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Abstract

Background and Objectives: Prescription opioid use is associated with substance-related 

adverse outcomes among adolescents and young adults through a pathway of prescribing, 

diversion and misuse, and addiction and overdose. Assessing the impact of current prescription 

drug monitoring programs (PDMPs) on opioid prescribing and overdoses will further inform 

strategies to reduce opioid-related harms.

Methods: We performed interrupted time-series analyses to measure the association between 

state-level implementation of PDMPs with annual opioid prescribing and opioid-related overdoses 

in adolescents (13–18 years) and young adults (19–25 years) between 2008 and 2019. We focused 

on PDMPs that included mandatory review by providers. Data were obtained from a commercial 

insurance company.

Results: Among 9,344,504 adolescents and young adults, 1,405,382 (15.0%) had a dispensed 

opioid prescription and 6,262 (0.1%) received treatment for an opioid-related overdose. Mandated 

PDMP review was associated with a 4.2% (95% CI, 1.9 to 6.4%) reduction in annual opioid 
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dispensations among adolescents and a 7.8% (95% CI, 4.7 to 10.9%) annual reduction among 

young adults. For opioid-related overdoses, mandated PDMP review was associated with a 16.1% 

(95% CI, 3.8 to 26.7) and 15.9% (95% CI, 7.6 to 23.4) reduction in annual opioid overdoses for 

adolescents and young adults, respectively.

Conclusions: PDMPs were associated with sustained reductions in opioid prescribing and 

overdoses in adolescents and young adults. While these findings support the value of mandated 

PDMPs as part of ongoing strategies to reduce opioid overdoses, further study with prospective 

study designs are needed to fully characterize the impact of these programs.

Introduction

Background

Opioids are commonly prescribed to adolescents and young adults for the treatment 

of acute and chronic pain. While prescribing rates have been generally decreasing for 

these populations, nearly half of pediatric opioid prescriptions remain high-risk based on 

excessive duration or daily dosage.1,2 Adolescents appear to be particularly vulnerable to 

harmful effects of prescription opioids, with use of prescription opioids prior to the 12th 

grade associated with a 33% increased risk of future opioid misuse, and nonmedical use of 

prescription opioids more than doubling the risk of subsequent heroin initiation.3,4 While 

diversion is a common source of prescription medication misuse, as many as a quarter 

of adolescents and young adults misusing opioids obtain them directly from one or more 

healthcare providers.5

Forty-nine states in the US have implemented prescription drug monitoring programs 

(PDMPs) in an effort to reduce high-risk prescribing practices and opioid-related harm. 

These programs consist of state-run databases that track information on controlled 

substances dispensed by pharmacies to individual patients. Clinicians can query the system, 

identify recently dispensed medications, and prevent prescriptions for controlled substances 

from multiple providers. As these are state-administered programs, there is some variability 

in key features of individual PDMPs. In particular, certain states require providers to access 

the PDMP, referred to as mandatory provider review, prior to prescribing a controlled 

substance.6 Research has shown that these programs are associated with decreased opioid 

prescribing by emergency and non-emergency medicine physicians,7–9 although the data on 

the association between PDMPs and opioid-related deaths are mixed.10–14

Importance

Among adolescents and young adults, PDMPs have been linked to reductions in prescription 

opioid poisonings reported to poison control centers.15 However, the opioid epidemic has 

been evolving with synthetic opioids now the most commonly implicated opioid in overdose 

deaths in adolescents and young adults. Among individuals aged 15 to 24 years, between 

2010 and 2019, overdose deaths from synthetic opioids other than methadone (a category 

that includes heroin and illicitly manufactured fentanyl) increased from 0.5% to 7.1% of 

all deaths from any cause in this age group.16 Many individuals who overdose on heroin 

or fentanyl, however, first misused prescription opioids.4,17 Understanding the impact of 

PDMPs on opioid prescribing practices and opioid overdoses could help elucidate gaps in 
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mitigation strategies for this population and inform further policy development to reduce 

opioid-related harm.

Goals of This Investigation

Using a national private insurance claims database, we sought to examine the association 

between PDMPs with a mandated provider review and opioid prescribing among adolescents 

and young adults. In addition, we assessed the association of PDMPs with adolescent and 

young adult overdoses related to all opioid products and to heroin, specifically.

Methods

Study Design and Data Sources

We performed interrupted time series analyses to evaluate the association between 

implementation of PDMPs with mandated provider review and healthcare claims for an 

opioid prescription or medical care for an opioid-related overdose among adolescents (13–

18 years) and young adults (19–25 years) between January 1, 2008 and December 31, 2019. 

Data were administrative claims from a United States (US) commercial health insurance 

company that included over 83 million members during the study period. Coverage is 

offered in all 50 states and the insurance provider has a greater than 10% market share 

in the US. The name of the company is withheld as per our data use agreement. The 

database undergoes extensive and repeated quality control procedures to ensure the validity 

and integrity of the data. Data on race was not included in the database.

Data for the analysis consisted of counts of enrollees, stratified by sex, age, state, year and 

month. Patients were included in monthly counts during which they were enrolled with 

both pharmacy and medical coverage. Over 9 million individuals aged 13–25 years met 

this criterion. To measure prescriptions, patients were included in the monthly count if any 

day of the given month was encompassed within the period of their prescription claim (i.e., 

from the fill date to the last prescribed day). To measure overdose diagnoses, patients were 

included in the monthly count if the date of an encounter with a claim for an opioid-related 

diagnosis fell within the given month. If enrollment dates or date of birth were missing, 

patients were excluded from all analyses. If sex or state of residence were missing, patients 

were excluded from counts in which those variables were of interest.

Dispensed Opioid Prescriptions: We identified enrollees with dispensed opioid 

prescriptions using the Cerner Multum™ (https://www.cerner.com/solutions/drug-database) 

drug categories of “narcotic analgesics” and “narcotic analgesic combinations” (S1 Table).

Opioid overdoses: Enrollees receiving medical care for an opioid-related overdose 

were defined as those with an International Classification of Diseases, Ninth Revision, 
Clinical Modification (ICD-9-CM) or International Statistical Classification of Diseases, 
Tenth Revision, Clinical Modification (ICD-10-CM) diagnosis code of opioid poisoning (S2 

Table).18,19 These codes do not reliably distinguish between different opioid types, such as 

prescription opioids vs illicitly manufactured fentanyl. However, there are specific codes for 

heroin and we selected these to identify patients with heroin-related poisonings.
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Prescription drug monitoring programs (PDMPs): Information on state-level 

PDMPs was obtained from the Prescription Drug Monitoring Program Training and 

Technical Assistance Center at Brandeis University, the Prescription Drug Abuse Policy 

System (PDAPS) database, and individual state PDMP administrators.20,21 We restricted our 

analysis to states with PDMPs that included mandatory use requirements as this feature 

has been found to decrease opioid prescribing and overdoses.11,22–26 However, all states, 

regardless of PDMP status, were included in the analysis, with non-implementing states 

serving as controls and contributing data exclusively to the pre-implementation period. We 

defined the “implementation of a PDMP” as the date a program instituted a mandatory 

use provision and became electronically available in clinical care.8,15 With the state-year as 

the unit of analysis, we defined a binary PDMP variable as positive if the given year was 

subsequent to the year of PDMP implementation (or if month of implementation was prior 

to July 1 when the given year coincided with the year of implementation), and negative if 

antecedent.

Statistical Analysis

We calculated mean annual proportions of prescribing and overdose diagnoses as the 

number of events per 100 and 100,000 enrollees, respectively, stratified by age group, sex, 

region, and time. States were grouped into regions (Northeast, Midwest, South, and West) 

according to US Census Bureau classifications.27

To test the association between implementation of PDMPs with mandated review and opioid 

prescribing and overdoses, we used data at the state-year level to perform interrupted time 

series analyses, leveraging the variation in timing of PDMP implementation across states. 

We estimated a set of population-averaged negative binomial models as follows:

log(Y t) = β0 + β1T t + β2Xt + β3T tXt + εt,

where Y t is the count outcome variable measured at each equally spaced time point t, T t is 

time measured in years relative to the year of PDMP adoption, Xt is the annual state-level 

binary PDMP indicator, and XtT t is the time-by-PDMP interaction term to compare pre- 

and post-implementation slopes. Each model included the log of the annual total number of 

enrollees as the offset, a first-order autoregressive within-state correlation structure, and a 

robust variance estimator.

To measure the immediate change following PDMP implementation, we performed a Wald 

test comparing the outcome measure as derived from the fitted model at the end of the 

pre-implementation period to the first month of the post-implementation period.28 All states 

were included in the analysis of pre-implementation and post-implementation trajectories to 

account for baseline trends in prescribing and overdose. The primary models examined all 

opioid-related overdoses and secondary analyses included heroin overdoses only. Adolescent 

and young adult age groups were combined in the analyses of heroin overdoses due to the 

small number of these overdoses among adolescents.
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To account for other state-level policies that may be associated with changes in opioid 

prescribing and overdose, each model included as covariates implementation of pain clinic 

legislation and opioid prescribing guidelines.9,15,29,30 Information on these state policies 

was obtained from PDAPS, the Prescription Drug Monitoring Program Training and 

Technical Assistance Center at Brandeis University, and prior published research.20,21,31

The negative binomial models provided parameter estimates as incidence rate ratios. 

However, the units of analysis were individual enrollees (i.e., not person-time). Thus, 

to express our results in a format consistent with our data, estimates of annual slopes 

and comparisons between slopes were presented as mean annual percent changes with 

corresponding 95% confidence intervals (CIs). Estimates of outcome changes from the 

initial to the final year of the post-implementation period were presented as proportion 

differences with 95% CIs. Predicted annual proportions of each outcome, stratified by age 

group and PDMP status, were graphically presented. These graphs included extrapolated 

estimates of pre-PDMP outcome proportions (i.e., predicted annual outcome proportions if 

the pre-PDMP period had extended to the end of the post-PDMP period), as generated by the 

margins command in STATA.

Analyses were conducted with the software package STATA, version 16.0 (College Station, 

TX). Figures were created using R version 3.6.1 (R Foundation, Vienna, Austria) and the 

ggplot2 package. The Institutional Review Board at Boston Children’s Hospital determined 

that this study was exempt as it utilized only de-identified patient data and met criteria 

for waiver of informed consent. Data analysis took place between January 1 and March 1, 

2022. The study adhered to the Strengthening the Reporting of Observational Studies in 

Epidemiology (STROBE) guideline.

Results

Study Cohort

Among 9,344,504 adolescents and young adults in the dataset, 1,405,382 (15.0%) had one or 

more prescription opioid claims and 6,262 (0.1%) received treatment for an opioid overdose 

between 2008 and 2019 (S1 Figure). Overall, the mean length of enrollment of patients in 

the study cohort was 21 months (standard deviation, 22 months; median 12 [IQR 6, 25]).

Dispensed Opioid Prescriptions

There were 524,455 (12.5%) adolescents and 949,326 (15.4%) young adults with at least 

one dispensed opioid prescription (Table 1). More females (772,593; 16.5%) than males 

(632,711; 13.6%) received an opioid prescription. The South (590,357; 15.9%) accounted 

for the largest number of enrollees with an opioid prescription, followed by the West 

(314,950; 15.1%), Midwest (202,493; 14.1%), and Northeast (300,849; 13.7%). Mean 

annual proportion peaked in 2010 at 1.1 (95% CI, 1.0 to 1.3) and 2.4 (95% CI, 2.3 to 

2.5) dispensed prescriptions per 100 adolescents and young adults, respectively. Proportions 

subsequently decreased to 0.6 (95% CI, 0.5 to 0.7) and 0.9 (95% CI, 0.8 to 1.0) dispensed 

prescriptions per 100 adolescents and young adults, respectively, by 2019.
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The most commonly dispensed opioids among adolescents were acetaminophen-

hydrocodone (7.8%), acetaminophen-codeine (2.8%), and acetaminophen-oxycodone 

(2.4%). Among young adults, acetaminophen-hydrocodone was also most commonly 

dispensed (9.8%), followed by acetaminophen-oxycodone (4.0%) and acetaminophen-

codeine (2.3%).

Opioid Overdoses

Opioid overdoses occurred among 1,361 (32.4 per 100,000 enrollees) adolescents and 4,941 

(80.4 per 100,000 enrollees) young adults. Males (3,504; 75.0 per 100,000 enrollees) were 

more likely to have an overdose compared to females (2,758; 59.0 per 100,000 enrollees). 

The largest proportion of overdoses was observed in the Northeast (84.9 per 100,000 

enrollees), followed by the Midwest (66.2 per 100,000 enrollees), West (63.0 per 100,000 

enrollees), and South (57.9 per 100,000 enrollees). For both age groups, the mean annual 

proportion of opioid overdoses peaked in 2016, with 2.8 (95% CI, 2.5 to 3.2) and 12.1 

(95% CI, 11.1 to 13.1) per 100,000 adolescents and young adults, respectively, treated for an 

opioid overdose.

Association of PDMPs with Opioid Prescribing and Overdose

PDMPs with mandatory use provisions increased from 0 states in 2008 to 39 states by 2019. 

The largest increase occurred in 2017 with 11 states implementing a PDMP with mandatory 

use requirement. For the pre-implementation period, there were 249 state-year observations 

across 50 states with observation periods of up to 5 years. The post-implementation period 

included 131 state-year observations across 39 states with up to 8 years of follow up.

For both adolescents and young adults, there were significant decreases in the mean annual 

percentage of enrollees with dispensed opioid prescriptions prior to PDMP implementation, 

followed by significant decreases after implementation (Table 2, Figure 1 Panel A). 

Comparing the changes in mean annual percentage of enrollees with dispensed opioid 

prescriptions in the pre- and post-implementation periods, PDMPs were associated with 

a 4.2% (95% CI, 1.9 to 6.4%) reduction among adolescents and a 7.8% (95% CI, 4.7 

to 10.9%) reduction among young adults. There was also an immediate change in the 

percentage of enrollees with a dispensed opioid prescription with a 10.2% (95% CI, 6.3 to 

14.1%) reduction among adolescents and a 13.6% (95% CI, 10.5 to 16.6%) reduction among 

young adults. This corresponded to an absolute difference (comparing the first to last year 

of PDMP implementation) of −0.4 (95% CI, −0.5 to −0.3) prescriptions per 100 adolescents 

and −0.9 (95% CI, −1.0 to −0.8) prescriptions per 100 young adults (S4 Table).

The mean annual percentage of enrollees with an opioid overdose increased significantly 

prior to PDMP implementation among both adolescents and young adults (Figure 1 Panel 

B). Comparison of the changes in mean annual percentage of enrollees with opioid 

overdoses in the pre- and post-implementation periods showed significant reductions in 

opioid overdoses for adolescents (16.1%, [95% CI, 3.8 to 26.7%]) and young adults 

(15.9%, [95% CI, 7.6 to 23.4%]) following PDMP implementation. No statistically 

significant immediate change in opioid overdoses was observed in either age group. The 

absolute difference in opioid-related overdoses between the first and last year of PDMP 
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implementation was −1.1 (95% CI, −2.2 to 0.1) and 0.3 (95% CI, −4.7 to 5.4) overdoses per 

100,000 adolescents and young adolescents, respectively.

Heroin Overdoses and Association with PDMPs

Overdoses related to heroin were relatively uncommon among adolescents (4.0 per 100,000 

enrollees) compared to young adults (36.4 per 100,000 enrollees) and occurred almost twice 

as often among males (33.7 per 100,000 enrollees) compared to females (17.3 per 100,000 

enrollees). The geographic distribution was similar to that of overall opioid overdoses, 

with the highest proportion in the Northeast (43.3 per 100,000 enrollees), followed by the 

Midwest (26.3 per 100,000 enrollees), West (19.1 per 100,000 enrollees) and South (17.8 

per 100,000 enrollees). Comparison of changes in mean annual percentage of adolescents 

and young adults with heroin overdoses in the pre- and post-implementation periods, showed 

that PDMPs were associated with an annual reduction of 16.7% (95% CI, 5.9 to 26.2%) in 

heroin overdoses (S3 Table).

Limitations

This study has several limitations. First, we analyzed healthcare claims from a single, 

private insurance provider and are unable to independently verify the quality of the data. 

Further, results may not be generalizable to individuals with other types of insurance plans. 

Inherent to any interrupted time series analysis is the possibility of residual confounders. We 

attempted to address this by controlling for several of the most widely used state policies 

(e.g., opioid prescribing guidelines and pain clinic legislation) that may be associated 

with reductions in opioid prescribing and overdose. Additionally, one of the strengths 

of the current analysis is the staggered implementation of PDMPs with mandatory use 

requirements, which helps control for temporal trends in opioid prescribing practices.10 

However, causality cannot be inferred from our study and it is possible that secular trends 

contributed to the findings. Further, we measured dispensed prescriptions, which may not 

necessarily equate to medication use. Finally, healthcare claims data likely underestimate 

the true number of opioid overdoses as diagnostic codes may be specific, but not sensitive 

for opioid overdoses, and claims data do not capture fatal and nonfatal overdoses that do 

not present to healthcare facilities.32 The available data also do not allow further analysis to 

distinguish between overdoses related to prescription opioids versus synthetic opioids.

Discussion

In this national cohort study of 9.3 million commercially insured US adolescents and 

young adults, PDMPs with mandatory use requirements were associated with sustained 

annual reductions in opioid prescribing of 4.2% among adolescents and 7.8% among 

young adults. Additionally, these PDMPs were associated with 16.1% and 15.9% annual 

reductions in opioid overdoses, respectively. However, given the retrospective nature of these 

data, causality cannot be inferred. Further, the small overall reductions, while statistically 

significant, may have limited clinical implications.

Opioid prescriptions among adolescents and young adults have been linked to subsequent 

opioid misuse and overdose.3,33 These adverse outcomes appear to be increased irrespective 
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of the acuity of the treatment indication or the practice setting, and extend into later 

adulthood and to misuse of other illicit substances.34,35 In adult populations, studies 

have shown a positive impact of PDMPs on reducing initiation and number of opioid 

prescriptions.7–9,11,36 Our findings show that PDMPs with mandatory provider review are 

associated with decreased opioid prescribing among adolescents and young adults. However, 

it is important to note that we cannot exclude the impact of other factors on opioid 

prescribing patterns, and that the observed reductions may be influenced by secular changes.

Studies examining the association between PDMPs and opioid overdoses have generated 

inconsistent findings, with results varying based on the types of opioids examined and 

timing of the study. Several analyses have found that PDMPs, particularly those with more 

robust features such as mandatory review, were associated with reductions in prescription 

opioid overdoses.11,12,37,38 Others have reported no association between PDMPs and 

emergency department visits for prescription opioid overdoses or prescription opioid-

related deaths.39,40 When examining overdoses related to all opioids (i.e. encompassing 

prescription opioids, heroin, and synthetic products) an early analysis examining overdose 

deaths between 1999 and 2005 found no association between PDMPs and overall opioid 

mortality.41 A subsequent study extending to 2013 reported a reduction of 1.12 opioid-

related deaths per 100,000 individuals in the year following PDMP implementation.10 

These differences may be attributable to the strengthening of PDMPs with the adoption 

of additional features between 2005 and 2010, such as mandatory provider review and 

inter-state data sharing.42 For adolescents and young adults, there have been few studies 

examining the impact of PDMPs on opioid overdoses. In a prior analysis, we found an 

association between PDMP implementation and reduction in poisonings from prescription 

opioids reported to poison control centers.15 Another study examined injection drug use 

among adolescents and reported a decrease following implementation of PDMPs with 

mandatory use requirements.25 However, the impact of PDMPs on overall opioid overdoses 

among adolescents and young adults has not previously been assessed.

PDMPs are expected to reduce opioid-related overdoses by increasing the information 

available to prescribers to allow more informed and judicious prescribing of opioids. 

However, it is important to monitor the impact of these programs in the context of the 

current opioid epidemic in the US, which has evolved from misuse of prescription opioids 

to use of heroin and subsequently synthetic opioids, such as illicitly produced fentanyl.16 

The reasons for this shift are multifactorial: the overall reductions in opioid prescribing that 

began in 2010, as well as the reformulation of Oxycontin (one of the most widely misused 

prescription opioids) to a new product that could no longer be crushed to yield a dissolvable 

powder and forced opioid-dependent individuals to seek alternative opioids, such as heroin, 

which became more available and cheaper than prescription opioids.43–46 The transition 

from heroin to fentanyl and fentanyl-analogs arose as illicit fentanyl manufacturers, largely 

located overseas, took advantage of the potency and powdered nature of fentanyl, flooding 

markets and adulterating the US heroin supply.47,48 Examining the association of PDMPs on 

overall opioid-related overdoses provides insight on the impact of these programs during the 

current state of the opioid epidemic. We found that PDMPs with mandated provider review 

were associated with sustained reductions in opioid-related overdoses among adolescents 

and young adults, supporting their value as a component in multi-pronged efforts to reduce 
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opioid overdoses. It is important to stress that PDMPs should be combined with other 

strategies, such as expanded access to medication for opioid-use disorder and naloxone, to 

further decrease opioid overdoses in adolescents and young adults.49

A concern that has been raised with the implementation of PDMPs, is that by restricting 

access to prescription opioids, those with opioid-use disorder or dependence may transition 

to heroin use.11,50 Among adults, reports have indicated that PDMPs may be associated 

with increases in heroin-related mortality.50,51 Conversely, misuse of prescription opioids 

in adolescence has been linked to subsequent initiation of heroin use in later adolescence 

and early adulthood.17 Our analysis found a reduction of 16.7% in the annual percentage of 

heroin overdoses after PDMP implementing, suggesting that mandated use of PDMPs does 

not contribute to an increase in heroin overdoses in this population.

In summary, PDMPs with mandatory use requirements were associated with sustained 

reductions in dispensed opioid prescriptions to adolescents and young adults, as well 

as decreases in opioid-related overdoses. These findings support the implementation of 

mandated PDMPs as part of ongoing strategies to reduce opioid overdoses. However, further 

study with prospective study designs is needed to fully characterize the impact of these 

programs.
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Figure 1. 
Annual percentage of dispensed opioid prescriptions (Panel A) and opioid-related overdoses 

(Panel B) in relation to PDMP implementation, stratified by age group and adjusted for 

opioid prescribing guidelines and pain clinic legislation. The predicted values were derived 

based on extension of trends in the pre-PDMD period to the post-PDMP period.
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Table 1.

Dispensed opioid prescriptions and opioid overdoses among adolescents and young adults, 2008–2019

Opioid Prescriptions Opioid Overdoses

No. of enrollees Enrollees with dispensed prescription 
per 100 enrollees

No. of enrollees Enrollees with overdose per 
100,000 enrollees

Age Group

 13–18 years
(n = 4,195,455)

524,445 12.5 1,361 32.4

 19–25 years
(n = 6,146,070)

949,326 15.4 4,941 80.4

Sex

 Female
(n = 4,674,101)

772,593 16.5 2,758 59.0

 Male
(n = 4,669,413)

632,711 13.6 3,504 75.0

Region

 Northeast
(n = 2,196,100)

300,849 13.7 1,865 84.9

 Midwest
(n = 1,433,120)

202,493 14.1 948 66.2

 South
(n = 3,704,149)

590,357 15.9 2,145 57.9

 West
(n = 2,085,417)

314,950 15.1 1,313 63.0
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Table 2.

Adjusted interrupted time series analyses assessing association of PDMPs with mandatory use requirements 

on dispensed opioid prescriptions and opioid overdoses

Model Estimates Opioid Prescriptions
% (95% CI)

Opioid Overdoses
% (95% CI)

Ages 13–18 Ages 19–25 Ages 13–18 Ages 19–25

Pre-PDMP Mean Annual Change in Percent −5.4 
(−6.8, −4.1)

−7.1 
−9.3, −4.9)

12.0 
(1.9, 23.0)

21.5 
(14.0, 29.5)

Post-PDMP Mean Annual Change in Percent −9.4
(−11.2, −7.5)

−14.4 
(−16.6, −12.1)

−6.0 
(−14.4, 3.2)

2.2 
(−4.8, 9.7)

Ratio of Pre-PDMP and Post-PDMP Percent −4.2
(−6.4, −1.9)

−7.8 
−10.9, −4.7)

−16.1 
(−26.7, −3.8)

−15.9 
(−23.4, −7.6)

Immediate Change
1 −10.2

(−14.1, −6.3)
−13.6 

(−16.6, −10.5)
18.9 

(−15.5, 53.3)
11.9 

(−11.5, 35.3)

1
Immediate change represents the difference between the outcome percentage derived from the fitted model at the end of the pre-implementation 

period and the actual percentage at 1 month after implementation.
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