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Abstract

Objectives: States in the US are controlling opioid prescribing to combat the opioid epidemic.
Prescription Drug Monitoring Programs (PDMPs) were widely adopted, whereas less attention
was given to pain clinic laws. This study examined the associations of mandatory use of PDMPs
and pain clinic laws with prescription opioid exposures.

Methods: State-level quarterly prescription opioid exposures reported to the National Poison
Data System during 2010-2017 were analyzed. The primary outcome was age-adjusted rates of
prescription opioid exposures per 1,000,000 population. The primary policy variables included the
implementation of mandatory use of PDMPs alone, the implementation of pain clinic laws alone,
and the implementation of both mandatory use of PDMPs and pain clinic laws. Linear regressions
were used to examine the associations, controlling for other opioid policies, marijuana policies,
socioeconomic factors, state fixed effects, time fixed effects, and state-specific time trends.

Results: Requiring mandatory use of PDMPs alone was not associated with significant changes
in prescription opioid exposures. The implementation of pain clinic laws with or without
concurrent mandatory use of PDMPs was associated with 5 fewer prescription opioid exposures
per 1,000,000 population or a 9% reduction compared to the pre-policy period (p<0.01). Further
analysis revealed that the reduction associated with pain clinic laws was pronounced in exposures
reported by healthcare facilities.

Conclusions: This multi-state study provided new evidence that the implementation of pain
clinic laws was associated with a significant reduction in prescription opioid exposures. Pain clinic
laws may deserve further evaluation and consideration.
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1. Introduction

The opioid epidemic has been one of the major public health challenges in the US. In 2017,
11.1 million people aged 12 or older misused prescription opioids, and 1.7 million had
prescription opioid use disorders (SAMHSA, 2018). Drug overdose deaths involving
prescription opioids rose from 3,442 in 1999 to 17,029 in 2017 (NIDA, 2019). The misuse
and abuse of prescription opioids also contributed to the increased use of heroin and
synthetic opioids (e.g., fentanyl), which has further fueled the spike in opioid overdose
deaths (Ciccarone, 2017; Compton et al., 2016; Kolodny et al., 2015). To address the opioid
crisis, states have considered and adopted a variety of policy actions, among which
Prescription Drug Monitoring Programs (PDMPs) and pain clinic laws aim at reducing
inappropriate prescription of opioids.

PDMPs provide electronic databases to track the dispensing of controlled drugs and make
the data available to prescribers, pharmacists, and many other entities (e.g., boards of
licensure, law enforcement). As of 2019, all 50 states and Washington DC implemented
PDMPS with the only exception of Missouri. The success of PDMPs in large part depends
on whether prescribers use PDMPs frequently enough to identify patients with excessive use
of drugs or inappropriate co-use of drugs. The actual utilization of PDMPs by prescribers
was low at the early stage of PDMPs (Irvine et al., 2014; Rutkow et al., 2015b). In recent
years, states improved the utilization of PDMPs by mandating prescribers to query PDMP
data in certain clinical conditions and time intervals (PDMPexcellence, 2016). Most states
required that the prescribers query the PDMP data for initial prescriptions of opioids. Some
states further required subsequent checks at certain time intervals, such as three months or
twelve months, for continuing prescriptions. In contrast, some other states allowed
prescribers to use their subjective judgment to determine the use of PDMPs. Whether the
mandates applied to all prescribers regardless of practice settings and specialties also varied
across states (Wen et al., 2019). Existing evidence suggested that mandatory use of PDMPs
was associated with reduced opioid prescribing, drug treatment admissions, and overdose
and deaths (Brown et al., 2017; Buchmueller and Carey, 2018; Dowell et al., 2016; Grecu et
al., 2019; Meinhofer, 2018; Pauly et al., 2018; Suffoletto et al., 2018; Wen et al., 2019; Wen
etal., 2017).

Less attention has been given to pain clinic laws. Pain clinics provide pain management
services and prescribe pain medicines including opioids. Some pain clinics overprescribed
opioids for profit without legitimate medical needs and became sources of large quantities of
prescription opioids (DEA, 2013). In order to reduce inappropriate prescribing, pain clinic
laws usually require pain clinics to register with the state, have physician ownership, comply
with prescribing restrictions, and keep patient records. By 2019, only ten states have
implemented pain clinic laws (Andraka-Christou et al., 2018).
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Pain clinic laws were suggested effective in reducing opioid prescribing and opioid-related
deaths. But the evidence is still limited overall, and most studies did evaluations in a single
state with or without a comparison state. For instance, Florida saw considerable reductions
in opioid prescribing and overdose deaths after pain clinic laws, PDMP, and other drug
policies and enforcements were implemented almost simultaneously around 2010 and 2011
(Chang et al., 2016; Delcher et al., 2015; Johnson et al., 2014; Kennedy-Hendricks et al.,
2016; Rutkow et al., 2015a). Texas saw a significant reduction in opioid prescribing
following the implementation of pain clinic laws in the absence of an operational PDMP
(Lyapustina et al., 2016). The only study utilizing data from multiple states found that
mandatory use of PDMPs and pain clinic laws were jointly associated with reduced opioid
prescribing and opioid-related mortality (Dowell et al., 2016). Because of data limitations,
previous research was not able to disentangle the effects of pain clinic laws from those of
mandatory use of PDMPs.

This study aimed at providing new evidence about the associations of mandatory use of
PDMPs and pain clinic laws with opioid-related outcomes. We extended the previous
research by including all the states with pain clinic laws and more data points after policy
implementation. We focused on prescription opioid exposures reported to the National
Poison Data System (NPDS), an indicator of problem prescription opioid use that has been
rarely studied. We estimated the separate associations of mandatory use of PDMPs and pain
clinic laws with prescription opioid exposures.

2. Methods

2.1 Data

This is a population-based ecological study analyzing secondary data on state-quarter
aggregate records of prescription opioid exposures reported to the NPDS.

The data source of prescription opioid exposures was the NPDS administered by the
American Association of Poison Control Centers. A total of 55 regional poison centers in the
US provide immediate expert treatment advice and referral to healthcare facilities to
residents who call the poison help hotlines. They also use follow-up calls to monitor case
progress and medical consequences. Standardized and consistent protocols are used to
obtain and record information on each poison exposure case, including caller and patient
characteristics such as basic demographics and geographic location, information on
exposure such as reason, route, acuity, and substance involved, and information on case
management and medical consequences. The Information is submitted to the NPDS
automatically in near real-time (Wolkin et al., 2012). The NPDS data include not only
exposures treated in healthcare facilities but also those managed outside of healthcare
facilities. Each year, the NPDS record nearly 3.5 million encounters (Gummin et al., 2018),
accounting for half of the total poison exposures in the US (InstituteOfMedicine, 2004).
Specifically, the opioid exposures recorded by the NPDS are complementary to and
consistent with emergency department visits involving opioids in the Drug Abuse Warning
Network and opioid-related mortality data in the National Vital Statistics Systems (Dasgupta
etal., 2012; Davis et al., 2014; Iwanicki et al., 2018). In this study, prescription opioid
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exposure data from all the 50 states and DC between January 15, 2010 and December 315t,
2017 were analyzed. Most PDMP mandatory use policies and pain clinic laws were
implemented during this study period.

2.2 Measures

The outcome was the age-adjusted rates of prescription opioid exposures per 1,000,000
population per quarter per state. A prescription opioid exposure was defined as any human
contact (e.g., ingestion, inhalation) with prescription opioids. Because the exposure cases
were reported to the NPDS for expert treatment advice, they can be considered to be
indicators of problem use of prescription opioids. The detailed list of prescription opioids
included in the analysis is presented in Table S1. To facilitate comparisons across states and
over time, the quarterly count of prescription opioid exposures in a state was standardized to
age-adjusted rate in 1,000,000 population.

The two policy variables of interest included 1) the implementation of PDMP mandates on
data use, and 2) the implementation of pain clinic laws. We first created two dichotomous
indicators to represent the status of PDMP mandatory use and pain clinic laws, respectively,
which took the value of 1 if a policy was implemented in that quarter and 0 otherwise.
Because a state may have both policies in place simultaneously, we further created three
mutually exclusive dichotomous indicators for 1) the presence of PDMP mandatory use
policies alone in the absence of pain clinic laws, 2) the presence of pain clinic laws alone in
the absence of PDMP mandatory use policies, and 3) the presence of both PDMP mandatory
use policies and pain clinic laws, respectively. The policy dates were obtained from multiple
sources, including National Alliance for Model State Drug Laws, Pew Research Center,
Prescription Drug Abuse Policy System, and Center for Disease Control and Prevention
(Table S2). When different dates were reported from these sources, we cross-validated them
with state laws/regulations to identify the effective dates. During the study period of
2010-2017, there were considerable variations in policy implementation (Figure 1). At the
beginning of 2010 (Figure 1a), only Nevada required mandatory use of its PDMP, and only
Texas and Louisiana implemented pain clinic laws. By the end of 2017 (Figure 1b), 34 states
required mandatory use of PDMPs, and ten states implemented pain clinic laws. Among
them, nine states implemented both PDMP mandatory use policies and pain clinic laws.

The following covariates were included to account for time-variant state policies and
socioeconomic factors that might impact prescription opioid exposures. Detailed definitions
of covariates are described in Technical Note S1. Other opioid-related policy variables
included a dichotomous indicator for PDMPs with accessible data, a dichotomous indicator
for quantity/time limits on opioid prescriptions, a dichotomous indicator for naloxone access
laws which expanded public access to naloxone, a dichotomous indicator for Good
Samaritan laws that provided legal protections for people who call for medical assistance in
the event of an overdose, a continuous variable for buprenorphine treatment capacity per
1,000 population, and Medicaid expansion that might expand treatment for opioid use
disorder and opioid overdose. Because marijuana laws were associated with opioid
prescribing and dispensing (Bradford and Bradford, 2016, 2017; Bradford et al., 2018; Liang
et al., 2018; Shi et al., 2019; Wen and Hockenberry, 2018), we included four dichotomous
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indicators for medical marijuana legalization, presence of active medical marijuana
dispensaries, recreational marijuana legalization, and presence of active recreational
marijuana dispensaries, respectively. Socioeconomic variables included a continuous
variable for annual poverty rate and a continuous variable for annual unemployment rate.
Finally, a continuous variable for total human exposures reported to the NPDS per 1,000,000
population was used to represent residents’ overall awareness and willingness to call the
poison help hotlines in a state.

2.3 Statistical Analysis

The observations were analyzed at state-quarter level. Two-way fixed effects models were
used to examine the associations of PDMP mandatory use polices and pain clinic laws with
prescription opioid exposures. Specifically, four linear regressions were estimated. Model 1
included mandatory use of PDMPs as the primary policy variable. Model 2 included pain
clinic laws as the primary policy variable. Model 3 included both mandatory use of PDMPs
and pain clinic laws. Notably, the two indicators in Model 3 for mandatory use of PDMPs
and pain clinic laws could both take the value of 1 in the same quarter and the state, as states
might have these two policies in place simultaneously. Model 4 included the three mutually
exclusive policy indicators for the presence of PDMP mandatory use alone, the presence of
pain clinic laws alone, and the presence of both PDMP mandatory use and pain clinic laws.
The reference category was the absence of both PDMP mandatory use and pain clinic laws.
Model 4 was the preferred model in this study because it separated the association of
mandatory use of PDMPs from that of pain clinic laws.

All models also controlled for policy and socioeconomic covariates, state fixed effects, time
fixed effects, and state-specific linear time trends. Specified as a series of state indicators,
state fixed effects accounted for time-invariant state-level unobserved heterogeneities.
Specified as a series of year and quarter indicators, time fixed effects accounted for time-
specific heterogeneities common to all the states at the same time, such as the
reclassification of hydrocodone combination products from schedule 111 to schedule 11 by the
Drug Enforcement Administration in 2014. State-specific linear time trends accounted for
state-level natural trends in the outcome. Standard errors in the regression were clustered at
state level. More details on model specifications can be found in Technical Note S1.

To explore the associations among subpopulations, we conducted separate regressions
among exposures stratified by age (under 21 years and 21 years or older), gender (males and
females), and source of reporting (reported by healthcare facilities and reported by patients
or others).

2.4 Projection in Hypothetical Policy Scenarios

We projected prescription opioid exposures in 2017 under three hypothetical scenarios based
on Model 4 estimates. We assumed that, by the end of 2017, all the 50 states and DC 1) :
implemented PDMPs and required mandatory use but kept pain clinic law status as the status
quo; 2) implemented pain clinic laws but kept PDMP mandates as the status quo, and 3)
implemented both PDMP mandatory use policies and pain clinic laws. For each scenario, the
projected total number of prescription opioid exposures were annualized at national level.
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2.5 Sensitivity Analysis

We conducted two sensitivity tests. First, we excluded West Virginia and Kentucky, because
these two states implemented pain clinic laws at the same time of requiring mandatory use
of PDMPs. The associations with prescription opioid exposures could not be differentiated
between the two polices. Second, we excluded Florida, which took multiple law
enforcement and public health actions along with pain clinic laws around 2010 and 2011 in
response to its escalating opioid overdose deaths (Delcher et al., 2015; Delcher et al., 2016).
The changes in prescription opioid exposures therefore could not be solely attributed to pain
clinic laws.

3. Results

3.1 Descriptive Statistics

During 2010-2017, states in the US on average had 57.78 age-adjusted prescription opioid
exposures per 1,000,000 population per quarter per state (Table S3). The exposure rate began
to level off around 2011 (Figure S1), in accordance with opioid-related mortality trend
recorded in the National Vital Statistics Systems (Seth et al., 2018). In total, 497 (30%) and
232 (14%) out of the 1632 state-quarter observations had mandatory use of PDMPs and pain
clinic laws implemented during the study period, respectively (Table S3). The average
exposure rates in this period did not differ significantly between states did and did not
require PDMP mandatory use or between states did and did not implement pain clinic laws
(Table S3).

3.2 Regression Results

Table 1 report detailed regression results from Models 1-4 in full sample. In Model 1 where
only the indicator for mandatory use of PDMPs entered the regression, mandatory use of
PDMPs was not associated with changes in prescription opioid exposures. In Model 2 where
only the indicator of pain clinic laws entered the regression, the implementation of pain
clinic laws was associated with 5.16 (95% ClI: —8.34, —1.97) fewer prescription opioid
exposures per 1,000,000 population per quarter (p<0.01). This was roughly a 9% reduction
compared to the pre-policy period.

In Model 3 where both indicators for mandatory use of PDMPs and pain clinic laws entered
the regression, mandatory use of PDMPs was again not associated with changes in
prescription opioid exposures. Yet the implementation of pain clinic laws was associated
with 4.99 (95% CI: -8.47, —1.52) fewer prescription opioid exposures per 1,000,000
population per quarter or a 9% reduction (p<0.01).

Figure 2 summarizes the regression results from Model 4 where the three mutually exclusive
indicators for the two policies (mandatory use of PDMPs and pain clinic laws) entered the
regressions simultaneously. In full sample, requiring mandatory use of PDMPs alone was
not associated with changes in prescription opioid exposures. Implementing pain clinic laws
without or with concurrent mandatory use of PDMPs was respectively associated with 5.07
(95% CI: —-8.49, —1.65) and 5.25 (95% CI: —8.41, —2.08) fewer prescription opioid
exposures per 1,000,000 population per quarter (ps<0.01). These reductions could be also
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roughly converted to a 9% reduction relative to the pre-policy period. Similar results were
found in subsamples stratified by age and gender. When the sample was stratified by source
of reporting, the reduction associated with pain clinic laws was only seen in exposures
reported by healthcare facilities. Exposures reported by patients or other sources were not
associated with pain clinic laws. Detailed results of Model 4 in full sample as well as in
stratified samples are presented in Table 1 and Tables S4-S6.

3.3 Projection in Hypothetical Scenarios

Figure 3 shows the projected annual number of prescription opioid exposures based on
Model 4 estimations. In 2017, the actual total number of prescription opioid exposures in all
the states was 54,794 (status quo scenario). If we assumed that all the 50 states and DC
implemented PDMP mandatory use policies while keeping the pain clinic law status
unchanged, the projected prescription opioid exposures were 54,559 (difference with status
quo: =234, (95% CI: -827, 756)). Similarly, if all the states implemented pain clinic laws
while keeping the PDMP mandates unchanged, the projected prescription opioid exposures
were 50,270 (difference with status quo: —4,523, (95% ClI: -7,358, —2,255)). Finally, had all
the states implemented both PDMP mandatory use polices and pain clinic laws in 2017, the
total number of prescription opioid exposures would have been reduced to 50,036, or
roughly a 9% reduction (difference with status quo: —4,757, (95% CI: -7,743, —2,405)).

3.4 Sensitivity Analyses

The coefficient estimates and significance levels were similar to the main analyses when
West Virginia and Kentucky were removed (Table S7) or when Florida was removed (Table
S8).

4. Discussion

Using multiple-state data during 2010-2017, this study added new evidence that pain clinic
laws were associated with a significant reduction in prescription opioid exposures reported
to the NPDS. This association held regardless of whether PDMP mandatory use policies
were concurrently implemented. Had all the US states implemented pain clinic laws by
2017, the total number of prescription opioid exposures would have been decreased by
approximately 9%.

Our findings supported previous studies that found association between reduced opioid
prescribing and the implementation of pain clinic laws in a single state that had no
concurrent implementation of PDMP mandatory use policies (Chang et al., 2016; Johnson et
al., 2014; Lyapustina et al., 2016; Rutkow et al., 2015a). The estimated 9% reduction in
prescription opioid exposures in our study was also comparable to the only multi-state study
that reported the associations between joint implementation of mandatory use of PDMPs and
pain clinic laws and reductions in opioid prescribing by 8% and overdose death rates by 12%
(Dowell et al., 2016).

We found no evidence that mandatory use of PDMPs alone was associated with changes in
prescription opioid exposures. This appears to contradict the findings in most previous
research that suggest effectiveness of PDMP mandates in reducing opioid-related
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prescribing, treatment, and deaths (Brown et al., 2017; Buchmueller and Carey, 2018;
Dowell et al., 2016; Grecu et al., 2019; Meinhofer, 2018; Pauly et al., 2018; Suffoletto et al.,
2018; Wen et al., 2019; Wen et al., 2017). This discrepancy may have two possible
explanations. First, prescription opioid exposures reported to the NPDS were never
examined in previous research. They likely represent an opioid outcome that was more
responsive to pain clinic laws or less responsive to PDMPs. Unfortunately, this is a
speculation and cannot be directly tested in the data. Second, depending on the study period
and the states included in the study samples, some previous studies may have captured the
combined effects of PDMPs and pain clinic laws even though they only evaluated PDMPs.
Further, it should be noted that the states adopting pain clinic laws generally had weaker
PDMP mandates. The PDMP mandates were considered comprehensive in only two out of
the ten states with pain clinic laws, which required that all prescribers, regardless of practice
settings, specialties, and subjective judgement, check PDMPs upon initial prescribing and at
least every twelve months subsequently (Wen et al., 2019). PDMP mandates in states with
pain clinic laws thus might have smaller impacts on opioid prescribing compared to states
that did not implement pain clinic laws but had comprehensive PDMP mandates. This might
explain why pain clinic laws were associated with significant reductions in the exposures
regardless of whether PDMP mandatory use policies were implemented. Future research
should validate our findings in other opioid-related outcomes and explore the policy
interactions between PDMPs and pain clinic laws.

Pain clinic laws received much less attention from policymakers. Compared to nearly
nation-wide adoption of PDMPs, pain clinic laws have been only implemented in ten states.
While PDMPs and pain clinic laws both aim at reducing excessive opioid prescribing, pain
clinic laws could be particularly effective in jurisdictions where substantial proportions of
opioids are prescribed and dispensed in pain clinics (Chang et al., 2016; Johnson et al.,
2014; Kennedy-Hendricks et al., 2016; Rutkow et al., 2015a). Pain clinic laws were also
effective in reducing opioid prescriptions among high-risk opioid prescribers yet had little
impacts among low-risk opioid prescribers (Chang et al., 2016). High-risk opioid prescribers
consistently prescribe higher volumes of opioids than their peers. They are responsible for a
disproportionately large fraction of opioid prescriptions. Evidence in Florida suggested that
opioid prescribing remained highly concentrated among high-risk prescribers even after the
implementation of PDMP (Chang et al., 2016). There are continued opportunities to reduce
opioid prescribing through strategies targeting this group of prescribers. Furthermore,
mandatory use of PDMPs could sometimes be burdensome to clinical practice (Haffajee et
al., 2015). Restricting the legitimate source of prescription opioids via PDMPs might also
unintentionally distress patients with chronic pain or opioid use disorders (Islam and McRae,
2014). Pain clinic laws have little effects on the majority of the prescribers who have low
risks of excessive opioid prescribing. Given the evidence in previous literature and the new
evidence in this study, states may reconsider the role of pain clinic laws in the opioid
epidemic and use them as complements of PDMPs.

As a passive surveillance system (Wang et al., 2018), the NPDS relies upon voluntary
reporting from healthcare facilities, patients, and other sources. Thus, NPDS data are not
free of reporting bias commonly seen in any other self-reported data. The estimated
association in this study could be biased if people were less willing to call poison centers

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



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Liang and Shi

Page 9

after pain clinic laws were implemented for reasons such as stigma. We argue that, however,
the reporting bias could not be a major explanation of the estimated relationship between
prescription opioid exposures and pain clinic laws. In this study, the reduction in
prescription opioid exposures following the implementation of pain clinic laws was only
seen among exposures reported by healthcare facilities, which represent real needs for
immediate medical treatments. Healthcare facilities were also less likely to be influenced by
stigma compared to patients. If the reporting by healthcare facilities was indeed entirely
biased, we should have observed the same level or even a greater level of reduction in
exposures reported by patients. Yet we did not find significant changes in exposures reported
by patients or other sources. Future studies are encouraged to explicitly investigate the
magnitude of reporting bias and its impacts on association estimations.

This study has limitations. First, as in other ecological studies on aggregate data, the
findings cannot be interpreted as individual-level associations or as causal even after we
controlled for a rich set of covariates and fixed effects. We were also not able to directly
explore the causal mechanisms underlying the differential associations of prescription opioid
exposures with PDMP mandatory use policies and pain clinic laws. Second, exposures
reported to NPDS were estimated to represent approximately half of the total exposures in
the US. The findings may not be generalizable to exposure data from other sources such as
self-report population surveys, drug prescriptions, or hospital records. Third, information
provided via the poison help hotlines do not necessarily represent poisonings or overdoses
because exposure cases in the NPDS are generally not verified by laboratory testing. Fourth,
the findings may not be generalizable to exposures to illicit opioids, such as fentanyl which
has been a major driver in the most recent opioid epidemic (Ciccarone, 2017). Fifth, we used
binary indicators of PDMP mandatory use policies and pain clinic laws in the regressions
without modeling the detailed variations across states due to collinearity problem. We were
not able to examine particular characteristics of PDMPs other than mandatory data use such
as data update frequency and number of drug schedules monitored for the same reason,
either. Further, we were not able to attribute the observed associations to pain clinic laws
alone in states where PDMP mandates and pain clinic laws were implemented
simultaneously (e.g., Kentucky, West Virginia). Lastly, we cannot rule out the possibility that
the estimated reduction in prescription opioid exposures was partially influenced by
variations in reporting bias and reporting rates across states.

Conclusion

In this multi-state study, implementing pain clinic laws with or without concurrent mandates
on PDMP data use was associated with reduced rates of prescription opioid exposures in the
US. While further studies are warranted to validate the findings with data on other opioid-
related outcomes, this study indicated that pain clinic laws may deserve more attention from
researchers and policymakers than they currently receive.
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Highlights
. Mandatory use of PDMPs alone was not associated with prescription opioid
exposures.
. Pain clinic laws were associated with reduced prescription opioid exposures.
. Reduction was pronounced in exposures reported by healthcare facilities.
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Both
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Only Mandatory Use of PDMP

Only Pain Clinic Laws

b.

Figure 1.
States Requiring Mandatory Use of PDMPs and States Implementing Pain Clinic Laws in

2010 and 2017
a. January 1, 2010
b. December 31, 2017
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Figure 2. Estimated Changes in Prescription Opioid Exposures per 1,000,000 Population per

Quarter per State Associated with PDMP Mandatory Use Policies and Pain Clinic Laws.
Coefficient estimates with 95% CI from Model 4 are presented. All regressions also

controlled for other opioid-related policies (PDMP data access, quantity/time limits on

opioid prescriptions, naloxone access laws, Good Samaritan laws, buprenorphine treatment
capacity, Medicaid expansion), marijuana policies (medical marijuana legalization, presence
of active medical marijuana dispensaries, recreational marijuana legalization, presence of

active recreational marijuana dispensaries), socioeconomic factors (poverty rate,
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unemployment rate, and total number of exposures), state fixed effects, time fixed effects,
and state-specific time trends. *p<0.05, **p<0.01, ***p<0.001
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Figure 3. Projected Annual Number of Prescription Opioid Exposures in Hypothetical Scenarios.
The projections were based on Model 4 estimations, assuming that all the states in the US

adopted the policy(ies) in 2017.

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



Page 18

Liang and Shi

‘50°0>d
880 880 880 880 zd l[e1IsnO
2€9'T 2€9'T 2€9'T 2€9'T SUOITRAIBSTO Ja1end)-a1e1s 40 JaquinN

(e9'€8 ‘o), , , 6629

(vs'es ‘seey) ., S6'29

(Lge8'1T2Y),,, V829

(Lov8'v9'TY),,, 9829

URISUOD

(5200 '010°0),,,, 8700

(5200 '010'0),,., 8700

(5200 '010'0),,., 8700

(5200 '010'0),,., 8700

uonejndod 000'000‘T 4ad sainsodx3 uewnH [eloL

(¥T°0'2T'2-) 66°0-

(ST'0'12'T-) 86°0—

(8T°0'2T'2-) L6°0-

(9z°0'0T'2-) 2Z6°0—

aley wawAojdwaun

(0T°0‘22°0-) €€°0-

(0T°0'22°0-) €€°0-

(¥60°0 ‘92°0-) €€°0-

(5800 ‘62°0-) GE'0-

arey Auanod

(82€'92'2-) 920

(r2€'se2-)SL0

(89°€ ‘ze'2-) 890

(99°€ ‘2€2-) 590

saLiesuadsiq euenfiiejA [BUOIRIIDY SAOY

(L¥'Z '89'€-) 09°0-

(Lv'Z '89'€-) 09°0-

(ov'z 'T2°€-) 29°0-

(6€'2 'T2°€-) 99°0-

uolnezijefa euenliiely [euonealdsy

(v8'T '89'7-) 2V T-

(¥8'T '69'7-) 2V T-

(81 '2Lv-) v -

(06T '29'7-) 98T

saltesuadsiq euenfiie [EOIP3IN SAINOY

(L&2'98°C-) G20~

(0e'Z ‘'z8'2-) 92°0-

(8T°Z2'08'2-) T€°0-

(€92 'z5'2-) 2500

uonezijeba euenlirep [ealpsiN

(92€'v21-) 92T

(zre'9zt1-) €Tt

(r2€'9€'T-) 6T'T

(61€'921-) 12T

uoisuedx3 preaipsin

(§¢0-'59'7-),,, 56'0-

(92°0-'59'7-),,, 56'0-

(Le0-'997-),, 96'0-

(¢e0-'851-), 060~

uoneindod 000'T Jad Ayoeded juswieal) suiydiousidng

(T6'T‘T2'T-) 0T'0

(06T '€2'T-) 9800

(06T '62'T-) LS00

(6T ‘vr'1-) LE0

SME] UB)LIBWES PO0S)

(z20'cze-) 92T~

(520'vze-) ST~

(99°0'0z¢-) LT'T-

(L20'zze-) €T~

SMET] $S300/ SUOXO[eN

(82T ‘ev'e-) 28°0-

(ST 'TP'e-) €8°0—

(#9'T ‘ot'€-) 88°0-

(G271 'vee-) 610~

suonduoasald proido uo suwi swil/Anuend

(€50 '12'5-) 652

(870 '69'G-) 19'2-

(70 '12'6-) €9'2-

(87°0'92°6-) ¥9'2-

§S900V eled diNAd

(80'z- ‘1v'8-), ST'S-

SMeT d1Ul|D Uled ANV SdINQd 40 asn Alojepuey

(59T~ '6v'8-) ,, L0'G~

SdINAd 40 asn A101epuR|Al ON ‘auo]y SmeT d1ullD uled

(€9'Z '05°€-) v7°0-

SMRT 21UID Ured ON ‘BU0|Y SdINQd 40 8sn Adojepue|

sn1e1s Ao1jod aAIsnjox3 AjlenIninl

(es1-"LV'8-),, 66"V~

(26T~ 've'8-),, 915~

Sme d1ul[D ured

(60Z 'v8'2-) LE0O-

(97’1 'se'e-) G6°0—

SdINAd 40 asn Alorepue|n

(1D 9%G6) S1UBI01Y4R0D

¥ ISPON

€ [9POIN

¢ ISPOIN

T ISPOIN

Author Manuscript

‘Tal1qeL

Author Manuscript

Author Manuscript

‘31dwies ||n4 :s1nsay uoissaibay ||n4

Author Manuscript

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



Page 19

Liang and Shi

‘|oA3] 81e1S 1B PaIAISN|d 8J9M SI104I9 pJepuBlS "SpuaJl Wi} J1319ads-a1els pue ‘s101edlpul Jalenb ‘siojedlpul Jeak ‘sioyedlpul a1els Jo) Pajj01iuod os|e suoissalbal || “|ans] Jarenb-a1els 1e pasAjeue aiam ereq
"100°0>d
KKK

‘70°0>d
£

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

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



	Abstract
	Introduction
	Methods
	Data
	Measures
	Statistical Analysis
	Projection in Hypothetical Policy Scenarios
	Sensitivity Analysis

	Results
	Descriptive Statistics
	Regression Results
	Projection in Hypothetical Scenarios
	Sensitivity Analyses

	Discussion
	Conclusion
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Table 1.



