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A B S T R A C T

Background: Comprehensive mandatory use laws for prescription drug monitoring programs (PDMPs) have been
implemented in a number of states to help address the opioid overdose epidemic. These laws may reduce opioid-
related overdose deaths by increasing prescribers’ use of PDMPs and reducing high-risk prescribing behaviors.
Methods: We used state PDMP data to examine the effect of these mandates on prescriber registration, use of the
PDMP, and on prescription-based measures of patient risk in three states—Kentucky, Ohio, and West
Virginia—that implemented mandates between 2010 and 2015. We conducted comparative interrupted time
series analyses to examine changes in outcome measures after the implementation of mandates in the mandate
states compared to control states.
Results: Mandatory use laws increased prescriber registration and utilization of the PDMP in the mandate states
compared to controls. The multiple provider episode rate, rate of opioid prescribing, rate of overlapping opioid
prescriptions, and rate of overlapping opioid/benzodiazepine prescriptions decreased in Kentucky and Ohio.
Nevertheless, the magnitude of changes in these measures varied among mandates states.
Conclusions: These findings indicate that PDMP mandates have the potential to reduce risky opioid prescribing
practices. Variation in the laws may explain why the effectiveness varied between states.

1. Introduction

Between 1999 and 2016, the number of opioids prescribed in the
United States has tripled, and this increase has occurred in parallel with
a quintupling of opioid overdose deaths (Guy et al., 2017; Hedegaard
et al., 2017). The ongoing opioid overdose epidemic has been multi-
factorial in its origin and development, and will require a variety of
measures to bring under control, including efforts to reduce excessive
prescribing. Mandatory use laws for prescription drug monitoring
programs (PDMPs) – state laws that require prescribers to review pa-
tient prescription history of controlled substances prior to prescribing
opioids in particular – have emerged as promising strategies to address
the epidemic. As of December 2017, 40 of the 49 states with PDMPs had
enacted mandatory use laws, though they vary in comprehensiveness
with regard to the types of prescribers to which they apply, classes of
prescription drugs included, and conditions under which the law ap-
plies (Brandeis University, 2017). Comprehensive mandatory use laws,

compared with less-than-comprehensive ones, require all prescribers
with a DEA license to enroll in the PDMP and review patient pre-
scription histories prior to prescribing all initial opioid prescriptions or
all opioid prescriptions. Among the early states that have enacted leg-
islation for comprehensive mandatory use laws are Kentucky (2012),
Tennessee (2013), New York (2013), West Virginia (2013), and Ohio
(2015) (Centers for Disease Control and Prevention (CDC, 2016).

Research is beginning to document the effects of these laws, al-
though findings have been mixed. The three earliest states to enact
comprehensive mandates – Kentucky, New York, and Tennessee – re-
ported subsequent increases in prescriber PDMP use, ranging from 3- to
8-fold, and decreases in rates of multiple provider episodes by as much
as two-thirds (Hopkins et al., 2014). In an initial, rigorous study of 38
states’ PDMPs from 2006 to 2013, CDC researchers found statistically
significant decreases in total opioid-related overdose death rates, pre-
scription opioid-related death rates, and opioid prescribing in states
with comprehensive mandatory use laws versus those without such
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laws (Dowell et al., 2016b). Pardo (2017) reported an effect of more
robust PDMPs on reducing opioid overdose death rates, where man-
datory use laws were weighted heavily in his index of PDMP robustness
(Pardo, 2017). However, two other recent studies of mandatory use
laws failed to find significant effects on opioid-related overdose death
rates. In a study of 34 states from 1999 to 2013, Patrick et al. (2016)
found no effect of mandatory use laws in general on overdose death
rates, over and above the effects of PDMPs without mandatory use laws
(Patrick et al., 2016). Using Medicare Part D claims data for all states,
2007–2013, Buchmueller and Carey (2018) found no effect of com-
prehensive mandatory use laws on fatal and non-fatal opioid overdoses
among the Medicare population (Buchmueller and Carey, 2018). Using
administrative claims data representative of the privately insured,
Pauly et al. (2018) found no effect of mandatory use laws on rates of
prescription opioid-related poisonings (Pauly et al., 2018). An extensive
review of the effects of PDMPs and PDMP features on fatal and nonfatal
drug overdoses, including a careful assessment of methods used in prior
studies, concluded that insufficient evidence exists of an effect of
mandatory use laws (as well as for other PDMP features) on fatal and
nonfatal drug overdoses (Fink et al., 2018).

Several studies have addressed the effects of mandatory use laws on
opioid prescriptions and measures of patient risk. Buchmueller and
Carey (2018) found significant effects of these laws on decreasing rates
of prescriber and pharmacy shopping behavior, overlapping opioid
prescriptions, and continuous opioid supply of at least seven months
(Buchmueller and Carey, 2018). In a study of the effects of Ohio’s 2015
mandatory use law, Winstanley et al. (2018) found that the law’s im-
plementation was associated with significant decreases in opioid and
benzodiazepine prescriptions and decreases in multiple provider epi-
sodes for opioids and for benzodiazepines (Winstanley et al., 2018).
Using administrative claims data for commercially insured people,
Haffajee et al. (2018) found reductions in opioid dosage associated with
“robust” or comprehensive mandatory use laws in four states, relative
to comparison states; one state, Kentucky, also showed decreases in the
percentage of people filling opioid prescriptions, in persons receiving
high opioid dosage, and in persons using multiple prescribers or phar-
macies (Haffajee et al., 2018). However, two studies of opioid pre-
scribing to selected populations in relation to mandatory use laws, one
of patients with non-cancer chronic pain, and one of patients under-
going elective surgery, found no effect of these laws on opioid pre-
scribing (Lin et al., 2018; Stucke et al., 2018).

These mandate studies share several limitations. An inherent lim-
itation in examining the effects of mandatory use laws across many
states together is that heterogeneity of effects of these laws in different
states can be obscured, a limitation avoided in only two of the previous
studies (Haffajee et al., 2018; Winstanley et al., 2018). Second, only two
of the studies cited above (Pauly et al., 2018; Winstanley et al., 2018)
go beyond 2014, limiting examination of longer-term effects of man-
dates and recent laws. Third, although mandatory use laws are built
upon the premise that increasing use of the PDMP will improve opioid-
related health outcomes, the effects on prescriber registration and uti-
lization of the PDMP have not typically been examined (for an excep-
tion, see Delcher et al., 2015). Finally, these studies have focused pri-
marily on comprehensive mandates (compared to less-than-
comprehensive mandates or no mandate) and their impact on opioid-
related overdose deaths. Thus, they shed little light on the possible
intermediate mechanisms underlying this effect, such as the reduction
of high-risk opioid prescribing behaviors. Of the exceptions noted above
(Buchmueller and Carey, 2018; Haffajee et al., 2018; Lin et al., 2018;
Stucke et al., 2018; Winstanley et al., 2018), all but one used admin-
istrative claims data, which omitted out-of-system claims and claims
paid by cash.

To address many of these limitations, we report on a detailed time-
series analyses using PDMP all-payer prescription data in three man-
datory use states: Kentucky, Ohio, and West Virginia examined in-
dividually in relation to control states, over the period 2010 – 2016. AllTa
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three states examined encompass “comprehensive” mandatory use laws
(Pew Charitable Trusts, 2016). In addition, Ohio enacted a less-than-
comprehensive mandate prior to its comprehensive mandate. We ex-
amine the effects of these laws on prescriber registration and utilization
of the PDMP, as well as on a range of prescribing behavior measures
and prescription-based measures of patient risk.

2. Methods

2.1. Selection of mandate and non-mandate states

The three “mandate” states in this study, Kentucky, Ohio, and West
Virginia were among the first in the nation to enact and implement
comprehensive mandatory use laws. Selection criteria for mandate
states included having 1) a PDMP use mandate enacted in the state as of
December 31, 2016; and 2) PDMP prescription data and prescriber
usage data available to the study by December 31, 2016. Table 1 pre-
sents the key elements of each state’s mandate. In 2012, Kentucky
passed a comprehensive mandate use law. The Kentucky mandate re-
quired all prescribers to check the PDMP, with some exceptions, prior to
any initial prescription of Schedule II, III, or IV controlled substances,
and at least every 90 days for treatment lasting more than three months
(Pew Charitable Trusts, 2016).

In contrast to Kentucky, Ohio’s mandate use legislation was im-
plemented in two stages between 2011 and 2015. The initial legislation,
enacted in June 2011, required health care licensing boards state-wide
to adopt rules requiring prescriber enrollment and use of the PDMP. In
December 2011, the Ohio Medical Board first adopted rules requiring
physicians and physician assistants to query the PDMP. In addition,
Ohio’s 2011 mandate required prescribers to check the PDMP prior to
prescribing an initial Schedule II, III, or IV controlled substance to a
given patient if they believed that treatment was likely to last more
than 90 days, and at least once annually thereafter. Thus, we defined
the first stage as less-than-comprehensive. In April 2015, more com-
prehensive requirements were implemented in Ohio, which strength-
ened the earlier mandate. The 2015 implementation specifically man-
dated state-wide all prescriber queries of the PDMP before initial
prescriptions for opioids and benzodiazepines, and every 90 days
thereafter, with limited exceptions (State of Ohio, 2017).

West Virginia passed its initial mandate legislation in 2012 re-
quiring prescribers to query the PDMP when prescribing or dispensing
controlled substances for patients under certain circumstances (West
Virginia Board of Medicine, 2012). Subsequently, the West Virginia
medical board adopted comprehensive regulations effective in 2013
mandating that all physicians and physician assistants query the PDMP
for any initial “pain-relieving controlled substance” prescriptions, pre-
scribed or dispensed in the course of treatment for chronic, non-ma-
lignant pain. Prescribers are required to check at least annually there-
after if the course of treatment continues. Pain-relieving controlled
substance refers to any Schedule II-V controlled substance, including,
but not limited to, opioids that are considered effective for pain-relief
(West Virginia Board of Medicine, 2012).

Two states served as controls in the analysis: California and
Virginia. Criteria for selection as a control state included having 1) no
PDMP use mandate enacted in the state as of December 31, 2016; and
2) PDMP data and prescriber usage data available to the study by
December 31, 2016. California and Virginia were the only PBSS states
that met control state selection criteria.

We obtained permission from each state’s PDMP Manager for use of
their data in this analysis. The study protocol was reviewed and ap-
proved by the Brandeis University Institutional Review Board.

2.2. Data

2.2.1. PDMP prescription data
Our primary data source was PDMP data from the Prescription

Behavior Surveillance System (PBSS); data for all five states in the study
were made available to the authors via data use agreements with the
states. Methodological details of PBSS have already been published
(Paulozzi et al., 2015). The PBSS is a public health surveillance and
evaluation tool using de-identified, longitudinal prescription data from
state PDMPs; the tool is designed to measure trends in controlled sub-
stance prescribing and dispensing, including trends in indicators of
medical use and possible misuse, abuse, and diversion. In contrast to
claims data, PDMP data are comprehensive, all-payer data (i.e., all
types of insurers as well as cash payments) that allow for analysis of
prescription-level measures and a focus on in-state prescribers. PBSS
includes data from 2010 to 2017. The current study utilized PDMP data
from PBSS between Q3 of 2010 and Q3 of 2016; this study period
corresponded to the available PDMP data for the five states in the study.
For all five states, we included Schedule II through Schedule IV con-
trolled substances prescribed only to in-state residents by in-state pre-
scribers. Prescriptions from all pharmacies licensed to dispense in the
state were included. Buprenorphine products indicated for conditions
other than pain were excluded from our analysis.

2.2.2. Prescriber usage of PDMP data
State PDMPs track the number of prescribers who enrolled in the

PDMP and the number of queries to the PDMP by registered prescribers;
these data represent a unique and not easily accessible source of in-
formation. We requested and obtained quarterly data on prescriber
usage of the PDMP for the study period via email from the PDMP ad-
ministrator of each state in our analysis. The usage data included: 1)
count of active prescribers enrolled in the PDMP by quarter; 2) count of
prescribers who queried the PDMP by quarter; and 3) count of queries/
reports requested by quarter. West Virginia, however, was not able to
provide us with data on the count of prescribers who queried its PDMP.

2.3. Measures

2.3.1. PDMP use mandate
The key independent variable was implementation of (i.e., exposure

to) a PDMP use mandate, measured as a dichotomous (0, 1) variable for
each state and in each quarter from 2010 to 2016. We used the effective
date of each PDMP use mandate to define the quarter in which the use
mandate was implemented and set the value of the variable to 0 for all
quarters up to that point. For each quarter after the implementation of
the PDMP use mandate, the variable was coded as 1. For Kentucky, we
used the July 2012 (Q3) as PDMP use mandate date; For Ohio, two
PDMP use mandate variables were created, corresponding to the
December 2011 (Q4) and the April 2015 (Q2) mandate implementa-
tions; For West Virginia, we used May 2013 (Q2) as PDMP use mandate
date.

2.3.2. Outcomes
Three PDMP usage measures were examined in this study. These

measures are derived from indicators required by the Bureau of Justice
Assistance as part of its performance measures for PDMPs (Kreiner
et al., 2013).

1 The percent of active, state-licensed prescribers enrolled in the
PDMP by quarter was defined as the number of prescribers who, as
of the last date of the quarter, were 1) licensed to practice in the
state; 2) had at least one controlled substance prescription dispensed
in the state in the quarter; and 3) were enrolled in the PDMP, di-
vided by the total number of active, state-licensed prescribers.

2 The percent of active state-licensed prescribers enrolled in the
PDMP who had accessed the PDMP by quarter was defined as the
number of prescribers who, as of the last date of the quarter, were 1)
licensed to practice in the state; 2) had at least one controlled
substance prescription dispensed in the state in the quarter; 3) were
enrolled in the PDMP; and 4) had used the PDMP at least once in the
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quarter, divided by the total number of active, state-licensed pre-
scribers. This measure refers to the number of prescribers who ac-
cessed the PDMP.

3 The rate of reports requested/solicited by quarter was defined as the
total number of PDMP reports requested in the quarter by active,
state-licensed prescribers, per 1000 state residents. This measure
refers to the number of reports requested by prescribers. A given
prescriber may have requested more than one report in a quarter.

Five prescription-based measures of patient risk were examined.
Measures of patient risk are based on their association with overdose or
clinical diagnosis of drug abuse (Dowell et al., 2016a; Liu et al., 2013;
Paulozzi et al., 2012, 2015). We categorized controlled prescription
drugs into pharmacologic categories (e.g., opioid analgesics, benzo-
diazepines) using the Truven Health Analytics quarterly RED BOOK
Select Database. We used the number of state residents as the de-
nominator for these measures rather than the number of individuals
who received an opioid prescription. Our rationale was that mandates
might result in a decrease in number of people who received an opioid
prescription, so using that as the denominator could mask any effects of
the mandate on the measures of interest. This choice facilitated com-
parisons over time within a state as well as comparisons across states.

1 Rate of patients with multiple provider episodes (MPEs) for opioids,
defined as the total number of unique patients who obtained opioid
prescriptions dispensed in the quarter in the state from 5 or more
pharmacies and written by 5 or more prescribers within a 3 month
period, per 100,000 state residents. MPE rates are presented per
100,000 (rather than per 1000) state residents due to the small
number of MPEs per quarter.

2 Rate of prescriptions for all opioids, defined as the total number of
Schedule II, III or IV opioid prescriptions dispensed in the quarter in
the state per 1000 state residents.

3 Rate of patients who had overlapping opioid prescriptions, defined
as the total number of unique patients in the quarter with at least
two opioid prescriptions, (regardless of opioid type) that overlapped
for at least 7 days based on fill dates and days supplied, per 1000
state residents.

4 Rate of unique patients who had overlapping opioid and benzodia-
zepine prescriptions, defined as the total number of unique patients
in the quarter with at least one opioid prescription and one benzo-
diazepine prescription, regardless of their specific drug names, that
overlap for at least 7 days per 1000 state residents. Concurrent use
of prescription opioids and benzodiazepines is associated with an
increased risk for opioid overdose (Dowell et al., 2016a).

5 Rate of unique patients with a high daily dosage, defined as the total
number of unique patients in the quarter whoever received> =90
cumulative Morphine Milligram Equivalents (MMEs) of opioids
daily, per 1000 state residents.

2.4. Analytic approach

The measures were compiled quarterly from 2010 quarter 3 through
2016 quarter 3. We then conducted comparative interrupted time series
analyses (ITSA) for the outcome measures. The comparative ITSA en-
abled us to assess and control for differences in baseline levels and
trends between mandate and control states, as well as estimate degree
of changes (i.e., level change and slope change) in outcome measures
associated with the mandates (Bernal et al., 2017; Soumerai et al.,
2015). The study assumed both level change and slope change in out-
comes. The use of control states allowed us to account for secular
trends, for example, due to increased national awareness of in-
appropriate use and prescribing of opioids. One important condition of
applying comparative ITSA is that pre-intervention trends between
treatment and control states have to be similar. Thus, we explored pre-
intervention trends in our analysis. We approached the ITSA analysisTa
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separately for the three mandate states because the implementation and
specific policy provisions vary among the states. This approach would
also allow us to show any potentially heterogeneous impact of the three
mandates.

California and Virginia were used as the control states for pre-
scription-based measures of patient risk. Only California was used as
the control state for PDMP usage measures as data for these measures
from Virginia were only available for a small portion of the study
period.

We used generalized least-squares method for all comparative ITSA
regression analyses. Autocorrelation of error terms was assumed to
follow a first-order autoregressive process for our time series data. All
analyses were conducted in Stata Version 14.2. We adjusted for auto-
correlation under the Prais-Winsten procedure in the Stata ITSA rou-
tine. See additional details on ITSA specifications and results in the
Appendix A.

3. Results

We presented comparative ITSA results of both level change and
slope (trend) change in Table 2 as the estimated effects of the mandate
law on our PDMP usage measures and prescription-based measures. The
level change and slope change were akin to difference-in-differences
estimations (Linden, 2015). Figs. 1 and 2 were graphic representations
of the core ITSA results. We present graphical results for the remaining
measures in Figs. 3 and 4 as Supplementary materials in the Appendix
A. Pre-intervention trends were not significantly different for the ma-
jority of our outcome measures between the mandate states and control
states except for the percent of prescribers enrolled in the PDMP in
Kentucky. We presented results of the pre-intervention trends in the
Appendix A.

3.1. PDMP usage measures

Fig. 1 showed levels and trends based on comparative ITSA results
for PDMP usage measures. Columns A, B, and C represented three in-
tervention states, i.e., Kentucky, Ohio, and West Virginia. The vertical
dashed line represented the quarter when the mandate law was im-
plemented. Figures in column A showed potential positive impacts of
the mandate in Kentucky on increasing PDMP usage. For instance, the
rate of solicited PDMP reports was 34.5 per 1000 residents in Q3 of
2010 and 277.7 per 1000 residents in Q3 of 2016; the percent of pre-
scribers enrolled in the PDMP was 29.5% in Q3 of 2010 and 88.3% in
Q3 of 2016. Figures in column B also indicated potential positive im-
pacts of the mandate in Ohio on increasing PDMP usage. For instance,
the rate of solicited PDMP reports was 18.6 per 1000 residents in Q3 of
2010 and 283.6 per 1000 residents in Q3 of 2016; the percent of pre-
scribers enrolled in the PDMP was 20.1% in Q3 of 2010 and 97.3% in
Q3 of 2016. Nevertheless, it was unclear based on figures in column C if
there was any impact of the mandate in West Virginia on PDMP usage.

The first three rows of measures in Table 2 showed these estimated
results from the ITSA for PDMP usage measures. The Kentucky mandate
was associated with a statistically significant level change (difference-
in-differences of levels) immediately following the mandate im-
plementation for all three PDMP usage measures. Specifically, in Ken-
tucky, the rate of solicited PDMP reports increased by 157.2 per 1000
residents; the percent of prescribers enrolled in the PDMP increased by
22.5 percentage points, and the percent of prescribers accessing the
PDMP increased by 25.6 percentage points. However, the Kentucky
mandate was only associated with a statistically significant increase
(3.47 per 1000 residents per quarter) in trend (difference-in-differences
of slopes) for the rate of solicited PDMP reports. The trend difference
between Kentucky and the control state in the percent of prescribers
enrolled and the percent of prescribers accessing the PDMP decreased
(indicated by the significant negative trend change in Table 2) due to
declining trend in Kentucky over time after mandate implementation.

Fig. 1. PDMP Usage Measures I, Pre- and Post-Mandatory PDMP Use Law, by Intervention State.
Notes: Data on reports requested in West Virginia were not available for Q2 2013.
Source: Authors’ analysis of PDMP usage data requested from state PDMP administrators, Q3 2010-Q3 2016.
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Ohio’s first and second mandates had differing effects on the three
PDMP usage measures. Its first mandate was associated with both a
statistically significant level increase (35.0 per 1000 residents) im-
mediately following the mandate implementation and a significant
trend increase (12.7 per 1000 residents per quarter) in the rate of so-
licited PDMP reports. Unlike Kentucky, the percent of prescribers en-
rolled and accessing the PDMP did not experience a level change im-
mediately following the first mandate implementation in Ohio;
however, its first mandate was associated with a significant trend in-
crease in these two PDMP usage measures (3.20 and 1.96 percentage
points per quarter respectively). In contrast, Ohio’s second mandate
was only associated with a significant impact on the percent of pre-
scribers enrolled in the PDMP. This measure experienced a significant
level increase by 14.1 percentage points, but with a decreased trend
(indicated by the significant negative trend change of 4.93 in Table 2)
due to plateauing of the trend in Ohio and rising of the trend in the
control states over time after the second mandate implementation.

Similar to Kentucky and Ohio (first mandate only), the mandate in
West Virginia was associated with statistically significant level increase
in the rate of solicited PDMP reports immediately following the man-
date implementation. However, the magnitude of increases in West
Virginia was smaller than Kentucky but slightly larger than Ohio (first
mandate). For instance, the rate of solicited PDMP reports in West
Virginia increased by 41.8 per 1000 residents. Unlike Kentucky and
Ohio, despite a level increase, the mandate in West Virginia was asso-
ciated with a significant trend decrease in the rate of solicited reports
(indicated by the significant negative trend change in Table 2). No data
were available from West Virginia on the percent of prescribers acces-
sing the PDMP.

3.2. Prescription-based outcome measures

Fig. 2 showed levels and trends based on comparative ITSA results
for our three core prescription-based outcome measures. Similar to

Fig. 1, columns A–C represented three intervention states, and the
vertical dashed line represented the quarter when the mandate law was
implemented. Figures in all three columns showed potential positive
impacts of the mandate in three intervention states on decreasing pre-
scription-based measures for either level or trend or both. For instance,
MPE rates in Kentucky, Ohio, and West Virginia were 10.4, 14.7, and
4.2 per 100,000 residents respectively in Q3 of 2010 and 2.2, 2.0 and
0.7 per 100,000 residents respectively in Q3 of 2016. Rates of over-
lapping opioid and benzodiazepine prescriptions in the three states
were 25.7, 16.5 and 16.6 per 1000 residents respectively in Q3 of 2010
and 19.7, 11.9, and 16.1 per 1000 residents respectively in Q3 of 2016.

Row four to row eight of measures in Table 2 presented estimated
results from comparative ITSA for prescription-based outcome mea-
sures. The Kentucky mandate was associated with a statistically sig-
nificant level decrease in the 3-month MPE rate immediately following
the mandate implementation (4.85 per 100,000 residents), but it was
not associated with a significant trend decrease in this measure. On the
contrary, the rate of overlapping opioid prescriptions and overlapping
opioid and benzodiazepine prescriptions did not experience a sig-
nificant level decrease immediately following the mandate im-
plementation, but the mandate was associated with a significant trend
decrease for these two measures (−0.49 per 1000 residents per quarter
and −0.46 per 1000 residents per quarter respectively). The overall
opioid prescribing rate in Kentucky experienced both a significant level
decrease (24.0 per 1000 residents) immediately following the mandate
implementation as well as a trend decrease (−3.0 per 1000 residents
per quarter). The first Ohio mandate was associated with a level de-
crease in the rate of overlapping opioid prescriptions and overlapping
opioid and benzodiazepine prescriptions (−3.04 and −2.19 per 1000
resident per quarter, respectively) immediately following the mandate
implementation; however, only the level decrease in overlapping opioid
prescriptions was significant. As indicated by the figures in Column B
(Fig. 2), the first Ohio mandate was associated with trend decrease as
well for the two overlapping measures (−0.1 and −0.12 respectively);

Fig. 2. Prescription Based Outcome Measures I, Pre- and Post-Mandatory PDMP Use Law, by Intervention State.
Source: Authors’ analysis of data from the Prescription Behavior Surveillance System, Q3 2010-Q3 2016.
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nevertheless, neither was statistically significant. Additionally, the first
mandate in Ohio was only associated with a significant trend decrease
(−2.55 per 1000 residents per quarter) for the overall opioid pre-
scribing rate, but no significant effect on its level change. With regard
to Ohio’s second mandate law, it was associated with larger trend de-
crease compared to the first mandate for all prescription-based outcome
measures (indicated by the negative trend change under post-mandate
2: −0.53, −0.61, −0.78, and −7.86), but the larger trend decrease
was only statistically significant for the rate of overlapping opioid and
benzodiazepine prescriptions and rate of overall opioid prescribing.

Unlike either Kentucky or Ohio, the West Virginia mandate was not
associated with statistically significant changes in any of the prescrip-
tion-based outcome measures.

4. Discussion

Mandatory use laws are predicated on the assumption that (1) re-
quiring prescribers to access patient prescription histories in the PDMP
will, in fact, lead to their doing so, and that (2) increased prescriber
access to this information will lead to more appropriate opioid pre-
scribing and improved health outcomes. This study provides evidence
of the efficacy of mandates on increasing prescriber registration and
utilization of the PDMP immediately after the enactment of the law.
Although the efficacy sustained over time, estimates of slope changes
indicated that the efficacy attenuated. One potential explanation is the
improvement of these outcomes among control states in the post
mandate period, which could be due to increasing national visibility of
the opioid overdose epidemic, PDMPs, and PDMP-related policies such
as the mandate, over the study period. In addition, by studying different
mandatory use states separately, we found differential effects of com-
prehensive mandatory use laws in the study states. In particular, while
we found evidence in all three states that comprehensive mandates
increased levels of prescriber registration (except for West Virginia’s
insignificant estimate) and utilization of the PDMP, we found no effects
on the patient risk measures examined in West Virginia. In contrast, we
found decreases in level and/or trend associated with the mandates in
Kentucky and Ohio with regard to multiple provider episode rate, rate
of overlapping opioid prescriptions, and rate of overlapping opioid/
benzodiazepine prescriptions. We found decreases in both level and
trend of overall opioid prescribing rate associated with Kentucky’s
mandate. As the three mandate states have mandatory enrollment laws
in addition to mandatory use laws, and legal provisions regarding
consequences for failure to comply with PDMP rules, these factors are
unlikely to explain the modest results found in West Virginia.

Several differences between the states may help to explain these
varying findings. Because PDMP data typically do not include a unique
patient identifier, most PDMPs employ probabilistic record-matching
algorithms to determine which prescriptions belong to the same pa-
tient. Such algorithms account for variations in patient name and ad-
dress if other patient-identifying information matches. Some PDMPs,
however, including West Virginia’s, use exact matching of patient in-
formation to determine which prescription records to assign to a given
patient. Therefore, in states such as West Virginia, it is likely that not all
prescriptions obtained by some patients are correctly identified in the
PDMP as belonging to those patients. This may be especially true for
patients who exhibit multiple provider episode behaviors and may ac-
tively seek to avoid detection. Exact matching of prescription records
may have two consequences with respect to our study. First, the risk
measures examined (i.e., high MME rate, MPE rate, overlapping opioid
rate, overlapping opioid-benzodiazepine rate) all depend on correctly
aggregating prescriptions by patient. If some prescriptions belonging to
a single patient are mistakenly assigned to other patients, these mea-
sures are likely to be less sensitive to change. If West Virginia’s man-
datory use law has had an effect on these measures, we may be unable
to detect it with PDMP data due to the inherent weakness of exact
matching methodology. Second, when a West Virginia prescriber

queries the PDMP, not all of his or her patient’s prescriptions may ap-
pear, giving the prescriber an incomplete picture of that patient’s pre-
scription history, and perhaps leading them to write an opioid pre-
scription where they might not have done so with more complete
information. This second consequence of exact matching may also help
explain the finding that West Virginia’s mandate was associated with an
increased level of prescriber registration and utilization of the PDMP, as
well as with a decreasing trend in registration and use. Once prescribers
begin to use the PDMP and then find that the information available
therein is incomplete, for example by not including prescriptions the
prescriber him- or herself has written, they may be disinclined to con-
tinue using the PDMP to the same degree.

The varying effects of Ohio’s two separate mandate laws provide
further insight on the importance of examining the specific content of
PDMP policies. While Kentucky and West Virginia enacted compre-
hensive mandates only, Ohio initially enacted a less than comprehen-
sive mandate, followed four years later by a more comprehensive
mandate. Consistent with Buchmueller and Carey (2018), we found that
both mandates had effects in reducing selected risk measures – the 2011
mandate on rates of overlapping opioid and overlapping opioid and
benzodiazepine prescriptions and the 2015 mandate on trend in the
MPE rate. The mandates had differing effects on prescriber registration
with and use of the PDMP, however. The 2011 mandate was associated
with an increase in level of solicited reports (i.e., prescriber queries)
and increasing trends of solicited reports, percent of prescribers regis-
tered with the PDMP, and percent accessing the PDMP. In contrast, the
2015 mandate was associated with increases in the percent of pre-
scribers registered and percent accessing the PDMP, and with de-
creasing trends in all three measures of prescriber registration and use.
The latter finding appears to reflect a leveling off of the previously
increasing trends in these three measures.

Also consistent with Buchmueller and Carey (2018), we found dif-
ferential effects of the mandates on different risk measures. While
Kentucky’s mandate was associated with decreases in all of the risk
measures and in the opioid prescribing rate, and Ohio’s mandates were
associated with decreases in MPE rate and rates of overlapping opioids
and overlapping opioids and benzodiazepines, none of the mandates
were associated with decreases in the rate of high daily dosage (high
MME rate). There are at least two factors which may have influenced
this lack of impact on high daily dosage. First, the prescription history
contained in PDMP reports may have limited influence on a prescriber’s
clinical decision-making regarding appropriate dosage. This might be
particularly true among those patients who have been on long term
high dose opioid therapy for a substantial period of time prior to in-
troduction of the mandates, versus patients with newly initiated high
daily dosage. Our high daily dosage measure did not differentiate these
two types of opioid users. More importantly, the two available national-
level opioid prescribing guidelines (Chou et al., 2009; Department of
Veterans Affairs and Department of Defense, 2010) during our study
period used 200 daily MME as the threshold for high daily dosage,
which is different from the measure assessed in this current study.
Second, although a more common feature currently on PDMP reports,
daily dosage of prescriptions and/or patients, computed across all
prescriptions, were not always available on PDMP reports in our study
period which would limit prescribers’ ability to monitor and reduce
high dosage.

Our study was able to separate immediate effects of the mandates
from slower-to-develop effects manifested in changes in trends or
slopes. By examining changes in trends, we were able to identify
mandate effects that previous studies were not designed to detect. Such
effects can give rise to hypotheses about mechanisms by which the
mandates can change behaviors. For example, while Kentucky’s com-
prehensive mandate resulted in an immediate increase in the percent of
prescribers enrolled in the PDMP, the percent of prescribers accessing
the PDMP, and the number of reports requested, Ohio’s initial, less-
comprehensive mandate resulted in a slower but steady increasing
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trend in these measures, arriving after several years at levels compar-
able to those achieved in Kentucky. This finding suggests that it may
hold promise for a state to take incremental steps that build toward
implementation of a comprehensive mandatory use law.

Our study had several limitations. In some states, mandatory use
laws have been enacted concurrently with other laws, such as those
directed at pill mills (pain clinic regulation laws) or to enact PDMP
enhancements. A limitation of all studies of mandatory use laws, in-
cluding ours, is that the effects of these laws are not possible to fully
separate from the possible effects of other concurrent measures. For
example, pill mill laws are unlikely to have had more than a negligible
effect on PDMP usage measures. They may have affected prescribing
behaviors, however, due to fear of greater oversight from law en-
forcement. The three states with comprehensive mandates that we ex-
amined all enacted pill mill laws concurrently with their comprehensive
mandatory use laws. However, Ohio’s initial, less-than-comprehensive
mandate, did not have a concurrent pill mill law, yet still effected
changes in certain prescribing measures. Second, we were able to
measure PDMP use, but not to monitor compliance with each state’s
mandatory use law. Because each mandate has exceptions, it is to be
expected that prescribers will not always check the PDMP prior to
prescribing an opioid; however, the extent to which not checking is
legitimate is currently not knowable. Third, because PDMP data do not
include clinical information, we were not able to assess the appro-
priateness of opioid prescribing in each state, pre- or post-mandate. We
were also not able to assess patient health outcomes apart from their
expected association with the risk measures examined. Fourth, we were
not able to examine whether or not the mandate law had any unin-
tended consequences, particularly on the transition from prescription
opioids to illicit opioids. However, previous studies show that illicit
opioid-related deaths are going up regardless of whether states im-
plemented laws to curb inappropriate prescribing (Dowell et al., 2016b;
Rudd et al., 2014; Seth et al., 2018). Fifth, the ITSA revealed that
baseline levels in the mandate states were often different than those in
the control states, and such baseline level differences may reflect other
differences between the mandate and control states that we could not
control for. However, our results showed that pre-mandate trends were
similar (indicated by the pre-mandate trend difference), which is an
important condition for the validity of comparative ITSA, for all our
outcome measures except for rate of solicited PDMP reports in West
Virginia and percent of prescribers enrolled in Kentucky. ITSA analyses
of the effects of each state’s mandate(s) without control states resulted
in findings similar to those reported here. Nevertheless, future research
should consider examination of varying groups of control states in re-
lation to state mandatory use laws.

4.1. Conclusions

Mandatory checking of the PDMP by prescribers is a promising
approach for states to address the opioid overdose epidemic. Mandates
appear to be consistently effective across states in increasing PDMP
registration and utilization, though they exhibit varying effects on
prescribing measures of risky opioid use in different state contexts.
Thus, analysis shows that a state’s efforts to customize its mandate law
to suit its own unique circumstances can maximize its effectiveness.
Comprehensive mandates can more rapidly improve PDMP registration
and usage in comparison to less comprehensively designed mandates,
though it appears that both approaches can be equally effective in the
long term. In order to translate increased usage of PDMPs into im-
proved prescribing behaviors, it is also important for states to improve
the accessibility and ease of use of PDMPs, for example by integration of
PDMP data into electronic health record systems.
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