UC San Diego
UC San Diego Previously Published Works

Title

Prescription drug monitoring programs and drug overdose deaths involving benzodiazepines
and prescription opioids

Permalink

https://escholarship.org/uc/item/99041591

Journal
Drug and Alcohol Review, 38(5)

ISSN
0959-5236

Authors

Liang, Di
Shi, Yuyan

Publication Date
2019-07-01

DOI
10.1111/dar.12959

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/9q04159r
https://escholarship.org
http://www.cdlib.org/

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

HHS Public Access

Author manuscript
Drug Alcohol Rev. Author manuscript; available in PMC 2020 July 01.

Published in final edited form as:
Drug Alcohol Rev. 2019 July ; 38(5): 494-502. doi:10.1111/dar.12959.

Prescription Drug Monitoring Programs and Drug Overdose
Deaths Involving Benzodiazepines and Prescription Opioids
Di Liang, PhD and

Department of Family Medicine and Public Health, University of California San Diego, La Jolla,
CA, USA

Yuyan Shi, PhD"
Department of Family Medicine and Public Health, University of California San Diego, La Jolla,
CA, USA

Abstract

Background.—In the US, benzodiazepine overdose deaths increased at an alarming rate in the
past two decades. Benzodiazepines were also the most common drugs involved in prescription
opioid overdose deaths. Benzodiazepine prescribing has been monitored by Prescription Drug
Monitoring Programs (PDMPs), but little was known about whether PDMPs reduced drug
overdose deaths involving benzodiazepines.

Design and Methods.—This study used a difference-in-difference design with state-quarter
aggregate data on drug overdose deaths. The primary data source was Mortality Multiple Cause
Files in 1999-2016. Three age-adjusted rates of drug overdose deaths were examined, including
those involving benzodiazepines, those involving prescription opioids, and those involving both
benzodiazepines and prescription opioids. The policy variables included PDMP data access for
benzodiazepines and mandatory use of PDMP data for benzodiazepines. Linear multivariable
regressions were used to assess the associations of PDMP policies specific to benzodiazepines
with drug overdose death rates, controlling for other state-level policy and socioeconomic factors,
state and time fixed effects, and state-specific time trends.

Results.—No significant associations were found between PDMP data access for
benzodiazepines and changes in drug overdose death rates involving benzodiazepines and/or
prescription opioids. Similarly, no significant associations were found between mandatory use of
PDMP data for benzodiazepines and changes in drug overdose death outcomes.

Discussion and Conclusions.—This study suggested no evidence that PDMP policies
specific to benzodiazepines were associated with reduction in benzodiazepine overdose death

"Corresponding author: Yuyan Shi, PhD, 9500 Gilman Drive, La Jolla, CA 92093-0607, USA, Phone number: 1(858)534-4273,
yus001@ucsd.edu.

Contributions:

Study conceptualization and design: DL and YS

Data analysis: DL

Finding interpretation and manuscript writing: DL and YS

Both authors approved the final manuscript.

Conflict of Interest: The authors declared no conflict of interest.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Liang and Shi Page 2

rates. Future research is warranted to examine detailed features of PDMPs and continuously
monitor the impacts of PDMP policies on benzodiazepine-related consequences.

Keywords
Prescription Drug Monitoring Programs; benzodiazepines; prescription opioids; drug overdose

1. Introduction

Benzodiazepines are a class of psychoactive drugs widely used in the treatment of anxiety,
insomnia, and seizures. They are Schedule 1V drugs under the Controlled Substances Act in
the US. Inappropriate and long-term use of benzodiazepines is associated with detrimental
or even life-threatening consequences, such as drug dependence, cognitive decline, reduced
mobility, and increased risks of dementia, falls, and car crashes, especially among the
elderly. [1-3] Co-use of benzodiazepines and opioids is particularly dangerous as co-use
sedates users, impairs cognitive functions, and may cause overdose deaths by suppressing
breathing. [4-8]

In the past two decades, the US has seen an alarmingly increasing trend of benzodiazepine
use. During 1996-2013, the number of US adults filling a benzodiazepine prescription grew
by 67% from 8.1 million to 13.5 million and the quantity of benzodiazepines filled rose from
1.1 kg to 3.6 kg lorazepam-equivalents per 100,000 adults. [9] In parallel with the increasing
trend of benzodiazepine use, drug overdose deaths involving benzodiazepines increased
nearly 10 fold from 1,135 to 10,684 during 1999-2016. [10] Co-prescription of
benzodiazepines and opioids was common in clinical practice and increased significantly in
the past two decades. [11-15] Benzodiazepines were involved in approximately 30% of
opioid overdose deaths as the most common concurrent drugs. [16, 17]

In the US, Prescription Drug Monitoring Programs (PDMPs) were designed to monitor
prescribing and dispensing information of prescription drugs which are also controlled
drugs. PDMPs could help providers identify patients with excessive use of drugs and
inappropriate co-use of drugs (e.g., benzodiazepines and prescription opioids). The elements
of PDMP varied across states and over time in terms of intended users, included drugs, law
enforcement, and mandates on prescriber registration, clinical circumstances, and frequency
of data queries. As of 2019, 49 states and the District of Columbia have implemented
PDMPs in some form. Because of the long-standing concern about the deterioration of the
opioid epidemic, PDMPs were considered a major effort to curb the overprescribing of
prescription opioids (mostly Schedules Il and Il drugs in the US). Most existing studies
evaluating the impacts of PDMPs focused on prescription opioids related outcomes.
Although the effects of the implementation of PDMPs or access to PDMP data were mixed,
recent studies suggested that the mandatory use of PDMP data was promising in reducing
opioid prescribing and related mortality. [18-32]

Less attention has been given to the relationships between PDMPs and benzodiazepine-
related consequences. A few existing studies found no evidence that the implementation of
PDMPs or access to PDMP data was associated with benzodiazepine-related emergency
department visits, substance abuse treatment admissions, or overdose death rates. [20, 33,
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34] Only three studies examined the impacts of the mandatory use of PDMP data on
benzodiazepine prescribing or benzodiazepine-related morbidity and mortality and the
results were mixed. A study reported that the mandatory use of PDMPs was associated with
a statistically significant reduction in the quantity of benzodiazepines dispensed in a single
state (Ohio). [35] Two studies using national data suggested that the mandatory use of
PDMPs had no associations with substance abuse treatment admissions related to
benzodiazepines, [33] but was associated with decreased overdose deaths involving
benzodiazepines. [20]

Among the studies reporting the associations between PDMPs and benzodiazepine-related
outcomes, only two studies examined PDMP policies specific to benzodiazepines [34, 35]
whereas others focused on PDMP policies specific to prescription opioids. Within a state,
benzodiazepines and prescription opioids may have very different dates when the associated
PDMP data became available to prescribers and very different dates when prescribers were
mandated to check the associated PDMP records. Most states included Schedule IV drugs
(benzodiazepines are Schedule 1V drugs) in PDMPs later than Schedule 11/111 drugs
(prescription opioids are mostly Schedules 11/111 drugs). The states also often mandated
PDMP data use for benzodiazepines later than that for prescription opioids. Failure to make
distinctions between PDMP policies specific to benzodiazepines and PDMP policies specific
to prescription opioids will generate measurement errors in policy variables of interest.

In this study, we tested two hypotheses about state PDMP policies specific to
benzodiazepines. First, we examined whether PDMP policies, including both PDMP data
access and mandatory use of PDMP data specific to benzodiazepines, were associated with
reduction in drug overdose deaths involving benzodiazepines. Second, we examined whether
these PDMP policies specific to benzodiazepines were associated with reduction in drug
overdose deaths involving prescription opioids and those involving both benzodiazepines
and prescription opioids. Because co-use of benzodiazepines and prescription opioids was
not recommended in clinical practice, [36, 37] PDMP policies specific to benzodiazepines
may have the potential to influence drug overdose deaths involving both drugs.

2. Methods

2.1 Data

The primary data source was the National Vital Statistics System’s (NVSS) restricted use
Mortality Multiple Cause Files that provided information on nearly all deaths occurring
within the US. The data were based on death certificates each of which contained a single
underlying cause of death, up to twenty multiple causes of death, and demographic data of
the deceased. Causes of death have been classified in accordance with the International
Classification of Diseases, Ninth Revision (ICD-9) before 1999 and Tenth Revision
(ICD-10) since 1999. The study period in this study was restricted to 1999-2016 to ensure
coding consistency.
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2.2 Measures

We analyzed three state-quarter level drug overdose death outcomes: (i) drug overdose
deaths involving benzodiazepines, (ii) drug overdose deaths involving prescription opioids,
and (iii) drug overdose deaths involving both benzodiazepines and prescription opioids. The
drug overdose death cases were aggregated to state-quarter level and age-adjusted to obtain
rates per 100,000 population in each state and quarter.

The 3 drug overdose death outcomes were constructed in the following steps as
recommended in previous research [10]. First, we identified drug overdose deaths by
underlying cause death with ICD-10 codes of unintentional drug poisoning (X40-X44),
suicide drug poisoning (X60-X64), homicide drug poisoning (X85), or drug poisoning of
undetermined intent (Y10-Y14) [10]. Second, we further identified drug overdose deaths
involving specific drugs using multiple causes of death. Specifically, an overdose death
involving benzodiazepines was identified if the multiple causes of death contained
benzodiazepines (ICD-10 code T42.4). An overdose death involving prescription opioids
was identified if the multiple causes of death contained prescription opioids (ICD-10 codes
T40.2-40.3). Other synthetic narcotics (other than methadone) (ICD-10 code T40.4) were
not included, as this category was dominated by fentanyl-related overdoses, especially in
recent years [10]. An overdose death involving both benzodiazepines and prescription
opioids was identified if the multiple causes of death contained both benzodiazepines
(ICD-10 code T42.4) and prescription opioids (ICD-10 codes T40.2-40.3). Third, the
overdose death cases identified above were aggregated to the state-quarter level. For each
state-quarter pair, age-adjusted death rates per 100,000 population were calculated by
applying age-specific death rates to the year 2000 US standard population by age groups to
facilitate comparisons over time. Following previous studies, [20, 30] Florida was excluded
from this study. Florida implemented multiple policies (e.g., pill mill laws) along with
PDMP data access at the same time [38] in response to its escalating opioid overdose crisis
[39]. The changes in drug overdose death rates involving prescription opioids therefore
could not be solely attributed to PDMPs [40].

The policy variables of interests were 2 PDMP policies specific to benzodiazepines. The first
policy variable was access to PDMP records for benzodiazepines, a dichotomous indicator
taking value of 1 if PDMP records for benzodiazepines were accessible in that state-quarter
and 0 otherwise. The second policy variable was mandatory use of PDMP data for
benzodiazepines, a dichotomous indicator taking value of 1 if the state mandated prescribers
to query PDMP data before prescribing benzodiazepines under certain clinical
circumstances in that state-quarter and 0 otherwise. We also included a third dichotomous
variable indicating the enactment of PDMP laws. All the policy dates related to PDMPs
were extracted from namsdl.org and pewtrusts.org (Table S1). By the end of the study
period, all states but Missouri had passed PDMP laws. Except for Nevada and Utah which
made benzodiazepine records available earlier than 1999, all other states with PDMPs made
benzodiazepine records accessible during the study period. Among these states, a total of 18
states further implemented mandates on PDMP data use for benzodiazepines during the
study period.
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2.3 Statistical Analyses

The analysis used a difference-in-difference design with observations at state-quarter pair
level. As a quasi-experimental method, difference-in-difference design is widely used in
policy evaluation studies to reduce bias from confounding factors when randomized
controlled trials are not feasible [41]. It compares the changes in outcomes over time
between states with and without a policy exposure, such that time-invariant confounding
factors and certain time-variant confounding factors can be controlled for. It has been the
most commonly adopted method for studies evaluating PDMP impacts [18, 26, 28, 30, 42—
45]. After excluding Florida, the study sample included 3,600 state-quarter pairs.
Specifically, linear multivariable regressions were used to assess the associations of PDMP
data access and mandatory use of PDMP data with age-adjusted drug overdose deaths
involving benzodiazepines, prescription opioids, and both drugs, respectively. The outcomes
were log transformed to obtain normal distributions of errors. To retain observations with
zero values after log transformation, 0.01 was added to all outcomes following previous
research [20].

We estimated two model specifications. Model 1 included the presence of PDMP data access
for benzodiazepines as the primary policy predictor. Model 2 further added the indicator for
mandatory use of PDMP data for benzodiazepines to Model 1. The standard errors in all
regression models were clustered at the state level. Models 1 and 2 had the identical number
of state-quarter observations (n=3600).

Both models 1 and 2 controlled for the enactment of PDMP laws and other state-level policy
and socioeconomic covariates, which might confound the relationships between PDMP
policies and overdose deaths. The following covariates were included: a dichotomous
indicator for the implementation of Medicaid expansion to provide insurance to all adults
with income up to 138% of the federal poverty level, the number of active physicians per
1,000 population, poverty rate (the percentage of residents with household income below the
federal poverty level), median household income in 2016 constant dollars (in thousands),
and unemployment rate.

Both models also included the following regressors: state indicators to control for
unobserved time-invariant state-level fixed effects; year indicators and quarter indicators to
control for national-level shocks applying to all the states at the same time; and state-specific
linear time trends to control for state-level natural trends in outcomes. The examples of
national-level shocks were new national guidelines about benzodiazepine prescribing and
FDA warnings on benzodiazepines prescriptions. In 2016, the Centers for Disease Control
and Prevention (CDC) issued new guidelines that recommended clinicians to avoid
prescribing benzodiazepines with opioids [37]. In the same year, Food and Drug
Administration (FDA) required both benzodiazepines and prescription opioids to carry
“black box” warnings on the prescription labels to highlight the dangers of co-use [36].
These polices were assumed to influence all the states at the same time and could be
captured by year and quarter indicators. We therefore did not add specific variables to
control for these national-level shocks in regressions.
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We further conducted a series of event studies. Event studies could test the parallel time
trends assumption, the key assumption in difference-in-difference method that requires
parallel time trends in outcomes prior to the policy exposure. It can also estimate lagged
effects of the policy after the policy has been implemented. Two sets of events studies were
conducted. The first set of event studies included 16 dummy variables indicating the 8
quarters before and the 8 quarters after the effective dates of PDMP data access. This event
study model specification was the same as Model 1 except that the single indicator for
PDMP data access was replaced by the 16 indicators for the quarters before and after the
policy. The second set of event studies was similar to the first set, except that the 16 quarter
indicators were relative to the effective dates of mandatory use of PDMP data. Any
significant coefficients for quarters before the policy (PDMP data access or mandatory use
of PDMP data) would indicate a violation of the parallel time trends assumption, whereas
any significant coefficients for quarters after the policy would indicate policy lagged effects.

To test the robustness of the results, we conducted a series of sensitivity analyses. First,
some states implemented PDMP policies for benzodiazepines and prescription opioids at the
same time, and some implemented PDMP policies specific to benzodiazepines after the
policies specific to prescription opioids. The main analysis included PDMP policies specific
to benzodiazepines only. In sensitivity analysis, we added PDMP policies specific to
prescription opioids and pill mill laws for prescription opioids to examine PDMP policies
specific to benzodiazepines on top of these policies specific to prescription opioids. Second,
regressions were conducted in negative binomial models instead of linear models. The
outcomes were counts of drug overdose deaths instead of continuous age-adjusted drug
overdose death rates. Negative binomial models were selected to account for over-dispersion
of count data. As count data were not population-adjusted, state population in 100,000 was
further controlled for in the negative binomial model along with other covariates in the main
analysis. Third, as recommended by previous studies, [30] West Virginia was further
excluded from the main analysis as its number of drug overdose deaths was an outlier in the
high end. Lastly, we added 0.001 and 0.0001 instead of 0.01 to all the outcomes before log
transformation to test the sensitivity of results to the small values added to zero value
observations for log transformation.

This study used publicly available secondary data through a data use agreement and
Institutional Review Board approval was not required.

3. Results

Table 1 presents the descriptive statistics of outcomes, PDMP policy variables, and other
state covariates. States with PDMP data access had significantly higher drug overdose death
rates involving benzodiazepines, prescription opioids, and both (P < 0.001), compared to
states without PDMP data access. States with PDMP data access also had significantly lower
level of physicians per 1,000 population, higher poverty rate, lower median household
income, and higher unemployment rate (P < .001). A greater proportion of states with
PDMP data access expanded Medicaid (P < 0.001). Similar patterns were observed when
states with and without mandatory use of PDMP data were compared.
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Table 2 reports main analysis results of Models 1 and 2. In Model 1, no significant
associations were found between PDMP data access and changes in overdose death rates
involving benzodiazepines or prescription opioids or both drugs. In Model 2, no significant
associations were found between mandatory use of PDMP data and changes in any overdose
death outcomes, after controlling for PDMP data access.

Results for event studies are illustrated in Figure 1. We did not observe significant
differences in time trends before PDMP data access (Panels A-C) or the mandatory use of
PDMP data (Panels D-F). The lack of significant pre-policy trends did not reject the parallel
trends assumption. Figure 1 also indicates null relationships between PDMP policies and
changes in drug overdose death rates in the post-policy period, consistent with findings in
the main analysis.

Sensitivity analyses results are reported in Tables S2—-S4. After adding policies specific to
prescription opioids, the associations between PDMP policies specific to benzodiazepines
and changes in drug overdose death outcomes remained nonsignificant (Table S2). In Table
S3, when negative binomial models were applied, the results were similar to main analysis
results that used linear regressions with log transformation. The associations between PDMP
policies specific to benzodiazepines and changes in drug overdose death outcomes also
remained nonsignificant after excluding West Virginia (Table S4) and adding different small
values to outcomes for log transformation (not reported).

4. Discussion

This study examined PDMP policies specific to benzodiazepines. It provided no evidence
that PDMP data access or mandatory use of PDMP data was associated with reduction in
drug overdose deaths involving benzodiazepines in 1999-2016. Furthermore, no evidence
was found for the associations between these policies and reduction in drug overdose deaths
involving prescription opioids or those involving both benzodiazepines and prescription
opioids.

This study added to the limited literature about the impacts of PDMP policies on
benzodiazepine-related health outcomes. Our findings were consistent with previous studies
which found null associations of the implementation of PDMPs or access to PDMP data
with changes in benzodiazepine-related emergency department visits, substance abuse
treatment admissions, and overdose death rates [20, 33, 34]. Regarding mandatory use of
PDMP data, our results contradicted a previous study which suggested significant
associations between the mandatory use of PDMP data and changes in benzodiazepine
overdose death rates [20]. The discrepancies might be explained by differences in study
periods, classification of policies, and analytical approaches. We examined a longer period
of time and differentiated PDMP policies specific to benzodiazepines and those specific to
prescription opioids. We further controlled for several state-level covariates that may
confound the relationships of interest.

PDMP policies specific to benzodiazepines might not have reduced drug overdose deaths
involving benzodiazepines during the study period for several reasons. PDMP data access
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might have little impacts if prescribers of benzodiazepines used PDMPs infrequently.
Because of the top public health concern on the opioid crisis, law and clinical enforcements
have largely focused on opioid prescribing. Even for opioid prescribing, physicians reported
challenges to integrating PDMPs into their workflow, and there were limited regulatory
mechanisms on the mandatory use of PDMP data. [46, 47] Furthermore, prescribers
interpreted PDMP data with little guidance. Only some PDMPs sent proactive alerts to help
identify patients with overlapping benzodiazepine and opioid prescriptions. [48] Lastly,
mandates on PDMP data use were only adopted by a few states late in the study period. The
impacts of these mandates might not be realized and observed in our study.

This study had several limitations. First, this study used an ecological study design, the
results of which should not be interpreted as causal relationships. Although we attempted to
adjust for important state-level confounders with the difference-in-difference approach, there
might be residual confounding left uncontrolled for. Second, this study examined state-level
associations with state aggregate data. The regressions did not control for individual-level
variations and the results do not infer individual-level responses to PDMP policy changes
such as physicians’ prescribing behaviors and patients’ drug use behaviors. Third, because
of data constraints we were not able to control for detailed PDMP features, such as the
frequency of PDMP data updates. The infrequent data updates in early years of PDMPs
might lead to underutilization of PDMP data by prescribers and partially contribute to the
null results detected in this study. Recent research, however, suggested that specific features
of PDMPs may have stronger protective effects on prescription opioids in recent years [25].
Future research should investigate the impacts of PDMP detailed features on benzodiazepine
outcomes. Fourth, the reporting of causes of death might be inconsistent and inaccurate in
the Mortality Multiple Cause Files. Particularly, drug overdose deaths might be
underreported due to the lack of toxicological tests or failure to record test results on the
death certificates. [17] But this limitation was not expected to confound our results unless
the reporting errors of causes of death were related to PDMP policies.

In conclusion, we found no evidence that PDMP data access or mandatory use of PDMP
data for benzodiazepines had associations with reduction in drug overdose deaths involving
benzodiazepines and/or prescription opioids. Continuous monitoring and future research on
the impacts of PDMP features on benzodiazepine prescribing and related consequences,
especially at the individual level, are warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Event Study Results
Notes: “0” on the x-axis, indicating the quarter when policy adopted, was omitted from the

regression to provide a reference category. The positive numbers on the x-axis indicate the
number of quarters after policy implementation, and negative numbers indicate the number
of quarters before policy implementation. Panels A-C present event studies for PDMP data
access to benzodiazepine records. Panels D-F present event studies for mandatory use of
PDMP data for benzodiazepines. Nonsignificant coefficients on the y-axis for quarters prior
to policy implementation indicate parallel time trends prior to policy implementation
between states with and without the policy. Florida was excluded from this study.
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