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Structured Abstract

Background: The U.S. has seen an unprecedented rise in opioid-related morbidity and mortality, 

and states have passed numerous laws in response. Researchers have not comprehensively 

established the effectiveness of pain management clinic regulations to reduce opioid prescribing 

using national data.

Methods: We combine a policy dataset from the Prescription Drug Abuse Policy System with the 

Centers for Disease Control and Prevention county-level opioid prescribing data, as well as with 

numerous government datasets for county- and state- level covariates. We predict retail opioid 

prescriptions dispensed per 100 people using county fixed-effects models with a state-level cluster 

correction. Our key predictors of interest are the presence of any state-level pain management 

clinic law and eight specific subcomponents of the law.

Results: Pain management clinic laws demonstrate consistent, negative effects on prescribing 

rates. Controlling for county characteristics, state spending, and the broader policy context, states 

with pain management clinic laws had, on average, 5.78 fewer opioid prescriptions per 100 people 

than states without such laws (p<.05). Five specific subcomponents demonstrate efficacy in 

reducing prescribing rates: certification requirements (B = −6.02, p<.05), medical directors (B = 
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−6.14, p<.05), dispenser and dispensing amount restrictions (B = −8.60, p<.01; B = −15.051, 

p<.001), and explicit penalties for noncompliance (B = −6.02, p<.05). Three subcomponents had 

no effect: prescription quantity restrictions and requirements to register with or review prescription 

drug monitoring programs.

Conclusions: Implementation of pain management clinic laws reduced county-level opioid 

prescribing. States should review specific components to determine which forms of law are most 

efficacious.
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1. Introduction

1.1. Background

Over the past several decades, the U.S. has seen a rapid rise in drug-related morbidity and 

mortality (Birnbaum et al., 2011; Dart et al., 2015), creating an unprecedented public health 

crisis. Opioids have played an enormous role in this crisis, beginning with the increase in 

prescriptions for opioids such as hydrocodone and oxycodone during the 1990s, and later 

continuing with increases in heroin and synthetic opioid overdoses. In 2018, approximately 

46,802 people in the U.S. died of a drug overdose involving opioids, accounting for over 

two-thirds of all drug overdose deaths (N. Wilson et al., 2020). Even with conservative 

estimates, legally prescribed opioids – most of which are prescribed by physicians – account 

for a substantial number of these deaths (Seth et al., 2018). Estimates suggest that between 

21 and 29 percent of patients with opioid prescriptions for chronic pain misuse their 

medication, and between 8 and 12 percent go on to develop a misuse disorder (Vowles et al., 

2015).

Further, legally prescribed opioids can also be diverted to illicit markets, often via “doctor 

shopping” (McDonald and Carlson, 2013). Still, the majority of original sources of such 

drugs are legally written prescriptions for the users themselves or for a friend or family 

member (SAMHSA, 2019). In this manner, opioid medications circulating within networks 

of people who use drugs often begin from legitimate sources, and the percentage of people 

who misuse prescription opioids remains overwhelmingly higher than the number of people 

misusing illicit opioids, such as heroin and fentanyl (SAMHSA, 2019). Ultimately, beyond 

their own role in overdose deaths, legally prescribed opioids can also indirectly lead to non-

prescription opioid-related deaths via transitions to heroin use, with about 80% of people 

who use heroin having first misused prescription opioids (Muhuri et al., 2013). The potential 

for transition to heroin, fentanyl, or other illicit opioids (Mars et al. 2014; Strickland and 

Victor, 2020) may be especially concerning when there are abrupt changes in access, and 

these illicit opioids account for an increasing number of opioid-related mortality (Scholl et 

al., 2019). Therefore, via both direct and indirect impacts, reducing unnecessary opioid 

prescriptions is a critical step in reducing the overall impact of the opioid crisis.

Several policies have been implemented in response to the opioid crisis. Some policies, such 

as pain management clinic (PMC) regulations or prescription drug monitoring programs, 
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attempt to decrease the supply of opioid medications by reducing unnecessary prescriptions 

or practices such as doctor shopping. Other laws, such as expanded access to naloxone and 

Good Samaritan laws, attempt to reduce mortality on the back end by providing 

opportunities and reducing barriers to intervention following an overdose (Haegerich et al., 

2014). These policies are also heterogeneous in nature with their implementation centered 

on differing mechanisms of action. In this paper, we focus specifically on the role of PMC 

regulations in addressing the opioid crisis while accounting for the broader policy context in 

which they have been passed. Policies restricting prescribing via PMCs have seen a range of 

forms, and these forms may have varied impacts on the opioid crisis. In this paper, we ask to 

what extent PMC laws reduce county-level opioid prescriptions. If shown to reduce opioid 

prescribing, such policies could have downstream effects that potentially reduce opioid-

related morbidity and mortality.

1.2 Pain Management Clinic Laws

Although the exact form that PMCs take vary from state to state (see Andraka-Christou et 

al., 2019 for a detailed taxonomy of PMC functions), their primary purpose is to offer 

services to manage pain, with many directly offering the prescribing and dispensing of 

controlled substances, mainly opioids. PMC laws, sometimes known as “pill mill” laws, 

were first passed in the mid-2000s in response to concerns about prescribing practices at 

PMCs (Rutkow et al., 2017). These practices included on-site pharmacies where 

prescriptions could be paid for in cash on the spot, sometimes without a medical 

examination, and with some even allowing patients to choose their own medication (Rigg et 

al., 2010; Rutkow et al., 2017). Policies were thus implemented to regulate and provide state 

oversight for PMCs, helping to reduce erratic and inappropriate prescribing practices while 

preserving opportunities for pain management for those with medical needs. Although states 

have more often turned to prescription drug monitoring programs to manage inappropriate 

prescribing and doctor shopping, PMCs have the advantage of targeted oversight for high-

risk prescribers while safeguarding access to medically necessary opioids for patients in 

need (Rutkow et al., 2017).

PMC laws vary from state to state but generally specify guidelines and requirements for the 

operation of a clinic. These laws can stipulate who can run such a clinic and the type of 

training they need – some states require that a physician serve as medical director for 

purposes of oversight and responsibility – as well as specific certification processes required 

to open a PMC. These laws also specify oversight processes for PMC inspections, including 

defining the agency responsible for oversight and the schedule of inspection. Some states 

include additional regulations such as limitations on who can prescribe and dispense opioids 

in these settings or specify limitations on the amounts prescribed, although differences in 

these statute stipulations are not well-studied (Rutkow et al., 2017). Given the diversity of 

PMC laws, further evidence is needed to determine the effects of heterogeneous state 

processes of oversight and penalties for noncompliant PMCs.

Evidence from studies with limited geographical scope suggests that PMC laws have been 

effective in reducing opioid prescribing. Many of these studies focus specifically on Florida, 

which has a notorious reputation regarding pill mills and prescribing practices. In 2011, 
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Florida passed a PMC law at the same time that it passed a prescription drug monitoring 

program. Following this law, opioid prescriptions and deaths fell sharply in the state 

(Johnson et al., 2014), driven largely by changes in the prescribing practices of the highest 

volume prescribers (Chang et al., 2016; Rutkow et al., 2015) and due to successful 

enforcement activities (Kennedy-Hendricks et al., 2016). These successes are not limited to 

Florida. For instance, following the PMC law passed in Texas in 2010, the state saw 

significant declines in monthly opioid prescription volume, number of prescriptions, and 

average morphine equivalent dose per filled prescription, suggesting that PMC laws can 

reduce both number of prescriptions and amount of medication per prescription (Lyapustina 

et al., 2016).

While these studies suggest an important role for PMC laws in reducing prescribing and 

subsequent overdose deaths, they have typically been geographically limited to one state, 

which inhibits opportunities to identify specific policy effects. Studies that have expanded 

this line of inquiry to multiple states find more mixed results. For instance, Dowell and 

colleagues (2016) find that PMC laws are associated with reductions in state-level 

prescribing rates, although they find this effect only in combination with prescription drug 

monitoring programs and find no independent PMC effect. Meara and colleagues (2016) 

find no relationship at all between PMC laws and prescribing in the U.S., although they rely 

on individual-level Medicare data for fee-for-service disabled beneficiaries and terminate 

their analyses in 2012. Their study is therefore limited to a very specific population likely to 

have a particular relationship with opioids and a timeframe prior to the passage of many 

PMCs. The evidence is thus ultimately mixed on the efficacy of PMC laws, leaving the 

relationship between these regulations and opioid prescribing unclear (Mauri et al., 2020) 

and creating a need for a geographically and temporally expanded study of all prescribing 

activity.

The current study builds on this existing literature by examining the impact of PMC laws on 

prescribing practices, although it enhances prior analyses in several ways. First, we include 

all 50 states in our analysis, further expanding the geographic reach of the inquiry and 

allowing for the isolation of PMC effects independent of state context. Second, we measure 

prescribing rates at the county-level, which allows us to take into account important 

intrastate differences. Given the local nature of pain clinics, particularly within larger states 

with numerous PMCs, this is especially important for our research questions. Third, we 

include a robust battery of county- and state-level demographic covariates in a fixed-effects 

framework that also controls for measured and unmeasured county-level characteristics. 

Fourth, we include measures of other policies relevant to opioid-prescribing so that we can 

isolate the effect of PMC laws from other policies with similar aims. Fifth, we not only 

examine the effect of passing any PMC law, but we examine interstate differences in the 

specific elements of these laws, which has yet to be studied in detail (Rutkow et al., 2017). 

Sixth, we use a single, detailed policy database for all state laws rather than relying on 

multiple datasets and primary data collection efforts, which standardizes the exposure across 

different types of regulations. As a result, this manuscript provides the most robust estimates 

to date of the impact of PMC laws on prescribing practices, which relates to their potential 

efficacy to impact the broader opioid crisis.
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2. Methods

2.1 Prescribing Data

We utilized county-level opioid prescribing rate data from the Centers for Disease Control 

and Prevention (CDC) from 2006 through 2016. Our outcome is retail opioid prescriptions 

dispensed for 100 people per county in county-year format. The CDC source these data from 

the IQVIA Xponent, which uses a sample of nearly 50,000 retail pharmacies. Collectively, 

these pharmacies dispense about 92% of all retail prescriptions in the U.S. The CDC uses 

Census population estimates for the denominator of the rate, and they identify an opioid 

prescription using National Drug Codes. Prescriptions for cough and cold medication 

containing opioids, as well as methadone and buprenorphine products prescribed for opioid 

addiction treatment, are not included in these estimates (CDC, 2020).

2.2 Policy Data

We utilized the Prescription Drug Abuse Policy System (PDAPS) for a comprehensive and 

detailed listing of policy passage in each state between 2000 and 2016 (PDAPS, n.d.). We 

begin the present analyses in 2006, as that year marks the beginning of the availability of the 

prescribing data. We then created a state-year dataset of the presence of policies across the 

observation period, with policies coded as 1 when they were active as of January 1st, and 0 

otherwise. To account for other policies that may affect prescribing rates, we included 

controls for prescription drug monitoring programs, expanded naloxone access to the lay 

public, Good Samaritan laws absolving criminal or civil liability when reporting an 

overdose, and presence of medical marijuana laws, which were not necessarily passed in 

response to the overdose crisis but are nonetheless an important policy covariate given their 

applicability to pain management.

2.3 County- and State-level Covariates

From the U.S. Census Bureau’s American Community Survey (ACS) and Decennial 

Censuses, we draw county- and state-level covariates that account for key contextual socio-

demographic and expenditure factors based on demonstrated importance in past literature 

(e.g. Guy et al., 2017; McDonald et al., 2012; F. A. Wilson et al., 2020). Specifically, we 

included the following county-level time-varying covariates: the unemployment rate, median 

household income, and percentages foreign-born, female-headed households, Black Non-

Hispanic, Hispanic, and over 25 with a Bachelor’s. We include an interaction between 

percentage foreign-born and Hispanic given their high correlation. We used the 5-year ACS 

estimates because only larger counties are available with shorter estimates. As these begin in 

2009, we linearly interpolated the years between the 2000 census and 2009, utilizing the 

interpolated values beginning in 2006. From the Annual Survey of State Government 

Finances, we included state-level per-capita spending on education, public welfare, 

hospitals, and health.

2.4 Analysis

We used fixed-effects ordinary least squares linear regression models to determine the effect 

of PMCs on the county-level opioid prescribing rate. Fixed effects models eliminate 
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unobserved heterogeneity by differencing all predictors and the outcome from its county-

specific average. Fixed-effects estimators are robust to any observed or unobserved time-

invariant omitted variables, which removes any constant county-level effects and allows the 

variable of interest to operate as a “treatment” effect in a traditional experiment (Allison, 

2009; Halaby, 2004; Winship and Morgan, 1999). We included a standard error cluster-

correction using Huber/White Sandwich estimators (Huber, 1967; White, 1980) at the state 

level to account for dependencies between counties within states. We conducted all analyses 

using Stata.

We began by modeling the effect of any PMC law in three blocks. The first block includes a 

binary indicator for presence of a PMC law and fixed effects for years and county. The 

second block adds the county-level covariates with a one-year lag, while the third block adds 

indicators for additional relevant policies. We then modeled the effects of eight specific 

elements of PMC laws: certification requirements, restrictions on who can dispense, 

limitations on the amount of medication that can be dispensed, limitations on the amount of 

medication that can be prescribed, explicit penalties for noncompliance, a requirement for a 

medical director, a requirement that PMC doctors register with the PDMP, and a requirement 

that PMC doctors review the PDMP. Each of these elements was present in some, but not all, 

of the state PMC laws across years, and examining their effects helps to determine the most 

impactful elements of PMC laws to reduce prescribing rates. In determining these eight 

elements, we drew on literature highlighting the large diversity in PMC laws (Andraka-

Christou et al., 2019; Rutkow et al., 2017) and included the core policy elements available 

for our time series and present in at least one state law prior to the final year in our analysis.

While there are a total of 3,149 unique U.S. counties as of 2016, the number of counties in 

our analysis range from 2,637 in 2012 to 2,851 in 2015, with the N in other years falling in-

between, for a total of 30,798 county-year observations. Missing counties primarily result 

from incomplete CDC prescribing data, which contain rates for 87.6% to 94.0% of counties 

in a given year. Missing data can indicate that “the county had no retail pharmacies, the 

county had no retail pharmacies sampled, or the prescription volume was erroneously 

attributed to an adjacent, more populous county according to the sampling rules used” 

(CDC, 2020, note 5).

3. Results

3.1 Descriptive Statistics

As Figure 1 shows, average county-level opioid prescribing rates rose from 80.5 per 100 in 

2006 to a high of 96.1 per 100 in 2012, at which point rates began to steadily decline. The 

pooled average across the analytic sample was 87.1. Figure 2 shows the main predictors of 

interest by plotting the percentage of states per year with an overall PMC law and each of 

the sub-components of the law. Table 1 shows the descriptive statistics. Across the pooled 

sample, 16.55% of county-year observations had a PMC law. As of 2006, Louisiana was the 

only state to have passed a legal regulation regarding PMCs. By 2016, nine other states had 

passed such laws. However, not all laws have included the same regulations. Certification 

and medical director requirements, along with explicit penalties for noncompliance, all rose 

steadily as components of PMC laws beginning around 2011. Restrictions on dispensers, 
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restrictions on the amount prescribed or dispensed, and requirements to register or review 

the prescription drug monitoring program were less commonly included in laws. Limits on 

amount dispensed remained the least common regulation, consisting of only 0.71% of the 

county-year observations, as this law was passed in only one state during our time series.

Regarding county-level demographics, the median household income was $44,918.67 with 

9.61% Black and 8.21% Hispanic residents. Counties had an average unemployment rate of 

4.55% with an average of 11.68% of people living in poverty and 14.59% with a Bachelor’s 

degree. Finally, counties had an average of 6.57% of female-headed households and 4.42% 

foreign-born residents. State expenditures per capita ranged from an average across county-

years of $1.91 on education to $0.17 on health, with $1.47 spent on public welfare and $0.21 

spent on hospitals. Finally, the majority of county-years had state-level Prescription Drug 

Monitoring Program laws (83.30%), with fewer having naloxone access laws (21.85%), 

medical marijuana laws (18.33%), or Good Samaritan laws (14.54%).

3.2 Models

As shown in Table 2, pain management clinic laws demonstrate consistent, negative effects 

on opioid prescribing rates. Controlling only for county and year fixed effects, counties in 

states with PMC laws had, on average, 5.58 fewer opioid prescriptions per 100 people 

(p<.05). The pattern of the magnitude of the year effects controlling for PMC laws is shown 

in Figure 3, with 2006 as the index baseline. The PMC effect remained when controlling for 

county-level factors (B = −6.06 in Block 2), of which only the unemployment rate, percent 

female-headed households, and the main effect for percent Hispanic were significant (B 
= .69, B = −.70 and B = −.74 respectively). When adding additional policies relevant to 

prescribing in Block 3, the effect of PMC laws remained robust; states with PMC laws had, 

on average, 5.78 fewer prescriptions per 100 people than states without such laws net of 

demographic factors and the broader policy context (p<.05).

While this finding is substantial on its own, it does not take into account the differences in 

specific elements of these laws. We therefore model eight additional subcomponents that are 

present in some, but not all, PMC laws. Table 3 shows these results, which shows just the 

coefficients for the differing PMC policies since the covariate findings remain similar to that 

in Table 2 (full models are shown in Appendix A). Five components demonstrate efficacy in 

reducing prescribing rates, with certification requirements, requirement to have a medical 

director, and explicit penalties for noncompliance all reducing average prescriptions by 

approximately 6 per 100 people (p<.05), net of policy predictors and county-level 

demographics. Dispenser restrictions and limitations on the amount of medication that can 

be dispensed had even larger effects, reducing the average prescribing rate by 8.6 (p<.01) 

and 15.5 (p<.001) per 100 people respectively. In contrast, restrictions on prescribing 

amounts and requirements to review or register with the state’s prescription drug monitoring 

program had no significant effect on the average county prescribing rate.

4. Discussion

During the opioid crisis, states have passed numerous policies in attempts to reduce 

morbidity and mortality. Since adverse outcomes have been heavily driven by legal 
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prescriptions (e.g. Seth et al., 2018), some policies, such as pain management clinic laws, 

attempted to intervene on unnecessary or inappropriate opioid prescriptions. Our study 

suggests that PMC laws were significantly and substantively effective. When considering the 

passage of any PMC regulation, county-level prescribing rates decreased by an average of 

5.78 per 100 people following passage net of static county-level effects as well as time-

varying county-level demographic factors, state-level expenditures, and the broader policy 

context. When considering specific elements of PMC policies, five that we tested were 

significant in reducing prescribing rates, with prescription limitations lowering the 

prescribing rate by an average of 15.4 per 100 people, the most of any subcomponent. Such 

drastic reductions in prescribing practices can have real and prolonged effects on morbidity 

and mortality due to the circulation of prescription opioids in communities. Given the 

potential for transition from prescription to illicit opioids (Mars et al., 2014; Scholl et al., 

2019; Strickland and Victor, 2020), these results may also indirectly impact use of and 

dependence on illicit opioids by limiting prescription opioid misuse.

Despite these effects, only 20% of states had passed any form of PMC regulation as of 2016. 

Although not included in our dataset, only one additional state has since passed such a law 

(PDAPS, n.d.). Thus, there is an enormous opportunity for states that have not yet passed 

PMC laws to intervene on problematic prescribing practices that adversely impact 

population health. Further, our study suggests that PMC laws may be most effective when 

including a variety of specific measures, including requiring certification of all PMCs in the 

state, restricting which healthcare providers can dispense opioids in PMCs, requiring a 

medical director at each PMC, limiting the amount of opioids that can be dispensed, and 

laying out explicit penalties for noncompliance. In contrast, policies restricting prescription 

amounts or requiring PMCs to register with or review prescription drug monitoring 

programs thus far have had less impact in reducing overall prescribing rates, although we 

nonetheless do not discourage states from adopting such policies. Notably, no other policies 

displayed a direct effect on the county-level prescribing rate net of PMCs, further 

highlighting the direct importance of these policies for reducing opioid prescribing.

4.1 Limitations

While we take substantial steps to address potential issues with our study, it nonetheless has 

some limitations. First, counties are imperfect measures of geographic space, and measuring 

prescribing rates at this level can obfuscate important within-county level differentiation. 

The size and number of counties also vary considerably across states. However, they are a 

substantial improvement over measuring prescribing at the state level given the local nature 

of PMCs, and fixed-effects models allow us to net out any stable differences between 

counties, such as their size. Second, data limitations preclude us from using a more refined 

time measurement than county-year (such as county-month), which would allow for a more 

detailed and precise measurement of the timeliness of policy impact. Third, some of the 

specific elements of PMC laws that we measure are rare and have only been included in 

more recent laws. This is especially true for limitations on the supply of medication that 

doctors can dispense, which only exist in one state for 0.71% of our county-year 

observations. Fourth and relatedly, other specific elements exist in the majority of PMC 

laws, with requirements for certification differing from the main law in only one year. 
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Nonetheless, the stronger coefficient for this sub-policy when compared to the overall law 

suggests that its inclusion in PMC laws is important to maximally reducing prescribing 

rates. Thus, while exactly which subcomponents might on their own affect prescribing is 

difficult to adjudicate, we believe the best approach is to consider them a package of 

approaches that can be passed for maximal benefit. As PMC laws expand and become more 

common, future research should continue to determine additional elements of such laws that 

are efficacious in tandem with those we have identified. Fifth and relatedly, we cannot take 

into account the degree of enforcement of laws, only their presence/absence, although prior 

studies have suggested that measuring enforcement is important to understanding PMC 

laws’ impacts (Kennedy-Hendricks et al., 2016). However, to the extent that this biases our 

results, it likely produces conservative estimates. Finally, we include a large number of 

county- and state- level covariates relevant to prescribing practices. While there is the 

possibility that other relevant variables are omitted, again the use of fixed-effects models 

means that only the omission of time-varying covariates could potentially bias the results.

5. Conclusions

The U.S. has experienced an unprecedented rise in opioid-related deaths, and regulating pain 

management clinics remains an underutilized tool to reduce opioid prescribing. Such a 

reduction could, in turn, reduce opioid morbidity and mortality by reducing the supply of 

legally prescribed drugs circulating within communities. States should consider passing 

PMC laws that have specific guidelines for dispensing, the presence of medical directors, the 

requirements for clinic certification, and clear penalties for noncompliance with these 

regulations. While there are not yet sufficient data to test the interactive effects of such 

policies, each has demonstrated independent efficacy to reduce county-level prescribing 

rates by between 6.0 and 15.4 prescriptions per 100 people, net of county-level, state-level, 

or policy covariates. Although recent years have seen a reduction in opioid prescriptions, 

further reductions via expansion of PMC laws could save countless lives while retaining 

access to care for patients with pain conditions.

Role of the funding source

This work was funded by the National Institute on Drug Abuse (grant # R21DA046447). The funding agency had 
no role in the research; the views expressed in this paper do not represent those of the funding agency.

Appendix A.: Fixed-effects Panel Models of County Prescribing Rates with 

Specific Pain Management Clinic Policies

PMC 
certification 
required

PMC law 
restricts 
dispensers

PMC 
must 
have a 
medical 
director

Explicit 
penalties for 
noncompliance

PMC law 
limits 
amount 
that can 
be 
dispensed

PMC law 
restricts 
amount 
that can 
be 
prescribed

PMC 
doctors 
must 
register 
with 
PDMP

PMC 
doctors 
must 
review 
PDMP

Pain 
Management 
Clinic Law

−6.02* −8.60** −6.14* −6.02* −15.51*** 1.74 −3.84 −6.65

(2.32) (2.50) (2.74) (2.32) (2.15) (1.16) (3.40) (3.76)
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PMC 
certification 
required

PMC law 
restricts 
dispensers

PMC 
must 
have a 
medical 
director

Explicit 
penalties for 
noncompliance

PMC law 
limits 
amount 
that can 
be 
dispensed

PMC law 
restricts 
amount 
that can 
be 
prescribed

PMC 
doctors 
must 
register 
with 
PDMP

PMC 
doctors 
must 
review 
PDMP

Year

 2007 4.65*** 4.52*** 4.58*** 4.65*** 4.38*** 4.34*** 4.50*** 4.62***

(.62) (.63) (.63) (.62) (.61) (.63) (.65) (.65)

 2008 8.41*** 8.14*** 8.21*** 8.41*** 7.84*** 7.75*** 8.20*** 8.37***

(1.15) (1.13) (1.19) (1.15) (1.12) (1.14) (1.21) (1.23)

 2009 11.46*** 11.13*** 11.16*** 11.46*** 10.67*** 10.66*** 11.17*** 11.37***

(1.57) (1.55) (1.59) (1.57) (1.54) (1.56) (1.62) (1.64)

 2010 14.64*** 14.27*** 14.28*** 14.64*** 13.71*** 13.75*** 14.29*** 14.53***

(1.77) (1.75) (1.77) (1.77) (1.76) (1.77) (1.85) (1.88)

 2011 16.06*** 15.14*** 15.69*** 16.06*** 14.34*** 14.45*** 15.06*** 15.20***

(2.06) (2.10) (2.13) (2.06) (2.12) (2.12) (2.21) (2.19)

 2012 19.92*** 18.64*** 19.40*** 19.92*** 17.59*** 17.62*** 18.38*** 18.53***

(1.88) (2.07) (2.08) (1.88) (2.04) (2.05) (2.09) (2.07)

 2013 18.19*** 16.45*** 17.66*** 18.19*** 15.64*** 15.38*** 16.49*** 16.76***

(1.86) (2.19) (2.10) (1.86) (2.11) (2.14) (2.11) (2.11)

 2014 15.70*** 13.85*** 14.82*** 15.70*** 12.73*** 12.48*** 13.61*** 14.32***

(2.35) (2.26) (2.41) (2.35) (2.26) (2.26) (2.44) (2.51)

 2015 11.94*** 10.07*** 10.97*** 11.94*** 8.78** 8.68** 10.02** 10.79**

(2.87) (2.69) (2.85) (2.87) (2.75) (2.72) (3.05) (3.14)

 2016 10.25** 8.40** 9.25** 10.25** 6.93* 6.78* 8.07* 9.07**

(2.99) (2.82) (3.03) (2.99) (2.94) (2.94) (3.24) (3.30)

Unemployment 
rate .71* .77* .70* .71* .67 .67 .67 .64

(.33) (.34) (.33) (.33) (.35) (.35) (.35) (.35)

Median 
household 
income

−.22 −.19 −.19 −.22 −.16 −.16 −.19 −.21

(Thousands) (.13) (.13) (.13) (.13) (.12) (.13) (.13) (.13)

Percent living in 
Poverty .20 .22 .16 .20 .19 .25 .24 .23

(.15) (.14) (.16) (.15) (.13) (.15) (.16) (.15)

Percent with 
Bachelor’s −.11 −.09 −.12 −.11 −.10 −.10 −.10 −.08

degree (.08) (.07) (.08) (.08) (.07) (.07) (.07) (.07)

Percent foreign-
born .20 .20 .18 .20 .25 .26 .31 .31

(.42) (.44) (.43) (.42) (.44) (.44) (.44) (.44)

Percent female-
headed −.71** −.69** −.67** −.71** −.67** −.69** −.71** −.70**

households (.24) (.24) (.24) (.24) (.24) (.24) (.23) (.24)

Percent Black −.66 −.61 −.67 −.66 −.57 −.58 −.55 −.55

(.43) (.44) (.44) (.43) (.44) (.43) (.44) (.45)
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PMC 
certification 
required

PMC law 
restricts 
dispensers

PMC 
must 
have a 
medical 
director

Explicit 
penalties for 
noncompliance

PMC law 
limits 
amount 
that can 
be 
dispensed

PMC law 
restricts 
amount 
that can 
be 
prescribed

PMC 
doctors 
must 
register 
with 
PDMP

PMC 
doctors 
must 
review 
PDMP

Percent Hispanic −.75* −.72* −.69* −.75* −.77* −.70* −.80* −.86**

(.33) (.32) (.34) (.33) (.32) (.33) (.33) (.32)

Percent 
Hispanic*Percent −.01 −.01 −.01 −.01 −.02 −.02 −.02 −.02

Foreign Born (.01) (.01) (.01) (.01) (.01) (.01) (.01) (.01)

State education 
expenditures −2.10 −.93 −1.12 −2.10 −1.11 −.93 −1.71 −2.04

(2.80) (2.93) (3.10) (2.80) (3.09) (3.09) (2.84) (2.83)

State public 
welfare −6.33 −6.52 −5.87 −6.33 −4.96 −6.59 −6.23 −5.49

expenditures (3.64) (3.87) (3.45) (3.64) (4.15) (4.23) (4.01) (3.60)

State hospital 
expenditures 8.53 5.05 7.73 8.53 7.16 8.96 8.96 3.69

(8.07) (7.89) (8.22) (8.07) (8.20) (9.03) (8.87) (10.51)

State health 
expenditures 6.84 4.68 5.79 6.84 12.84 12.78 8.75 8.65

(6.54) (7.47) (6.56) (6.54) (7.06) (6.96) (6.73) (6.41)

PDMP system .78 1.27 .44 .78 .88 1.11 1.06 .99

(1.55) (1.59) (1.50) (1.55) (1.64) (1.69) (1.65) (1.62)

Naloxone access 
law −1.92 −2.41 −2.14 −1.92 −2.40 −2.25 −1.68 −1.44

(1.28) (1.57) (1.32) (1.28) (1.63) (1.60) (1.27) (1.26)

Good Samaritan 
law −1.18 −.58 −1.18 −1.18 −.92 −.82 −.97 −.87

(1.29) (1.35) (1.33) (1.29) (1.49) (1.45) (1.37) (1.45)

Medical 
marijuana law 1.81 2.35 1.86 1.81 2.54 3.03 2.61 2.16

(1.33) (1.47) (1.28) (1.33) (1.51) (1.57) (1.39) (1.16)

Constant 109.03*** 105.30*** 106.10*** 108.90*** 101.67*** 101.76*** 105.14*** 107.13***

(9.79) (9.56) (9.77) (9.80) (9.77) (9.79) (10.11) (10.41)

Observations 30,798 30,798 30,798 30,798 30,798 30,798 30,798 30,798

Note: Models include state-level cluster corrected standard errors.

Abbreviations:

PMC Pain Management Clinic

CDC Centers for Disease Control and Prevention

ACS American Community Survey

PDMP Prescription Drug Monitoring Program
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Highlights

• Pain management clinic laws reduce county-level opioid prescribing

• Specific aspects of pain management clinic laws impact opioid prescribing 

differently

• Pain management clinic laws can help states fight the opioid crisis

Frizzell et al. Page 14

Drug Alcohol Depend. Author manuscript; available in PMC 2021 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. County Average Prescribing Rate per 100
County Average Prescribing Rate per 100
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Figure 2. Percentage of States with Pain Management Clinic Laws and Specific Regulations
Percentage of States with Pain Management Clinic Laws and Specific Regulations
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Figure 3. Marginal Year Effects Controlling for PMC Law
Marginal Year Effects Controlling for PMC Law
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Table 1.

Descriptive statistics (pooled over counties and year 2000 to 2016, N = 30,798)

Average/% (SD)

County-level Average Prescribing Rate per 100 87.11 (47.63)

State Pain Management Clinic Policies

 Pain management clinic law 16.55%

 Certification required 15.95%

 Explicit penalties for noncompliance 13.85%

 Requires a medical director 13.05%

 Restricts who can dispense 3.37%

 Limits supply of medication doctors can dispense 0.71%

 Restricts amount that can be prescribed 1.73%

 Doctors must register with PDMP 7.97%

 Doctors must review PDMP 5.64%

Additional State-level Policies

 PDMP system 83.30%

 Naloxone access law 21.85%

 Good Samaritan law for drug overdose 14.54%

 Medical marijuana 18.33%

County-level Demographics

 Unemployment rate 4.55 (1.68)

 Median household income ($) 44,918.67 (11,974.47)

 Percent living in poverty 11.68 (5.45)

 Percent with bachelor’s degree 14.59 (7.20)

 Percent foreign-born 4.42 (5.39)

 Percent female-headed households 6.57 (2.33)

 Percent Black 9.61 (14.26)

 Percent Hispanic 8.21 (12.62)

 State-level Per Capita Expenditures ($)

 Education 1.91 (.39)

 Public Welfare 1.47 (.42)

 Hospitals .21 (.15)

 Health .17 (.08)
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Table 2.

Nested Fixed-effects Panel Models of County Prescribing Rates

Model 1 Model 2 Model 3

Pain Management Clinic −5.68* −6.06* −5.78*

(2.63) (2.50) (2.40)

Year

 2007 4.09*** 4.64*** 4.60***

(.43) (.66) (.63)

 2008 7.15*** 8.39*** 8.31***

(.68) (1.24) (1.19)

 2009 9.20*** 11.33*** 11.33***

(.79) (1.63) (1.62)

 2010 12.01*** 14.90*** 14.88***

(.88) (1.77) (1.71)

 2011 12.04*** 15.92*** 15.85***

(.93) (2.05) (2.07)

 2012 15.94*** 19.85*** 19.68***

(.95) (1.82) (1.90)

 2013 13.85*** 18.06*** 17.91***

(.95) (1.87) (1.93)

 2014 11.22*** 15.19*** 15.41***

(1.21) (2.44) (2.44)

 2015 5.32*** 10.70** 11.61***

(1.22) (2.94) (2.98)

 2016 1.93 8.17* 9.87**

(1.22) (3.12) (3.09)

Unemployment rate .69* .72*

(.33) (.33)

Median household income (Thousands) −.21 −.23

(.13) (.13)

Percent living in Poverty .21 .21

(.15) (.15)

Percent with Bachelor’s degree −.11 −.11

(.08) (.08)

Percent foreign-born .22 .21

(.41) (.42)

Percent female-headed households −.70** −.71**

(.23) (.23)

Percent Black −.61 −.64

(.43) (.43)

Percent Hispanic −.74* −.73*

(.34) (.33)
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Model 1 Model 2 Model 3

Percent Hispanic*Percent Foreign Born −.01 −.01

(.01) (.01)

State education expenditures −1.43 −1.75

(2.91) (2.92)

State public welfare expenditures −6.12 −6.19

(3.71) (3.65)

State hospital expenditures 8.45 8.26

(8.20) (8.10)

State health expenditures 8.01 7.55

(6.59) (6.52)

PDMP system .82

(1.55)

Naloxone access law −1.92

(1.28)

Good Samaritan law −1.11

(1.28)

Medical marijuana law 1.86

(1.33)

Constant 79.67*** 107.14*** 108.08***

(.68) (10.19) (10.09)

Observations 30,798 30,798 30,798

Note: Models include state-level cluster corrected standard errors.
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Table 3.

Specific Pain Management Clinic Policy Effects from Fixed-effects Panel Models of County Prescribing Rates

Coefficient (SE)

PMC certification required −6.02* (2.32)

PMC law restricts dispensers −8.60** (2.50)

PMC must have a medical director −6.14* (2.74)

Explicit penalties for noncompliance −6.02* (2.32)

PMC law limits amount that can be dispensed −15.51*** (2.15)

PMC law restricts amount that can be prescribed 1.74 (1.16)

PMC doctors must register with PDMP −3.84 (3.40)

PMC doctors must review PDMP −6.65 (3.76)

Note: Covariates are from separate models that include all covariates in Table 2. Full models areincluded in Appendix A.
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