort. Results from the 

general Medicare sample (Table 10) were largely consistent with those obtained from 

analyses of the restricted cohort of beneficiaries with NCPC diagnoses. 
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Table 10: Effect estimates of PDMP rigor on opioid utilization among Medicare 

beneficiaries  

 

 

 

*P<0.05 ** P<0.01 ***P<0.001 
a Prevalence/rate ratio where significant estimates do not include 1 in the 95% confidence interval 
b Significant estimates exclude zero in the 95% confidence interval         
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Several beneficiary and state covariates were significantly associated with opioid 

use (Appendix 10). The changes in daily dose among beneficiaries with arthritis/joint 

pain, back pain, or neck pain were below 1mg. Conversely, the daily opioid dose 

increased nearly 8mg among beneficiaries with “chronic pain” diagnoses. Although the 

prevalence of high dose prescribing was higher than non-PDMP states for other NCPC 

diagnoses, the presence of chronic pain was associated with lower probability of daily 

doses ≥120mg (PR=0.53, 95% CI: 0.51, 0.55). States with medical marijuana, physician 

examination, tamper-resistant prescriptions, patient identification, and doctor shopping 

restrictions had lower prevalence of high dose opioid prescribing compared to states 

without such laws. Implementation of MMLs was negatively associated with the 

proportion of beneficiaries with NCPC with ≥1 opioid prescription fills (data not shown 

but available upon request) and high-dose prescribing (PR=0.91, 95% CI: 0.87, 0.95).  

In regression models including individual PDMP characteristics we found the list 

of significant characteristics varied depending on the specific opioid outcome (Table 11). 

We highlight all strongly significant (P<0.001) associations. States with PDMPs that 

allowed delegate access of PDMP data were associated with significant reductions in 

cumulative doses (-431mg, 95% CI: -714, -148) and fewer days with opioid supply (-

4.50days, 95% CI: -7.06, -1.94) compared to states that disallowed such access. Proactive 

PDMPs and those with designated funding sources were associated with opioid daily 

doses approximately 1mg higher relative to comparator states. However, the prevalence 

of prescriptions greater than 120mg was lower among proactive and funded PDMPs than 

other states. PDMPs that allowed in-state law enforcement to access PDMP data or had a 

shorter data collection interval were associated higher rates of daily doses ≥120mg.  
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Table 11: Association of individual PDMP characteristics on measures of opioid use 

among beneficiaries with non-cancer pain conditions (NCPCs)  
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State mandates for prescribers to check PDMP data were associated with lower 

daily doses (-2.09mg, 95% CI: -3.00, -1.18). States whose PDMPs permitted data sharing 

with Medicaid or Medicare were associated with increased opioid prescription fill rates 

(RR=1.02, 95% CI: 1.01, 1.04). Law enforcement access to PDMP data and requirement 

of PDMP oversight were associated with 3.5mg and 0.7mg, respectively, decreased 

opioid daily doses. States with laws calling for PDMP evaluation were associated with 

increased opioid daily doses (1.36mg, 95% CI: 0.89, 1.82) compared to states without 

such requirement. 

6.5 Discussion 

Our study provided evidence that the rigor of PDMPs improved nationally from 

2007-2012 as the number of operational programs proliferated and states implemented 

more stringent program features, including shortened data collection intervals, mandates 

for PDMP registration and use, and monitoring of more drug schedules.16 Three findings 

stood out in our analyses: 1) states with low or high PDMP rigor composite scores 

experienced similar impacts on opioid utilization relative to non-PDMP states; 2) the 

association between PDMP rigor and opioid utilization differed between disabled and 

older adult Medicare beneficiaries; and 3) associations in the NCPC cohort were similar 

to the general Medicare population despite the cohort consisting of beneficiaries with 

diagnoses for which treatment with opioids is more controversial.  

Our finding that effect sizes did not always increase with greater PDMP scores 

supports the hypothesis of diminishing returns in PDMP design which has been 

postulated in at least one other study.15 Although the outcomes differ, this study and 

Pardo’s work suggest few PDMP characteristics may actually add value in reducing 
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opioid prescribing and saving lives, respectively.15 Our findings based on categorical 

definitions of the PDMP composite score suggest a continuous PDMP score might not be 

appropriate for others wishing to estimate the impact of an additional unit increase in 

PDMP score. Moreover, possible differences in the importance of each PDMP 

characteristic on overall program rigor warrant caution when interpreting the associations 

based on the continuous score because the combination of characteristics likely matters 

and the impact of an additional one-point increase in the PDMP score may vary 

depending on the specific attribute introduced. Although each of the characteristics 

examined is a PDMP best practice, the level of empirical evidence justifying such 

characterization is non-uniform across variables.  

We demonstrated that in the Medicare population, opioid utilization and the impact 

of PDMP rigor was concentrated among non-elderly disabled adults rather than older 

adults. These differences are particularly apparent considering little to no significant 

associations between PDMP rigor and cumulative opioid doses, number of prescriptions, 

and days supplied among older adults with NCPC compared to significant stronger 

reductions for those outcomes among disabled adults. Given an estimated daily dose 

decrease of 2.3-2.7mg per opioid prescription issued to disabled beneficiaries and that 

these beneficiaries receive an average of 8 opioid prescriptions yearly, an estimated daily 

dose reduction of at least 18mg over the course of a year may or may not be clinically 

meaningful depending on baseline daily dose. It is important to acknowledge that older 

adults may have fewer alternative substitute analgesics than younger individuals may 

because risks of gastrointestinal bleeding, cardiovascular events and renal failure 

associated with non-steroidal anti-inflammatory drugs (NSAIDs) increase with age.37,225  
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We cannot accurately measure NSAID use from claims because non-prescription use of 

these medications is common. 

The associations between PDMP rigor and opioid use in the NCPC cohort were 

largely consistent with findings from the general Medicare sample. This raises the 

question of whether PDMPs are precise enough to influence opioid use differentially in a 

broad Medicare population compared to beneficiaries with comorbidities for which 

opioid use can be controversial. Similar effects in these samples could be because the 

presence of NCPC may matter little on prescribers’ decisions to prescribe opioids to 

Medicare beneficiaries. After all, Medicare beneficiaries differ greatly from adults in the 

general U.S. population who are direct targets of opioid policies. This finding 

demonstrates that if PDMPs lack sophistication to affect opioid use differently within 

subpopulations, they run the risk of becoming blunt policy instruments with limited 

capacity to impede problematic opioid use while also promoting legitimate use where 

needed.  

Except for joint pain, we observed other NCPC diagnoses were more prevalent 

among disabled beneficiaries than older adults. While only 2.7% of older adults had 

diagnoses for ‘chronic pain’ (defined as post-operative, trauma-related or other 

unspecified chronic pain); 11.0% of disabled beneficiaries had such diagnoses. Along 

with observations of more depression and serious mental illness among disabled adults 

than older adults, our findings imply disabled Medicare beneficiaries have complex and 

potentially unique health care needs.19  
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Mindful that several physiological and pharmacological issues warrant lower 

ceiling thresholds for prescribed opioid doses in the geriatric patient,91,226 the confluence 

of high burdens of pain-related and psychiatric diagnoses may partially explain greater 

opioid utilization in disabled versus older adults. These particular contexts may predicate 

problematic opioid use if not properly monitored. Specific pain conditions were 

statistically associated with nearly all utilization measures, although at times coefficients 

were not significant for migraine/headache due to the smaller sample. We found 

concentrated and sometimes opposite associations for ‘chronic pain’ compared to other 

pain conditions. The reasons for this remain unclear; however, we postulate that the 

‘chronic pain’ ICD-9 codes represent an aspect of pain not captured elsewhere. Pain 

severity likely has an impact because 77.5% of beneficiaries with a ‘chronic pain’ 

diagnosis also had both arthritis and back pain diagnoses (data not shown).  

Although there was no evidence of differences in the prevalence of daily doses 

≥120mg between states with low PDMP scores and non-PDMP states, we found 

significant positive associations attributed to high dose prescribing among disabled 

beneficiaries in states with high PDMP scores. This implies that states with high PDMP 

rigor had a disproportionately larger share of such problematic utilization compared to 

non-PDMP states. Morden et al. documented sustained intense opioid utilization in the 

growing population of disabled Medicare beneficiaries who chronically used opioids, 

whereby 20% received ≥100MMEs daily.19 Despite the inclusive models, the association 

between PDMP rigor and high dose prescribing may be explained by reverse causality, 

wherein heavy drug abuse or inappropriate prescribing prompts change in PDMP 

robustness. This potentially bidirectional relationship may explain our results of more 
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prevalent high dose prescribing in states with high program rigor than in non-PDMP 

states. At least one other study had findings that support the reverse causality hypothesis 

as indicated by positive coefficients for the association between PDMP implementation 

and high dose prescribing among disabled Medicare beneficiaries.17  

Our findings of reductions in the prevalence of opioid use and lower high dose 

prescribing associated with implementation of MMLs are congruent with recent research 

suggesting a potential substitution effect in Part D.198 Arguably, the mitigating effect of 

MMLs is specific to the availability of dispensaries because at least two studies found 

states permitting medical marijuana dispensaries had lower opioid morbidity and 

mortality compared to states that do not.15,227 The relationship between MMLs and opioid 

use should be interpreted cautiously given the preliminary nature of these findings.  

Our study has limitations. First, when developing the PDMP score to approximate 

program rigor, we incorporated a subset of PDMP characteristics based on the 

availability of reliable historical information, which may result in selection bias. It is 

possible that unmeasured PDMP characteristics (e.g., collection of payment method or 

integration with electronic health records) are associated with changes in opioid 

prescribing and omitting these characteristics might confound the results. Second, the 

presence of specific program characteristics in a state in a given year was based on 

implementation dates of enacted legislation and may not have completely aligned with 

how the PDMP was actually operated. Third, assignment of equal weighting for program 

characteristics may underestimate the importance of certain PDMP features and our score 

may not capture the true rigor of a state’s PDMP. Fourth, our analyses lack adjustment 

for actual prescriber participation in PDMPs. Comprehensive state and year data on the 
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rates of prescriber registration and queries of PDMP data are unavailable and this may 

contribute to residual confounding.15  

Fifth, while we analyzed patterns of opioid use among beneficiaries with pain-

related conditions that tend to be chronic, we did not explicitly determine chronicity or 

specifically analyze long-term receipt of opioids. This somewhat limits the extent of our 

contribution given that much controversy surrounds long-term opioid therapy for chronic 

non-cancer pain due to concerns about long-term efficacy, functional outcomes, and the 

potential for drug abuse and addiction.84 Our inclusion of a category of diagnostic codes 

that broadly capture chronic pain was insightful because limiting the cohort to individuals 

with chronic non-cancer pain would reduce the sample size without improving the ability 

to unequivocally attribute an opioid prescription to specific indications using 

administrative claims. Finally, our study does not quantify the extent of under- or over-

use of opioids.  

6.6 Conclusions 

Although PDMP rigor has improved nationally since 2007, our study found that an 

increased PDMP composite score has little impact on opioid utilization in Medicare 

relative to states without PDMPs. Regardless of rigor, there was little to no impact of 

PDMPs on opioid utilization among older adults, whereas disabled adults experienced 

significant reductions across most opioid measures. The lack of evidence of a differential 

impact between PDMPs with low or high rigor suggests that beyond a set of certain 

features likely unique to each state, additional mandates or other regulatory mechanisms 

could add operating costs and effort with little diminishing returns. Future research may 
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identify the combinations of best practices needed to maximize benefits of PDMPs while 

controlling program costs.  
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7 CONCLUSIONS, IMPLICATIONS, AND FUTURE RESEARCH 

7.1 Summary of Findings and Conclusions 

In the midst of the ongoing epidemic of opioid-involved overdose deaths, PDMPs 

are prominent state-level interventions to facilitate appropriate prescribing and prevent 

the diversion of controlled substances into nonmedical use and abuse.228 Alongside near-

universal establishment of PDMPs across the United States, there is growing interest in 

evaluating the impact of PDMPs and better understanding how best to maintain and 

enhance these programs in the face of evolving public health needs and limited state 

budgets. Although research on PDMPs is on the rise, most studies are limited to 

individual states168,170,212,229,230 or qualitatively elicit prescriber and pharmacist 

perceptions and use of PDMPs;157,161,231-235 few studies have assessed the impact of 

PDMPs on vulnerable populations.17,154 Specifically, the demographic shift of an aging 

population becoming eligible for Medicare calls attention to drug abuse and dependency 

among older adults projected to grow as the ‘baby boom’ generation ages.20,58,105,236  

The purpose of this dissertation was to investigate the impact of PDMPs on 

prescription opioid analgesic utilization among Medicare beneficiaries, including both 

non-elderly disabled and older adults. Retrospective analyses of Medicare claims 

combined with data on PDMP state laws were used to quantify the effects of both PDMP 

implementation and program rigor on opioid utilization in outpatient settings from 2007 

to 2012. In conducting this study, three different questions were asked to address PDMP 

effectiveness in curtailing opioid utilization: 1) Does the operation of a PDMP change 

prescription opioid utilization by state and over time? (Aim 1); 2) Do differences in 

PDMP implementation and characteristics affect prescription opioid utilization by state 

and over time? (Aim 2); and 3) Do PDMP characteristics influence prescription opioid 
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utilization at the individual level? (Aim 3) The first two study aims intend to examine 

ecological impacts of PDMP policy, while the third study aim examines the policy impact 

of PDMPs at the patient level.  

The findings of Aim 1 pointed to significant reductions in total opioid volume 

dispensed after the establishment of PDMPs compared to the period prior to 

implementation across the examined states. Lesser amounts of Schedule II opioids 

accounted for over 90% of total opioid volume reductions. This analysis also revealed 

differing effects of PDMP implementation in disabled versus older adults, beneficiaries 

enrolled in fee-for-service versus Medicare Advantage Part D drug plans, and across 

states. Reductions in total opioid volume were concentrated among disabled compared to 

older adults partly because of the higher baseline intensity of opioid use in the younger 

subgroup. Although average opioid daily doses decreased approximately 4mg per 

prescription among disabled adults; we found no significant evidence that daily dosages 

among older adults changed. Fee-for-service and Medicare Advantage drug plans 

experienced similar reductions in total opioid volume; however, significant reductions in 

opioid daily doses and prescription fills were only observed in Medicare Advantage. 

Collectively, Aim 1 findings highlight the importance of context - provided through 

geographic setting, age group, or health plan characteristics - on the ultimate influence of 

PDMP implementation on opioid utilization among Medicare beneficiaries. 

Aim 2 involved the development of a composite score to approximate PDMP rigor 

through the characteristics that constitute each state’s program in order to account for the 

variability of PDMPs across states and time. Nationally, mean and median PDMP scores 

increased gradually, an indication of improved program rigor between 2007 and 2012 as 
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more states enacted PDMP legislation and adopted PDMP best practices. Two states 

(Pennsylvania and Nebraska) had PDMPs lacking all of the examined characteristics 

representing best practices. This observation lends support to more comprehensive 

consideration of PDMP characteristics beyond binary ‘yes-no’ status because PDMPs 

may exist in name only. PDMPs that are more robust were associated with greater 

reductions in opioid prescription fills per-capita than states with weaker programs; 

however, PDMP rigor did not show a significant impact on the prevalence of opioid use 

or opioid volume per-capita dispensed among Medicare beneficiaries. These findings 

suggest decreases in the absolute number of opioid fills are central to the mechanism 

through which PDMP rigor influences aggregate rates of opioid availability. 

Aim 3 analyses of the impact of PDMP rigor on individual-level opioid use, 

measured in the general Medicare fee-for-service population and in a cohort with non-

cancer pain conditions (NCPC), indicated comparable associations (significance and 

magnitude) between states with low and high PDMP rigor relative to non-PDMP states. 

Similar to Aim 1 findings, there was evidence of differential PDMP effects, regardless of 

program rigor, on disabled beneficiaries and older adults. Disabled beneficiaries whose 

overall opioid utilization was more intense than older adults’ were subject to significantly 

reduced opioid availability, whereas there was little to no impact among older adults. 

These findings shed light on how Medicare beneficiaries residing in states with a PDMP 

of any rigor receive, on average, fewer opioid prescriptions, lower opioid daily doses, 

lower annual cumulative doses, and fewer days of opioid supply than their counterparts in 

states without PDMPs. Thus, it appears that as long as a state has a PDMP, PDMP rigor 
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has limited impact on individual-level opioid utilization among Medicare beneficiaries, 

especially older adult beneficiaries.      

7.2 Policy and Public Health Implications 

This dissertation has policy and public health significance. The findings generally 

demonstrate that the implementation of PDMPs does indeed contribute to reduced opioid 

utilization, though the extent of these reductions varies across states, reason for Medicare 

eligibility, drug plan characteristics, and specific opioid measures. The large variation in 

the adoption of recommended PDMP characteristics across states lends support to the 

need for the development of national consensus toward PDMP minimal standards. The 

2016 signing of the Comprehensive Addiction and Recovery Act (CARA) into law 

represents a timely opportunity for setting a policy and research priority toward 

standardization given that the strengthening of PDMPs is included in the legislation.125  

In finding that higher PDMP rigor did not necessarily translate to increased impact, 

this study challenges the hypothesis of an unyielding ‘chilling effect’ on opioid 

prescribing and dispensing as PDMPs embrace stricter regulatory mechanisms. While 

there may be value accrued when states adopt as many PDMP best practices as possible, 

this study contributes knowledge that the sheer number of best practices adopted may 

matter little. Because this study was the first to assess the impact of overall PDMP 

comprehensiveness on opioid utilization, and research on PDMP rigor is in its infancy, 

the potential of rigorous programs should not be discredited. Thus, as states continue to 

evolve, policymakers should seek to identify the combination of key program 

characteristics needed to maximize the benefits of PDMPs in order to avoid expending 

additional resources on features that yield diminishing returns. 
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Although there is some evidence that PDMPs influence prescriber behavior and 

contribute to lower opioid amounts in circulation, the limitations to what can be achieved 

through improving PDMP rigor indicate that PDMPs alone are not a panacea for the 

opioid epidemic. Also, it is remarkable that heroin and illicit fentanyl have emerged to 

dominate an escalating epidemic of fatal opioid overdose despite sustained reductions in 

national opioid prescribing and nonmedical use.228 In 2014, past-month non-medical use 

of prescription pain-relievers among individuals 12 years or older was its lowest since 

2002.237,238 While liberal opioid prescribing contributed to the origination of the opioid 

epidemic, it is plausible that physician prescribing now plays a smaller role in sustaining 

it.237 Nationwide shifts in substances implicated in fatal overdoses call for federal, state, 

and local policymakers to reconsider initiatives that continue to unilaterally focus on 

reductions in opioid prescribing. Rather, policies that affect opioid supply should be 

accompanied by efforts to reduce demand. Therefore, public health and safety will 

benefit most when states complement their PDMPs with prevention initiatives and 

programs that strengthen systems of care for addiction by promoting access to evidence-

based substance use disorder treatment and recovery services, and harm-reduction 

strategies.237,239  

Chronic pain affects more than 100 million adults in the United States.240 Of which, 

over one-third suffer from disabling pain defined as both high severity and high 

functional interference.241 This poses a predicament because various policy initiatives 

undertaken to address the opioid epidemic may contribute to under-treatment of acute or 

chronic pain. As such, the necessity of a balanced approach to reduce problematic opioid 

use and promote adequate pain management cannot be overstated. Insufficient evidence 
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of the efficacy of long-term opioid therapy among patients with chronic non-cancer pain 

further adds to the conundrum.242 Therefore, improved access to pharmacologic and non-

pharmacologic alternatives to opioids is needed to alleviate the dual public health threats 

of the opioid epidemic and pain under-treatment. Health insurance companies can 

encourage substitute pain therapies by allowing or expanding coverage for 

complementary and alternative therapies such as cognitive behavioral therapy, 

psychotherapy with pain counseling, physical therapy, electromagnetism, and 

acupuncture.243,244 Alternative pain management strategies may be sufficient in lieu of 

opioids in certain circumstances; however, they also have relevance as complements to 

opioid therapy, and may reduce the need for high doses that are associated with elevated 

risk of opioid-related harm. 

7.3 Research Implications 

This dissertation made methodological contributions that advanced the state of 

knowledge from prior research. The research results and associated methodologies 

provide improved scientific understanding of opioid utilization and PDMPs. The 

integration of Medicare claims with legal data from both the Prescription Drug Abuse 

Policy System (PDAPS) and the National Alliance for Model State Drug Laws 

(NAMSDL) provides a template for using multiple data sources to summarize policy 

attributes and assess impact. The development of a PDMP composite score using 

evidence of best practices represents an approach that is relevant and timely in estimating 

the rigor of similar policies across states and time. 

The study analyzed both state- and individual-level outcomes of opioid utilization 

and demonstrated that aggregate-level associations (Aims 1 and 2) do not necessarily 
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hold at the individual level (Aim 3). For example, the impact of PDMP rigor on opioid 

prescription fills showed a dose-response pattern in aggregated state-level data; whereas 

rigor had a limited impact on opioid prescriptions received at the individual-level. This 

difference of the impact of PDMP rigor at state and individual levels may signal the 

importance of patient diagnoses or unobserved variables such as the doctor-patient 

relationship in informing the decision to prescribe opioids or not. Further, these findings 

highlight the threat of ecological fallacy inherent in data aggregation and suggest that 

Aim 3 results may better estimate the true effect than other aims because of the 

combination of individual-level analysis and comprehensive adjustment of individual and 

state-specific confounding variables. This study adds to previous research on geographic 

variability in patterns of opioid use and begins to distinguish other methodological 

nuances such as the unit of analysis, population subgroups, and operationalization of 

policy explanatory variables as potential reasons for contradicting evidence of PDMP 

impact on opioid prescribing in the literature. 

In contrast to several studies that have investigated the impact of PDMPs on 

prescription opioid overdose mortality,15,16,152,165,170,245 this dissertation focused on the 

influence of PDMPs on opioid prescribing, considered a key upstream driver of the 

opioid epidemic.246 The complex nature of the opioid epidemic warrants research 

analyses encompassing both intermediate (e.g., opioid utilization) and terminal (e.g., 

mortality) outcomes because these outcomes offer different perspectives on PDMP 

effectiveness. It is worthwhile for research to consider multiple opioid outcomes until the 

literature on PDMPs is more developed. Ultimately, a consensus within the research 

community on the ultimate outcomes with which to measure PDMP impact could be 
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valuable to advance and harmonize the state of evidence across diverse geographic 

settings, health insurance types, population subgroups, and time.  

Research on opioid prescribing varies in the inclusion of specific measures of 

availability or utilization; however, few studies analyzed comprehensive measures of 

opioid utilization. Morphine milligram equivalents (MME) are a widely accepted 

measure of opioid utilization because they standardize opioid agents of different potency; 

however, MMEs have limited utility when Schedule III, IV and V opioids are substituted 

for Schedule II opioids in a manner that offsets overall changes. This study found that 

some measures may be more sensitive to PDMP implementation and characteristics than 

others, and that contextual factors related to the patient and state matter. This implies that 

there is no single best measure for opioid utilization because each measure represents one 

aspect of the whole picture. Thus, studies that consider more than a singular measure of 

opioid utilization or prescribing deserve merit.  

With exception of studies that control for a few PDMP characteristics in analyses, 

16,162,165 PDMP rigor has not been studied extensively. While this dissertation is the first 

to evaluate the association of PDMP rigor on opioid utilization, at least one other study 

focused on overdose mortality.15 Pardo found states with more robust PDMPs were 

associated with fewer overdose deaths than states with weaker programs. Although the 

outcomes differ, both this dissertation and Pardo’s work suggest diminishing returns of 

PDMP design in reducing opioid prescribing and saving lives, respectively. Decreasing 

the opioid supply is important because of the direct relationship of opioid prescribing 

with opioid morbidity and mortality. Nonetheless, it is difficult to assess the clinical 

impact of reductions or changes in opioid prescribing without information on the 
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adequacy of pain management received by patients. Qualitative and quantitative research 

that elicits patient experiences and informs the quality of opioid therapy for pain is 

needed to fill in gaps regarding the impact of PDMPs and similar policies that restrict 

opioid prescribing on patient care. 

7.4 Limitations  

The respective chapters provide the limits of each study aim; however, there are 

common limitations across the three papers worth reiterating. First, the most recent year 

of data available for this study was 2012; however, PDMPs have evolved substantially 

since then due to technical advances, lessons learned from experienced states, increased 

bipartisan support, and research. Therefore, the rigor of PDMPs estimated in this study is 

likely to under-estimate present day program robustness. Second, our findings may not 

generalize to other populations or insurance types because this dissertation analyzed 

opioid utilization in the context of Medicare Part D.  

Third, there are limitations inherent in the use of the Medicare Chronic Conditions 

Data Warehouse (CCW) administrative claims. The CCW claims likely underestimate 

actual opioid utilization because the data account for prescriptions covered by Medicare 

and omit prescriptions paid for in cash or with other insurance. Relatedly, there is no way 

to confirm consumption of opioid analgesics after the prescriptions were dispensed. 

Fourth, residual confounding is probable because of the lack of reliable longitudinal 

information on prescriber registration rates or queries of PDMP data in clinical practice. 

In addition, there may be other state or local initiatives targeting opioid prescribing that 

were not captured in the analyses. Fifth, as described earlier, this study cannot determine 

the impact of PDMPs on legitimate access to opioids for pain management, opioid use 
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disorders or opioid diversion. Finally, this is an observational study and cannot be 

interpreted as causal, although we took several measures in the design and analyses to 

mitigate selection bias and confounding. 

7.5 Strengths 

This dissertation has several strengths. Collectively, the papers provide a 

comprehensive policy assessment of PDMPs that goes beyond PDMP implementation by 

including program characteristics. The development of a composite score to capture the 

multidimensional characteristics of PDMPs is novel, and this study is the first to assess 

the association between PDMP rigor and opioid utilization. This study used data for all 

50 states and the District of Columbia over six years (except Aim 1) allowing for the 

evaluation of PDMPs on a national level with longitudinal data, as opposed to cross-

sectional and/or state-specific data. In considering multiple subgroups including 

Medicare eligibility by age or disability, fee-for-service or managed care enrollment, and 

select pain-related conditions, this study demonstrated the importance of patient-level 

characteristics in the ultimate influence of PDMPs. In including both non-elderly disabled 

and older adults in Medicare this study expands on prior studies of the impact on PDMP 

implementation on opioid prescribing that were limited to disabled individuals. As well, 

this dissertation controls for several state covariates, such as pharmacy and pain clinic 

regulations, and medical marijuana laws – variables rarely accounted for in prior PDMP 

research.  

7.6 Future Directions 

This dissertation provides implications for future research. First, future studies may 

further develop this study’s PDMP composite score or use alternative methods to 

estimate program rigor. Our operationalization of PDMP rigor showed limited impact; 
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however, the importance of analyses that address variation in PDMP characteristics 

remains. Second, research is needed to analyze additional PDMP characteristics not 

captured by this study. Ongoing assessments of new characteristics and additional years 

of data will be important as PDMPs, clinical practice of pain management, and the drug 

abuse epidemic evolve over time. Further work is needed to identify key PDMP 

characteristics or combinations of important attributes that are essential for maximum 

PDMP effectiveness. In other words, what attributes of PDMPs actually add value, in 

contrast to adding cost and effort for the state with little return? Simulation modeling, 

similar to that conducted in studies of tobacco control policy,247 may help predict or 

broaden understanding of the threshold or combination of PDMP features needed to 

create more robust PDMP policies. 

Third, it is possible that PDMPs impact adolescents, young adults, and older adults 

differently, just as PDMPs may result in differential access to opioids for patients with 

certain diseases, insurance coverage, sex, and other patient-, state-, and/or system- level 

characteristics. Therefore, future research should address age and disease-specific 

cohorts, and analyses of other cohort-types such as high-risk patients (with multiple 

prescribers, concurrent opioid and benzodiazepine use, or high doses) and prescribers 

who deviate from accepted medical practice. Research that expands the scope of this 

study to analyses of pain chronicity and severity is particularly relevant given existing 

debate on the risks and benefits of long-term opioid use in this population. Additionally, 

large differences between Medicare beneficiaries and the general adult population in the 

United States further substantiate the need for research evaluating the impact of PDMP 

rigor on opioid utilization in diverse populations.  
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Fourth, there is need for research that elucidates whether reductions in opioid 

utilization associated with PDMPs jeopardize adequate access to pharmacological pain 

treatment with opioids in the Medicare population, especially among disabled 

beneficiaries who this study found were differentially impacted by PDMP status and 

rigor.  

Finally, future research should examine the potential unintended consequences of 

strengthening PDMPs. For example, concerns exist regarding prescription opioid 

substitution with marijuana, heroin or illicit fentanyl, and the mechanisms of 

displacement from prescription drug use to either medical marijuana use or illicit drug 

use remain unclear. PDMPs are worthwhile interventions, and will likely continue to play 

an important role in the fight against diversion and drug abuse, to the extent that the 

programs are leveraged as part of the agile policy response needed towards evolving 

public health challenges related to addiction, and preserving sufficient access to 

prescription opioids for legitimate medical management of pain. Coordinated 

multifaceted efforts involving public health agencies, medical examiners, law 

enforcement agencies, social workers, and bipartisan support may facilitate rapid, 

efficient and effective responses to existing and emerging threats to public health and 

safety. 
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8 APPENDICES 

Appendix 1: Baseline characteristics of the study sample by PDMP statusa 

  Total PDMP No PDMP P-value 

  (%) (%)  (%)   

Number of beneficiaries (N) 310,105 195,300 114,805   

Current reason for entitlement    <0.0001 

   Age 82.1 83.8 79.3  

   Disability 17.8 16.1 20.7  

   End stage renal disease 0.1 0.06 0.06   

Age    <0.0001 

   Mean (SD) 71.5 (13.0) 72.2 (12.7) 70.5 (13.6)  

   ≤64 17.9 16.2 20.8  

   65 – 74  39.5 39.5 39.6  

   75 – 84 28.7 29.8 27.0  

   85 + 13.9 14.6 12.7   

Sex 

   

<0.0001 

   Female 62.0 61.7 62.4  

   Male 38.0 38.3 37.6   

Race 

   

<0.0001 

     White 78.3 78.5 78.0  

     Black 15.4 13.3 18.9  

     Asian 1.5 1.7 1.0  

     Hispanic 1.2 1.2 1.3  

     Native American 3.5 5.2 0.6  

     Other/Unknown 0.2 0.1 0.3   

Part D Plan Type    <0.0001 

Fee for service 63.0 59.6 68.9  

Medicare Advantage 37.0 40.4 31.1  

Dual-eligibles 31.5 30.7 32.9 <0.0001 

State 

    Florida 38.2 60.63 _ 

 Louisiana 7.1 11.24 _ 

 Nebraska 3.4 5.34 _ 

 New Jersey 13.3 21.08 _ 

 Vermont 1.1 1.71 _ 

     Arkansas 5.3 _ 14.43 

     Georgia 14.0 _ 37.92 

     Maryland 6.7 _ 18.22 

     New Hampshire 1.8 _ 4.79 

     Wisconsin 9.1 _ 24.64   
a Baseline is defined as the month prior to PDMP implementation 
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Appendix 2: Mean monthly changes in outcomes during pre- and post-PDMP 

implementation periods in disabled and older adults 

 

* P ≤ 0.05; ** P ≤ 0.01 

The Wilcoxon Rank-Sum test was used to examine the difference in values of outcomes between 

the pre- and post-implementation periods within PDMP and non-PDMP states. P-values are based 

on two-sided t approximations 
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Appendix 3: Mean monthly changes in outcomes during pre- and post-implementation 

periods in fee-for-service (PDP) and Medicare Advantage (MAPD) 

 

* P ≤ 0.05; ** P ≤ 0.01 

The Wilcoxon Rank-Sum test was used to examine the difference in values of outcomes between 

the pre- and post-implementation periods within PDMP and non-PDMP states. P-values are based 

on two-sided t approximations  
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Appendix 4: Effect of PDMP implementation on monthly opioid prescription fills: a 

focus on individual state pairsa 
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Appendix 5: Summary of changes in outcomes following PDMP implementation in 

primary and sensitivity analyses 
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Appendix 6: Spearman correlation coefficients between variables included in the PDMP 

composite score (N=306)  
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Appendix 7: Distribution of PDMP variables in 2012 (N=44 states)  
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Appendix 7 continued 
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Appendix 7 continued 
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Appendix 8: Diagnostic codes used to identify cohort of beneficiaries with non-cancer 

pain-related conditions (NCPCs) 

 

Condition ICD-9 Codes 

Arthritis/joint pain 710.xx, 711.xx, 712.xx, 713.xx, 714.xx, 715.xx, 716.xx, 717.xx, 718.xx, 

719.xx, 725.xx, 726.xx, 727.xx, 728.xx, 729.xx, 730.xx, 731.xx, 732.xx, 

733.xx, 734.xx, 735.xx, 736.xx, 737.xx, 738.xx, 739.xx 

Back pain 721.3x, 721.4x, 721.5x, 721.6x, 721.7x, 721.8x, 721.9, 722.2, 722.3, 

722.70, 722.90, 722.32, 722.72, 722.82, 722.92, 722.33, 722.73, 722.83, 

722.93, 724.xx, 737.1x, 737.3x, 738.4x, 738.5x, 739.2x, 739.3x, 739.4x, 

756.10, 756.11, 756.12, 756.13, 756.19, 805.4,  805.8, 839.2, 839.42, 

846.xx, 846.0x, 847.1x, 847.3x, 847.2x, 847.9x 

Neck pain 721.0x, 721.1x, 722.0x, 722.31, 722.71, 722.81, 722.91, 723.xx, 839.0x, 

839.1x, 847.0x 

 

Migraine/headache 346.xx, 307.81 

 

Chronic pain 338.21, 338.22, 338.28, 338.29, 338.4x 

Excluded beneficiaries with: 

Cancer 

140.xx, 141.xx, 142.xx, 143.xx, 144.xx, 145.xx, 146.xx, 147.xx, 148.xx, 

149.xx, 150.xx, 151.xx, 152.xx, 153.xx, 154.xx, 155.xx, 156.xx, 157.xx, 

158.xx, 159.xx, 160.xx, 161.xx, 162.xx, 163.xx, 164.xx, 165.xx, 166.xx, 

167.xx, 168.xx, 169.xx, 170.xx, 171.xx, 174, 175, 176, 177, 178, 179, 

180, 181.xx, 182.xx, 183.xx, 184.xx, 185.xx, 186.xx, 187.xx, 188.xx, 

189.xx, 190.xx, 191.xx, 192.xx, 193.xx, 194.xx, 195.xx, 200.xx, 201.xx, 

202.xx, 203.xx, 204.xx, 205.xx,  206.xx, 207.xx, 208.xx, 273.0x, 273.3x 

 

HIV/AIDS 042.x, 079.53, 279.10, 279.19, 795.71, 795.8 
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Appendix 9: List of variables used to calculate the PDMP score by state and year from 

2007 to 2012 
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Appendix 10: Factors associated with opioid utilization among Medicare beneficiaries 

with non-cancer pain conditions (NCPCs) 
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Appendix 10 continued 
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Appendix 10 continued 
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Appendix 10 continued 
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* P<0.05 ** P<0.01 ***P<0.001  
a Significant estimates exclude zero in the 99% confidence interval.      
b Prevalence/rate ratio where significant estimates do not include 1 in the 99% confidence 

interval. 
c New England =Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island and 

Vermont; Middle Atlantic = New Jersey, New York, Pennsylvania; East North Central = Illinois, 

Indiana, Michigan, Ohio, Wisconsin; West North Central = Iowa, Kansas, Minnesota, Missouri, 

Nebraska, North Dakota and South Dakota; South Atlantic = Delaware, District of Columbia, 

Florida, Georgia, Maryland, North Carolina, South Carolina, Virginia and West Virginia; East 

South Central = Alabama, Kentucky, Mississippi and Tennessee; West South Central = Arkansas, 

Louisiana, Oklahoma and Texas; Mountain = Arizona, Colorado, Idaho, Montana, Nevada, New 

Mexico, Utah and Wyoming; Pacific = Alaska, California, Hawaii, Oregon and Washington 

  



 

133 

 

9 REFERENCES 

1. Atluri S, Sudarshan G, Manchikanti L. Assessment of the trends in medical use 

and misuse of opioid analgesics from 2004 to 2011. Pain physician. 

2014;17(2):E119-128. 

2. Manchikanti L, Fellows B, Ailinani H, Pampati V. Therapeutic use, abuse, and 

nonmedical use of opioids: a ten-year perspective. Pain physician. 

2010;13(5):401-435. 

3. Kenan K, Mack K, Paulozzi L. Trends in prescriptions for oxycodone and other 

commonly used opioids in the United States, 2000-2010. Open medicine : a peer-

reviewed, independent, open-access journal. 2012;6(2):e41-47. 

4. Manchikanti L, Singh A. Therapeutic opioids: a ten-year perspective on the 

complexities and complications of the escalating use, abuse, and nonmedical use 

of opioids. Pain physician. 2008;11(2 Suppl):S63-88. 

5. Manchikanti KN, Manchikanti L, Damron KS, Pampati V, Fellows B. Increasing 

deaths from opioid analgesics in the United States: an evaluation in an 

interventional pain management practice. Journal of opioid management. 

2008;4(5):271-283. 

6. Joranson DE, Ryan KM, Gilson AM, Dahl JL. Trends in medical use and abuse of 

opioid analgesics. Jama. 2000;283(13):1710-1714. 

7. Imtiaz S, Shield KD, Fischer B, Rehm J. Harms of prescription opioid use in the 

United States. Substance abuse treatment, prevention, and policy. 2014;9:43. 

8. Substance Abuse and Mental Health Services Administration. Results from the 

2013 National Survey on Drug Use and Health: Summary of National Findings. 

Rockville, MD: Substance Abuse and Mental Health Services 

Administration;2014. 

9. Centers for Disease Control and Prevention. Policy impact: prescription 

painkiller overdoses. Atlanta, GA: Centers for Disease Control and Prevention; 

November 2011 2011. 

10. White House, Office of National Drug Control Policy. Epidemic: Responding to 

America's Prescription Drug Abuse Crisis. 2011. 



 

134 

 

11. PDMP Training and Technical Assistance Center. Prescription drug monitoring: 

frequently asked questions.  

http://www.pdmpassist.org/pdf/pdmp_faq_2014_print.pdf. Accessed January 2, 

2015. 

12. Worley J. Prescription drug monitoring programs, a response to doctor shopping: 

purpose, effectiveness, and directions for future research. Issues in mental health 

nursing. 2012;33(5):319-328. 

13. Prescription drug monitoring program: Center of Excellence.  

http://www.pdmpexcellence.org/. Accessed: 2016-11-28. (Archived by 

WebCite® at http://www.webcitation.org/6mMtIIbJP). 

14. Davis CS, Pierce M, Dasgupta N. Evolution and convergence of state laws 

governing controlled substance prescription monitoring programs, 1998-2011. 

American journal of public health. 2014;104(8):1389-1395. 

15. Pardo B. Do More Robust Prescription Drug Monitoring Programs Reduce 

Prescription Opioid Overdose? Addiction. 2016. 

16. Patrick SW, Fry CE, Jones TF, Buntin MB. Implementation Of Prescription Drug 

Monitoring Programs Associated With Reductions In Opioid-Related Death 

Rates. Health affairs. 2016;35(7):1324-1332. 

17. Meara E, Horwitz JR, Powell W, et al. State Legal Restrictions and Prescription-

Opioid Use among Disabled Adults. The New England journal of medicine. 

2016;375(1):44-53. 

18. Park J, Lavin R. Risk factors associated with opioid medication misuse in 

community-dwelling older adults with chronic pain. The Clinical journal of pain. 

2010;26(8):647-655. 

19. Morden NE, Munson JC, Colla CH, et al. Prescription opioid use among disabled 

medicare beneficiaries: intensity, trends, and regional variation. Medical care. 

2014;52(9):852-859. 

20. Jena AB, Goldman D, Weaver L, Karaca-Mandic P. Opioid prescribing by 

multiple providers in Medicare: retrospective observational study of insurance 

claims. Bmj. 2014;348:g1393. 

http://www.pdmpassist.org/pdf/pdmp_faq_2014_print.pdf
http://www.pdmpexcellence.org/
http://www.webcitation.org/6mMtIIbJP)


 

135 

 

21. Medicare Payment Advisory Commission. Potentially inappropiate opioid use in 

Medicare Part D. 2014; http://www.medpac.gov/documents/october-2014-

meeting-presentation-potentially-inappropriate-opioid-use-in-medicare-part-d-

.pdf?sfvrsn=0. Accessed January 2, 2015. 

22. Secora AM, Dormitzer CM, Staffa JA, Dal Pan GJ. Measures to quantify the 

abuse of prescription opioids: a review of data sources and metrics. 

Pharmacoepidemiology and drug safety. 2014;23(12):1227-1237. 

23. Andersen RM. Revisiting the behavioral model and access to medical care: does it 

matter? Journal of health and social behavior. 1995;36(1):1-10. 

24. Piette JD, Heisler M, Horne R, Caleb Alexander G. A conceptually based 

approach to understanding chronically ill patients' responses to medication cost 

pressures. Social science & medicine. 2006;62(4):846-857. 

25. Ricketts TC, Goldsmith LJ. Access in health services research: the battle of the 

frameworks. Nursing outlook. 2005;53(6):274-280. 

26. Thomas CP. How prescription drug use affects health care utilization and 

sppending by older Americans: a review of the literature. Waltham, MA: 

Brandeis University April 2008. 

27. Babitsch B, Gohl D, von Lengerke T. Re-revisiting Andersen's Behavioral Model 

of Health Services Use: a systematic review of studies from 1998-2011. 

Psychosoc Med. 2012;9:Doc11. 

28. Simoni-Wastila L. The influence of multiple copy prescription programs on 

analgesic utilization [Dissertation], Brandeis University; 1993. 

29. Wise RA, Bozarth MA. Brain mechanisms of drug reward and euphoria. 

Psychiatric medicine. 1985;3(4):445-460. 

30. Lim RK. Sites of action of narcotic and nonnarcotic analgesics: mechanism of 

pain and analgesia. Headache. 1967;7(3):103-121. 

31. Hennies HH, Friderichs E, Schneider J. Receptor binding, analgesic and 

antitussive potency of tramadol and other selected opioids. Arzneimittel-

Forschung. 1988;38(7):877-880. 

http://www.medpac.gov/documents/october-2014-meeting-presentation-potentially-inappropriate-opioid-use-in-medicare-part-d-.pdf?sfvrsn=0
http://www.medpac.gov/documents/october-2014-meeting-presentation-potentially-inappropriate-opioid-use-in-medicare-part-d-.pdf?sfvrsn=0
http://www.medpac.gov/documents/october-2014-meeting-presentation-potentially-inappropriate-opioid-use-in-medicare-part-d-.pdf?sfvrsn=0


 

136 

 

32. Brasseur L. [Review of current pharmacologic treatment of pain]. Drugs. 1997;53 

Suppl 2:10-17. 

33. Hamza M, Dionne RA. Mechanisms of non-opioid analgesics beyond 

cyclooxygenase enzyme inhibition. Current molecular pharmacology. 

2009;2(1):1-14. 

34. Larson AM, Polson J, Fontana RJ, et al. Acetaminophen-induced acute liver 

failure: results of a United States multicenter, prospective study. Hepatology. 

2005;42(6):1364-1372. 

35. Fosnocht D, Taylor JR, Caravati EM. Emergency department patient knowledge 

concerning acetaminophen (paracetamol) in over-the-counter and prescription 

analgesics. Emergency medicine journal : EMJ. 2008;25(4):213-216. 

36. Stumpf JL, Skyles AJ, Alaniz C, Erickson SR. Knowledge of appropriate 

acetaminophen doses and potential toxicities in an adult clinic population. Journal 

of the American Pharmacists Association : JAPhA. 2007;47(1):35-41. 

37. Coxib, traditional NTC, Bhala N, et al. Vascular and upper gastrointestinal effects 

of non-steroidal anti-inflammatory drugs: meta-analyses of individual participant 

data from randomised trials. Lancet. 2013;382(9894):769-779. 

38. Bombardier C, Laine L, Reicin A, et al. Comparison of upper gastrointestinal 

toxicity of rofecoxib and naproxen in patients with rheumatoid arthritis. VIGOR 

Study Group. The New England journal of medicine. 2000;343(21):1520-1528, 

1522 p following 1528. 

39. Laharie D, Droz-Perroteau C, Benichou J, et al. Hospitalizations for 

gastrointestinal and cardiovascular events in the CADEUS cohort of traditional or 

Coxib NSAID users. British journal of clinical pharmacology. 2010;69(3):295-

302. 

40. Pasternak GW. Opioids and their receptors: Are we there yet? 

Neuropharmacology. 2014;76 Pt B:198-203. 

41. U.S. Department of Justice. Title 21 United States Code Controlled Substances 

Act.  http://www.deadiversion.usdoj.gov/21cfr/21usc/812.htm. Accessed 

December 31, 2014. 

http://www.deadiversion.usdoj.gov/21cfr/21usc/812.htm


 

137 

 

42. Food and Drug Administration. Scheduling of drugs under the controlled 

substances act. House Committee on Commerce, Subcommittee on Oversight and 

Investigations1999. 

43. Drug Enforcement Administration, Department of Justice. Schedules of controlled 

substances: rescheduling of hydrocodone combination products from schedule III 

to schedule II. Final rule. Federal register. 2014;79(163):49661-49682. 

44. Mattingly Ii TJ. Rescheduling of combination hydrocodone products: problems 

for long-term care practitioners. The Consultant pharmacist : the journal of the 

American Society of Consultant Pharmacists. 2015;30(1):13-17. 

45. Bohnert AS, Valenstein M, Bair MJ, et al. Association between opioid prescribing 

patterns and opioid overdose-related deaths. Jama. 2011;305(13):1315-1321. 

46. Logan J, Liu Y, Paulozzi L, Zhang K, Jones C. Opioid prescribing in emergency 

departments: the prevalence of potentially inappropriate prescribing and misuse. 

Medical care. 2013;51(8):646-653. 

47. Sullivan MD, Edlund MJ, Fan MY, Devries A, Brennan Braden J, Martin BC. 

Trends in use of opioids for non-cancer pain conditions 2000-2005 in commercial 

and Medicaid insurance plans: the TROUP study. Pain. 2008;138(2):440-449. 

48. Bohnert AS, Ilgen MA, Trafton JA, et al. Trends and regional variation in opioid 

overdose mortality among Veterans Health Administration patients, fiscal year 

2001 to 2009. The Clinical journal of pain. 2014;30(7):605-612. 

49. Based on data from SDI, Vector One. National. Years 2000-2009. Extracted June 

2010. 2010. 

50. Kuehn BM. Opioid prescriptions soar: increase in legitimate use as well as abuse. 

Jama. 2007;297(3):249-251. 

51. Zerzan JT, Morden NE, Soumerai S, et al. Trends and geographic variation of 

opiate medication use in state Medicaid fee-for-service programs, 1996 to 2002. 

Medical care. 2006;44(11):1005-1010. 

52. Hall AJ, Logan JE, Toblin RL, et al. Patterns of abuse among unintentional 

pharmaceutical overdose fatalities. Jama. 2008;300(22):2613-2620. 



 

138 

 

53. Manchikanti L, Damron KS, McManus CD, Barnhill RC. Patterns of illicit drug 

use and opioid abuse in patients with chronic pain at initial evaluation: a 

prospective, observational study. Pain physician. 2004;7(4):431-437. 

54. Meyer R, Patel AM, Rattana SK, Quock TP, Mody SH. Prescription Opioid 

Abuse: A Literature Review of the Clinical and Economic Burden in the United 

States. Population health management. 2014. 

55. Paulozzi LJ. Opioid analgesic involvement in drug abuse deaths in American 

metropolitan areas. American journal of public health. 2006;96(10):1755-1757. 

56. Reisman RM, Shenoy PJ, Atherly AJ, Flowers CR. Prescription opioid usage and 

abuse relationships: an evaluation of state prescription drug monitoring program 

efficacy. Substance abuse : research and treatment. 2009;3:41-51. 

57. Sehgal N, Manchikanti L, Smith HS. Prescription opioid abuse in chronic pain: a 

review of opioid abuse predictors and strategies to curb opioid abuse. Pain 

physician. 2012;15(3 Suppl):ES67-92. 

58. Simoni-Wastila L, Yang HK. Psychoactive drug abuse in older adults. The 

American journal of geriatric pharmacotherapy. 2006;4(4):380-394. 

59. Ballantyne JC, LaForge KS. Opioid dependence and addiction during opioid 

treatment of chronic pain. Pain. 2007;129(3):235-255. 

60. Ballantyne JC, Sullivan MD, Kolodny A. Opioid Dependence vs Addiction: A 

Distinction Without a Difference? Archives of internal medicine. 

2012;172(17):1342-1343. 

61. Bohnert AS, Eisenberg A, Whiteside L, Price A, McCabe SE, Ilgen MA. 

Prescription opioid use among addictions treatment patients: nonmedical use for 

pain relief vs. other forms of nonmedical use. Addictive behaviors. 

2013;38(3):1776-1781. 

62. Webster PC. Medically induced opioid addiction reaching alarming levels. CMAJ 

: Canadian Medical Association journal = journal de l'Association medicale 

canadienne. 2012;184(3):285-286. 



 

139 

 

63. Jones CM, Mack KA, Paulozzi LJ. Pharmaceutical overdose deaths, United 

States, 2010. Jama. 2013;309(7):657-659. 

64. Modarai F, Mack K, Hicks P, et al. Relationship of opioid prescription sales and 

overdoses, North Carolina. Drug and alcohol dependence. 2013;132(1-2):81-86. 

65. Paulozzi LJ. Overdoses are injuries too. Injury prevention : journal of the 

International Society for Child and Adolescent Injury Prevention. 

2007;13(5):293-294. 

66. Paulozzi LJ, Logan JE, Hall AJ, McKinstry E, Kaplan JA, Crosby AE. A 

comparison of drug overdose deaths involving methadone and other opioid 

analgesics in West Virginia. Addiction. 2009;104(9):1541-1548. 

67. Paulozzi LJ, Weisler RH, Patkar AA. A national epidemic of unintentional 

prescription opioid overdose deaths: how physicians can help control it. The 

Journal of clinical psychiatry. 2011;72(5):589-592. 

68. Webster LR, Cochella S, Dasgupta N, et al. An analysis of the root causes for 

opioid-related overdose deaths in the United States. Pain medicine. 2011;12 Suppl 

2:S26-35. 

69. Fulton-Kehoe D, Garg RK, Turner JA, et al. Opioid poisonings and opioid 

adverse effects in workers in Washington State. American journal of industrial 

medicine. 2013;56(12):1452-1462. 

70. Strassels SA. Economic burden of prescription opioid misuse and abuse. Journal 

of managed care pharmacy : JMCP. 2009;15(7):556-562. 

71. Paulozzi LJ, Ryan GW. Opioid analgesics and rates of fatal drug poisoning in the 

United States. American journal of preventive medicine. 2006;31(6):506-511. 

72. Paulozzi LJ, Xi Y. Recent changes in drug poisoning mortality in the United 

States by urban-rural status and by drug type. Pharmacoepidemiology and drug 

safety. 2008;17(10):997-1005. 

73. Paulozzi LJ, Ballesteros MF, Stevens JA. Recent trends in mortality from 

unintentional injury in the United States. Journal of safety research. 

2006;37(3):277-283. 



 

140 

 

74. Paulozzi LJ, Centers for Disease C, Prevention. Drug-induced deaths - United 

States, 2003-2007. Morbidity and mortality weekly report. Surveillance 

summaries. 2011;60 Suppl:60-61. 

75. Centers for Disease Control and Prevention. Morbidity and Mortality Weekly 

Report. 2011; November 2011. 

76. Rudd RA, Aleshire N, Zibbell JE, Gladden RM. Increases in Drug and Opioid 

Overdose Deaths--United States, 2000-2014. MMWR. Morbidity and mortality 

weekly report. 2016;64(50-51):1378-1382. 

77. Ballantyne JC. Chronic opioid therapy and its utility in different populations. 

Pain. 2012;153(12):2303-2304. 

78. Ballantyne JC, Mao J. Opioid therapy for chronic pain. The New England journal 

of medicine. 2003;349(20):1943-1953. 

79. Portenoy RK. Opioid therapy for chronic nonmalignant pain: clinician's 

perspective. The Journal of law, medicine & ethics : a journal of the American 

Society of Law, Medicine & Ethics. 1996;24(4):296-309. 

80. Portenoy RK, Foley KM. Chronic use of opioid analgesics in non-malignant pain: 

report of 38 cases. Pain. 1986;25(2):171-186. 

81. Portenoy RK, Raffaeli W, Torres LM, et al. Long-term safety, tolerability, and 

consistency of effect of fentanyl pectin nasal spray for breakthrough cancer pain 

in opioid-tolerant patients. Journal of opioid management. 2010;6(5):319-328. 

82. Von Korff M, Kolodny A, Deyo RA, Chou R. Long-term opioid therapy 

reconsidered. Annals of internal medicine. 2011;155(5):325-328. 

83. Von Korff MR. Long-term use of opioids for complex chronic pain. Best practice 

& research. Clinical rheumatology. 2013;27(5):663-672. 

84. Rosenblum A, Marsch LA, Joseph H, Portenoy RK. Opioids and the treatment of 

chronic pain: controversies, current status, and future directions. Experimental 

and clinical psychopharmacology. 2008;16(5):405-416. 



 

141 

 

85. Cone EJ, DePriest AZ, Gordon A, Passik SD. Risks and responsibilities in 

prescribing opioids for chronic noncancer pain, part 2: best practices. 

Postgraduate medicine. 2014;126(7):129-138. 

86. Manchikanti L, Abdi S, Atluri S, et al. American Society of Interventional Pain 

Physicians (ASIPP) guidelines for responsible opioid prescribing in chronic non-

cancer pain: Part I--evidence assessment. Pain physician. 2012;15(3 Suppl):S1-

65. 

87. Manchikanti L, Abdi S, Atluri S, et al. American Society of Interventional Pain 

Physicians (ASIPP) guidelines for responsible opioid prescribing in chronic non-

cancer pain: Part 2--guidance. Pain physician. 2012;15(3 Suppl):S67-116. 

88. Manchikanti L, Helm S, 2nd, Fellows B, et al. Opioid epidemic in the United 

States. Pain physician. 2012;15(3 Suppl):ES9-38. 

89. Reuben DB, AA HA, Ashikaga T, et al. National Institutes of Health Pathways to 

Prevention Workshop: The Role of Opioids in the Treatment of Chronic Pain. 

Annals of internal medicine. 2015. 

90. Ballantyne JC. Opioid analgesia: perspectives on right use and utility. Pain 

physician. 2007;10(3):479-491. 

91. Dowell D, Haegerich TM, Chou R. CDC Guideline for Prescribing Opioids for 

Chronic Pain--United States, 2016. Jama. 2016;315(15):1624-1645. 

92. Department of Health and Human Services. Costs of prescription drug abuse in 

the Medicare Part D program - Statement by Jonathan Blum. Committee on 

Homeland Security and Governmental Affairs; Federal Financial Management, 

Government Information, Federal Services, and International Security; United 

States Senate2011. 

93. Lichtenberg FR, Sun SX. The impact of Medicare Part D on prescription drug use 

by the elderly. Health affairs. 2007;26(6):1735-1744. 

94. The Henry J. Kaiser Family Foundation. Medicare Prescription Drug Plans: 

Number of Medicare Beneficiaries with Creditable Prescription Drug Coverage, 

by Type.  http://kff.org/medicare/state-indicator/medicare-rx-drug-coverage/. 

Accessed: 2016-11-28. (Archived by WebCite® at 

http://www.webcitation.org/6mMqzg8f2). 

http://kff.org/medicare/state-indicator/medicare-rx-drug-coverage/
http://www.webcitation.org/6mMqzg8f2)


 

142 

 

95. Freburger JK, Holmes GM, Agans RP, et al. The rising prevalence of chronic low 

back pain. Archives of internal medicine. 2009;169(3):251-258. 

96. Li L, Setoguchi S, Cabral H, Jick S. Opioid use for noncancer pain and risk of 

fracture in adults: a nested case-control study using the general practice research 

database. American journal of epidemiology. 2013;178(4):559-569. 

97. Ballantyne JC. "Safe and effective when used as directed": the case of chronic use 

of opioid analgesics. Journal of medical toxicology : official journal of the 

American College of Medical Toxicology. 2012;8(4):417-423. 

98. Portenoy RK. Chronic opioid therapy in nonmalignant pain. Journal of pain and 

symptom management. 1990;5(1 Suppl):S46-62. 

99. Banicek J. How to ensure acute pain in older people is appropriately assessed and 

managed. Nursing times. 2010;106(29):14-17. 

100. Denny DL, Guido GW. Undertreatment of pain in older adults: an application of 

beneficence. Nursing ethics. 2012;19(6):800-809. 

101. Dewar A. Assessment and management of chronic pain in the older person living 

in the community. The Australian journal of advanced nursing : a quarterly 

publication of the Royal Australian Nursing Federation. 2006;24(1):33-38. 

102. McAuliffe L, Brown D, Fetherstonhaugh D. Pain and dementia: an overview of 

the literature. International journal of older people nursing. 2012;7(3):219-226. 

103. Rigg KK, March SJ, Inciardi JA. Prescription Drug Abuse & Diversion: Role of 

the Pain Clinic. Journal of drug issues. 2010;40(3):681-702. 

104. Substance Abuse and Mental Health Services Administration. Results from the 

2010 National Survey on Drug Use and Health: Summary of National Findings. 

Rockville, MD2011. 

105. Patterson TL, Jeste DV. The potential impact of the baby-boom generation on 

substance abuse among elderly persons. Psychiatric services. 1999;50(9):1184-

1188. 



 

143 

 

106. Garg RK, Fulton-Kehoe D, Turner JA, et al. Changes in opioid prescribing for 

Washington workers' compensation claimants after implementation of an opioid 

dosing guideline for chronic noncancer pain: 2004 to 2010. The journal of pain : 

official journal of the American Pain Society. 2013;14(12):1620-1628. 

107. Dembe A, Wickizer T, Sieck C, Partridge J, Balchick R. Opioid use and dosing in 

the workers' compensation setting. A comparative review and new data from 

Ohio. American journal of industrial medicine. 2012;55(4):313-324. 

108. Barnett ML, Olenski AR, Jena AB. Opioid-Prescribing Patterns of Emergency 

Physicians and Risk of Long-Term Use. The New England journal of medicine. 

2017;376(7):663-673. 

109. Jena AB, Goldman D, Karaca-Mandic P. Hospital Prescribing of Opioids to 

Medicare Beneficiaries. JAMA internal medicine. 2016;176(7):990-997. 

110. Centers for Disease Control and Prevention. Prescription painkiller overdoses at 

epidemic levels [press release]. November 1, 2011 2011. 

111. Griggs CA, Weiner SG, Feldman JA. Prescription drug monitoring programs: 

examining limitations and future approaches. The western journal of emergency 

medicine. 2015;16(1):67-70. 

112. Curbing prescription drug abuse in Medicare. U.S. Senate Committee on 

Homeland Security and Government Affairs: U.S. Depart of Health and Human 

Services. 

113. Levinson DR. Prescribers with questionable patterns in Medicare Part D. 

Department of Health and Human Services. OEI-02-09-00603. 

114. Centers for Medicare and Medicaid Services. Medicare Learning Network 

General Information.  http://www.cms.gov/Outreach-and-Education/Medicare-

Learning-Network-MLN/MLNGenInfo/index.html?redirect=/MLNGenInfo. 

Accessed January 8, 2015. 

115. Simoni-Wastila L, Fornili K. Prescription monitoring programs: striking the 

balance between medical use and diversion. Journal of Addictions Nursing. 

2011;22(1-2):77-82. 

http://www.cms.gov/Outreach-and-Education/Medicare-Learning-Network-MLN/MLNGenInfo/index.html?redirect=/MLNGenInfo
http://www.cms.gov/Outreach-and-Education/Medicare-Learning-Network-MLN/MLNGenInfo/index.html?redirect=/MLNGenInfo


 

144 

 

116. PDMP Center of Excellence at Brandeis University. Mandating PDMP 

participation by medical providers: current status and experience in selected 

states. February 2014; 

http://www.pdmpexcellence.org/sites/all/pdfs/COE%20briefing%20on%20manda

tes%20revised_a.pdf. Accessed November 21, 2014. 

117. Haffajee RL, Jena AB, Weiner SG. Mandatory Use of Prescription Drug 

Monitoring Programs. Jama. 2015. 

118. Fishman SM, Papazian JS, Gonzalez S, Riches PS, Gilson A. Regulating opioid 

prescribing through prescription monitoring programs: balancing drug diversion 

and treatment of pain. Pain medicine. 2004;5(3):309-324. 

119. United States General Accounting Office. Prescription drugs. State monitoring 

programs provide useful tool to reduce diversion. 2002. GAO-02-634. 

120. Kim M. The impact of prescription drug monitoring programs on opioid-related 

poisoning deaths [Dissertation], Johns Hopkins University; 2013. 

121. Wang J, Christo PJ. The influence of prescription monitoring programs on 

chronic pain management. Pain physician. 2009;12(3):507-515. 

122. Bureau of Justice Assistance. Harold Rogers Prescription Drug Monitoring 

Program.  https://www.bja.gov/ProgramDetails.aspx?Program_ID=72 Accessed 

January 1, 2015. 

123. Manchikanti L, Whitfield E, Pallone F. Evolution of the National All Schedules 

Prescription Electronic Reporting Act (NASPER): a public law for balancing 

treatment of pain and drug abuse and diversion. Pain physician. 2005;8(4):335-

347. 

124. United States Congress. H.R.3528 - National All Schedules Prescription 

Electronic Reporting Reauthorization Act of 2013.  

https://www.congress.gov/bill/113th-congress/house-bill/3528. 

125. Comprehensive Addiction and Recovery Act, §524 (2016). 

http://www.pdmpexcellence.org/sites/all/pdfs/COE%20briefing%20on%20mandates%20revised_a.pdf
http://www.pdmpexcellence.org/sites/all/pdfs/COE%20briefing%20on%20mandates%20revised_a.pdf
http://www.bja.gov/ProgramDetails.aspx?Program_ID=72
http://www.congress.gov/bill/113th-congress/house-bill/3528


 

145 

 

126. Prescription Drug Monitoring Program Training and Technical Assistance Center. 

2014; http://www.pdmpassist.org/content/state-pdmp-websites. Accessed 7 

November, 2014. 

127. PDMP Training and Technical Assistance Center. TTAC national surveys. 

Brandeis University, The Heller School of Social Policy and Management. 

128. LawAtlas, The Policy Surveillance Portal. Prescription monitoring program laws 

map.  http://lawatlas.org/query?dataset=corey-matt-pmp. Accessed January 7, 

2015, 2015. 

129. Centers for Disease Control and Prevention. Prevention Status Reports: 

Prescription Drug Overdose. 2014; http://wwwn.cdc.gov/psr/. Accessed August 

11, 2016, 2016. 

130. Thomas C EJ, Kreiner P, Strickler G. Prescription Drug Monitoring Programs: 

An Assessment of the Evidence of Best Practices. Brandeis University;2012. 

131. National Association for Model State Drug Laws. States that require prescribers 

and/or dispensers to access PMP database in certain circumstances. 2014; 

http://www.namsdl.org/library/4475CD3E-1372-636C-DD2E5186156DFB6F/. 

132. Kreiner P, Nikitin, R., Shields, TP. Bureau of Justice Assistance Prescription 

Drug Monitoring Program Perfomance Measures Report: January 2009 through 

June 2012. Waltham, MA: PDMP Center of Excellence; October 21, 2013. 

133. Perrone J, Nelson LS. Medication reconciliation for controlled substances--an 

"ideal" prescription-drug monitoring program. The New England journal of 

medicine. 2012;366(25):2341-2343. 

134. Commonwealth of Massachusetts Department of Public Health. Prescription 

monitoring program.  http://www.mass.gov/eohhs/gov/laws-regs/dph/proposed-

regulations/prescription-monitoring-program.html. 

135. Green TC, Mann MR, Bowman SE, et al. How does use of a prescription 

monitoring program change medical practice? Pain medicine. 2012;13(10):1314-

1323. 

http://www.pdmpassist.org/content/state-pdmp-websites
http://lawatlas.org/query?dataset=corey-matt-pmp
http://wwwn.cdc.gov/psr/
http://www.namsdl.org/library/4475CD3E-1372-636C-DD2E5186156DFB6F/
http://www.mass.gov/eohhs/gov/laws-regs/dph/proposed-regulations/prescription-monitoring-program.html
http://www.mass.gov/eohhs/gov/laws-regs/dph/proposed-regulations/prescription-monitoring-program.html


 

146 

 

136. PDMP Center of Excellence. Briefing on PDMP effectiveness.  

http://www.pdmpexcellence.org/sites/all/pdfs/Briefing%20on%20PDMP%20Effe

ctiveness%203rd%20revision.pdf. Accessed November 21, 2014. 

137. Baehren DF, Marco CA, Droz DE, Sinha S, Callan EM, Akpunonu P. A statewide 

prescription monitoring program affects emergency department prescribing 

behaviors. Annals of emergency medicine. 2010;56(1):19-23 e11-13. 

138. Multnomah County Health Department and Oregon Health Authority. Early 

Assessment of the Prescription Drug Monitoring Program: A Survey of Providers, 

Program Design and Evaluation Services. 2013; 

http://www.orpdmp.com/orpdmpfiles/PDF_Files/Reports/PDES_PDMPeval_01.1

0.13.pdf. Accessed November 21, 2014. 

139. Alliance of States with Prescription Monitoring Programs. An Assessment of 

State Prescription Monitoring Program Effectiveness and Results. 2007; Version 

1:http://pdmpexcellence.org/pdfs/alliance_pmp_rpt2_1107.pdf. Accessed 

November 21, 2014. 

140. Kentucky Cabinet for Health and Family Services and Kentucky Injury 

Prevention and Research Center. 2010 KASPER Satisfaction Survey.  

http://chfs.ky.gov/NR/rdonlyres/BDC0DFC9-924B-4F11-A10A-

5EB17933FDDB/0/2010KASPERSatisfactionSurveyExecutiveSummary.pdf. 

Accessed November 21, 2014. 

141. Lambert D. Impact evaluation of Maine's prescription drug monitoring program. 

2007; 

http://muskie.usm.maine.edu/Publications/ihp/PrescDrugMonitoringPgrmExecSu

m.pdf. 

142. Johnson H, Paulozzi L, Porucznik C, et al. Decline in drug overdose deaths after 

state policy changes - Florida, 2010-2012. MMWR. Morbidity and mortality 

weekly report. 2014;63(26):569-574. 

143. Overdose deaths from prescription pain meds drop 27 percent [press release]. 

January 2014 2014. 

144. Simeone RH, L. An evaluation of prescription drug monitoring programs. 2006; 

http://www.simeoneassociates.com/simeone3.pdf. Accessed November 21, 2014. 

http://www.pdmpexcellence.org/sites/all/pdfs/Briefing%20on%20PDMP%20Effectiveness%203rd%20revision.pdf
http://www.pdmpexcellence.org/sites/all/pdfs/Briefing%20on%20PDMP%20Effectiveness%203rd%20revision.pdf
http://www.orpdmp.com/orpdmpfiles/PDF_Files/Reports/PDES_PDMPeval_01.10.13.pdf
http://www.orpdmp.com/orpdmpfiles/PDF_Files/Reports/PDES_PDMPeval_01.10.13.pdf
http://pdmpexcellence.org/pdfs/alliance_pmp_rpt2_1107.pdf
http://chfs.ky.gov/NR/rdonlyres/BDC0DFC9-924B-4F11-A10A-5EB17933FDDB/0/2010KASPERSatisfactionSurveyExecutiveSummary.pdf
http://chfs.ky.gov/NR/rdonlyres/BDC0DFC9-924B-4F11-A10A-5EB17933FDDB/0/2010KASPERSatisfactionSurveyExecutiveSummary.pdf
http://muskie.usm.maine.edu/Publications/ihp/PrescDrugMonitoringPgrmExecSum.pdf
http://muskie.usm.maine.edu/Publications/ihp/PrescDrugMonitoringPgrmExecSum.pdf
http://www.simeoneassociates.com/simeone3.pdf


 

147 

 

145. Eadie JL. Impact of prescription drug diversion control systems on medical 

practice and patient care: NIDA research monograph. Rockville, MD: U.S. 

Department of Health and Human Services, National Institute on Drug 

Abuse1993:176-193. 

146. Reifler LM, Droz D, Bailey JE, et al. Do prescription monitoring programs impact 

state trends in opioid abuse/misuse? Pain medicine. 2012;13(3):434-442. 

147. One Year In, Landmark Prescription Drug Bill Shows Huge Impact [press 

release]. July 2013. 

148. Florida Health. Florida PDMP Annual Report, 2012-2013.  

http://www.floridahealth.gov/statistics-and-data/e-forcse/news-

reports/_documents/2012-2013pdmp-annual-report.pdf. 

149. Heller D BOBD, Harocopos A, Hreno J, Lerner J, McCoy EB, Nolan M, Phillips 

Lum P, Tuazon E, Parker C, Kunins H, Paone D. . RxStat: Technical Assistance 

Manual. 2014; http://www.pdmpassist.org/pdf/RxStat.pdf. 

150. Rebbert-Franklin K, Haas E, Singal P, et al. Development of Maryland Local 

Overdose Fatality Review Teams: A Localized, Interdisciplinary Approach to 

Combat the Growing Problem of Drug Overdose Deaths. Health Promot Pract. 

2016;17(4):596-600. 

151. Local drug overdose fatality review (OFR) team: data use manual.  

http://www.pdmpassist.org/pdf/MD_OFR_Data_Use_Manual_March_2015.pdf. 

Accessed March 31, 2017. 

152. Paulozzi LJ, Kilbourne EM, Desai HA. Prescription drug monitoring programs 

and death rates from drug overdose. Pain medicine. 2011;12(5):747-754. 

153. Ross-Degnan D, Simoni-Wastila L, Brown JS, et al. A controlled study of the 

effects of state surveillance on indicators of problematic and non-problematic 

benzodiazepine use in a Medicaid population. International journal of psychiatry 

in medicine. 2004;34(2):103-123. 

154. Simoni-Wastila L, Ross-Degnan D, Mah C, et al. A retrospective data analysis of 

the impact of the New York triplicate prescription program on benzodiazepine use 

in medicaid patients with chronic psychiatric and neurologic disorders. Clinical 

therapeutics. 2004;26(2):322-336. 

http://www.floridahealth.gov/statistics-and-data/e-forcse/news-reports/_documents/2012-2013pdmp-annual-report.pdf
http://www.floridahealth.gov/statistics-and-data/e-forcse/news-reports/_documents/2012-2013pdmp-annual-report.pdf
http://www.pdmpassist.org/pdf/RxStat.pdf
http://www.pdmpassist.org/pdf/MD_OFR_Data_Use_Manual_March_2015.pdf


 

148 

 

155. Barrett K, Watson A. Physician perspectives on a pilot prescription monitoring 

program. Journal of pain & palliative care pharmacotherapy. 2005;19(3):5-13. 

156. Ulbrich TR, Dula CA, Green CG, Porter K, Bennett MS. Factors influencing 

community pharmacists' enrollment in a state prescription monitoring program. 

Journal of the American Pharmacists Association : JAPhA. 2010;50(5):588-594. 

157. Fass JA, Hardigan PC. Attitudes of Florida pharmacists toward implementing a 

state prescription drug monitoring program for controlled substances. Journal of 

managed care pharmacy : JMCP. 2011;17(6):430-438. 

158. Wilsey BL, Fishman SM, Gilson AM, et al. An analysis of the number of multiple 

prescribers for opioids utilizing data from the California Prescription Monitoring 

Program. Pharmacoepidemiology and drug safety. 2011;20(12):1262-1268. 

159. Wilsey BL, Fishman SM, Gilson AM, et al. Profiling multiple provider 

prescribing of opioids, benzodiazepines, stimulants, and anorectics. Drug and 

alcohol dependence. 2010;112(1-2):99-106. 

160. Curtis LH, Stoddard J, Radeva JI, et al. Geographic variation in the prescription 

of schedule II opioid analgesics among outpatients in the United States. Health 

services research. 2006;41(3 Pt 1):837-855. 

161. Weiner SG, Griggs CA, Mitchell PM, et al. Clinician impression versus 

prescription drug monitoring program criteria in the assessment of drug-seeking 

behavior in the emergency department. Annals of emergency medicine. 

2013;62(4):281-289. 

162. Yarbrough CR. Prescription Drug Monitoring Programs Produce a Limited 

Impact on Painkiller Prescribing in Medicare Part D. Health services research. 

2017. 

163. Ali MM, Dowd WN, Classen T, Mutter R, Novak SP. Prescription drug 

monitoring programs, nonmedical use of prescription drugs, and heroin use: 

Evidence from the National Survey of Drug Use and Health. Addictive behaviors. 

2017;69:65-77. 

164. Simoni-Wastila L, Qian J. Influence of prescription monitoring programs on 

analgesic utilization by an insured retiree population. Pharmacoepidemiology and 

drug safety. 2012;21(12):1261-1268. 



 

149 

 

165. Paulozzi LJ, Stier DD. Prescription drug laws, drug overdoses, and drug sales in 

New York and Pennsylvania. Journal of public health policy. 2010;31(4):422-

432. 

166. Berterame S, Erthal J, Thomas J, et al. Use of and barriers to access to opioid 

analgesics: a worldwide, regional, and national study. Lancet. 

2016;387(10028):1644-1656. 

167. Kuo YF, Raji MA, Chen NW, Hasan H, Goodwin JS. Trends in Opioid 

Prescriptions Among Part D Medicare Recipients From 2007 to 2012. The 

American journal of medicine. 2016;129(2):221 e221-230. 

168. Rutkow L, Chang HY, Daubresse M, Webster DW, Stuart EA, Alexander GC. 

Effect of Florida's Prescription Drug Monitoring Program and Pill Mill Laws on 

Opioid Prescribing and Use. JAMA internal medicine. 2015;175(10):1642-1649. 

169. Kennedy-Hendricks A, Richey M, McGinty EE, Stuart EA, Barry CL, Webster 

DW. Opioid Overdose Deaths and Florida's Crackdown on Pill Mills. American 

journal of public health. 2016;106(2):291-297. 

170. Delcher C, Wang Y, Wagenaar AC, Goldberger BA, Cook RL, Maldonado-

Molina MM. Prescription and Illicit Opioid Deaths and the Prescription Drug 

Monitoring Program in Florida. American journal of public health. 

2016;106(6):e10-11. 

171. Bao Y, Pan Y, Taylor A, et al. Prescription Drug Monitoring Programs Are 

Associated With Sustained Reductions In Opioid Prescribing By Physicians. 

Health affairs. 2016;35(6):1045-1051. 

172. Brady JE, Wunsch H, DiMaggio C, Lang BH, Giglio J, Li G. Prescription drug 

monitoring and dispensing of prescription opioids. Public health reports. 

2014;129(2):139-147. 

173. Landon BE, Zaslavsky AM, Bernard SL, Cioffi MJ, Cleary PD. Comparison of 

performance of traditional Medicare vs Medicare managed care. Jama. 

2004;291(14):1744-1752. 

174. Brennan N, Shepard M. Comparing quality of care in the Medicare program. The 

American journal of managed care. 2010;16(11):841-848. 



 

150 

 

175. Ayanian JZ, Landon BE, Zaslavsky AM, Saunders RC, Pawlson LG, Newhouse 

JP. Medicare beneficiaries more likely to receive appropriate ambulatory services 

in HMOs than in traditional medicare. Health affairs. 2013;32(7):1228-1235. 

176. Landon BE, Zaslavsky AM, Saunders RC, Pawlson LG, Newhouse JP, Ayanian 

JZ. Analysis Of Medicare Advantage HMOs compared with traditional Medicare 

shows lower use of many services during 2003-09. Health affairs. 

2012;31(12):2609-2617. 

177. Centers for Medicare and Medicaid Services. About Chronic Condition Data 

Warehouse.  https://www.ccwdata.org/web/guest/about-ccw. Accessed: 2016-11-

28. (Archived by WebCite® at http://www.webcitation.org/6mMrgMig1). 

178. First Databank.  http://www.fdbhealth.com/why-fdb/. Accessed: 2016-11-28. 

(Archived by WebCite® at http://www.webcitation.org/6mMskE7kw). 

179. PDMP Training and Technical Assistance Center. Technical assistance guide No. 

01-13: Calculating daily morphine milligram equivalents. 

180. National Center for Injury Prevention and Control. CDC compilation of opioid 

analgesic formulations with morphine milligram equivalent conversion factors, 

2015 version. Atlanta, GA. Centers for Disease Control and Prevention. 2015; 

http://www.pdmpassist.org/pdf/BJA_performance_measure_aid_MME_conversio

n.pdf. 

181. Lyapustina T, Rutkow L, Chang HY, et al. Effect of a "pill mill" law on opioid 

prescribing and utilization: The case of Texas. Drug and alcohol dependence. 

2016;159:190-197. 

182. Coca-Perraillon M. Local and global optimal propensity score matching. Paper 

185-2007. SAS Global Forum 2007; 2007. 

183. Rosenbaum PR, Rubin DB. The central role of the propensity score in 

observational studies for causal effects. Biometrika. 1983;70(1):41-55. 

184. McDonald DC, Carlson K, Izrael D. Geographic variation in opioid prescribing in 

the U.S. The journal of pain : official journal of the American Pain Society. 

2012;13(10):988-996. 

http://www.ccwdata.org/web/guest/about-ccw
http://www.webcitation.org/6mMrgMig1)
http://www.fdbhealth.com/why-fdb/
http://www.webcitation.org/6mMskE7kw)
http://www.pdmpassist.org/pdf/BJA_performance_measure_aid_MME_conversion.pdf
http://www.pdmpassist.org/pdf/BJA_performance_measure_aid_MME_conversion.pdf


 

151 

 

185. McDonald DC, Carlson KE. The ecology of prescription opioid abuse in the 

USA: geographic variation in patients' use of multiple prescribers ("doctor 

shopping"). Pharmacoepidemiology and drug safety. 2014. 

186. Goff BL, A; Lile, S. A Matched Pairs Analysis of State Growth Differences. 

Contemporary Economic Policy. 2012;30(2):293-305. 

187. Heinze G, Schemper M. A solution to the problem of separation in logistic 

regression. Stat Med. 2002;21(16):2409-2419. 

188. Stuart EA, Rubin DB. Best practices in quasi-experimental designs: Matching 

methods for causal inference.  http://www.corwin.com/upm-

data/18066_Chapter_11.pdf. Accessed May 8, 2016. 

189. National Alliance for Model State Drug Laws. Prescription drug monitoring 

programs.  http://www.namsdl.org/prescription-monitoring-programs.cfm. 

Accessed: 2016-11-28. (Archived by WebCite® at 

http://www.webcitation.org/6mMtBxr16). 

190. Walt G, Shiffman J, Schneider H, Murray SF, Brugha R, Gilson L. 'Doing' health 

policy analysis: methodological and conceptual reflections and challenges. Health 

Policy Plan. 2008;23(5):308-317. 

191. Penfold RB, Zhang F. Use of interrupted time series analysis in evaluating health 

care quality improvements. Acad Pediatr. 2013;13(6 Suppl):S38-44. 

192. Phillips KA, Fernyak S, Potosky AL, Schauffler HH, Egorin M. Use of preventive 

services by managed care enrollees: an updated perspective. Health affairs. 

2000;19(1):102-116. 

193. Shimada SL, Zaslavsky AM, Zaborski LB, O'Malley AJ, Heller A, Cleary PD. 

Market and beneficiary characteristics associated with enrollment in Medicare 

managed care plans and fee-for-service. Medical care. 2009;47(5):517-523. 

194. Kerlikowske G, Jones CM, Labelle RM, Condon TP. Prescription drug 

monitoring programs-lack of effectiveness or a call to action? Pain medicine. 

2011;12(5):687-689. 

http://www.corwin.com/upm-data/18066_Chapter_11.pdf
http://www.corwin.com/upm-data/18066_Chapter_11.pdf
http://www.namsdl.org/prescription-monitoring-programs.cfm
http://www.webcitation.org/6mMtBxr16)


 

152 

 

195. Dunn KM, Saunders KW, Rutter CM, et al. Opioid prescriptions for chronic pain 

and overdose: a cohort study. Annals of internal medicine. 2010;152(2):85-92. 

196. Gomes T, Mamdani MM, Dhalla IA, Paterson JM, Juurlink DN. Opioid dose and 

drug-related mortality in patients with nonmalignant pain. Archives of internal 

medicine. 2011;171(7):686-691. 

197. Dowell D, Haegerich TM, Chou R. CDC Guideline for Prescribing Opioids for 

Chronic Pain-United States, 2016. Jama. 2016. 

198. Bradford AC, Bradford WD. Medical Marijuana Laws Reduce Prescription 

Medication Use In Medicare Part D. Health affairs. 2016;35(7):1230-1236. 

199. Gwira Baumblatt JA, Wiedeman C, Dunn JR, Schaffner W, Paulozzi LJ, Jones 

TF. High-risk use by patients prescribed opioids for pain and its role in overdose 

deaths. JAMA internal medicine. 2014;174(5):796-801. 

200. Donaldson K. Prescription Monitoring Program St. Louis County, MO. 2016; 

http://www.pdmpassist.org/pdf/PPTs/18-02A_Donaldson_New_Issues.pdf. 

201. Vestal C. States require opioid prescribers to check for 'doctor shopping'.  

http://www.pewtrusts.org/en/research-and-

analysis/blogs/stateline/2016/05/09/states-require-opioid-prescribers-to-check-for-

doctor-shopping. Accessed October 6, 2016. 

202. Haegerich TM, Paulozzi LJ, Manns BJ, Jones CM. What we know, and don't 

know, about the impact of state policy and systems-level interventions on 

prescription drug overdose. Drug and alcohol dependence. 2014;145C:34-47. 

203. Office of the Assistant Secretary for Health, Office of the National Coordinator 

for Health Information Technology, Substance Abuse and Mental Health Services 

Administration, Centers for Disease Control and Prevention. Prescription drug 

monitoring program interoperability standards: a report to Congress. 2013. 

204. Haffajee RL, Jena AB, Weiner SG. Mandatory use of prescription drug 

monitoring programs. Jama. 2015;313(9):891-892. 

205. Legal Science, LLC. Prescription Drug Abuse Policy System (PDAPS).  

http://pdaps.org/ Accessed June 23, 2016. 

http://www.pdmpassist.org/pdf/PPTs/18-02A_Donaldson_New_Issues.pdf
http://www.pewtrusts.org/en/research-and-analysis/blogs/stateline/2016/05/09/states-require-opioid-prescribers-to-check-for-doctor-shopping
http://www.pewtrusts.org/en/research-and-analysis/blogs/stateline/2016/05/09/states-require-opioid-prescribers-to-check-for-doctor-shopping
http://www.pewtrusts.org/en/research-and-analysis/blogs/stateline/2016/05/09/states-require-opioid-prescribers-to-check-for-doctor-shopping
http://pdaps.org/


 

153 

 

206. Legal Science, LLC. Codebook for Prescription Drug Monitoring Program: 

Administration. 2016; http://pdaps.org/dataset/overview/prescription-monitoring-

program-laws-1408223428/56e6b7ccd42e07907e3aa702 Accessed June 23, 2016. 

207. Legal Science, LLC. Codebook for Prescription Drug Monitoring Program: 

Access and Registration.  http://pdaps.org/dataset/overview/prescription-

monitoring-program-laws-1408223332/56e5aa9bd42e07c4733aa6ff Accessed 

June 23, 2016, 2016. 

208. Legal Science, LLC. Prescription Drug Abuse Policy System (PDAPS). 

Codebook for Prescription Drug Monitoring Program: Reporting and Authorized 

Use. 2016; http://pdaps.org/dataset/overview/prescription-monitoring-program-

laws-1408223416/56e6b6b7d42e07837e3aa707 Accessed June 23, 2016. 

209. Bachhuber MA, Saloner B, Cunningham CO, Barry CL. Medical cannabis laws 

and opioid analgesic overdose mortality in the United States, 1999-2010. JAMA 

internal medicine. 2014;174(10):1668-1673. 

210. Finklea KS, L.N.; Bagalman, E. Prescription Drug Monitoring Programs. 

Congressional Research Service; 2014. 

211. Califf RM, Woodcock J, Ostroff S. A Proactive Response to Prescription Opioid 

Abuse. The New England journal of medicine. 2016;374(15):1480-1485. 

212. Goodin A, Blumenschein K, Freeman PR, Talbert J. Consumer/patient encounters 

with prescription drug monitoring programs: evidence from a Medicaid 

population. Pain physician. 2012;15(3 Suppl):ES169-175. 

213. Islam MM, McRae IS. An inevitable wave of prescription drug monitoring 

programs in the context of prescription opioids: pros, cons and tensions. BMC 

pharmacology & toxicology. 2014;15:46. 

214. Miller EA, Decker SL, Parker JD. Characteristics of Medicare Advantage and 

Fee-for-Service Beneficiaries Upon Enrollment in Medicare at Age 65. J Ambul 

Care Manage. 2016;39(3):231-241. 

215. Freeman PRG, A.; Troske, S.; Talbert, J. Kentucky House Bill 1 Impact 

Evaluation. Lexington, Kentucky: University of Kentucky; March 2015 2015. 

http://pdaps.org/dataset/overview/prescription-monitoring-program-laws-1408223428/56e6b7ccd42e07907e3aa702
http://pdaps.org/dataset/overview/prescription-monitoring-program-laws-1408223428/56e6b7ccd42e07907e3aa702
http://pdaps.org/dataset/overview/prescription-monitoring-program-laws-1408223332/56e5aa9bd42e07c4733aa6ff
http://pdaps.org/dataset/overview/prescription-monitoring-program-laws-1408223332/56e5aa9bd42e07c4733aa6ff
http://pdaps.org/dataset/overview/prescription-monitoring-program-laws-1408223416/56e6b6b7d42e07837e3aa707
http://pdaps.org/dataset/overview/prescription-monitoring-program-laws-1408223416/56e6b6b7d42e07837e3aa707


 

154 

 

216. PDMP Training and Technical Assistance Center. Enhancing PDMPs: A 

comparison of changes 2010 to 2016. Brandeis University; December 2016. 

217. Smith RJ, Kilaru AS, Perrone J, et al. How, why, and for whom do emergency 

medicine providers use prescription drug monitoring programs? Pain medicine. 

2015;16(6):1122-1131. 

218. Jayasekera J. Contextual analysis of the effect of prostate-specific antigen testing 

on prostate cancer outcomes among elderly men [Dissertation]: pharmaceutical 

health services research, University of Maryland Baltimore; 2015. 

219. Yu M, Tatalovich Z, Gibson JT, Cronin KA. Using a composite index of 

socioeconomic status to investigate health disparities while protecting the 

confidentiality of cancer registry data. Cancer Causes Control. 2014;25(1):81-92. 

220. Singh GK, Williams SD, Siahpush M, Mulhollen A. Socioeconomic, Rural-

Urban, and Racial Inequalities in US Cancer Mortality: Part I-All Cancers and 

Lung Cancer and Part II-Colorectal, Prostate, Breast, and Cervical Cancers. J 

Cancer Epidemiol. 2011;2011:107497. 

221. Taber DR, Chriqui JF, Powell LM, Perna FM, Robinson WR, Chaloupka FJ. 

Socioeconomic Differences in the Association Between Competitive Food Laws 

and the School Food Environment. J Sch Health. 2015;85(9):578-586. 

222. Findings SAaMHSARftNSoDUaHN. Rockville, MD. 

223. Zocchetti C, Consonni D, Bertazzi PA. Relationship between prevalence rate 

ratios and odds ratios in cross-sectional studies. Int J Epidemiol. 1997;26(1):220-

223. 

224. Zou G. A modified poisson regression approach to prospective studies with binary 

data. American journal of epidemiology. 2004;159(7):702-706. 

225. Kim J, Lee J, Shin CM, Lee DH, Park BJ. Risk of gastrointestinal bleeding and 

cardiovascular events due to NSAIDs in the diabetic elderly population. BMJ 

Open Diabetes Res Care. 2015;3(1):e000133. 

226. Chau DL, Walker V, Pai L, Cho LM. Opiates and elderly: use and side effects. 

Clin Interv Aging. 2008;3(2):273-278. 



 

155 

 

227. Powell DP, RL; Jacobson, M. Do medical marijuana laws reduce addictions and 

death related to pain relievers? 21345. 

228. Rudd RA, Seth P, David F, Scholl L. Increases in Drug and Opioid-Involved 

Overdose Deaths - United States, 2010-2015. MMWR. Morbidity and mortality 

weekly report. 2016;65(5051):1445-1452. 

229. Hackman DT, Greene MS, Fernandes TJ, Brown AM, Wright ER, Chambers RA. 

Prescription drug monitoring program inquiry in psychiatric assessment: detection 

of high rates of opioid prescribing to a dual diagnosis population. The Journal of 

clinical psychiatry. 2014;75(7):750-756. 

230. Ringwalt C, Garrettson M, Alexandridis A. The effects of North Carolina's 

prescription drug monitoring program on the prescribing behaviors of the state's 

providers. The journal of primary prevention. 2015;36(2):131-137. 

231. Gavaza P, Fleming M, Barner JC. Examination of psychosocial predictors of 

Virginia pharmacists' intention to utilize a prescription drug monitoring program 

using the theory of planned behavior. Research in social & administrative 

pharmacy : RSAP. 2014;10(2):448-458. 

232. Fleming ML, Barner JC, Brown CM, Shepherd MD, Strassels S, Novak S. Using 

the theory of planned behavior to examine pharmacists' intention to utilize a 

prescription drug monitoring program database. Research in social & 

administrative pharmacy : RSAP. 2014;10(2):285-296. 

233. Rutkow L, Turner L, Lucas E, Hwang C, Alexander GC. Most primary care 

physicians are aware of prescription drug monitoring programs, but many find the 

data difficult to access. Health affairs. 2015;34(3):484-492. 

234. Irvine JM, Hallvik SE, Hildebran C, Marino M, Beran T, Deyo RA. Who uses a 

prescription drug monitoring program and how? Insights from a statewide survey 

of Oregon clinicians. The journal of pain : official journal of the American Pain 

Society. 2014;15(7):747-755. 

235. Lin DH, Lucas E, Murimi IB, et al. Physician attitudes and experiences with 

Maryland's prescription drug monitoring program (PDMP). Addiction. 

2017;112(2):311-319. 



 

156 

 

236. Keehan S, Sisko A, Truffer C, et al. Health spending projections through 2017: 

the baby-boom generation is coming to Medicare. Health affairs. 

2008;27(2):w145-155. 

237. Kertesz SG. Turning the tide or riptide? The changing opioid epidemic. Subst 

Abus. 2016:1-6. 

238. Center for Behavioral Health Statistics and Quality. Behavioral health trends in 

the United States: Results from the 2014 National Survey on Drug Use and Health 

(HHS Publication No. SMA 15-4927, NSDUH Series H-50). 2015. 

239. Hawk KF, Vaca FE, D'Onofrio G. Reducing Fatal Opioid Overdose: Prevention, 

Treatment and Harm Reduction Strategies. Yale J Biol Med. 2015;88(3):235-245. 

240. Johannes CB, Le TK, Zhou X, Johnston JA, Dworkin RH. The prevalence of 

chronic pain in United States adults: results of an Internet-based survey. The 

journal of pain : official journal of the American Pain Society. 2010;11(11):1230-

1239. 

241. Portenoy RK, Ugarte C, Fuller I, Haas G. Population-based survey of pain in the 

United States: differences among white, African American, and Hispanic subjects. 

The journal of pain : official journal of the American Pain Society. 

2004;5(6):317-328. 

242. Chou R, Turner JA, Devine EB, et al. The effectiveness and risks of long-term 

opioid therapy for chronic pain: a systematic review for a National Institutes of 

Health Pathways to Prevention Workshop. Annals of internal medicine. 

2015;162(4):276-286. 

243. White PF. What are the advantages of non-opioid analgesic techniques in the 

management of acute and chronic pain? Expert Opin Pharmacother. 2017. 

244. Thomas DA, Maslin B, Legler A, Springer E, Asgerally A, Vadivelu N. Role of 

Alternative Therapies for Chronic Pain Syndromes. Current pain and headache 

reports. 2016;20(5):29. 

245. Li G, Brady JE, Lang BH, Giglio J, Wunsch H, DiMaggio C. Prescription drug 

monitoring and drug overdose mortality. Inj Epidemiol. 2014;1(1):9. 



 

157 

 

246. Volkow ND, Frieden TR, Hyde PS, Cha SS. Medication-assisted therapies--

tackling the opioid-overdose epidemic. The New England journal of medicine. 

2014;370(22):2063-2066. 

247. Levy DT, Bauer JE, Lee HR. Simulation modeling and tobacco control: creating 

more robust public health policies. American journal of public health. 

2006;96(3):494-498. 

 


