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Abstract

Purpose: Impact of policies limiting opioid prescribing for acute and post-surgical pain among 

racially minoritized populations are not well understood. We evaluated the impact of two North 

Carolina (NC) policies on outpatient opioid prescribing among injury and surgical patients by 

race, ethnicity, age, and sex.

Methods: We conducted controlled and single series interrupted time series using electronic 

health data from two integrated healthcare systems in NC, among >11 years-old patients having 

acute injuries and surgery between April 2014 to December 2019. The policy interventions were 

safe opioid prescribing investigative initiative (SOPI, May 2016) and NC law limiting opioid days’ 
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supply (STOP Act, January 2018). Outcomes included, proportion of patients receiving index 

opioid prescription after surgery or injury event, receipt of subsequent opioid prescriptions, days’ 

supply, and milligrams of morphine equivalents (MME).

Results: Of the 621,997 surgical and 864,061 injury patients, 69.4% and 19.7%, respectively, 

received an index opioid analgesic prescription. There were sustained declines in index opioid 

prescription among post-surgical patients after SOPI [−2.7% per year (−4.6, −0.9)] and STOP 

act [−4.1% (−5.9, −2.2)], but no change among injury patients. Policy-related opioid prescribing 

declines were larger among black, native American, and Hispanic post-surgical patients than 

whites and Asians. Index and subsequent opioid days’ supply showed sustained declines after 

SOPI and STOP Act among post-surgical patients. There was no policy impact on MME.

Conclusions: Policies were associated with reductions in opioid prescribing, particularly in 

post-surgical patients, however, racialized inequities likely reflect implicit and explicit racialized 

biases in pain management practices.

Plain Language Summary:

In this study, we examined how opioid prescribing patterns in North Carolina (NC) changed in 

response to two policy initiatives designed to reduce opioid overprescribing: 1) NC safe opioid 

prescribing initiative (SOPI), an investigative program by the NC medical board (May 2016), and 

2) STrengthen Opioid misuse Prevention (STOP) Act, that introduced opioid days’ supply limits 

for acute and post-surgical pain (January 2018)?

We found that the SOPI and STOP Act initiatives resulted in declines in index (first) 

opioid prescribing rates. Additionally, there were reductions in days’ supply of index opioid 

prescriptions. These reductions in opioid prescribing were part of the intended policy effects. 

However, there were unintended reductions in subsequent opioid prescribing after the first 

prescription, including fewer prescriptions and shorter day’s supply of subsequent prescriptions 

related to the STOP act. Further, there were racialized inequities in policy effects, such that 

opioid prescribing was reduced more among black, native American, and Hispanic pain patients 

compared to white and Asian patients.

While the findings indicate that the policies attained intended effects in terms of reduced opioid 

prescribing, there are also unintended effects that may not address continued pain management 

needs of patients and especially patients who are racially minoritized.
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Introduction

To curtail the rise in opioid misuse and overdose deaths, policies and guidelines have 

been implemented to reduce the risk of opioid-involved overdoses.1 In March 2016, the 

CDC issued opioid prescribing guidelines for chronic non-cancer pain, which were revised 

in 2022.2,3 The 2016 guidelines influenced many states to codify whole or parts of the 

guidelines into regulations.4 Consequently, the North Carolina (NC) Medical Board enacted 

the Safe Opioid Prescribing Initiative (SOPI) in April 2016 to investigate, educate, and 
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potentially discipline high-volume prescribers who have had two or more patients die from 

opioid overdose.5 Since opioids prescribed for long durations or at high doses are associated 

with opioid use disorder and opioid overdose deaths,6–12 in July 2017, the NC legislature 

passed the STrengthen Opioid misuse Prevention (STOP) Act. The STOP Act, among other 

mandates, limited index (initial) opioid prescriptions for acute and post-surgical pain to no 

more than five days and seven days, respectively, beginning January, 2018.13

While the regulation of opioid prescribing is understandable given the rise in opioid-related 

morbidity and mortality in the United States, opioid prescriptions are still a necessary 

pain management resource for patients. Premature or sudden discontinuation of high-dose 

opioid prescriptions can have negative consequences and could put patients’ safety at 

risk, such as resorting to unregulated opioids, which could lead to non-medical drug 

use, opioid use disorder, overdose, and even death.10,14–22 Prior studies have also found 

that racially minoritized populations are under prescribed pain medications leading to 

unmanaged pain.23–27 Opioid limiting policies could therefore have an outsized effect on 

pain management among racially minoritized people. Therefore, the effects of policies 

aimed at regulating opioid prescribing need to be evaluated by race and ethnicity, age, and 

sex.

Accordingly, we evaluated the impacts of SOPI and STOP Act on opioid prescribing and 

dispensing among acute and post-surgical pain patients who received treatment in two large 

NC-based integrated healthcare systems, and examined modification of the policy impact by 

race, ethnicity, age, and sex.

Methods

We used retrospective cohorts of post-surgical and injury patients and conducted controlled 

and single interrupted time series analyses to examine the immediate and sustained changes 

in opioid prescribing among injury and surgical pain patients in NC after SOPI in May 2016 

and the STOP Act in January 2018. The study adheres to the Strengthening the Reporting of 

Observational Studies in Epidemiology (STROBE) reporting guidelines for cohort studies.

Data sources and study populations

We used de-identified electronic health records (EHR) data from two large integrated 

healthcare systems in NC, the University of North Carolina, and Duke University health 

systems, from April 2014 to December 2019 using the National Patient-Centered Clinical 

Research Network Common Data Model.28 Data included patient demographics, inpatient 

and outpatient encounters, prescribed medications, diagnoses, and procedures. We included 

all patients >11 years of age who received care for acute injuries or surgical procedures 

during the study period. Acute injuries were identified using International Classification of 

Diseases, 9th Revision, Clinical Modification (ICD-9-CM) and 10th Revision (ICD-10-CM) 

codes, while surgical procedures were identified using Current Procedural Terminology 

(CPT) codes (see Supplementary Tables 1 & 2). We included acute injuries and surgeries 

treated in any setting, including outpatient, inpatient, emergency, or other specialized 

settings. Patients with both acute injury and surgical procedures were categorized as 

surgical pain patients. EHR data was linked with the NC Controlled Substance Reporting 
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System (CSRS), the state’s prescription monitoring program, using a unique encrypted 

hashing algorithm based on patients’ first name (first three characters), last name (first 

eight characters), sex, date of birth, date of prescription, and provider drug enforcement 

administration (DEA) license number.29

From the study sample, we identified patients who received an outpatient prescription 

opioid analgesic temporally proximal to a treated injury or a surgical procedure. An index 

outpatient opioid prescription for a surgical procedure was defined as the first opioid 

prescription received between 15 days prior to and 45 days after the surgery. An index 

outpatient opioid prescription associated with an injury was identified as the first opioid 

prescription received between the date of injury and 45 days after the injury. A subsequent 

opioid prescription was defined as any additional opioid prescriptions after the index 

prescription which could be during or beyond the 45 days from the injury or surgery event 

unless it was 90 days after the last day of the previous index or subsequent prescription. A 

new index prescription for a different injury or surgery event had to be at least 90 days apart 

from the last day from the previous index or subsequent opioid prescription.

Outcomes

We examined the following opioid prescribing and dispensing outcomes: 1) proportion of 

patients receiving an index opioid prescription; 2) rate of index opioid prescriptions per 100 

person-months; 3) rate of subsequent opioid prescriptions per 100 person-months; 4) days’ 

supply for dispensed index opioid prescriptions; 5) days’ supply for dispensed subsequent 

opioid prescriptions; 6) daily morphine milligram equivalents (MME) for dispensed index 

opioid prescriptions; and 7) daily MMEs for dispensed subsequent opioid prescriptions. All 

outcomes were stratified by injury or surgery pain.

The proportion of patients receiving an index opioid prescription and rates of index and 

subsequent monthly opioid prescriptions were examined using EHR data. The denominators 

for these outcomes were the monthly number of patients diagnosed with injury and surgery 

pain at the two healthcare systems, representing the population “at risk” of receiving an 

opioid prescription. Monthly rates per 100 person-months (PM) were calculated from April 

2014 to December 2019 to create a time series with 69 time points.

The days’ supply and MME outcomes were examined for the prescriptions that were 

linked with the NC CSRS data representing dispensed prescriptions only. Daily MME were 

calculated by dividing the total MME dispensed in a prescription by the days’ supply.30 

We summed MME across overlapping prescriptions during the period of overlap. The 

prescription days’ supply and daily MME were averaged over the number of days with any 

supply during a calendar month to create outcome time-series for dispensed opioids.

Exposures (policy interventions)

We assessed the impact of two NC policies, SOPI and the STOP Act. SOPI was announced 

in April 2016 and launched in May 2016. This action sent letters to all licensed NC 

clinicians informing them of the initiative to proactively investigate those who prescribed 

high doses and high volume of opioids to the majority of their patients, or who had two or 

more patients die from an opioid overdose.31 In July 2017, the STOP Act was implemented. 
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It required 1) a license physician to review opioid prescriptions prescribed by physician 

assistants and nurse practitioners (beginning July 1, 2017), 2) restricting the maximum 

days’ supply of an initial prescription for acute (five days) or post-surgical (seven days) 

pain (starting January 1, 2018), and 3) prescribers to review the CSRS before prescribing a 

schedule II or III opioid or narcotic medication. The third mandate was not enforced during 

the study period. We used January 2018 as the first month for STOP Act intervention.

Control

Benzodiazepine prescriptions among the pain patients from April 2014 through December 

2019 were utilized as a control. Because the 2016 CDC guidelines advised extreme caution 

when co-prescribing opioids and benzodiazepines, changes in benzodiazepine prescribing 

could address confounding bias due to other policy interventions like the CDC guidelines.2 

The proportion of index benzodiazepine prescriptions and index monthly prescription rates 

were calculated in the same manner as the opioid prescribing outcomes. The resulting 

benzodiazepine prescribing time-series were used as a control.

Covariates:

Self-reported race was categorized as American native, Asian, black, and white. Self-

reported ethnicity was classified as Hispanic or non-Hispanic of any race. Due to small 

sample resulting in unstable time series, multiracial groups were excluded. Continuous age 

from EHR data was categorized as <36, 36–65, and >65 years of age. Sex was categorized as 

male or female.

Statistical Analyses

We conducted controlled interrupted time series (CITS) analyses using an autoregressive 

integrated moving average (ARIMA) model32–35 with two policy inflection time points to 

examine immediate and sustained trend changes in index and subsequent opioid prescribing 

after the two policy interventions, relative to benzodiazepine prescriptions (control). We 

conducted single-series ITS analyses to examine policy impact on days’ supply and MME of 

dispensed index and subsequent opioid prescriptions. See supplementary materials for CITS 

and single-series ITS model specifications. The monthly time series from April 2014 to 

December 2019 (69 time points, was divided into three periods: pre-SOPI (25 time points), 

post-SOPI/ pre-STOP act (20 time points), and post-STOP act (24 time points). Each period 

of time series is compared with the prior period.

To examine effect measure modification of the policy impact on opioid prescribing, we 

stratified the analyses by race, ethnicity, age, and sex. We annualized the sustained trend 

change estimates by multiplying by 12 to present annual sustained policy effects.

Compliance with Ethics Guidelines

This study was approved by the Institutional Review Boards at the University of North 

Carolina at Chapel Hill and the Duke University Health System.
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Results

Between April 2014 and December 2019, 621,997 surgical patients and 864,061 patients 

with acute injuries received treatment within two large integrated healthcare systems. Of 

those, 69.4% surgical patients and 19.7% acute injury patients received an index opioid 

prescription for pain control (Table 1). Overall prescribing proportions, rates, MMEs, and 

days’ supply by pre- and post-policy time periods are presented in Supplemental Table 3.

Surgery pain patients

Index opioid prescriptions and prescribing rates: Compared to benzodiazepine 

prescribing trends, there was an immediate 3.2% increase (95% confidence interval [CI]: 

1.4, 5.1) in the proportion of patients receiving an index opioid prescription in the month 

following SOPI implementation (Table 2; Figure 1A), and an immediate increase of 9.2 

new opioid prescriptions per 100 person-months (95% CI: 5.2, 13.1) (Table 2: Figure 1B). 

Thereafter, the index opioid prescription proportion trend decreased by −2.7% (95% CI: 

−4.5, −0.9) per year (annualized estimate), and the index opioid prescribing rate trends 

decreased by −3.8 (95% CI: −7.5, −0.05) new prescriptions per 100 person-years, relative 

to benzodiazepines, in the 25 months post-SOPI (Table 2; Figure 1A). After the STOP Act, 

there was a notable decrease of −4.1% (95% CI: −5.9, −2.2) per year in the trend of patients 

receiving index opioid prescriptions, relative to benzodiazepines (Table 2).

Subsequent opioid prescribing rates: Subsequent opioid prescribing rates were 

increasing pre-SOPI (Supplementary Table 4; Figure 2A). However, after SOPI, there was 

a −12.5% per year (−14.9, −10.2) sustained decline in subsequent opioid prescribing rates. 

Thereafter, there was −1.9% (−4.4%, 0.5%) immediate decline post-STOP Act, but no 

additional trend changes.

Dispensed index and subsequent days’ supply: After SOPI, there was a sustained 

decline of −0.77 days’ supply per year (−0.97, −0.56) in dispensed index opioid 

prescriptions (Supplementary Table 4; Figure 2B). Then, there was an immediate decrease 

in days’ supply of −0.70 days (−0.91, −0.48) post-STOP Act, followed by a sustained 

decline of −0.32 days per year (−0.5, −0.1) (Supplementary Table 4). For subsequent opioid 

prescriptions days’ supply, there was a sustained decline of −1.10 days per year (−1.34, 

−0.85) post-SOPI, followed by an immediate and sustained decline of −0.80 days (−1.10, 

−0.53), and −0.28 days per year (−0.45, −0.02), post-STOP Act.

Injury pain patients

Index opioid prescriptions and prescribing rates: The proportion of patients 

receiving index opioid prescriptions and the index opioid prescription rate among injury 

patients were decreasing throughout the study period. Compared to benzodiazepines, 

there was an immediate 2.1% new prescriptions (1.3, 2.9) increase in the proportion of 

index opioid prescriptions (Table 2; Figure 1A), and an immediate increase of 2.6 new 

prescriptions per 100 person-months (1.4, 3.9) post-SOPI (Table 2: Figure 1B). Thereafter, 

there were minimal relative trend changes. After the STOP Act, the declining trend in the 
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proportion of patients receiving an index opioid prescription and index opioid prescribing 

rates slowed but continued to decline (Table 2; Figure 1).

Subsequent opioid prescribing rates: Subsequent opioid prescribing rates were 

increasing pre-SOPI (Supplementary Table 4; Figure 2A). Post-SOPI, there was a 0.89% 

(−1.74, −0.03) immediate decline, followed by a 1.0% per year (−1.8, −0.2) sustained 

decline. Post-STOP Act, there was a 1% (−1.8%, −0.1%) immediate decline, but no 

sustained changes.

Dispensed index and subsequent day’s supply: The mean index days’ supply 

among injury patients was increasing pre-SOPI (Supplementary Table 4, Figure 2B). Post-

SOPI, there was 0.54 days per year (−0.88, −0.20) sustained decline. Post-STOP Act, the 

index days’ supply decreased immediately by 0.71 days (−1.06, −0.36), with no sustained 

changes (Supplementary Table 4). Subsequent days’ supply trends had sustained decline of 

1.21 days per year (−2.04, −0.37) post-SOPI, and then additional sustained decline of 1.38 

days per year (−2.23, −0.53) post-STOP Act.

Dispensed index and subsequent MME results for both surgery and injury patients are 

presented in the supplemental materials.

Racial and ethnic inequities: Among both surgery and injury patients, black Americans 

were more likely to receive an opioid prescription, and more commonly from an emergency 

department (ED) visit, compared to white, Asian, and native American patients who 

commonly received their opioid prescriptions from outpatient care (Supplementary Table 

5–6, Supplementary Figures 3–4). Post-SOPI and STOP Act, black and native American 

patients experienced the greatest reductions in index and subsequent opioid prescribing for 

post-surgical pain, while white and Asian Americans experienced the smallest reductions 

(Table 3). For injury pain, the largest policy-related reductions were experienced by white 

patients relative to all racially minoritized groups (Table 3). While non-Hispanic patients 

experienced greater policy-related sustained decline in post-surgical opioid prescribing, 

Hispanic patients experienced a greater policy-related immediate declines in post-surgical 

opioid prescribing (Supplementary Table 7).

Age and sex-based disparities: Post-SOPI, surgical patients >65 years experienced the 

greatest sustained decline in opioid prescribing, followed by the 36–65 years age group, 

while those <36 years experienced sustained increases. However, post-STOP Act, those <36 

years experienced greatest declines in post-surgical opioid prescribing (Supplementary Table 

7). This policy-age interaction reversed for injury patients (Supplementary Table 8).

Lastly, post-STOP act, females experienced greater declines than males in receiving an index 

opioid prescription for both post-surgical (sustained change) and injury (immediate change) 

pain.
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Discussion

We found that the two NC opioid prescribing policies, SOPI and STOP Act, led to sustained 

declines in index and subsequent opioid prescribing rates among patients with post-surgical 

pain at two large integrated healthcare systems in NC. These effects may be due to 

policy-concordant changes in provider opioid prescribing practice but may also be due to 

potentially chilling influence of the policies.36,37 While the mandate to reduce days’ supply 

for index post-surgical and injury opioid prescriptions was implemented with the STOP 

Act, these changes were already occurring after SOPI. Per the STOP Act, the days’ supply 

changes were meant to impact index opioid prescriptions only; however, there was a greater 

policy impact on subsequent prescriptions than index prescriptions for both surgical and 

injury pain patients. The changes in subsequent days’ supply may be related to the reduction 

index days’ supply as prior studies have shown that higher days’ supply of first opioid 

prescriptions result in more subsequent prescriptions and long-term use.38 However, these 

changes may also reflect clinician’s unwillingness to prescribe as prior qualitative research 

suggests.32

Our results are comparable to our prior studies of privately insured NC patients, which 

showed overall decreases in opioid prescribing in acute, post-surgical, and chronic pain 

patients after SOPI and STOP Act.39,40 However, those studies were not generalizable to 

publicly insured and uninsured patients nor could we previously examine policy-related 

disparate effects by race and ethnicity.39,40 Furthermore, this study separates index and 

subsequent opioid prescriptions to examine potential unintended consequences for patients 

who may need additional pain management after the index prescription. This study also 

has greater follow-up after the STOP Act allowing a better examination of sustained policy 

effects.

While statewide policies to reduce opioid prescribing seem appealing to reduce opioid-

related harms, racialized inequities in policy effects, and thereby pain management, are 

concerning. Contrary to prior research, we found that black patients with injury and surgery 

pain were prescribed more opioids than all other racialized groups.24 However, most of the 

black patients who received opioid prescriptions presented in the ED, suggesting potentially 

higher levels of clinical complications and pain and therefore more opioid prescriptions.35 

Racially minoritized patients are known to access ED more frequently than white patients 

due to barriers in accessing outpatient care, with greater complications due to barriers 

to accessing primary care.41 We found black and native American post-surgical patients 

experienced a greater SOPI and STOP Act-related reductions in opioid prescribing than 

white patients. Prior studies have consistently found that healthcare providers exhibit racial 

prejudice against black and racially minoritized people regarding substance use disorders.42–

44 Racialized healthcare inequities in patient care and inbuilt algorithmic biases toward 

racially minoritized patients are widely documented, and our study adds to the growing 

literature.45 Policy modifications to ensure equitable opioid prescribing practices and 

mitigating racialized inequities are needed.

SOPI-related reduction in prescribing were greatest among 65 years and older patients, 

while STOP Act led to greatest declines in those 35 years and younger. This may be because 
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pre-SOPI, the patients >65 years old received most opioid prescriptions and therefore may 

have been the first to experience cuts.46 It is unclear if the greater opioid prescribing 

reductions experienced by females compared to males represent a systemic bias or because 

of specific changes in certain practices like opioid prescribing during labor and other 

female-specific surgical procedures.47–49

Limitations:

First, our study evaluated NC-specific policies. However, our results, along with research 

from other states, can inform policy in jurisdictions considering similar policies.50,51 

Second, the two integrated healthcare systems we used do not offer healthcare to all NC 

residents. However, both institutions offer care in all 100 NC counties and the EHR data 

include public, private, and uninsured patients, which offers good generalizability. Finally, 

although our data represents opioid prescribing and dispensing trends, this may not be the 

same as consumption or non-medical use of prescription opioids, which cannot be measured 

in this study.

Conclusions

We found that two NC-based opioid prescribing policies resulted in intended and unintended 

changes in opioid prescribing practices for acute injury and post-surgical pain patients. 

There were concerning racialized inequities in policy effects, such that black, Hispanic, 

and native American patients experienced the greatest post-surgical opioid prescribing 

declines than whites and Asians. This may reflect implicit and explicit racialized bias in 

pain management practices that may be driven by racial stereotyping rather than clinical 

evidence. Healthcare interventions that can mitigate prescriber biases are needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Points:

• The two NC-based opioid prescribing policies resulted in intended and 

unintended changes in opioid prescribing practices for acute injury and post-

surgical pain patients.

• However, black, Hispanic, and native American patients experienced the 

greatest declines in post-surgical opioid prescribing compared to white and 

Asian patients.

• The racialized inequities likely reflect implicit and explicit racialized biases 

in pain management practices, likely driven by racial stereotyping rather than 

clinical evidence.

• Unintended effects on opioid prescribing, specifically fewer second 

prescriptions and smaller days’ supply of second prescriptions may reflect 

either secondary effects of reductions in index prescribing or clinician’s 

unwillingness to prescribe subsequent prescriptions.

• While the two policies reduced overall opioid prescribing practices, racialized 

inequities and unintended effects on patients with legitimate pain needs were 

concerning.
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Figure 1 (A-B). 
Association of SOPI and STOP Act with index opioid prescription proportion (A) and index 

opioid prescribing rate (B) in NC using controlled interrupted time series analyses: 2014‒
2019. PM, Person-Months; NC, North Carolina; SOPI, Safe Opioid Prescribing Initiative; 

STOP Act, Strengthen Opioid Misuse Prevention Act.
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Figure 2(A-C). 
Association of SOPI and STOP Act with (A) subsequent opioid prescribing rate, (B) mean 

index days’ supply, and (C) mean subsequent days’ supply in NC using single interrupted 

time series analyses: 2014‒2019. PM, Person-Months; NC, North Carolina; SOPI, Safe 

Opioid Prescribing Initiative; STOP Act, Strengthen Opioid Misuse Prevention Act.
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Table 1.
Patients receiving care for surgery and injury pain at two integrated healthcare systems in North Carolina, 

2014–2019.

Site 1 Site 2 Total

Surgery Acute Injury Surgery Acute Injury Surgery Acute Injury

Total Patients 345,952 491,672 276,045 372,389 621,997 864,061

Patients received index opioid Rx 217,871 96,346 214,095 73,948 431,966 170,294

 % Received index opioid Rxa 62.98% 19.60% 77.56% 19.86% 69.45% 19.71%

Patients received subsequent opioid Rx 110,041 29,775 140,097 24,474 250,138 54,249

 % Received subsequent opioid Rxc 50.51% 30.90% 65.44% 33.10% 57.91% 31.86%

Abbreviations: Rx – prescription; % – percent

a
– number of patients who received an index opioid Rx divided by total patients

b
– number of index opioid Rxs divided by the number of patients who received an index opioid Rx

c
– number of patients who received a subsequent opioid Rx divided by the number of patients who received an index opioid Rx

d
– number of subsequent opioid Rxs divided by the number of patients who received subsequent opioid Rx
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