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O pioid prescribing in US emergency departments (EDs) 

increased in the 1990s and 2000s, driven partly by regula-

tory and quality guidelines on pain management, with 

more than 20% of patients discharged from EDs being prescribed 

opioid pain relievers (OPRs) by 2010.1-5 Subsequent concern about 

OPR overprescribing causing an epidemic of opioid dependence 

and overdoses in part drove a decline in OPR prescriptions.5 

Emergency physicians (EPs) have a modest role in OPR prescribing, 

long-term opioid use, and misuse.6-13 Geographic, clinician-level, 

and condition-related OPR prescribing variations are prevalent.7,8,13-17

Interventions to reduce OPR prescribing and drive consistent 

practice (eg, prescription data monitoring programs, prescribing 

defaults, education and feedback) may be associated with OPR 

prescribing reductions, but many studies do not distinguish 

intervention-associated changes from temporal trends, or they 

demonstrate mixed effects.18-26 Health systems may invest in 

measures to combat the opioid epidemic, but evaluating inter-

ventions’ impact is important, especially for future resource 

allocation.22 Thus, evaluating an ED-targeted education and 

feedback intervention in the context of declining OPR prescribing 

would be informative.

Kaiser Permanente Northern California (KPNC) launched an 

Opioid Safety Initiative for all EPs to promote OPR prescribing best 

practices in 2016. We evaluated the association of the Opioid Safety 

Initiative with EP OPR prescribing changes using interrupted time 

series (ITS) analyses overall, for specific painful conditions, and 

by EP OPR prescribing frequency. We hypothesized that after the 

Opioid Safety Initiative, frequency of ED OPR prescribing would 

decline overall and more steeply, especially among EPs with higher 

baseline OPR prescribing.

METHODS
Study Setting

We conducted a retrospective cohort study of adult ED visits from 

January 1, 2014, to December 31, 2018, in the 21 medical centers 

of KPNC, a private, not-for-profit integrated health care system 
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ABSTRACT

OBJECTIVES: The opioid abuse epidemic has focused 
attention on efforts to decrease opioid prescribing. 
Although education and feedback interventions are potential 
levers to affect opioid prescribing, their incremental 
contribution against a background of declining opioid 
prescriptions is unclear. 

STUDY DESIGN: We retrospectively evaluated opioid 
prescribing frequencies after an emergency physician–
specific education and feedback initiative in an integrated 
health care system.

METHODS: We evaluated opioid prescriptions for adult 
patients discharged from 21 emergency departments (EDs) 
between January 1, 2014, and December 31, 2018. Applying 
interrupted time series methodology to account for time 
trends, we analyzed pre- to postintervention changes in 
prescribing of any opioid and in opioid prescriptions for 
greater than 20 tablets. We studied all ED visits, visits 
for back pain and acute extremity fracture, and visits 
stratified by physicians with high vs low frequency of opioid 
prescribing. We identified patient, physician, and visit 
characteristics associated with postintervention ED opioid 
prescriptions (2018).

RESULTS: Of 1.01 million preintervention and 1.59 million 
postintervention ED visits, after adjusting for the background 
trend over time, the intervention was associated with 
a 3.4% decrease in frequency of opioid prescriptions 
post intervention (95% CI, –4% to –2.8%), with similar 
decreases in high-quantity prescriptions (> 20 tablets) and 
back pain– and acute extremity fracture–related ED visits. 
Postintervention adjusted analyses indicated no significant 
association between opioid prescription and race/ethnicity or 
prior history of opioid abuse.

CONCLUSIONS: The ED Opioid Safety Initiative was 
associated with a near-term decrease in multiple categories 
of opioid prescribing, including for selected subgroups of 
common painful conditions.
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covering 4 million patients (approximately 33% of the region’s 

insured population); its members are socioeconomically, racially, 

and ethnically diverse and similar to the surrounding population 

in health status.27 Board-certified or -eligible EPs staff the EDs. The 

KPNC Institutional Review Board granted a waiver of informed 

consent for this Health Insurance Portability and Accountability 

Act–compliant study of deidentified aggregate data.

Opioid Safety Initiative

The ED Opioid Safety Initiative consisted of education and OPR 

prescribing dashboards. Voluntary education occurred over 5 months 

from January 1, 2016, to May 31, 2016 (intervention period), with 96% 

of staff EPs participating in a combination of self-study and live 

lecture modules describing best practices in ED opioid prescribing 

(optimizing duration, strength, and dose of opioid medications), 

limiting opioids for non–opioid-sensitive chronic conditions (eg, 

back pain, migraine), and opioid alternatives. This education was 

specific to the ED, and it aligned with 2012 emergency medicine 

professional society recommendations and non–ED-targeted 

CDC chronic pain management guidelines (2016) to prescribe no 

more than 20 tablets (3 days’ supply) for acute pain.28,29 Prior to the 

study, electronic health record (EHR) prescription defaults and a 

statewide prescription drug database were in place. In October 2018 

(near the end of the observation period), a requirement to consult 

the statewide prescription drug database was instituted, but ED 

prescriptions for less than 7 days’ supply were exempted. Payer-

imposed quantity limits were not in use at any point. Following 

the Opioid Safety Initiative education, department champions 

distributed monthly anonymized ED OPR prescribing dashboards 

and best practice reminders. Non-ED physicians in the health 

care system completed separate opioid safety training.30 Because 

the education was delivered to all health system EPs, there is no 

contemporaneous control group.

Study Design

We evaluated population-level changes in OPR prescribing associ-

ated with the Opioid Safety Initiative. To discern the strength of 

the intervention against the backdrop of nationally and regionally 

decreasing OPR prescribing, we used ITS, an analytic method that 

ascertains intervention-associated changes while accounting for 

temporal trends when a control group is unavailable.31 ITS is among 

the strongest methods to analyze real-world natural experiments, 

when randomized controlled trials are not available, in making use 

of time series data while accounting for baseline 

time trends.32 The study period was divided into 

the preintervention baseline (January 1, 2014, 

to December 31, 2015); intervention (January 

1, 2016, to May 31, 2016); and postintervention 

(June 1, 2016, to December 31, 2018) periods. 

All ED visits by patients older than 17 years 

discharged home from the ED, with health 

plan membership in at least 9 of the 12 months 

prior to the eligible ED visit (for data completeness), were included. 

Admitted patients were excluded.

Measures

All arenas of care (inpatient, outpatient, emergency) utilize a 

single integrated EHR that includes clinical documentation and 

comprehensive pharmacy, laboratory, and imaging data (Epic). 

Study data were electronically extracted from the EHR and other 

administrative databases.

Outcomes

The primary study outcome was discharge OPR prescription 

frequency; the secondary outcome was frequency of discharge OPR 

prescription for more than 20 tablets (3 days’ supply). The following 

medications were included: hydrocodone, oxycodone, tramadol, 

methadone, oxymorphone, codeine, fentanyl, morphine, and 

hydromorphone, including combinations with ibuprofen and/or 

acetaminophen. Cough and cold preparations containing codeine 

were excluded.

Variables

We electronically extracted patient characteristics and clinical 

covariates including demographics (age, sex, self-reported ethnicity 

or race, primary non-English language preference, low socioeco-

nomic status based on census tract median income and education), 

visit acuity, Charlson Comorbidity Index (CCI) score, recent opioid 

prescriptions (within 180 days prior to eligible ED visit), history of 

opioid abuse or misuse (International Classification of Diseases, Ninth 

Revision [ICD-9] or Tenth Revision [ICD-10] codes), parenteral opioid 

administration during ED visit, facility, and timing of visit outside 

of business hours (Monday-Friday 8:30 am-5:30 pm).

Physician assignment to patients is random, and all EPs see a 

variety of patients and conditions. To avoid handoff-related crossover, 

we included only ED encounters with the same attending and 

prescribing EP, excluding less than 3% of ED visits with discordant 

attending and prescribing EPs. All OPR prescriptions, whether filled 

by the patient or not, were included.

Subgroup Analyses

We evaluated 2 sets of subgroups: condition specific, hypothesizing 

that OPR prescriptions might change differently in chronically vs 

acutely painful conditions (back pain and acute extremity fracture, 

respectively, identified by ICD-9 and ICD-10 codes), and among 

TAKEAWAY POINTS

A health system–wide education and feedback intervention for emergency physicians was 
associated with reductions in emergency department opioid prescribing.

	› Intervention-associated changes were sustained over 19 months.

	› Prescribing changes were nuanced across subgroups of higher-prescribing physicians 
and specific painful conditions.
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higher- vs lower-prescribing EPs. Condition-specific subgroups 

allowed analysis of prescribing changes given the possibility that 

decreased opioid prescribing may have affected the proportion of 

acute pain or pain-medication–seeking ED visits.

Among EPs who practiced regularly across the full study period (at 

least 50 patient encounters per year each year of the study period), we 

assigned each a baseline prescribing quartile (frequency of any OPR 

prescription per 1000 ED visits attended during the preintervention 

period). We evaluated pre- to postintervention OPR prescribing 

(primary outcome) for the highest vs lowest quartile prescribers.

Data Analysis

We described the outcome and variables of interest with univariate 

analysis for patient, physician, and facility characteristics, comparing 

frequencies of these covariates pre- vs post intervention. Continuous 

variables were reported as means (with SDs). Chi-square tests were 

applied to dichotomous variables, reported as frequencies.

Using ITS methodology, we evaluated changes in OPR prescribing 

associated with the Opioid Safety Intervention (eAppendix A 

[eAppendices available at ajmc.com]). ITS uses measurements 

derived from regression models to evaluate whether the impact of 

an intervention against the background of an already decreasing 

or increasing frequency of the examined outcome is statistically 

different from that which have would occurred if the background 

trend had progressed without the overlay of an intervention.31 

A statistically significant jump in mean value of the outcome 

post intervention compared with preintervention would support 

the conclusion that the intervention had an effect separate from 

the preexisting trend in the outcome frequency. Similarly, a 

statistically significant difference in the slope post intervention 

compared with preintervention would provide evidence for the 

intervention’s impact in changing the frequency of the outcome 

(OPR prescription) at a more rapid rate than would occur without 

the intervention.

When utilized without a separate nonintervention comparison 

group, ITS has limitations, specifically if there was a shift in the 

study population characteristics associated with the preintervention 

outcome vs the postintervention outcome, or a change in background 

trend simultaneous with but unrelated to the intervention. In this 

study, subpopulations (back pain and acute fractures) occurring 

at a stable rate over the study period were selected for evaluation. 

Finally, KPNC membership gradually increased over time; however, 

no major changes in membership composition were observed 

between the preintervention and postintervention periods.

We separately modeled monthly frequencies of the primary and 

secondary outcomes (any OPR prescription and OPR prescription 

>20 tablets) over the study period and compared rates of change 

from preintervention to post intervention. We calculated the level 

change and slope change in OPR prescribing from pre- to post 

intervention, excluding the 5-month implementation period. We 

constructed separate ITS for the entire study cohort and for subgroups 

(back pain, extremity fracture, and highest- vs lowest-quartile 

OPR-prescribing EPs). ITS models for the secondary outcome were 

constructed for the entire study cohort and the back pain and 

extremity fracture subgroups.

Separately, for 2018, the final year of observation, we constructed 

a regression model to evaluate patient and visit characteristics 

associated with primary outcome, adjusting for facility, season 

of ED visit, and mean CCI score. By the last year of the study, OPR 

prescriptions for more than 20 tablets were so infrequent (< 0.5% 

of ED visits) that rarity of the secondary outcome limited analysis. 

Missingness of data was treated as follows: Patient characteristics 

and diagnoses were considered present if they were coded in the 

EHR. Absence of a characteristic or variable was considered evidence 

of absence of that condition. In the regression model, 63 of 643,310 

observations were dropped because of missing demographic 

variables (eg, age, sex).

Analyses were performed using SAS 9.4 (SAS Institute).

RESULTS
Study Population

We studied 2,600,856 total study-eligible ED visits, including 1,013,130 

ED visits in the preintervention study period and 1,587,726 ED visits 

in the postintervention study period. Patient and visit characteristics 

are generally comparable in the pre- and postintervention periods 

(Table 1). Over the study period, 1830 EPs attended eligible ED 

visits. Preintervention, 12,052 back pain and 24,803 acute extremity 

fracture ED visits (1.19% and 2.45% of total ED visits, respectively) 

were identified. Post intervention, 19,996 ED visits (1.25%) were 

for back pain and 37,555 (2.37%) were for acute extremity fracture.

Overall Trends in OPR Prescribing

Prior to the intervention, OPR prescribing was declining by 0.069% 

per month. The intervention was associated with a statistically 

significant 3.4% sudden decrease in OPR prescriptions (95% CI, 

–4% to –2.8%) and almost a doubling of the preintervention slope 

of decrease in OPR prescribing over time (preintervention decreases 

of –0.069% per month vs postintervention decreases of –0.135% per 

month; 95% CI, –0.105% to –0.027%) (Figure 1 and eAppendix B). 

For OPR prescriptions of more than 20 tablets (secondary outcome), 

we also observed a statistically significant postintervention level 

change (–0.530%; 95% CI, –0.619% to –0.441%) associated with the 

intervention (Figure 2 and eAppendix B) but no significant change 

in slope of decline.

Subgroup Analyses

In separate ITS analyses of the primary outcome (overall OPR 

prescriptions) for back pain and acute extremity fracture ED visits, 

the intervention was associated with a statistically significant 

sudden decrease in OPR prescriptions of 9.42% (95% CI, –12.20% to 

–6.64%) for back pain and 6.06% (95% CI, –8.54% to –3.59%) for acute 

extremity fracture (Figure 3 and eAppendix B). We also observed 

a statistically significantly steeper downward slope in back pain 
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OPR prescriptions than in the preintervention period (–0.270% per 

month post intervention vs –0.065% per month preintervention; 

95% CI, –0.453% to –0.086% per month) (eAppendix B).

Baseline OPR prescribing quartile was assigned to 569 eligible EPs, 

with lowest vs highest EP OPR prescribing quartile frequencies at 

19.4% vs 21.8%, respectively. Among both highest- and lowest-quartile 

EPs, the intervention was associated with a near-term decrease in 

OPR prescribing (highest quartile: –3.43%; 95% CI, –4.20% to –2.66%; 

lowest quartile: –3.19%; 95% CI, –3.95% to –2.43%) (eAppendix B).

Characteristics of Patients Receiving OPR Prescrip-
tions Post Intervention

In 2018, the final study year, multivariable analysis indicated that 

male sex, younger age, ED visit during business hours, and history 

of OPR prescription within 180 days prior to index visit were 

associated with lower likelihood of receiving any OPR prescription 

at ED discharge (Table 2). Race or ethnicity, prior diagnosis of 

opioid abuse or misuse, low socioeconomic status, and primary 

non-English language were not significantly 

associated with higher or lower likelihood of 

ED OPR prescription.

DISCUSSION
In evaluating a large health system’s EP Opioid 

Safety Initiative, we found that the intervention 

was associated with a statistically significant 

3.4% near-term decrease in opioid prescriptions 

at ED discharge. Across all subgroups, the 

intervention was associated with statistically 

significant near-term decreases in opioid 

prescribing, with a statistically significant near 

doubling of the preexistent prescribing decline 

for overall ED visits and a larger decline for 

back pain visits. In the final year of observation, 

disparities in likelihood of opioid prescription 

by race or ethnicity, low socioeconomic status, 

or primary non-English language preference 

were not observed.

Previous evaluations have concluded 

that tailored, multifaceted interventions 

decrease opioid prescribing, but distinguishing 

intervention-associated changes from secular 

trends external to the study setting is chal-

lenging, especially given that secular trends 

in prescribing likely also capture unstudied 

interventions.19,20,22,24,33,34 Population-level ITS 

studies describe similar postintervention 

decreases in opioid prescribing after rollout 

of an opioid safety dashboard35 and publica-

tion of CDC pain guidelines23 in ambulatory 

settings. These interventions may collectively 

be a lever driving national trends of declining opioid prescribing 

while their local implementation may yield observable changes at 

the point of uptake. The current study did not compare internal 

rates of OPR prescribing with national or local rates, but instead 

measured intervention-related changes from the preinterven-

tion baseline trend within the study setting. Although directly 

comparable measures are not available, our study’s preinterven-

tion 21% rate of OPR prescribing was very generally comparable 

with the national 22% rate in the same period, and we noted a 

13% rate of OPR prescriptions in the last month of observation 

compared with the nationally reported rate at 15% in 2016-2017.4 

Elsewhere, statewide opioid use guideline implementation alone 

was associated with a small and nonselective near-term decrease 

in ED opioid prescribing without a trend change.26 Our finding of 

a near-term decrease and accelerated decline in OPR prescribing 

associated with implementation of a specific health system’s 

specific opioid prescribing initiative supports the hypothesis 

that measures to facilitate uptake of guidelines may contribute to 

TABLE 1. Characteristics of Adult ED Patients (aged > 17 years and health plan membership  
in 9 of 12 months prior to index ED visit), January 1, 2014, to December 31, 2018 (excluding 
January 1, 2016-May 31, 2016)

Variable
 Preintervention

n = 1,013,130
 Post intervention

n = 1,587,726

Age in years, mean (SD) 52.6 (20.9) 52.6 (20.8)

Sex, n (%)

Female 591,620 (58.4) 922,251 (58.1)

Male 421,510 (41.6) 665,475 (41.9)

Race/ethnicity,a n (%)

Asian 113,251 (11.2) 189,315 (11.9)

Black 132,291 (13.1) 208,818 (13.2)

Hispanic/Latinx 213,224 (21.0) 360,409 (22.7)

Pacific Islander 10,804 (1.07) 17,832 (1.12)

White 524,340 (51.8) 774,641 (48.8)

Primary language not English, n (%) 74,175 (7.3) 134,068 (8.4)

Low socioeconomic status,b n (%) 149,289 (14.7) 247,146 (15.6)

Opioid history, n (%)

Opioid prescription within 180 days prior to ED visit 312,889 (30.9) 395,685 (24.9)

Prior diagnosis of opioid misuse or abuse 14,076 (1.4) 17,420 (1.1)

Parenteral opioid administered during ED visit 144,313 (14.2) 161,768 (10.2)

Charlson Comorbidity Index score, mean (SD) 0.07 (0.56) 0.04 (0.42)

ED visit during business hours,c n (%) 268,814 (26.5) 445,045 (28.0)

ED acuity, n (%)

Emergent (ESId level 1-2) 127,981 (12.6) 204,346 (12.9)

Urgent (ESI level 3) 651,276 (64.3) 1,017,705 (64.1)

Nonurgent (ESI level 4-5) 233,762 (23.1) 365,543 (23.0)

ED, emergency department; ESI, emergency severity index.
aExcluded because race/ethnicity unknown/missing: 12,527 (1.2%) preintervention and 26,144 (1.7%) 
post intervention.
bLow socioeconomic status is determined by high poverty quartile and low education quartile based on 
census tract median income and education.
cMonday-Friday 8:30 am-5:30 pm.
dThe ESI is a measure of patient acuity and resource need.
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sustained and specific changes in clinical practice that underlie 

national and local trends.

We evaluated specific painful conditions with stable ED visits over 

time and physician prescribing quartiles. The intervention-associated 

accelerated trend of decline in OPR prescriptions for back pain ED 

visits is encouraging given sparse evidence for opioid efficacy in 

back pain and the relatively high frequency of OPR prescriptions 

for back pain ED visits—up to 50% in some settings.29,36-38 High vs 

low OPR–prescribing EPs were closer at baseline (19.4% vs 21.8%) 

relative to similar studies describing 3-fold differences between 

high- and low-frequency EP prescribers, and we observed a drop in 

prescribing associated with the intervention for both groups.7,16 The 

varied subgroup findings suggest that the era of a one-size-fits-all 

approach to opioid prescribing interventions is past.

Finally, we evaluated patient characteristics that may influence 

OPR prescribing. Previous studies describe association of older age, 

lower socioeconomic status, uninsured status, and White race/

ethnicity with higher likelihood of OPR prescription.2,34,39-41 We 

similarly observed that younger age was associated with decreased 

likelihood of OPR prescription, possibly related to public health 

attention to opioid dependence and overdose. However, low 

socioeconomic status, non-English language, non-White race/

ethnicity, and opioid use disorder were not significant predictors 

of ED OPR prescription post intervention in the study setting. The 

absence of observed racial/ethnic and socioeconomic disparities 

in OPR prescribing odds may reflect the study population’s insured 

status and membership in an integrated health care system with 

complete health records, strong outpatient follow-up access, and 

dissemination of consistent OPR prescribing guidelines in the 

Opioid Safety Initiative.

Limitations

Although concurrent events during the study period, such as the 

publication of CDC guidelines for chronic pain management, may 

also have influenced opioid prescribing, they were not ED specific.28 

The American College of Emergency Physicians clinical policy on 

opioid prescribing was not updated during the study period.29 

Separately, although a statewide prescription database monitoring 

requirement was added near the end of the observation period, it 

does not overlap substantially with our study intervention and 

setting, as ED prescriptions of fewer than 7 days’ supply were 

exempt from the requirement.42 Beyond these, lawsuits against 

ED, emergency department.
aLevel change is significant (P < .0001), and slope change is significant (P = .0018).

Preintervention: January 1, 2014-December 31, 2015. Post intervention: June 1, 2016-December 31, 2018. Blue shaded area indicates implementation washout period: 
January 1, 2016-May 31, 2016 (excluded; no data points plotted).
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opioid manufacturers were publicized after 2019; however, ongoing 

litigation through the study period may have factored in the overall 

downward trend in prescribing noted both before and after the 

intervention. Timely research of opioid prescribing patterns in the 

ED should be interpreted in the context of this rapidly changing 

clinical and policy area.

Although the general scale of identified declines in opioid 

prescribing is loosely comparable with various published national 

observations, whether the study-identified adjusted intervention-

related declines would be noted in the absence of the intervention 

is impossible to determine without a randomized controlled trial, 

which would be infeasible. As is common in observational real-

world natural experiments, the studied Opioid Safety Initiative was 

implemented across the entire study health system simultaneously 

and there was no internal nonintervention control group available. 

Accordingly, we applied ITS analysis to distinguish intervention-

associated prescribing changes from background trends within 

the study setting. Importantly, the study pre- and postintervention 

slopes are interpretable only relative to each other and within the 

study setting—these findings may not be directly generalizable to 

external health care settings with differing baseline trends. Still, 

although national trends of decline in opioid prescribing are generally 

consistent with the downward slopes identified in the preintervention 

period (< 2% over 24 months), we observed a significant near-term 

decrease (3.4%) in association with the intervention itself, absent 

concurrent interventions in the study time frame in our integrated 

system or ED-specific national policy changes.

Because the interventions were integrated, we could not separately 

assess the education and feedback interventions to understand 

their individual contributions to OPR prescribing. Additionally, 

as this is an observational study, unmeasured confounders could 

have contributed to the observed effects, but we applied statistical 

methods that evaluate any changes associated with the interven-

tion in the context of background trends. Restricting inclusion to 

health plan membership improved data completeness but excluded 

uninsured patients. We examined ordered prescriptions to evaluate 

physician behavior but not appropriateness or consumption of 

OPR prescriptions. We could not evaluate if visits for acute pain or 

drug-seeking behavior varied over the study; however, our condition-

specific subgroups comprised stable proportions of total ED visits 

in the pre- and postintervention periods while total ED volume 

was stable or increased. We did not exclude patients who may have 

ED, emergency department.
aLevel change is significant (P < .0001), and slope change is not significant (P = .273).

Preintervention: January 1, 2014-December 31, 2015. Post intervention: June 1, 2016-December 31, 2018. Blue shaded area indicates implementation washout period: 
January 1, 2016-May 31, 2016 (excluded; no data points plotted).
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aPanel A: Level change is significant (P < .0001), and slope change is significant (P = .0006). Panel B: Level change is significant (P < .0001), and slope change is not 
significant (P = .327).

Preintervention: January 1, 2014-December 31, 2015. Post intervention: June 1, 2016-December 31, 2018. Blue shaded areas indicate implementation washout period: 
January 1, 2016-May 31, 2016 (excluded; no data points plotted).
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FIGURE 3. Frequency of Any Opioid Prescription at ED Discharge by Specific Conditiona

A. Frequency of opioid prescriptions at discharge for back pain ED visits (2014-2018), extracted from visit diagnosis

B. Frequency of opioid prescriptions at discharge for acute extremity fracture ED visits (2014-2018), extracted from visit diagnosis
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been prescribed opioids at the end of life, but we do not suspect 

that these visits changed substantially during the study, nor is ED 

management of end-of-life pain common in our setting. Despite 

these limitations, we were able to evaluate population-level OPR 

prescribing trends associated with an opioid prescribing intervention.

CONCLUSIONS
In an integrated health care system, we observed a significant 

association between initiation of an opioid education and feed-

back initiative and near-term decreases in opioid prescribing. 

These changes were followed by a significantly steeper decline 

in opioid prescribing over the subsequent 18 months compared 

with the preintervention period. Although the 

nonrandomized design cannot prove causality, 

the integrated nature of the health care system 

analyzed, lack of other specific concordant 

interventions, and use of statistical techniques 

demonstrating that these observed changes 

were unlikely to be due to random chance 

and were beyond expected temporal changes 

are consistent with a beneficial effect of the 

intervention on prescribing patterns. Although 

we cannot exclude unmeasured confounders 

as a contributor to all or part of the effects seen, 

these findings are relevant to other settings 

seeking to evaluate methods for translating 

guidelines into clinical practice.  n
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eAppendix A. Interrupted time series explanation 

 

We used a standard ITS regression equation: 

Yt = B0 + B1T + B2Xt +B3TXt + e 

 

where 

T= time from start of study period in months (unit of repeated measures) 

Xt= dummy variable to indicate pre-intervention (0) or post-intervention (1) period 

Yt is the outcome at time t 

e is error 

 

B0 is the baseline level at T=0 

B1 is the change in outcome associated with a time unit increase (baseline pre-intervention trend) 

B2 is the post-intervention level change 

B3 is the post-intervention slope change (post-intervention trend, uses interaction between time 

and intervention, TXt) 



eAppendix B. Interrupted time series regression analysis of pre- and post-intervention opioid pain reliever prescribing, primary and 

secondary outcomes for all ED visits and subgroups of back pain and extremity fracture ED visits, and for highest and lowest quartile 

opioid prescribing emergency physicians 

 Pre OSI education trend Post OSI education trend Change associated with OSI education 

  Slope (95% CI) p-value Slope (95% CI) p-value 
Level change (95% 
CI) p-value 

Change in slope 
(95% CI) p-value 

ED visits with any OPR 
prescription at discharge 

 -0.069  
(0.102 to -0.037) <0.0001 

-0.135  
(-0.157 to -0.113) <0.0001 

-3.4  
(-3.995 to -2.812) <0.0001 

-0.066  
(-0.105 to -0.027)  0.0018 

ED visits with OPR prescription 
for > 20 tablets  

 -0.024  
(-0.029 to -0.019) <0.0001 

 -0.021  
 (-0.024 to -0.018)  <0.0001 

 -0.53  
(-.619 to -.441)  <0.0001 

 0.003  
(-0.003 to 0.009) 0.273 

ED visits for back pain with any 
OPR prescription  

 -0.065  
(-0.217 to 0.086) 0.402 

 -0.335  
(-0.438 to -0.232) <0.0001 

-9.421  
(-12.203 to -6.639) <0.0001 

-0.27  
(-0.453 to -0.086) 0.0006 

ED visits for back pain with 
OPR prescription for > 20 
tablets  

 -0.069  
(-0.103 to -0.036)  0.0002 

-0.044 
(-0.067 to -0.021) 0 .0002 

-1.206  
(-1.828 to -0.584)  0.0004 

0.026  
(-0.015 to 0.067) 0.227 

ED visits for acute extremity 
fracture with any OPR 
prescription 

 -0.37  
(-0.505 to -0.235) <0.0001 

 -0.287  
(-0.379 to -0.195) <0.0001 

-6.064  
(-8.542 to -3.587) <0.0001 

0.083  
(-0.081 to 0.246) 0.327 

ED visits for acute extremity 
fracture with OPR prescription 
for > 20 tablets  

- 0.152  
(-0.205 to -0.099) <0.0001 

-0.088  
(-0.123 to -0.052)  <0.0001 

-1.4  
(-2.367 to -0.436) 0.0064 

 0.064  
(0.001 to 0.128) 0.053 

ED visits attended by a highest 
quartile OPR prescribing 
physician with any OPR 
prescription  

 -0.05  
(-0.092 to -0.007) 0.0254 

-0.131  
(-0.159 to -0.102) <0.0001 

 -3.43  
(-4.203 to -2.657) <0.00001 

 -0.081  
(-0.132 to -0.03) 0.003 

ED visits attended by a lowest 
quartile OPR prescribing 
physician with any OPR 
prescription  

 -0.077  
(-0.119 to -0.036) <0.0001 

 -0.114 
 (-0.142 to -0.086)  <0.0001 

 -3.187  
(-3.946 to -2.428) <0.0001 

 -0.037  
(-0.087 to 0.013) 0.157 
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