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rescription drug overdoses have become one of the fast-

est growing and most serious public health concerns in

the United States. The number of deaths has increased
more than 7-fold: from about 6100 in 1980 to 47,055 in 2014,
or approximately 129 deaths every day. In 2014, the overall US
mortality rate was 823.7 per 100,000, and the drug overdose mor-
tality rate was 14.7 per 100,000.**° In addition, recent reports
indicate that fatal drug overdoses significantly contributed to the
unexpected increase in mortality among midlife non-Hispanic
whites."** More than half of drug overdose deaths are caused
by prescription drugs, and more than 70% of prescription drug
overdose deaths are caused by opioid pain relievers.'’®

Inappropriate prescription drug use not only affects health
outcomes, but is also correlated with increasing fraud, waste,
and additional costs for taxpayers, employers, and insurers.*> For
example, a study that examined medical and pharmacy claims data
from 16 self-insured employer health plans reported that enrollees
identified as having drug abuse or dependence had hospitalization
rates 12 times higher than those without these conditions and
annual healthcare and drug costs 8 and 5 times higher, respec-
tively.® The total societal costs of prescription opioid overdose,
abuse, and dependence in the United States in 2013 was estimated
at $78.5 billion, including healthcare costs, lost productivity, and
criminal justice costs."

To address prescription drug misuse and abuse, an increasing
number of states (currently more than 40) have implemented a
prescription drug monitoring program (PDMP). These programs
maintain statewide databases, collecting data on the prescribing,
dispensing, and purchasing of controlled substances.” These data
can be used to identify suspected illegal activities, such as prescrip-
tion diversions, doctor shopping, and pill mills; to inform public
health initiatives; and to facilitate the treatment of drug addiction,
among others. The Office of National Drug Control Policy (ONDCP)
considers PDMPs an important tool to combat prescription drug
overdose deaths. Implementing PDMPs was one of the 4 major
areas in ONDCP’s 2011 Prescription Drug Abuse Prevention Plan,

ABSTRACT

OBJECTIVES: To examine the impact of prescription drug
monitoring programs (PDMPs) on drug overdose deaths.

STUDY DESIGN: We used variation in the timing of state
PDMP legislation and implementation to estimate the
impact of these programs on drug overdose mortality rates
across all drug categories from 1999 to 2014 and separately
for each category from 1999 to 2010. Data used include

US all-jurisdiction mortality data, estimated population
data, and sociodemographic data from the CDC and the

US Census Bureau.

METHODS: Multivariate regression models were applied

to state panel data, including state and year fixed effects and
state-specific linear time trends. Preprogram tests were
used to assess the common trends assumption underlying
our empirical approach.

RESULTS: The implementation of PDMPs was not associated
with reductions in overall drug overdose or prescription
opioid overdose mortality rates relative to expected rates

in the absence of PDMPs. For most categories, PDMPs

were associated with increased mortality rates, but the
associations were statistically insignificant. In a subsample
analysis of states with PDMPs in operation for 5 or more
years, the programs were found to be associated with
significantly higher mortality rates in legal narcotics, illicit
drugs, and other and unspecified drugs.

CONCLUSIONS: PDMPs were not associated with reductions
in drug overdose mortality rates and may be related to
increased mortality from illicit drugs and other, unspecified
drugs. More comprehensive and prevention-oriented
approaches may be needed to effectively reduce drug
overdose deaths and avoid fatal overdoses from other drugs
used as substitutes for prescription opioids.
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TAKEAWAY POINTS

METHODS
Study Design

Prior studies of state prescription drug monitoring programs (PDMPs) and fatal drug over-

doses have either not examined specific drug categories or examined only selected specific
drug categories, focusing on prescription opioids. This study examined the impact of PDMPs
on drug overdose mortality rates across all drug categories from 1999 to 2014 and separately
for each category from 1999 to 2010, including illicit drugs and other and unspecified drugs,

and found that:

» PDMPs, on average, have not been effective in reducing drug overdose mortality rates.

We conducted our analysis in 2 parts. First,
using publicly available mortality data from
the Centers for Disease Control and Prevention
(CDC),” we examined overall drug overdose
mortality rates in PDMP and non-PDMP states

» PDMPs may be associated with increased overdose mortality rates in drug categories other

than prescription opioids.

in the United States between 1999 and 2014. This
database suppresses mortality data when the

with the goals of having legislation in all 50 states establishing
PDMPs within 36 months and decreasing by 15% the number of
unintended opioid-related overdose deaths within 60 months.
These goals were not met.

Despite the expansion of PDMPs, evidence on their effectiveness
in reducing prescription drug abuse or misuse is inconclusive.'?
For example, 1 study analyzed opioid abuse treatment admission
dataand found that PDMPs mitigated the increasing trend of opioid
abuse and misuse.”” However, another study found no demon-
strable decrease in prescription opioid abuse associated with
PDMPs.?° Reviewing patients’ prescription history in a university
medical center emergency department changed clinicians’ opioid
prescription plans for 74 of 179 patients, with 61% receiving fewer
opioids and 39% receiving more opioids than originally planned.”
A more recent study (2016) used the 2001 to 2010 data from the
National Ambulatory Medical Care Survey and found that PDMPs
were associated with a significant decrease in Schedule Il opioids
prescribing rates.?

The existing literature on PDMPs and drug overdose deaths is
limited. The results of a small number of earlier studies on this
topic suggest that PDMPs might not be effective in reducing fatal
drug overdoses, but the findings were not consistent.??% A more
recent study using an interrupted time series design found that
implementing a PDMP was associated with a decrease in pre-
scription opioid-related overdose mortality rates.?® These studies
focused on prescription opioid-related overdose deaths and/or
overall drug overdose deaths. To our knowledge, no study has bro-
ken down drug overdose deaths across different classes of drugs,
an important gap in the literature. Although PDMPs monitor only
prescription controlled substances, they might also affect the use
of other drugs, as individuals may switch to nonprescription drugs
or find alternative ways of obtaining prescription medications.

Our study aimed to investigate whether PDMPs were effective in
reducing fatal drug overdoses across all drug categories and sepa-
rately for each category. Given the magnitude of the prescription
drug epidemic and the expansion of PDMPs at the national level,
evaluating PDMPs’ overall impact may be helpful for assessing
the relative effectiveness of public policies designed to reduce
drug overdoses.

number of deaths is fewer than 10. Next, we
applied the same analysis to the unsuppressed CDC mortality data
obtained from the National Center for Health Statistics (NCHS) from
1999 to 2010—the maximal range available from the multiple-cause-
of-death data at the time of our analysis—identifying drug overdose
deaths by subcategory.

In our study sample, 19 states began operating PDMPs sometime
between 2002 and 2010: Alabama, Arizona, Colorado, Connecticut,
Iowa, Louisiana, Maine, Minnesota, Mississippi, North Carolina,
North Dakota, New Mexico, Ohio, South Carolina, Tennessee,
Virginia, Vermont, West Virginia, and Wyoming. From 2011 to 2014,
15 more states implemented PDMPs: Alaska, Arkansas, Delaware,
Florida, Georgia, Kansas, Maryland, Montana, Nebraska, New
Hampshire, New Jersey, Oregon, South Dakota, Washington, and
Wisconsin. Two states (“states” hereafter includes the District of
Columbia) did not begin to operate PDMPs by the end of 2014:
Missouri and the District of Columbia.?®* The remaining 15 states
were excluded as they implemented PDMPs before 2000 and did
not have sufficient pre-implementation years available to support
the empirical approach used in this paper. Figure 1 shows our
study sample states.

Drug overdose deaths were identified by International
Classification of Diseases Codes 10th Revision (ICD-10 codes):
X40-X44, X60-X64, X85, and Y10-Y14 for the underlying-cause-of-
death data and T36.0-T50.9 for the multiple-cause-of-death data. A
complete list of these ICD-10 codes is shown in eAppendix Table 1
[eAppendices available at ajmc.com].

Data

The data used to measure drug overdose mortality rates include:
1) CDC Wide-ranging Online Data for Epidemiologic Research
(WONDER) database of mortality”; 2) de-identified individual-level
unsuppressed mortality data for all jurisdictions of the United
States, obtained from the NCHS; and 3) estimated population data
produced by the US Census Bureau and NCHS, which were also
extracted from the CDC WONDER website.”” The mortality data
are based on the information from all death certificates filed in all
jurisdictions in the United States. Each death certificate contains
a single underlying cause of death and up to 20 multiple causes.
Data used for covariates include population estimates from the
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US Census Bureau and NCHS*” and sociodemographic data from the
Current Population Survey, produced by the US Census Bureau.*

Statistical Analysis

To estimate the effect of PDMPs on fatal drug overdoses, we used
multivariate regression models with state and year fixed effects and
state-specific linear time trends. The inclusion of state fixed effects
allows each state to serve as its own control group, eliminating all
time-invariant unobserved differences across states. National and
state trends in PDMP operation and drug overdose mortality rates,
which might otherwise confound our estimates, were accounted
for with year fixed effects and state-specific linear time trends.* This
approach contrasts with the analysis in Patrick et al, which relied on
state fixed effects and a single national linear time trend.* The expo-
sure was defined as the state- and year-specific PDMP operation status
(operated =1, not operated = 0). The outcome variable was state-level,
year-specific drug overdose mortality rates measured by the number
of deaths per 100,000 individuals. To control for other differences
across states, we included state-level, time-varying covariates that
might be associated with drug overdose mortality rates and PDMP
operation status; in particular, the percentages of a state’s population
that is male, white, high school educated or better (age 25 or older),
uninsured, and enrolled in the Medicaid program. We also controlled
for median household income (in 2015 US$ for 1999-2014 and 2011 US$
for1999-2010). Mortality rates were crude rates because the covariates
we obtained were not age-adjusted.* Clustered standard errors were
used to correct for arbitrary patterns of serial correlation within states.
A key threat to establishing a cause-and-effect relationship
between PDMPs and fatal drug overdoses is the possibility that
states adopt PDMPs in response to changes in overdoses that depart
from the state-specific linear time trends included in our models,
or that adoption coincides with changes in these trends for other
reasons. We tested for this possibility in an extended model pre-
sented in eAppendix Tables 2 and 3 by adding indicator variables
for the year prior to enactment of the PDMP law and for the 2 years
prior to enactment, labeled PRE1 and PRE2, respectively. If these
preprogram indicators are small and statistically insignificant, it
suggests that after adjusting for national and state trends, states
adopting PDMPs would have experienced similar changes in fatal
drug overdoses as the nonadopting states in the absence of a PDMP.**
We also examined potential PDMP enactment effects for the
period following the enactment of a PDMP law, but prior to the PDMP
becoming operational, by including an indicator labeled PEPO (post
enactment and pre-operation) in the extended model for these
periods (years of post enactment and pre-operation = 1; the other
years =0). Inaddition, to examine potentially important differences
in the PDMP effect based on program duration, we also conducted a
subsample analysis of PDMPs operating for 5 or more years.
Statistical analysis was conducted using SAS version 9.4
(SAS Institute Inc; Cary, North Carolina) and Stata/IC version 14

PDMPs and Fatal Drug Overdoses

FIGURE 1. Map of Study Sample States
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PDMP indicates prescription drug monitoring program.

(StataCorp LP; College Station, Texas). Institutional review board
approval was not needed because no human participants were
involved in this study.

RESULTS

Overall, mortality rates from prescription drug overdoses increased
from 1999 to 2014, in both PDMP and non-PDMP states. The PDMP
coefficients from our regression models (Tables 1 and 2) capture
the difference between the mortality rates expected to arise in the
absence of a PDMP, as predicted by all other covariates in the model,
and the rates that occur when a PDMP is present. We organized
the results to show the PDMP effect in: 1) overall drug overdose
mortality rates, from the underlying-cause-of-death data and the
multiple-cause-of-death data, for 1999 to 2014 and 1999 to 2010,
separately (Table 1); and 2) subcategories of multiple-cause-of-
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TABLE 1. PDMP Effect on Overall Drug Overdose Mortality Rates

All PDMPs?

PDMPs Operating 25 Years®

PDMP< (95% CI) P

Classification (/CD-10 code)
1999-2014 (with the suppressed mortality data set)?
0.08

Underlying-cause-of-death data

(X40-44, X60-64, X85, Y10-14) (-0.89 to 1.04) 87
Multiple-cause-of-death data 0.02 97
(T36.0-59.0) (-0.97 to 1.00) '
1999-2010 (with the unsuppressed mortality data set)®
Underlying-cause-of-death data 0.02 98
(X40-44, X60-64, X85, Y10-14) (-1.05 to 1.08) '
Multiple-cause-of-death data 0.02 97
(T36.0-59.0) (-1.07 to 1.11) ’

PDMP (95% ClI)

0.15

0.8098 576 (=1.05 to 1.35) .80 0.8393 336
0.05
0.8067 576 (£1.21 to 1.32) .93 0.8366 336
0.7822 432 139 02 0.7710 300
' (0.25 to 2.53) ' '
0.7717 432 1:36 01 0.7593 300
’ (0.33 to 2.39) ’ i

Cl indicates confidence interval; ICD-10, International Classification of Diseases Codes, 10th Revision; PDMP, prescription drug monitoring program.

2Analysis including all non-PDMP states and PDMP states in the study sample.

*Analysis including all non-PDMP states and PDMP states with PDMPs in operation for 5 or more years in the study sample. The number of PDMP states was 19
for 1999-2010 and 34 for 1999-2014. The number of longer-standing (25 years) PDMP states was 8 for 1999-2010 and 19 for 1999-2014. The number of non-PDMP

states was 17 as of the end of 2010 and 2 as of the end of 2014.

Coefficient of PDMP (indicator of PDMP operation) of the multivariate regression model. Outcome variable (ie, drug overdose mortality rate) was defined as the

number of deaths per 100,000 individuals.

9The suppressed mortality data set was publicly available via the CDC Wide-ranging Online Data for Epidemiologic Research (WONDER] website.?”
¢The unsuppressed mortality data set was obtained from the National Center for Health Statistics.

death data in 2 ways: a) subcategories, which are not mutually
exclusive, but collectively comprehensive and b) subcategories
with high mortality rates (mortality rates >1 per 100,000 for both
the PDMP and non-PDMP states) for 1999 to 2010 (Table 2). Figures
2 and 3 illustrate the results in Tables 1 and 2, respectively.

For the overall overdose mortality rates, our estimates from the
publicly available data (1999-2014) were 0.08 (95% confidence inter-
val [CI], —0.89 t0 1.04) and 0.02 (95% CI, -0.97 t0 1.00) for underlying
cause of deaths and multiple cause of deaths, respectively. The
estimates from the unsuppressed data (1999-2010) were 0.02 (95%
CI, -1.05 to 1.08) and 0.02 (95% CI, -1.07 to 1.11), respectively. In
the extended model, the PDMP coefficients slightly increased, but
were statistically insignificant (eAppendix Table 2 and eAppendix
Figure 1). These results suggest that PDMP implementation had
little impact on overall overdose mortality rates. Throughout the
primary and extended models, all PDMP coefficients pertaining to
overall overdose death rates were positive; however, their magni-
tude and statistical significance varied across model specifications.

In the subcategory analysis, PDMP coefficients were 0.02 (95%
CI, -0.81t0 0.84) for legal narcotics and 0.85 (95% CI, —-0.08 t0 1.78)
for other and unspecified drugs (Table 2). In the extended model,
PDMPs were associated with significantly increased mortality rates
forillicit drugs (0.92; 95% CI, 0.15-1.69) and cocaine (0.71; 95% ClI,
0.11-1.31) (eAppendix Table 3 and eAppendix Figure 2).

Based on the subsample analysis for states with a PDMP in place
for 5 or more years, all PDMP coefficients were positive for overall
mortality rates and were significant for 1999 to 2010 (Table 1 and
eAppendix Table 1). In the subcategory analysis, longer-standing
PDMPs were associated with significantly increased mortality
rates in several categories, including legal narcotics, illicit drugs,

cocaine, other and unspecified drugs (Table 2), and illicit drugs
and cocaine (eAppendix Table 2).

As shown in the extended model results, none of the preprogram
indicators (PRE1and PRE2) were significant, lending support to the
model specification employed in our initial analysis. The PEPO
indicator was positive and significant for some categories, which
suggests an increase in mortality rates for those categories in the
post enactment and preoperation periods.

DISCUSSION

This study investigated PDMP effects on fatal drug overdoses in the
United States from 1999 to 2014. We found that PDMPs were not
associated with a reduction in either overall or prescription opioid
drug overdose mortality rates. Moreover, during the period from
1999 to 2010, for which we conducted the subcategory analysis,
PDMPs were often associated with increased mortality rates in drug
categories other than prescription opioids, such as illicit drugs or
other and unspecified drugs, particularly among the states with
longer-standing PDMPs. Although our study period was shorter
when examining mortality rates for different drug categories, our
results may reflect an unintended consequence of PDMPs, at least
up through 2010, whereby reduced access to prescription drugs
may have led some individuals with addictive disorders to seek
out substitute drugs.>**

Our findings have several policy and clinical implications. First,
PDMPs do not seem to have been successful in reducing drug over-
dose mortality rates, even in the target categories of prescription
opioids (T40.2) and legal narcotics (T40.2-T40.4). This is consistent
with some previous studies.?? There are many possible reasons
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PDMPs and Fatal Drug Overdoses

TABLE 2. PDMP Effect on Drug Overdose Mortality Rates by Subcategory

Classification (/CD-10 code)

PDMP: (95% Cl)

All PDMPs?
(n=432)

PDMPs Operating 25 Years®
(n=300)

PDMP (95% Cl)

1999-2010 (with the unsuppressed mortality data set)?

Subcategories of multiple-cause-of-death data

Legal narcotics (T40.2-40.4) 0.02 (-0.81 to 0.84) .97 0.7450 0.90 (0.06 to 1.74) .04 0.7253
[LTeAgOalz”fg?thS:]”d benzodiazepines 0.08(-075t00.90) .85 07423  094(0.04t01.83) .04  0.7201
Illicit drugs (T40.0-40.1, 40.5-40.9, 43.6) -0.03 (-0.62 to 0.56) .92 0.5107 0.82 (0.24 to 1.39) .01 0.5355
%‘:[ﬁ;ﬁ“;‘iﬂﬂ;?,?;#ﬂgrgi'ﬁ""Zﬁgﬁ“c” drugs 98 (-0.60t01.15) 52 07664  1.16(018t02.14) 02  0.7489
Subcategories of multiple-cause-of-death data with high mortality rate®
Heroin (T40.1) — — — 0.02 (-0.19 to 0.24) .83 0.5767
Opioids (T40.2) -0.11 (-0.57 to 0.34) .62 0.6971 0.23 (-0.39 to 0.86) .45 0.6710
Methadone (T40.3) 0.17 (-0.47 to 0.82) .59 0.6792 0.72 (-0.16 to 1.61) 11 0.6908
Other synthetic narcotics (T40.4) -0.14(-0.43t00.15) .33  0.6112  0.04(-0.29 t0 0.38) 79 0.6183
Cocaine (T40.5) 0.04 (-0.40 to 0.48) .86 0.5099 0.69 (0.23 to 1.14) .01 0.5089
Other and unspecified narcotics (T40.6) — — — 0.13(-0.11 to 0.37) .28  0.6577
Benzodiazepines (T42.4) -0.20 (-0.68 t0 0.27) .39 0.6762 -0.10 (-0.95 to 0.75) .81 0.6666
Tricyclic and tetracyclic antidepressants (T43.0) — — — 0.01(-0.21 t0 0.22) .95 0.3837
Other and unspecified antidepressants (T43.2) 0.03 (-0.18 to 0.25) .76 0.5925 0.23 (-0.05 to 0.51) N 0.5748
Psychostimulants with abuse potential (T43.6) — — — 0.09 (-0.11 to 0.29) .36 0.5304
Antiallergic and antiemetic drugs (T45.0) — — — 0.06 (-0.08 to 0.20) 41 0.5312
Other and unspecified drugs (T50.9) 0.85 (-0.08 to 1.78) .07  0.7344 1.82(0.57 to 3.07) .01 0.7041

Clindicates confidence interval; ICD-10, International Classification of Diseases Codes, 10th Revision; PDMP, prescription drug monitoring program.

2Analysis including all non-PDMP states and PDMP states in the study sample, 1999-2010.

Analysis including all non-PDMP states and PDMP states with PDMPs in operation for 5 or more years in the study sample, 1999-2010. The number of PDMP
states was 19, and the number of longer-standing (2 5 years) PDMP states was 8 during 1999-2010. The number of non-PDMP states was 17 as of the end of 2010.
Coefficient of PDMP (indicator of PDMP operation) of the multivariate regression model. Outcome variable (ie, drug overdose mortality rate) was defined as the

number of deaths per 100,000 individuals.

4Subcategory analysis was conducted only for 1999-2010 using unsuppressed mortality data obtained from the National Center for Health Statistics.
eSubcategories with mortality rate >1 per 100,000 in 2009-2010 for both the PDMP and non-PDMP states.

for this outcome. For example, PDMPs may not be able to fully
address prescription diversions, doctor shopping, or other abusive
behaviors, and under these programs, potential drug-related illegal
activities are only detectable through prescription fillings. The
rapidly growing online pharmaceutical sale space may have also
increased the opportunities for individuals to evade state or federal
regulations. (More than 90% of internet pharmacies are estimated
to be illegal.*®) Further, PDMPs may drive patients away from doc-
tors who could help them address drug abuse or dependence.
Second, our results imply that PDMPs might be related to increas-
es in drug overdose mortality rates attributable to illicit drugs or
other and unspecified drugs. The existing literature has raised the
possibility of these unintended consequences of PDMPs, although
there has been little empirical evidence to date.?*** By analyzing over-
dose deaths for different drug categories, including illicit drugs and
other and unspecified drugs, our study provides some evidence for
such a possibility. Future research is needed to further explore the

unintended consequences of PDMPs and the potential mechanisms
contributing to them (eg, PDMPs’ influence on clinical practices and
individual behaviors). If the underlying problems of drug addiction
or drug abuse are not effectively addressed, PDMPs might trigger
some people to obtain illicit drugs as potential substitutes.

Third, our findings suggest that PDMPs may need to be combined
with more comprehensive and prevention-oriented approaches to
address drug overdose deaths. Examples of prevention-oriented
approaches include: 1) improving patient education on the appro-
priate use of drugs, 2) ensuring proper access to prescription drugs
for those with medical needs, 3) expanding treatment programs for
those with drug abuse problems, and 4) improving provider educa-
tion and clinical practices for pain management. Such approaches
are consistent with the recent program, "Prescription Drug
Overdose: Prevention for States," funded by the CDC in 16 states.”

Fourth, our findings suggest that policy makers, insurers, and
managed care organizations might need to consider the effects
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FIGURE 2. PDMP Effect on Overall Drug Overdose

Mortality Rates

FIGURE 3. PDMP Effect on Drug Overdose Mortality
Rates by Subcategory

AUl PDMPs? PDMPs operating 25 years®
1999-2014
Underlying-
cause-of-death data
Multiple-
cause-of-death data
1999-2010
Underlying-
cause-of-death data
Multiple-
—e

cause-of-death data

3 -2 -1 0 1 2 3-3 -2 -1 0 1 2 3
PDMP Effect (PDMP coefficient; 95% Cls)

0.01<P<.05 0.05sP<10 =—e— P210

Clindicates confidence interval; PDMP, prescription drug monitoring program.
2Analysis including all non-PDMP states and PDMP states in the study sample.

®Analysis including all non-PDMP states and PDMP states with PDMPs in
operation for 5 or more years in the study sample.

Coefficient of PDMP (indicator of PDMP operation) of the multivariate
regression model. Outcome variable (ie, drug overdose mortality rate) was
defined as the number of deaths per 100,000 individuals.

of PDMPs when designing health plans, including such features
as reimbursement, overall benefit design, and coverage criteria
for specialty treatment of drug abuse. Currently, CMS provides
the Medicare Part D Opioid Prescriber Summary File on its web-
site, which includes the individual provider’s National Provider
Identifier, last name, zip code, and number/percentage of pre-
scription claims for opioid drugs.*® Although this information is
based on Medicare claims data, physicians might be concerned
about the potential effects the PDMP data could have on reimburse-
ment when combined with administrative data.* Reimbursement
policies based on the number of opioid prescriptions, without
consideration of medical need or value, might negatively affect
quality of care and, ultimately, increase costs for payers if phy-
sicians limit opioid prescriptions in a way that runs counter to
optimal patient care. In addition, there may also need to be better
coordination between primary and specialty care providers for
patients with drug problems.

Finally, this study suggests that restricting attention to overdose
deaths caused by opioids or prescription drugs might not fully
capture the impact of PDMPs. Researchers and policy makers may
need to be cautious about the heterogeneous effects across differ-
ent drug categories, partly due to drug substitutability. The results
also call attention to the incomplete information on the cause of
death in mortality data. The “other and unspecified drugs” category
(T50.9) has a larger number of fatal overdoses than any other cat-
egory (eAppendix Figure 3) and warrants further investigation.

All PDMPs? PDMPs operating 25 years®

Legal narcotics

Legal narcotics
and benzodiazepines

Illicit drugs

-

Others, excluding legal
narcotics and illicit drugs

Heroin
Opioids
Methadone

Other synthetic narcotics

by

Cocaine

Other and
unspecified narcotics

{

Benzodiazepines

Tricyclic and tetracyclic 1
antidepressants

Other and unspecified
antidepressants

Psychostimulants with
abuse potential

Antiallergic and | §
antiemetic drugs

Other and
unspecified drugs

4 -3-2-101 23 4 -4-3-2-1012 3 4
PDMP Effect (PDMP coefficient: 95% Cls)

0.01<P<.05 0.05cP<.10 =—e— P210

I ——
Cl indicates confidence interval; PDMP, prescription drug monitoring program.

2Analysis including all non-PDMP states and PDMP states in the study sample,
1999-2010.

Analysis including all non-PDMP states and PDMP states with PDMPs in
operation for 5 or more years in the study sample, 1999-2010.

Coefficient of PDMP [indicator of PDMP operation) of the multivariate
regression model. Outcome variable (ie, drug overdose mortality rate) was
defined as the number of deaths per 100,000 individuals.

Limitations

First, our analysis of overdose mortality rates by drug category
only extended to 2010. Second, although our empirical approach
mechanically eliminated many potential confounders and our pre-
program tests provided support for the common trends assumption
necessary for its use, we cannot rule out all sources of bias, such as
those created by the time-varying factors we were unable to control
for. Finally, our analysis uses binary indicators for PDMP imple-
mentation status, thus only estimating an average PDMP effect. The
existing literature has documented heterogeneity in the design
and implementation of PDMPs across states.“® Hence, the effects
of PDMPs on drug overdose deaths may also differ across states.
Previous studies examined the effects of some PDMP characteris-
tics on overdose mortality. These studies focused on factors such as
the type of governing agency, statutory authority to monitor non-
controlled substances, the requirement for committee oversight,
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exempting practitioners from the obligation to access PDMP data,
and the provision of unsolicited reports to healthcare practitioners

and law enforcement agencies, and did not find significant protec-
tive effects of any of these features.?*** Another study reported that
monitoring 4 or more drug schedules and more frequent updating

of PDMP data were associated with greater reductions in overdose

deaths.” Future studies are warranted to evaluate the effectiveness

of other PDMP characteristics.

CONCLUSIONS

PDMPs were not associated with a decrease in drug overdose mor-
tality rates, even in the target category of prescription opioids. They
may be associated with increased mortality rates in categories

other than prescription opioids, especially in states where PDMPs

have been operating for longer periods of time. Further research is

needed to better understand the heterogeneous impacts of PDMPs.
More comprehensive, prevention-oriented approaches, including

improvement in patient education and clinical practices for pain

management, may be needed to effectively reduce mortality caused

by drug overdoses. B
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eAppendix Table 1. Classification of ICD-10 Codes? Related to Drug Overdose Deaths
1. Underlying-Cause-of-Death Data

(CD-10 Code

Unintentional drug X40 Accidental poisoning by and exposure to nonopioid
poisoning analgesics, antipyretics, and antirheumatics
X41 Accidental poisoning by and exposure to antiepileptic,

sedative-hypnotic, antiparkinsonism, and psychotropic
drugs, not elsewhere classified

X42 Accidental poisoning by and exposure to narcotics and
psychodysleptics (hallucinogens), not elsewhere classified
X43 Accidental poisoning by and exposure to other drugs
acting on the autonomic nervous system
X44 Accidental poisoning by and exposure to other and
unspecified drugs, medicaments, and biological
substances
Intentional drug X60 Intentional self-poisoning by and exposure to nonopioid
poisoning analgesics, antipyretics, and antirheumatics
X61 Intentional self-poisoning by and exposure to antiepileptic,

sedative-hypnotic, antiparkinsonism, and psychotropic
drugs, not elsewhere classified

X62 Intentional self-poisoning by and exposure to narcotics
and psychodysleptics (hallucinogens), not elsewhere
classified

X63 Intentional self-poisoning by and exposure to other drugs
acting on the autonomic nervous system

X64 Intentional self-poisoning by and exposure to other and
unspecified drugs, medicaments, and biological
substances

Homicide drug X85 Assault by drugs, medicaments, and biological
poisoning substances

Drug poisoning of Y10 Poisoning by and exposure to nonopioid analgesics,
undetermined antipyretics, and antirheumatics, undetermined intent
intent Y11 Poisoning by and exposure to antiepileptic, sedative-

hypnotic, antiparkinsonism and psychotropic, drugs, not
elsewhere classified, undetermined intent

Y12 Poisoning by and exposure to narcotics and
psychodysleptics (hallucinogens), not elsewhere
classified, undetermined intent

Y13 Poisoning by and exposure to other drugs acting on the
autonomic nervous system, undetermined intent
Y14 Poisoning by and exposure to other and unspecified

drugs, medicaments, and biological substances,
undetermined intent



2. Multiple-Causes-of-Death Data

ICD-10 Code

Legal drug T36 Poisoning by systemic antibiotics

overdoses: mostly T36.0 Penicillins

prescription drug T36.1  Cephalosporins and other beta-lactam antibiotics
overdoses with T36.2 = Chloramphenicol group

some exceptions T36.3  Macrolides

(eg, T39.0, 39.1, T36.4  Tetracyclines

39.3, etc.) T36.5  Aminoglycosides

T36.6 Rifampicins
T36.7 Antifungal antibiotics, systemically used
T36.8 Other systemic antibiotics
T36.9 Systemic antibiotic, unspecified
T37 Poisoning by other systemic anti-infectives and
antiparasitics
T37.0 Sulfonamides
T37.1 Antimycobacterial drugs
T37.2 Antimalarials and drugs acting on other blood protozoa
T37.3 Other antiprotozoal drugs
T37.4 Anthelmintics
T37.5 Antiviral drugs
T37.8 Other specified systemic anti-infectives and antiparasitics
T37.9 Systemic anti-infective and antiparasitic, unspecified
T38 Poisoning by hormones and their synthetic substitutes and
antagonists, not elsewhere classified
T38.0 Glucocorticoids and synthetic analogues
T38.1 Thyroid hormones and substitutes
T38.2 Antithyroid drugs
T38.3 Insulin and oral hypoglycemic (antidiabetic) drugs
T38.4 Oral contraceptives
T38.5 Other estrogens and progestogens
T38.6 Antigonadotrophins, antiestrogens, antiandrogens, not
elsewhere classified
T38.7 Androgens and anabolic congeners
T38.8 Other and unspecified hormones and their synthetic
substitutes
T38.9 Other and unspecified hormone antagonists
T39 Poisoning by nonopioid analgesics, antipyretics, and
antirheumatics
T39.0 Salicylates
T39.1 4-Aminophenol derivatives
T39.2 Pyrazolone derivatives
T39.3 Other nonsteroidal anti-inflammatory drugs
T39.4 Antirheumatics, not elsewhere classified
T39.8 Other nonopioid analgesics and antipyretics, not
elsewhere classified



(CD-10 Code

T39.9 Nonopioid analgesic, antipyretic and antirheumatic,
unspecified
T40 Poisoning by narcotics and psychodysleptics
(hallucinogens)
T40.2 Opioids
T40.3 Methadone
T40.4 Other synthetic narcotics

T41 Poisoning by anesthetics and therapeutic gases
T41.0 Inhaled anesthetics
T41.1 Intravenous anesthetics

T41.2 Other and unspecified general anesthetics
T41.3 Local anesthetics
T41.4 Anesthetic, unspecified
T41.5 Therapeutic gases
T42 Poisoning by antiepileptic, sedative-hypnotic, and
antiparkinsonism drugs
T42.0 Hydantoin derivatives
T42.1 Iminostilbenes
T42.2 Succinimides and oxazolidinediones
T42.3 Barbiturates
T42.4 Benzodiazepines
T42.5 Mixed anti-epileptics, not elsewhere classified
T42.6 Other antiepileptic and sedative-hypnotic drugs
T42.7 Antiepileptic and sedative-hypnotic drugs, unspecified
T42.8 Antiparkinsonism drugs and other central muscle-tone
depressants
T43 Poisoning by psychotropic drugs, not elsewhere classified
T43.0 Tricyclic and tetracyclic antidepressants
T43.1 Monoamine oxidase inhibitor antidepressants
T43.2 Other and unspecified antidepressants
T43.3 Phenothiazine antipsychotics and neuroleptics
T43.4 Butyrophenone and thioxanthene neuroleptics
T43.5 Other and unspecified antipsychotics and neuroleptics
T43.8 Other psychotropic drugs, not elsewhere classified
T43.9 Psychotropic drug, unspecified
T44 Poisoning by drugs primarily affecting the autonomic
nervous system
T44.0 Anticholinesterase agents
T44.1 Other parasympathomimetics (cholinergics)
T44.2 Ganglionic blocking drugs, not elsewhere classified
T44.3 Other parasympatholytics (anticholinergics and
antimuscarinic) and spasmolytics, not elsewhere classified
T44.4 Predominantly alpha-adrenoreceptor agonists, not
elsewhere classified
T44.5 Predominantly beta-adrenoreceptor agonists, not
elsewhere classified



(CD-10 Code

T44.6 Alpha-adrenoreceptor antagonists, not elsewhere
classified
T44.7 Beta-adrenoreceptor antagonists, not elsewhere classified
T44.8 Centrally acting and adrenergic neuron blocking agents,
not elsewhere classified
T44.9 Other and unspecified drugs primarily affecting the
autonomic nervous system
T45 Poisoning by primarily systemic and hematological agents,
not elsewhere classified
T45.0 Antiallergic and antiemetic drugs
T45.1 Antineoplastic and immunosuppressive drugs
T45.2 Vitamins, not elsewhere classified
T45.3 Enzymes, not elsewhere classified
T45.4 Iron and its compounds
T45.5 Anticoagulants
T45.6 Fibrinolysis-affecting drugs
T45.7 Anticoagulant antagonists, vitamin K, and other
coagulants
T45.8 Other primarily systemic and hematological agents
T45.9 Primarily systemic and hematological agents, unspecified
T46 Poisoning by agents primarily affecting the cardiovascular
system
T46.0 Cardiac-stimulant glycosides and drugs of similar action
T46.1 Calcium-channel blockers
T46.2 Other antidysrhythmic drugs, not elsewhere classified
T46.3 Coronary vasodilators, not elsewhere classified
T46.4 Angiotensin-converting enzyme inhibitors
T46.5 Other antihypertensive drugs, not elsewhere classified
T46.6 Antihyperlipidemic and anti-arteriosclerotic drugs
T46.7 Peripheral vasodilators
T46.8 Antivaricose drugs, including sclerosing agents
T46.9 Other and unspecified agents primarily affecting the
cardiovascular system
T47 Poisoning by agents primarily affecting the gastrointestinal
system
T47.0 Histamine H2-receptor antagonists
T47.1 Other antacids and antigastric secretion drugs
T47.2 Stimulant laxatives
T47.3 Saline and osmotic laxatives
T47.4 Other laxatives
T47.5 Digestants
T47.6 Antidiarrheal drugs
T47.7 Emetics
T47.8 Other agents primarily affecting the gastrointestinal
system



(CD-10 Code

T47.9 Agent primarily affecting the gastrointestinal system,
unspecified
T48 Poisoning by agents primarily acting on smooth and
skeletal muscles and the respiratory system
T48.0 Oxytocic drugs
T48.1 Skeletal muscle relaxants (neuromuscular blocking
agents)
T48.2 Other and unspecified agents primarily acting on muscles
T48.3 Antitussives
T48.4 Expectorants
T48.5 Anti-common cold drugs
T48.6 Anti-asthmatics, not elsewhere classified
T48.7 Other and unspecified agents primarily acting on the
respiratory system
T49 Poisoning by topical agents primarily affecting skin and
mucous membrane and by ophthalmological,
otorhinolaryngological, and dental drugs
T49.0 Local antifungal, anti-infective, and anti-inflammatory
drugs, not elsewhere classified
T49.1 Antipruritics
T49.2 Local astringents and local detergents
T49.3 Emollients, demulcents, and protectants
T49.4 Keratolytics, keratoplastics, and other hair treatment drugs
and preparations
T49.5 Ophthalmological drugs and preparations
T49.6 Otorhinolaryngological drugs and preparations
T49.7 Dental drugs, topically applied
T49.8 Other topical agents
T49.9 Topical agent, unspecified
T50 Poisoning by diuretics and other and unspecified drugs,
medicaments, and biological substances
T50.0 Mineralocorticoids and their antagonists
T50.1 Loop (high-ceiling) diuretics
T50.2 Carbonic anhydrase inhibitors, benzothiadiazides, and
other diuretics
T50.3 Electrolytic, caloric, and water-balance agents
T50.4 Drugs affecting uric acid metabolism
T50.5 Appetite depressants
T50.6 Antidotes and chelating agents, not elsewhere classified
T50.7 Analeptics and opioid receptor antagonists
T50.8 Diagnostic agents
T50.9 Other and unspecified drugs, medicaments, and biological

substances
Illicit drug T40.0 Opium
overdoses T40.1 Heroin

T40.5 Cocaine



(CD-10 Code

T40.6 Other and unspecified narcotics

T40.7 Cannabis (marijuana)

T40.8 Lysergide (LSD)

T40.9 Other and unspecified psychodysleptics (hallucinogens)
T43.6 Psychostimulants with abuse potential

ICD-10 indicates International Classification of Diseases Codes, 10th Revision.

These tables are organized by the authors, using the information from “ICD-10 Version 2010”
available at the World Health Organization website.
http://apps.who.int/classifications/icd10/browse/2010/en.



http://apps.who.int/classifications/icd10/browse/2010/en

eAppendix Table 2. PDMP Effect on Overall Drug Overdose Mortality Rates: Extended Model

Classification (ICD-10 Code)

All PDMPs?

Coeff (95% CI)

1999-2014 (with the suppressed mortality data set)°®

PDMPs Operating >5 Years®

Coeff (95% ClI)

P

Underlying-cause-of-death data|PDMP? | 0.76 (-0.66t02.18)  0.28 0.8120 576  1.48(-0.59 to 3.56) 0.15 0.8436 336
(X40-44, X60-64, X85, Y10-14) |PEPQ® 0.81 (-0.25t0 1.86) 0.13 1.49 (0.14 t0 2.83) 0.03

PRE1’ | 0.50(-0.51t01.52) 0.32 0.96 (-0.45t02.37)  0.17

PRE29 0.20 (-0.45t0 0.84) 0.54 0.11 (-0.65 t0 0.87) 0.77
Multiple-cause-of-death data |PDMP 0.64 (-0.78t02.06) 0.36 0.8085 576 1.23(-0.71t03.17) 0.20 0.8399 336
(T36.0-59.0) PEPO 0.74 (-0.33t01.81) 0.17 1.28 (-0.01 to 2.56) 0.05

PRE1 0.52 (-0.47t0 1.51)  0.30 0.98 (-0.35t02.31)  0.14

PRE2 0.11 (-0.52t00.74) 0.73 0.01 (-0.82 t0 0.84) 0.98

1999-2010 (with the unsuppressed mortality data set)"

Underlying-cause-of-death data|PDMP 0.94 (-0.59 to 2.48) 0.22 0.7860 432 1.64 (0.08 to 3.20) 0.04 0.7713 300
(X40-44, X60-64, X85, Y10-14) |PEPO 0.99 (-0.14 t0 2.12) 0.08 0.25 (-1.06 to 1.56) 0.70

PRE1 0.31 (-0.68 to 1.30) 0.53 0.24 (-0.94 t0 1.43) 0.68

PRE2 0.11 (-0.53 t0 0.75) 0.73 0.21 (-0.58 t0 1.01) 0.59
Multiple-cause-of-death data PDMP 1.01 (-0.63 to 2.65) 0.22 0.7755 432 1.59 (0.03to0 3.14) 0.05 0.7596 300
(T36.0-59.0) PEPO 1.03 (-0.21 to 2.28) 0.10 0.26 (-1.18t0 1.71) 0.71

PRE1 0.40 (-0.64 t0 1.43) 0.44 0.20 (-1.06 to 1.46) 0.75

PRE2 0.10 (-0.57t0 0.76)  0.77 0.17 (-0.65 to 0.98) 0.68




Cl indicates confidence interval; ICD-10, International Classification of Diseases Codes, 10th Revision; PDMP, prescription drug monitoring
program; Coeff, coefficient.

aAnalysis including all non-PDMP states and PDMP states in the study sample.

®Analysis including all non-PDMP states and PDMP states with PDMPs in operation for 5 or more years in the study sample. The number of
PDMP states was 19 for 1999-2010 and 34 for 1999-2014. The number of longer-standing (=5 years) PDMP states was 8 for 1999-2010 and 19
for 1999-2014. The number of non-PDMP states was 17 as of the end of 2010 and 2 as of the end of 2014.

“The suppressed mortality data set was publicly available via the CDC Wide-ranging Online Data for Epidemiologic Research (WONDER)
website.?’

dCoefficient of PDMP (indicator of PDMP operation) of the multivariate regression model. Outcome variable (ie, drug overdose mortality rate) was
defined as the number of deaths per 100,000 individuals.

eCoefficient of PEPO (indicator of post enactment and preoperation of the PDMP) of the multivariate regression model.

Coefficient of PRE1 (indicator of the single year prior to the PDMP enactment) of the multivariate regression model.

9Coefficient of PRE2 (indicator of the 2 years prior to the PDMP enactment) of the multivariate regression model.

"The unsuppressed mortality data set was obtained from the National Center for Health Statistics.



eAppendix Table 3. PDMP Effect on Drug Overdose Mortality Rates by Subcategory: Extended Model

All PDMPs?
(N = 432)

Classification (ICD-10 Code)

Coeff (95% ClI)

1999-2010 (with the unsuppressed mortality data set)®

Subcategories of multiple-cause-of-death data

PDMPs Operating >5 Years®
(N = 300)

Coeff (95% CI)

Legal narcotics PDMPd 0.94 (-0.54t02.42) 021 07509  1.50(-0.18t03.18) 0.08 0.7291
(T40.2-40.4) PEPQ® 0.93(-0.36t02.22)  0.15 0.85(-1.08t02.79)  0.37

PRE1f 0.33(-0.43t01.10)  0.38 0.38(-0.65t0 1.41)  0.46

PRE29 0.30 (-0.14t0 0.74)  0.17 0.41(-0.15t00.98) 0.14
Legal narcotics and benzodiazepines PDMP 1.04 (-0.44 to 2.52) 0.16 0.7479 159(-0.17t03.35) 0.08 0.7241
(T40.2-40.4, 42.4) PEPO 0.97 (-0.41 to 2.35) 0.16 0.94 (-1.15t0 3.03)  0.36

PRE1 0.35(-0.42t01.12)  0.36 0.41(-0.61t01.43)  0.41

PRE2 0.30 (-0.15t0 0.75)  0.18 0.43(-0.14t01.00) 0.14
lllicit drugs PDMP 0.92 (0.15 to 1.69) 0.02  0.5368 1.37 (0.38t02.35)  0.01 0.5480
(T40.0-40.1, 40.5-40.9, 43.6) PEPO 0.98 (0.22 to 1.73) 0.01 0.81(-0.23t01.84)  0.12

PRE1 0.37 (-0.06 10 0.79)  0.09 0.42(-0.13t00.97)  0.13

PRE2 0.18 (-0.14t0 0.50)  0.26 0.24 (-0.15t0 0.63)  0.22
Others, excluding legal narcotics and PDMP 0.62 (-0.50 to 1.74) 0.27 0.7682 1.15 (0.01 to 2.29) 0.05 0.7495
illicit drugs PEPO 0.33 (-0.31 to 0.96) 0.29 -0.15 (-0.83t0 0.53)  0.66
(T36.0-50.9, excluding T40.0-40.9, 43.6) | ppg4 0.32(-0.34100.98)  0.33 0.16 (-0.65t00.96)  0.69

PRE2 -0.12 (-0.64t0 0.40)  0.64 -0.05 (-0.73t0 0.63)  0.87




Classification (ICD-10 Code)

All PDMPs?
(N = 432)

Coeff (95% ClI)

1999-2010 (with the unsuppressed mortality data set)®

Subcategories of multiple-cause-of-death data with high mortality rate"

PDMPs Operating >5 Years®

(N = 300)

Coeff (95% ClI)

Heroin PDMP - - - 0.04 (-0.29 to 0.38) 0.79 0.5823
(T40.1) PEPO - - 0.13 (-0.15 to 0.42) 0.34

PRE1 - - -0.04 (-0.22t0 0.15)  0.66

PRE2 - - -0.05(-0.21t0 0.11)  0.51
Opioids PDMP 0.35 (-0.57 to 1.27) 0.45  0.7008  0.64 (-0.65 to 1.93) 0.32 0.6750
(T40.2) PEPO 0.46 (-0.38 to 1.30) 0.27 0.57 (-0.80 to 1.94) 0.40

PRE1 0.12 (-0.33 to 0.57) 0.60 0.22 (-0.39 to 0.84) 0.47

PRE2 0.23 (-0.07 to 0.53) 0.12 0.32 (-0.06 to 0.71) 0.09
Methadone PDMP 0.61 (-0.42 to 1.65) 0.24 0.6882  0.94(-0.28t0 2.17) 0.12 0.6943
(T40.3) PEPO 0.45 (-0.19 to 1.09) 0.16 0.33 (-0.44 to 1.10) 0.38

PRE1 0.19 (-0.25 to 0.63) 0.39 0.14 (-0.45 to 0.73) 0.63

PRE2 0.07 (-0.19 to 0.32) 0.60 0.14 (-0.16 to 0.44) 0.35
Other synthetic narcotics PDMP 0.02 (-0.34 to 0.38) 091 0.6158  0.10 (-0.34 to 0.55) 0.64 0.6212
(T40.4) PEPO 0.17 (-0.11 to 0.45) 0.23 0.10 (-0.30 to 0.51) 0.60

PRE1 0.06 (-0.11 to 0.23) 0.49 0.08 (-0.13 to 0.29) 0.43

PRE2 0.01 (-0.07 to 0.09) 0.79 -0.04 (-0.17t0 0.08)  0.48
Cocaine PDMP 0.71 (0.11 to 1.31) 0.02 0.5378  1.05(0.30 to 1.80) 0.01 0.5205
(T40.5) PEPO 0.69 (0.14 to 1.24) 0.02 0.50 (-0.22 to 1.22) 0.16

PRE1 0.28 (-0.05 to 0.61) 0.10 0.31 (-0.10 to 0.71) 0.14

PRE2 0.12 (-0.11 to 0.35) 0.31 0.16 (-0.09 to 0.42) 0.20
Other and unspecified narcotics PDMP - - - 0.33 (-0.09 to 0.75) 0.12 0.6612
(T40.6) PEPO - - 0.23(-0.16t0 0.62)  0.24

PRE1 - - 0.18 (-0.13 to 0.49) 0.24

PRE2 - - 0.15 (-0.11 to 0.40) 0.25
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Classification (ICD-10 Code)

All PDMPs?

(N = 432)

Coeff (95% ClI)

PDMPs Operating >5 Years®

(N = 300)

Coeff (95% CI)

1999-2010 (with the unsuppressed mortality data set)®

Benzodiazepines

PDMP

-0.12 (-0.89 to 0.65)

0.75

0.6775

-0.05 (-1.23 to 1.12)

0.93

0.6686

(T42.4) PEPO 0.12 (-0.54 to 0.78) 0.71 0.22 (-0.80t0 1.24)  0.66

PRE1 0.01 (-0.20 to 0.22) 0.92 0.00 (-0.30t0 0.30)  1.00

PRE2 -0.09 (-0.25 to 0.06) 0.23 -0.13(-0.39t0 0.14) 0.34
Tricyclic and tetracyclic PDMP - - - 0.06 (-0.28t00.41) 0.72 0.3896
antidepressants PEPO - - 0.12 (-0.27t0 0.52)  0.53
(T43.0) PRE1 - ; 0.03(-0.12t00.18) 0.72

PRE2 - - -0.01 (-0.12t0 0.10)  0.83
Other and unspecified PDMP 0.17 (-0.19 to 0.53) 0.34 0.5991  0.25(-0.20t0 0.70) 0.26 0.5770
antidepressants PEPO 0.16 (-0.22 to 0.55) 0.40 0.08 (-0.52t0 0.67) 0.79
(T43.2) PRE1 0.06 (-0.13 to 0.26) 0.53 0.04 (-0.20t0 0.29)  0.72

PRE2 -0.07 (-0.18 to 0.04) 0.20 -0.07 (-0.23t0 0.08) 0.34
Psychostimulants with abuse potential |[PDMP - - - 0.17 (-0.22t0 0.56) 0.37 0.5438
(T43.6) PEPO - - 0.16 (-0.19t0 0.51) 0.35

PRE1 - - 0.05(-0.12t0 0.22) 0.54

PRE2 - - -0.01 (-0.13t0 0.11) 0.86
Antiallergic and antiemetic drugs PDMP - - - 0.21 (-0.06t0 0.47) 0.12 0.5447
(T45.0) PEPO - - 0.24 (-0.25t0 0.73)  0.32

PRE1 - - 0.10 (-0.04t0 0.24) 0.16

PRE2 - - 0.06 (-0.06 t0 0.18)  0.34
Other and unspecified drugs PDMP 1.03 (-0.64 to 2.70) 0.22 0.7365  1.71(-0.20t0 3.61) 0.08 0.7105
(T50.9) PEPO 0.09 (-1.22 to 1.39) 0.90 -0.61 (-2.58t0 1.37)  0.53

PRE1 0.38 (-0.48 to 1.24) 0.38 0.27 (-0.79t0 1.32)  0.61

PRE2 -0.02 (-0.56 to 0.51) 0.93 0.06 (-0.55t0 0.66) 0.85
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Cl indicates confidence interval; ICD-10, International Classification of Diseases Codes, 10th Revision; PDMP, prescription drug monitoring
program; Coeff, coefficient.

aAnalysis including all non-PDMP states and PDMP states in the study sample, 1999-2010.

bAnalysis including all non-PDMP states and PDMP states with PDMPs in operation for 5 or more years in the study sample, 1999-2010. The
number of PDMP states was 19, and the number of longer-standing (= 5 years) PDMP states was 8 during 1999-2010. The number of non-PDMP
states was 17 as of the end of 2010.

¢Subcategory analysis was conducted only for 1999-2010 using unsuppressed mortality data obtained from the National Center for Health
Statistics.

dCoefficient of PDMP (indicator of PDMP operation) of the multivariate regression model. Outcome variable (ie, drug overdose mortality rate) was
defined as the number of deaths per 100,000 individuals.

eCoefficient of PEPO (indicator of post enactment and preoperation of the PDMP) of the multivariate regression model.

Coefficient of PRE1 (indicator of the single year prior to the PDMP enactment) of the multivariate regression model.

9Coefficient of PRE2 (indicator of the 2 years prior to the PDMP enactment) of the multivariate regression model.

hSubcategories with mortality rate >1 per 100,000 in 2009-2010 for both the PDMP and non-PDMP states.
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eAppendix Figure 1. PDMP Effect on Overall Drug Overdose Mortality Rates: Extended Model

All PDMPs2 PDMPs Operating >5 YearsP
1999-2014
Underlying-cause-of-death data ~ —®—— —_—
Multiple-cause-of-death data P — — —
1999-2010
Underlying-cause-of-death data R
Multiple-cause-of-death data — o N N

4 -3-2-1012 3 4 4-3-2-1012 3 4
PDMP Effect (PDMP Coefficient,® 95% CIs)

001<P<.05 =&— 005sP<.10 —@— P=.10

Cl indicates confidence interval; PDMP, prescription drug monitoring program.

aAnalysis including all non-PDMP states and PDMP states in the study sample.

®Analysis including all non-PDMP states and PDMP states with PDMPs in operation for 5 or more years
in the study sample.

¢Coefficient of PDMP (indicator of PDMP operation) of the multivariate regression model. Outcome
variable (ie, drug overdose mortality rate) was defined as the number of deaths per 100,000 individuals.
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eAppendix Figure 2. PDMP Effect on Drug Overdose Mortality Rates by Subcategory: Extended Model

All PDMPs2 PDMPs Operating >5 Years®
Legal narcotics — T ———
Legal narcotics and Benzodiazepines —_—— \
Illicit drugs
Others, excluding legal narcotics and illicit drugs —_— I
Heroin —-—
Opioids  ——eo— —_——
Methadone —_— —_——
Other synthetic narcotics - ——
Cocaine
Other and unspecified narcotics ——
Benzodiazepines —e— —_—

Tricyclic and tetracyclic antidepressants

—-—

Other and unspecified antidepressants —— ——

Psychostimulants with abuse potential ——
-

Antiallergic and antiemetic drugs

Other and unspecified drugs ~———
4 3 -2 -1 01 2 3 4 43 -2-101 2 3 4
PDMP Effect (PDMP Coefficient,© 95% CIs)
001<sP<.05 =—A&— 0.055P<.10 —@— P=.10
Cl indicates confidence interval;, PDMP, prescription drug monitoring program.
aAnalysis including all non-PDMP states and PDMP states in the study sample, 1999-2010.
®Analysis including all non-PDMP states and PDMP states with PDMPs in operation for 5 or more years
in the study sample, 1999-2010.

¢Coefficient of PDMP (indicator of PDMP operation) of the multivariate regression model. Outcome
variable (ie, drug overdose mortality rate) was defined as the number of deaths per 100,000 individuals.
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eAppendix Figure 3. Drug Overdose Deaths in the United States during 1999-2010?2

Number of Drug Overdose Deaths
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1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010

~#-Multiple-cause-of-death data 8990 | 10107 | 11762 | 13492 | 14560 | 15939 | 17191 | 19588 | 20327 | 20654 | 20118 | 21431
—o—Underlying-cause-of-death data| 7960 | 9032 | 10587 | 12281 | 13312 | 14529 | 15812 | 18011 | 18999 | 19350 | 18814 | 20109
—4—T50.9 4348 | 5014 | 6176 | 7140 | 7538 | 8173 | 8763 | 9933 | 10350 | 11002 | 10691 | 11576
T40.2 - T40.4 1904 | 2461 | 3487 | 4360 | 5020 | 6077 | 6574 | 7941 | 8493 | 8759 | 8736 | 9719
=#=T40.2 1176 | 1544 | 2163 | 2411 | 2696 | 3085 | 3269 | 3986 | 4584 | 5194 | 5379 | 6408
—o—T40.3 427 580 915 | 1538 | 1893 | 2536 | 2903 | 3468 | 3521 | 3109 | 2771 | 2700
—+=T40.4 429 495 653 782 866 | 1033 | 1059 | 1321 | 1266 | 1355 | 1583 | 1751

~#-Multiple-cause-of-death data
—o—Underlying-cause-of-death data
=+—T50.9

T40.2 - T40.4°
=#=T40.2
—e—-T40.3
—+=T40.4

Year

aNumber of drug overdose deaths from the states that were included in this study for the analysis during 1999-
2010 based on the unsuppressed mortality data obtained from the National Center for Health Statistics.
bSum of the number of drug overdose deaths of T40.2, T40.3, and T40.4.
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