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Drug Poisoning Deaths Are Increasing Sharply



2

Introduction Data Descriptives Empirical Strategies & Results Conclusion Appendix

The Expanding Opioid Crisis is a Leading Force
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Prescription Drug Monitoring Programs (PDMP)

Prescription Drug Monitoring Programs (PDMPs, or PMPs)
State database of controlled substances prescription history

Authorized users can access the data to identify patients’
prescription history of controlled substances

Mixed & limited empirical evidence on PDMP effectiveness
Li et al. 2014, Meara et al. 2016, Kilby 2016, Dave, Grecu, &
Saffer 2017, Buchmueller & Carey 2018
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Problems: Doctor Shopping Across Systems & States
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Focus: Health IT Policies Connecting Systems & States

PDMP-Health IT integration connects data across systems
Interstate hub facilitates cross-state PDMP data sharing
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Questions & Literature

Research Questions

Question: Can PDMP-HIT integration reduce opioid-related
mortality and morbidity?

Study the integration policies, controlling for interstate sharing

Evaluate the impacts to mortality & morbidity rates

Estimate heterogeneity across stratified patient populations
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Questions & Literature

Literature Review & Contribution

Drug-induced crisis and drug monitoring programs
Case & Deaton 2015, 2017; Rutkow et al. 2015; Bao et al. 2016; Blum
et al. 2016; Block et al. 2017; Buchmueller & Carey 2018

Digitization in health care, focus on complementarity
Athey & Stern 2002; Miller & Tucker 2011; Agha 2014; Dranove et al.
2014; McCullough et al. 2016; Arrow et al. 2017; Freedman et al. 2017

The first study on the complementarity of drug monitoring &
health IT on the opioid crisis across stratified samples



8

Introduction Data Descriptives Empirical Strategies & Results Conclusion Appendix

Data: PDMPs, HITs, and Health Outcomes

State PDMP operational & mandate policy dates
PDAPS, NAMSDL, PDMP TTAC, statutes & admin doc
Discuss with lawyers and state PDMP agents

PDMP-HIT integration, interstate sharing, & HIT adoption
Integration: state policy integrating PDMPs to any HITs
Interstate sharing: PMP InterConnect “go live” dates
HIT controls: state-quarter level %EHR adoption rates

Health outcomes: US Mortality & Morbidity (ICD 9/10 coding)
Mortality: CDC WONDER; restricted-access death certificates
(not in the final version due to Covid-related access disruption)
Morbidity (&mortality): Healthcare Cost & Utilization Project (HCUP)

Opioid Rx: Automated Reports & Consolidated Ordering System
DEA ARCOS; morphine milligram equivalents conversion
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Maps

PMP Policies & PMP-specific HIT Policies
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Trends

Trends of PMP-specific HIT Policy Adoption
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Equations

Diff-in-Diff. & Event Study Estimation Eqns.

Difference-in-differences model: state-year-quarter level
yst = δs + δt + αPDMPst + βintegrationst +γmandatest + ηXst + εst

Assumptions: common trends & lack of common shocks

Event Study : yst = δs + δt + αPDMPst + Σ
j∈T

βj1
{

integration
event timej

}
st

+ γmandatest + ηXst + εst

X controls for: PDMP interstate data sharing, PDMP modern system, %EHR
adoption, and other policies: unemployment rate, large pill mill crackdowns,
naloxone access laws, Good Samaritan overdose prevention laws, and medical
marijuana dispensary laws, Medicaid expansion (Hollingsworth et al., 2017; Rees et al., 2017;
Doleac & Mukherjee, 2018; Horwitz et al., 2018; Powell et al., 2018; Wen et al., 2020)
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Results

Integration reduces opioid-related inpatient rates (1/2)
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Results

Baseline results: esp. among vulnerable populations (2/2)
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Results

Event studies: results are most salient in inpatient settings
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Results

Event studies: results in stratified inpatient outcomes (1/2)

Fig 4: Event Studies: Integration on Opioid-Related Inpatient Morbidity, Stratified. Notes: These figures report
event coefficient estimates using Equation (2). Outcomes are hospital inpatient discharge per 100,000, stratified by
adult age group, community-level income quartile, and expected payer. The dots are point estimates of differences
in outcomes between treatment and control groups 12 quarters before and 6 quarters after implementation. The
whiskers present 95% confidence intervals.
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Results

Event studies: results in stratified inpatient outcomes (2/2)

Fig 4 (cont.) Event Studies: Integration on Opioid-Related Inpatient Morbidity, Stratified. Notes: These figures
report event coefficient estimates using Equation (2). Outcomes are hospital inpatient discharge per 100,000,
stratified by adult age group, community-level income quartile, and expected payer. The dots are point estimates of
differences in outcomes between treatment and control groups 12 quarters before and 6 quarters after
implementation. The whiskers present 95% confidence intervals.
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Subsample results

Policy Impact in States without Mandate

Notes: This table reports the results of subsample regressions of Equation (1) in states that did not mandated
PDMP access during my sample period. Only coefficients of interest are reported for simplicity. Each column name
represents a dependent variable in a separate regression. Fixed effects for states and year-quarters are always
included. Robust standard errors are clustered at the state level and are reported in parentheses. Abbreviation:
LHS, left-hand side. Robust p-values: ***p < 0.01, **p < 0.05, *p < 0.1.
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Robustness

Robustness Checks

Integration policy interact with EHR% adoption (Table A2)
Mechanism test: HIT mainly work in the hospitalization stage

ARCOS data retail volume: not explain the effect (Table A3)
Different levels of observable controls (Table A4) and different levels
of fixed effects (Table A5)
Placebo tests: total non-opioid inpatient stays, non-opioid injury
hospitalization, inpatient stays for mental health, inpatient surgery
(Table A6)
Bacon decomposition confirms the results (Table A7, Fig A2)
Results are robust to other PDMP operational dates (Table A8)
Other HIT controls (monetary investment in EHR) (Table A9)
“Drop-one-state” analysis drop each implementing state (Fig A1)
Event studies for emergency room visits (stratified) (Fig A3)
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Robustness

Complementarity btw integration& interstate sharing

Notes: This table reports the results of estimating Equation (1) using three mutually exclusive variables. Each
column name represents a dependent variable in a separate regression. Fixed effects for states and year-quarters are
always included. Robust standard errors are clustered at the state level and are reported in parentheses.
Abbreviation: LHS, left-hand side. Robust p-values: ***p < 0.01, **p < 0.05, *p < 0.1.



20

Introduction Data Descriptives Empirical Strategies & Results Conclusion Appendix

Conclusions & Extensions

Integration reduces opioid-related inpatient morbidity
Substantial in states with voluntary access PDMPs
Mechanism through better use of inpatient EHRs
Interstate sharing further complements integration

Broadly: technology-oriented health policy designs
e-Rx of opioids, direct-to-consumer apps, blockchain
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Table A1: HCUP opioid data availability (by group)

Notes: During the sample period, 46 states participated in the State Inpatient Database and 35 states participated
in the HCUP State Emergency Department Database, as listed above. This table records total opioid-related
discharge data availability information at outcome group-level. There is different degree of missing across stratified
outcomes. A color-coded spreadsheet documenting variable-level data availability is available upon request. (only
upper panel is reported here due to space limit)
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Table A2: integration interact w EHR% adoption
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Table A3: mechanism test: ARCOS outcomes
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Table A4: using different levels of observables

Notes: This table reports the results of estimating equation 1 with two-way fixed effects but without extensive
observable controls. Compared to the main model, panel 1) reports results where only the most relevant baseline
PDMP and HIT controls are included (PDMP operational, modern system operational, mandate, EHR). Panel 2)
adds to 1) widely used macro condition and policy controls (unemployment rate, pill mill bill, Medicaid expansion,
Naloxone access laws, Good Samaritan laws, Medical Marijuana laws effective and dispensary openings). Panel 3)
adds to 1) a set of demographic controls: the shares of population of different age groups (1-24, 25-44, 45-64,
65+) and shares of white and black populations. Robust standard errors are clustered at the state level and are
reported in parentheses. Robust p-values: *** p<0.01, ** p<0.05, * p<0.1. (only upper panel is reported here due
to space limit)
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Table A5: using different levels of fixed effects

Notes: This table reports the results of re-estimating equation 1 with different levels of fixed effects. Instead of
two-way fixed effects, panel 1) reports estimating equation 1 without any fixed effects, panel 2) reports adding only
state-level fixed effects, and panel 3) reports adding back only year-quarter fixed effects. Robust standard errors are
clustered at the state level and are reported in parentheses. Robust p-values: *** p<0.01, ** p<0.05, * p<0.1.
(only upper panel is reported here due to space limit)
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Table A6: estimation on placebo outcomes
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Table A7: Bacon decomposition results
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Table A8: using other PDMP operational controls

Notes: This table reports the re-estimated results of the baseline model using different data sources for the control
variable of PDMP operational status. While the main specification controls for both the regular operational dates
(cross-checked from NAMSDL, PDAPS, TCAA, legal documents, and communication) and Horwitz dates, this
table reports results in panel 1)-5) using dates from one of the different sources. Robust standard errors are
reported in parentheses. Robust p-values: *** p<0.01, ** p<0.05, * p<0.1. (only upper panel is reported here due
to space limit)
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Table A9: other HIT controls: monetary investments

Notes: This table reports the results of estimating equation 1 with HIT control variable replaced by monetary HIT
investment (cumulative or per capita) proxies by EHR incentive payments to eligible hospitals. Only relevant
coefficients are reported for simplicity. Fixed effects for states and year-quarters are always included. Robustness
standard errors are clustered at the state level and are reported in parentheses. Robust p-values: *** p<0.01, **
p<0.05, * p<0.1. (only upper panel is reported here due to space limit)
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Table A10: opioid-related ER visit (stratified outcomes)
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Fig A1: drop-one-state analysis (sequentially)

Notes: The figures report the point estimate and 95% CI from the model estimating eqn 1. One treated state is
dropped in each regression; the red horizontal line represents the overall estimates. Each estimate drops the state
noted on the x-axis (i.e., the 26 states by implementation date): NE KS MD ME OK ND ID WA NV VA MS NM
SC SD WV CO AR LA TN OH WI NY VT MA TX PA. (only upper panel is reported here due to space limit)
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Fig A2: Bacon decomposition: inpatient outcomes

Notes: The figures report each Bacon decomposed estimate against corresponding weight for the morbidity
analysis, corresponding to values reported in Table A7. The red horizontal line represents the two-way fixed effects
estimate that equals the average of the y-axis values weighted by their x-axis value. (only upper panel is reported
here due to space limit)
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Fig A3: event studies for ER visits (stratified)

Notes: These figures report event-study coefficient estimates using Equation 2. Outcome variables are the rates of
hospital ER discharge per 100,000 population stratified by adult age group, community-level income quartile, and
expected payer. The dots are point estimates of differences in outcome variables between treatment group and
control groups 12 quarters before and 6 quarters after implementation. The whiskers correspond to 95% confidence
intervals. (only upper panel is reported here due to space limit)
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