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A B S T R A C T

Background: The potential misapplication of current opioid prescribing policies remains understudied and may 
have substantial adverse implications for patient safety. 
Methods: We used autoregressive integrated moving average models to assess level and trend changes in monthly 
1) prescribing rates, 2) days’ supply, and 3) daily morphine milligram equivalents (MME) of incident opioid
prescriptions relative to 1) a state medical board initiative to reduce high-dose and -volume opioid prescribing
and 2) legislation to limit initial opioid prescriptions for acute and postsurgical pain. We examined outcomes by
pain indication overall and by cancer history, using prescribing patterns for benzodiazepines to control for
temporal trends. We used large private health insurance claims data to include North Carolina residents, aged
18–64, insured at any point between January 2012 and August 2018.
Results: After the medical board initiative, prescribing patterns for chronic pain patients did not change;
conversely, acute and postsurgical pain patients experienced immediate declines in daily MME. Post-legislation
prescription rates did not decline for those with acute, postsurgical, and non-cancer pain, but instead declined
among cancer patients with chronic pain. Chronic pain patients experienced the largest days’ supply declines
post-legislation, instead of acute and postsurgical pain patients.
Conclusions: We found mixed evidence on the potential impact of two opioid prescribing policies, with some
observed declines in a group not intended to be impacted by the policy. This study provides evidence of the need
for clearer opioid prescribing policies to ensure impacts on intended populations and avoid unintended
consequences.

1. Introduction

Medical prescription opioid use remains common despite

increasingly stringent prescribing policies (Lee et al., 2021; National 
Academies of Sciences, 2017). Current Centers for Disease Control and 
Prevention (CDC) guidelines (Dowell et al., 2016) suggest prescribing 
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period; persons remained in the analysis sample until discontinuation of 
coverage or the end of the study period (August 2018). Persons who 
discontinued and then restarted insurance coverage were re-entered in 
the analysis sample after a new six-month washout period. 

2.2. Outcomes 

We examined three primary indicators of opioid prescribing prac
tices among persons newly receiving opioid prescriptions: 1) monthly 
rate of incident opioid prescriptions (opioid prescription fill for someone 
who had not filled an opioid prescription in the prior six months), out of 
all persons without an observed opioid prescription in the previous six 
months; 2) days’ supply of the incident opioid prescription; and 3) daily 
morphine milligram equivalents (MME) of the incident opioid pre
scription, based on CDC MME conversion tables (Centers for Disease 
Control and Prevention, 2021) (additional details in Supplementary 
Material). We included only insurer-reimbursed outpatient medications, 
and excluded all opioid co-formulations to treat coughs, colds, or al
lergies (Supplementary Table 1). 

To control for temporal trends (changes in outcomes over time un
related to the policies of interest) in prescribing of similar medications, 
we examined rate and days’ supply of incident benzodiazepine pre
scriptions, a controlled substance that is expected to be unaffected by the 
opioid policies of interest (Ranapurwala et al., 2020). 

2.3. Exposures 

We examined two interruption time points for potential impact on 
opioid prescribing trends: 1) a medical board investigative initiative and 
2) state legislation. The first interruption was the Safe Opioids Pre
scribing Initiative (SOPI) (North Carolina Medical Society, 2017)
introduced by the North Carolina Medical Board (NCMB) to identify
providers who prescribe high-dose opioids and have had multiple
opioid-related patient deaths within a 12-month period. SOPI was
implemented on May 1, 2016, and intended to restrict high-dose and
high-volume opioid prescribing, with special emphasis placed on per
sons with chronic pain. The second interruption point was the
Strengthen Opioid Misuse Prevention (STOP) Act (North Carolina
Medical Board, 2017), state legislation that among other provisions
limits the maximum days’ supply of initial prescriptions for acute and
postsurgical pain to five and seven days, respectively. STOP Act pre
scribing limits became effective January 1, 2018, and notably do not
apply to chronic or cancer-related pain.

2.4. Pain indication and cancer history 

We analyzed trends in new opioid prescribing for three pain indi
cation groups classified based on Current Procedural Terminology (CPT) 
(Agency for Healthcare Research and Quality, 2019) and International 
Classification of Diseases (ICD) codes: 1) postsurgical, 2) acute, and 3) 
chronic pain (Brummett et al., 2017; Calcaterra et al., 2018; Centers for 
Disease Control and Prevention, 2013; Mundkur et al., 2018). We 
assumed that patients with a surgery had a postsurgical indication, pa
tients without surgery who had an acute pain diagnosis had an acute 
pain indication, and patients without surgery or acute pain who had a 
chronic pain diagnosis had a chronic pain indication (additional details 
in Supplementary Material and Supplementary Tables 2 & 3). 

We assessed trends for each pain indication group separately for 
persons with and without cancer history, based on ICD codes and 
excluding benign neoplasm, non-melanoma skin cancer, neoplasm of 
uncertain or unspecified behavior, and carcinoma in situ (additional 
details in Supplementary Material). 

opioids for pain management only if pain and function benefits 
outweigh risks. Clinical indications for opioid initiation vary widely and 
commonly include acute, postsurgical, chronic cancer-related, and 
chronic non-cancer-related pain, with varying risk-benefit relationships 
across these indications (Liu et al., 2013; Mikosz et al., 2020; Mundkur 
et al., 2018; Pasricha et al., 2018; Shah et al., 2017). Because prescrip-
tion opioid use in patients with acute and postsurgical pain has been 
associated with new-onset long-term opioid use, opioid use disorder 
(OUD), and overdose (Baker, 2017; Hadlandsmyth et al., 2019; Hah 
et al., 2017), most policy efforts have focused on limiting initial opioid 
prescription dose and duration for these pain indications. 

Although prescribing policies to reduce opioid misuse are necessary, 
policy efforts may have unintended consequences (Centers for Disease 
Control and Prevention, 2019; Dowell et al., 2019; Ranapurwala et al., 
2020). One unintended consequence is the under-prescribing of opioids 
in patients with chronic non-cancer and cancer pain, either due to 
imprecise policy language or an increasingly hostile prescribing envi-
ronment (Kroenke et al., 2019). Misapplication of guidelines, such as 
abrupt discontinuation or rapid taper of high-dose opioids (Rana-
purwala et al., 2020), may compromise patient safety (Centers for Dis-
ease Control and Prevention, 2019; Dowell et al., 2019) by causing 
patients with sudden uncontrolled pain to seek diverted or illegal opi-
oids, increasing risk of OUD, overdose, and suicide (Binswanger et al., 
2020; Bohnert and Ilgen, 2019; Coffin et al., 2020; Dowell et al., 2019; 
Hartung et al., 2020; Muzzio et al., 2021; Perez et al., 2020). Policies’ 
unintended prescribing impacts must be understood so that future pol-
icies can safely and clearly distinguish between problematic and legiti-
mate prescribing—in particular, addressing appropriate limits for the 
management of acute and postsurgical pain without negatively 
impacting clinically indicated management of chronic non-cancer and 
cancer pain (Kroenke et al., 2019). 

In response to the CDC’s 2016 opioid prescribing guidelines for 
chronic non-cancer pain (Dowell et al., 2016), North Carolina enacted 
state policies to improve patient care and safety by focusing on pre-
scribers. In May 2016, the state medical board, intending to restrict 
opioid prescribing at high doses and high volume, launched an inves-
tigative initiative to identify clinicians who prescribe large numbers of 
high-dose opioids or had ≥ 2 patients die from opioid overdose within a 
12-month period (North Carolina Medical Board, 2016; North Carolina 
Medical Society, 2017). In January 2018, North Carolina enacted 
legislation intended to, in part, limit the initial prescription of opioids 
for outpatient acute and postsurgical pain to five and seven days, 
respectively (General Assembly of North Carolina Session, 2017; North 
Carolina Medical Board, 2017). We conducted a study to examine the 
impacts of the two statewide North Carolina policies on opioid pre-
scribing patterns among privately insured postsurgical, acute, and 
chronic pain patients, overall and by history of cancer.

2. Material and methods

2.1. Study design, data source, and population

We conducted controlled and single-series interrupted time series 
analyses to assess the level and trend changes of new opioid prescription 
rates, daily dose, and daily duration by pain and cancer indication, 
following a state medical board initiative and a statewide legislative 
action, from January 2012 through August 2018 in North Carolina. 

Deidentified claims data from a large single provider of private 
health insurance were used in analyses. Eligible persons were North 
Carolina residents between the ages of 18 and 64 who were insured by 
the provider for at least six continuous months at any point between July 
2011 and August 2018. 

Insured persons entered the analysis sample once they had six 
months of continuous insurance coverage (“washout period”). The 
earliest entry into the analysis sample after six months of continuous 
coverage was January 2012, which represented the start of the study 



In response to the STOP Act, in April 2018, the private health insurer 

implemented internal reimbursement policies requiring a limit of seven 
days’ supply for initial immediate-release opioid prescriptions for acute 
pain and prior authorization for initial extended-release prescriptions. 
Since the policy was implemented to comply with the STOP Act, it is 
viewed as part of the total effect of the STOP Act rather than a separate 
policy event. To examine the robust findings, we conducted sensitivity 
analyses for the outcome of days’ supply by changing the exposure date 
from the STOP Act enactment on January 1, 2018 to the reimbursement 
policy start date on April 1, 2018. 

2.7. Ethical approval 

This study was approved by the Institutional Review Board of the 
University of North Carolina at Chapel Hill. 

3. Results

3.1. Medical board initiative

3.1.1. Controlled interrupted time series analysis

3.1.1.1. Overall. In CITS analyses, following the medical board initia
tive, there were no notable immediate changes in new opioid prescrib
ing rates for all pain indication groups. However, in the 20 months 
between the medical board initiative and the legislative action, new 
opioid prescribing trends in the postsurgical pain group increased at an 
annualized incidence rate of 3.45 (95% CI: 0.89, 6.01) new prescriptions 
per 10,000 person months, relative to benzodiazepines. No marked 

Table 1 
Association of two statewide policies on the prescribing rate and mean days’ supply of initial opioid prescriptions, by pain indication overall and within cancer status – 
controlled ITS.   

Pre-Medical Board 
Initiative 

Post-Medical Board Initiative Post-Legislation 

Outcomesa Trendb (95% CI) Absolute differencec (95% 
CI) 

Change in trendb,d (95% 
CI) 

Absolute differencec (95% 
CI) 

Change in trendb,d (95% 
CI)  

β7 β8 β9 β10 β11 

Prescribing ratee

Overall      
Postsurgical pain 0.08 (− 0.44, 0.59) 1.66 (− 1.25, 4.57) 3.45 (0.89, 6.01) -0.73 (− 6.75, 5.29) -0.44 (− 13.22, 12.35) 
Acute pain -0.39 (− 0.82, 0.04) 1.45 (− 1.09, 3.99) 0.20 (− 2.04, 2.45) 0.67 (− 4.84, 6.18) 2.01 (− 9.69, 13.71) 
Chronic pain -0.59 (− 0.85, − 0.33) 1.14 (− 0.45, 2.73) -0.94 (− 2.35, 0.47) 0.01 (− 3.71, 3.74) 1.12 (− 6.83, 9.07) 
History of cancer      
Postsurgical pain -3.20 (− 4.91, − 1.49) -3.41 (− 12.78, 5.97) 13.65 (5.41, 21.89) -20.47 (− 39.00, − 1.93) 10.99 (− 28.49, 50.47) 
Acute pain -0.93 (− 1.88, 0.02) -2.74 (− 8.30, 2.81) 2.31 (− 2.58, 7.21) -3.31 (− 14.99, 8.37) -1.84 (− 26.71, 23.02) 
Chronic pain -2.74 (− 3.65, − 1.83) -4.28 (− 9.22, 0.66) 1.28 (− 3.07, 5.62) -12.42 (− 22.25, − 2.58) 1.73 (− 19.01, 22.46) 
No history of cancer     
Postsurgical pain -0.04 (− 0.53, 0.45) 1.69 (− 1.08, 4.46) 3.23 (0.80, 5.66) 0.20 (− 5.52, 5.92) -1.31 (− 13.45, 10.84) 
Acute pain -0.45 (− 0.88, − 0.03) 1.58 (− 0.93, 4.09) 0.19 (− 2.03, 2.41) 0.82 (− 4.59, 6.24) 2.19 (− 9.30, 13.68) 
Chronic pain -0.63 (− 0.90, − 0.37) 1.34 (− 0.27, 2.95) -0.92 (− 2.35, 0.51) 0.66 (− 3.07, 4.40) 0.96 (− 7.01, 8.92) 
Mean days’ 

supply      
Overall      
Postsurgical pain 0.16 (0.05, 0.27) 0.40 (− 0.09, 0.89) -0.14 (− 0.59, 0.31) -0.23 (− 0.93, 0.46) -0.74 (− 2.36, 0.88) 
Acute pain 0.05 (− 0.05, 0.15) 0.29 (− 0.17, 0.75) -0.03 (− 0.44, 0.39) 0.15 (− 0.53, 0.83) -1.07 (− 2.61, 0.46) 
Chronic pain 0.13 (0.03, 0.24) 0.38 (− 0.14, 0.90) -0.37 (− 0.83, 0.09) 0.40 (− 0.44, 1.25) -6.92 (− 8.75, − 5.09) 
History of cancer      
Postsurgical pain 0.16 (0.05, 0.27) 0.48 (− 0.03, 0.99) -0.13 (− 0.59, 0.33) -0.23 (− 0.98, 0.53) -0.76 (− 2.47, 0.96) 
Acute pain 0.06 (− 0.07, 0.19) 0.39 (− 0.22, 0.99) 0.01 (− 0.54, 0.56) 0.16 (− 0.77, 1.10) -1.74 (− 3.80, 0.33) 
Chronic pain 0.06 (− 0.09, 0.21) 0.67 (− 0.07, 1.40) -0.41 (− 1.06, 0.25) 0.65 (− 0.57, 1.86) -7.22 (− 9.82, − 4.61) 
No history of cancer     
Postsurgical pain 0.16 (0.05, 0.27) 0.39 (− 0.10, 0.88) -0.14 (− 0.59, 0.30) -0.23 (− 0.93, 0.47) -0.72 (− 2.35, 0.91) 
Acute pain 0.04 (− 0.06, 0.14) 0.29 (− 0.17, 0.74) -0.05 (− 0.46, 0.36) 0.17 (− 0.51, 0.85) -0.99 (− 2.51, 0.54) 
Chronic pain 0.14 (0.03, 0.25) 0.33 (− 0.20, 0.86) -0.36 (− 0.83, 0.12) 0.35 (− 0.51, 1.21) -6.87 (− 8.74, − 5.01) 

Abbreviations: Medical Board Initiative = Safe Opioid Prescribing Initiative; Legislation = Strengthen Opioid Misuse Prevention Act; CI = confidence interval. 
aNew prescription opioid patient population includes person-months where the individual has been insured continuously for > =6 months and has no opioid pre
scription in the prior 6 months. 
bTrends calculated per year. 
cAbsolute difference in opioid prescribing relative to benzodiazepine prescribing. 
dChange in trend in opioid prescribing relative to benzodiazepine prescribing. 
ePrescribing rates per 10,000 insured person-months. 

2.5. Main analyses 

2.5.1. Controlled interrupted time series analyses 
We conducted controlled interrupted time series (CITS) analyses 

using autoregressive integrated moving average (ARIMA) models (Ber-
nal et al., 2017, 2018) to assess changes in opioid prescribing rates and 
mean days’ supply relative to the two policies, controlling for temporal 
trends in benzodiazepines prescribing practices. Since there is little 
variation in standardized dosing of benzodiazepines, we did not assess 
mean daily MME with a control series. Additional details can be found in 
Supplementary Material. 

2.5.2. Single-series interrupted time series analyses 
To examine the potential underestimation of policy impacts on 

opioid prescribing rates and days’ supply with the use of benzodiaze-
pines as a control series, we conducted single ITS analyses (without a 
control series) on all outcomes relative to the policies of interest ac-
cording to the ARIMA procedures described for the CITS analyses. 

All results are reported with 95% confidence intervals (CIs) to pro-
vide a measure of precision, rather than as a test of statistical signifi-
cance, as recommended the American Statistical Association and major 
medical journals to de-emphasize drawing conclusions based solely on 
statistical thresholds (Amrhein, 2019; Wasserstein and Lazar, 2016; In-
ternational Committee of Medical Journal Editors, 2013). 

2.6. Sensitivity analysis 



− 0.58] new prescriptions per 10,000 person months; trend: − 2.57 [95% 
CI: − 3.87, − 1.27] new prescriptions per 10,000 per year); we did not 
observe evidence of immediate or trend declines among postsurgical or 
acute pain groups within the single-series models (Table 2; Fig. 1). 
Although no immediate changes were observed for mean days’ supply, 
prescribing trends decreased in all three pain groups (postsurgical: 

− 0.49 [95% CI: − 0.65, − 0.33; acute: − 0.37 [95% CI: − 0.54, − 0.19]; 
chronic: − 0.68 [95% CI: − 1.14, − 0.23] days’ supply per year] (Table 2; 
Fig. 2). For mean daily MME in persons with postsurgical pain, the 
medical board initiative coincided with an immediate drop (− 2.39 [95% 
CI: − 3.43, − 1.34] daily MME) and a further decline in trend (− 1.34 
[95% CI: − 2.26, − 0.41] daily MME per year). In those with acute pain, 
the initiative coincided with an immediate drop (− 0.70 [95% CI: − 1.33, 
− 0.08]) in daily MME, but no apparent change in trend. In those with 
chronic pain, no changes in level or trend were evident at the time of the 
medical board initiative (Table 2; Fig. 3). 

3.1.2.2. By cancer history. Persons with chronic pain, both with and 
without cancer history, experienced an absolute change in post- 
initiative prescribing rates, with the largest drop among those with 
cancer history (cancer: − 6.44 [95% CI: − 12.31, − 0.58]; no cancer: 
− 1.85 (− 3.20, − 0.50] new prescriptions per 10,000 person months) 
(Table 2; Fig. 1). Trend changes in prescribing rates among those 
without cancer history were similar to overall trends. Mean days’ supply 
level and trend changes did not differ by cancer history and were similar 
to overall (non-stratified) estimates (Table 2; Fig. 2). Mean daily MME 
among those with and without cancer history closely mirrored overall 
changes in each pain group, with the exception of an immediate 
decrease in persons with chronic pain (− 1.22 [95% CI: − 2.42, − 0.03] 
daily MME) (Table 2; Fig. 3). 

Fig. 1. New prescription opioid rates, per 10,000 person-months, by pain indication overall and within cancer history status. Medical Board Initiative 
= Safe Opioid Prescribing Initiative; Legislation = Strengthen Opioid Misuse Prevention Act. New prescription opioid patient population includes person-months 
where the individual has been insured continuously for ≥ 6 months and has no opioid prescription in the prior 6 months. Note the change in y-axis for persons 
with a history of cancer. 

relative trend changes were detected in the other pain indication groups 
(Table 1; Fig. 1). Mean days’ supply of opioids showed no apparent 
changes before and after the medical board initiative, relative to mean 
days’ supply of benzodiazepine prescriptions (Table 1; Fig. 2). 

3.1.1.2. By cancer history. Similar to overall trends, postsurgical pre-
scribing rates among persons with and without a cancer history largely 
increased after the initiative (cancer: 13.65 [95% CI: 5.41, 21.89]; no 
cancer: 3.23 [95% CI: 0.80, 5.66] new prescriptions per 10,000 per 
year); we observed no pronounced increases in the other pain groups by 
cancer history (Table 1; Fig. 1). Level and trend changes in mean days’ 
supply among persons with and without a cancer history were similar to 
overall trends (Table 1; Fig. 2). 

3.1.2. Single-series interrupted time series analysis 

3.1.2.1. Overall. Post-medical board initiative, prescribing rates in 
persons with chronic pain decreased (level: −  1.99 [95% CI: −  3.39, 



3.2. Legislative action 

3.2.1. Controlled interrupted time series analysis 

3.2.1.1. Overall. After implementation of the state legislation, relative 
to benzodiazepines, there were no apparent changes in level and trend of 
new opioid prescription rates in all pain indication groups overall 
(Table 1; Fig. 1). Although days’ supply changes did not immediately 
occur after legislative action in the opioid prescription groups, the trend 
in mean days’ supply for chronic pain fell over the remainder of the 
study (− 6.92 [95% CI: − 8.75, − 5.09] days’ supply per year relative to 
benzodiazepines), reflecting the sharp decline three months after the 
legislation. No marked declines in prescribing trends were observed in 
the remaining opioid groups (postsurgical: − 0.74 [95% CI: − 2.36, 
0.88]; acute: − 1.07 [95% CI: − 2.61, 0.46]) days’ supply per year rela
tive to benzodiazepine prescriptions) (Table 1; Fig. 2). 

3.2.1.2. By cancer history. Following the legislative action, new pre
scription rates in postsurgical and chronic pain groups with cancer 
history fell sharply relative to new benzodiazepine prescriptions (post
surgical cRD: − 20.47 [95% CI: − 39.00, − 1.93]; chronic cRD: − 12.42 
[95% CI: − 22.25, − 2.58] per 10,000 person months); however, post- 
legislative trends did not substantially change in these groups 
(Table 1; Fig. 1). Level and trend changes in prescribing rates among 
persons without a cancer history were similar to overall (non-stratified) 

trends. When stratifying mean days’ supply by persons with and without 
a cancer history, similar model estimates were identified for all pain 
groups for changes in levels and trends (Table 1; Fig. 2). 

3.2.2. Single-series interrupted time series analysis 

3.2.2.1. Overall. After the state legislation, prescribing rates among 
those with chronic pain immediately decreased (− 3.37 [95% CI: − 5.95, 
− 0.78] per 10,000 person months) without a notable corresponding 
trend change (2.05 [95% CI: − 3.46, 7.55 per 10,00 person months per 
year) (Table 2; Fig. 1). Mean days’ supply slightly dropped only in the 
postsurgical pain group (− 0.44 [95% CI: − 0.68, − 0.20]); trends 
decreased in all three pain groups following the legislation, with the 
largest change in those with chronic pain (postsurgical: − 0.65 [95% CI: 
− 1.23, − 0.08]; acute: − 1.01 [95% CI: − 1.69, − 0.33]; chronic: − 6.80 
[95% CI: − 8.61, − 4.99] mean days’ supply per year) (Table 2; Fig. 2). 
Postsurgical and acute pain groups evidenced no changes in level and 
trend of daily MME upon implementation of the legislative action. In the 
chronic pain group, no immediate differences in daily MME occurred 
after the state legislation (− 0.50 [95% CI: − 1.36, 0.35]); however, the 
daily MME trend increased relative to a previously decreasing change in 
trend (3.82 [95% CI: 1.99, 5.64]) (Table 2; Fig. 3). 

3.2.2.2. By cancer history. In stratified analyses, a sharp post-legislative 
decline was observed in prescribing rates among person with chronic 

Fig. 2. Mean days’ supply of new opioid prescriptions, by pain indication overall and within cancer history status. Medical Board Initiative = Safe Opioid 
Prescribing Initiative; Legislation = Strengthen Opioid Misuse Prevention Act. New prescription opioid patient population includes person-months where the in
dividual has been insured continuously for ≥ 6 months and has no opioid prescription in the prior 6 months. 



pain and cancer history (− 16.58 [95% CI: − 26.59, − 6.57] per 10,000 
person months), with no observed trend changes, similar to the overall 
analyses (Table 2; Fig. 1). For mean days’ supply and daily MME, per
sons with and without cancer history experienced prescribing trends 
similar to unstratified analyses (Table 2; Figs. 2 & 3). 

Results of the sensitivity analyses can be found in Supplementary 
Material. 

4. Discussion

The importance of implementing evidence-based, safe and appro
priate opioid prescribing policies is undisputed (Dowell et al., 2019; 
Lowenstein et al., 2018), however, the potential misapplication of cur
rent policies remains understudied and may have substantial adverse 
implications for patient welfare. To understand the consequences of two 
opioid prescribing policies, we examined changes in initial opioid pre
scription rates, days’ supply, and daily MME for privately insured 

Pre- 
Medical 
Board 
Initiative 

Post-Medical Board 
Initiative 

Post-Legislation 

Outcomesa Trendb 

(95% CI) 
Absolute 
difference 
(95% CI) 

Change 
in 
trendb 

(95% 
CI) 

Absolute 
difference 
(95% CI) 

Change 
in trendb 

(95% CI)  

β1 β2 β3 β4 β5 

Prescribing 
ratec

Overall      
Postsurgical 

pain 
0.19 
(− 0.31, 
0.69) 

-0.48 
(− 1.90, 
0.95) 

0.88 
(− 0.58, 
2.33) 

-2.49 
(− 5.58, 
0.60) 

1.90 
(− 4.76, 
8.55) 

Acute pain -0.23 
(− 0.87, 
0.41) 

-1.16 
(− 3.22, 
0.89) 

-1.65 
(− 3.85, 
0.56) 

-0.67 
(− 3.57, 
2.23) 

-0.36 
(− 7.51, 
6.78) 

Chronic pain -0.34 
(− 0.70, 
0.02) 

-1.99 
(− 3.39, 
− 0.58) 

-2.57 
(− 3.87, 
− 1.27) 

-3.37 
(− 5.95, 
− 0.78) 

2.05 
(− 3.46, 
7.55) 

History of 
cancer      

Postsurgical 
pain 

-3.79 
(− 6.70, 
− 0.89) 

-3.89 
(− 14.26, 
6.48) 

10.49 
(0.41, 
20.56) 

-16.71 
(− 35.79, 
2.38) 

6.43 
(− 34.12, 
46.98) 

Acute pain -0.89 
(− 2.70, 
0.92) 

-6.11 
(− 13.58, 
1.35) 

1.35 
(− 5.43, 
8.12) 

-6.07 
(− 17.55, 
5.40) 

-3.77 
(− 29.56, 
22.02) 

Chronic pain -2.07 
(− 3.96, 
− 1.45) 

-6.44 
(− 12.31, 
− 0.58) 

-0.45 
(− 5.67, 
4.77) 

-16.58 
(− 26.59, 
− 6.57) 

4.73 
(− 16.45, 
25.91) 

No history of cancer     
Postsurgical 

pain 
0.09 
(− 0.35, 
0.53) 

-0.59 
(− 1.87, 
0.68) 

0.79 
(− 0.51, 
2.09) 

-2.01 
(− 4.77, 
0.74) 

1.34 
(− 4.61, 
7.29) 

Acute pain -0.29 
(− 0.89, 
0.32) 

-0.84 
(− 2.83, 
1.15) 

-1.83 
(− 3.95, 
0.30) 

-0.42 
(− 3.19, 
2.36) 

0.10 
(− 6.77, 
6.97) 

Chronic pain -0.37 
(− 0.71, 
− 0.03) 

-1.85 
(− 3.20, 
− 0.50) 

-2.56 
(− 3.80, 
− 1.31) 

-2.69 
(− 5.16, 
− 0.23) 

1.81 
(− 3.44, 
7.06) 

Mean days’ 
supply      

Overall      
Postsurgical 

pain 
0.15 
(0.11, 
0.19) 

0.10 
(− 0.07, 
0.27) 

-0.49 
(− 0.65, 
− 0.33) 

-0.44 
(− 0.68, 
− 0.20) 

-0.65 
(− 1.23, 
− 0.08) 

Acute pain 0.04 
(0.00, 
0.08) 

-0.03 
(− 0.23, 
0.16) 

-0.37 
(− 0.54, 
− 0.19) 

-0.09 
(− 0.39, 
0.21) 

-1.01 
(− 1.69, 
− 0.33) 

Chronic pain 0.13 
(0.02, 
0.24) 

0.02 
(− 0.49, 
0.54) 

-0.68 
(− 1.14, 
− 0.23) 

0.08 
(− 0.73, 
0.89) 

-6.80 
(− 8.61, 
− 4.99) 

History of 
cancer      

Postsurgical 
pain 

0.15 
(0.10, 
0.20) 

0.16 
(− 0.08, 
0.40) 

-0.47 
(− 0.68, 
− 0.25) 

-0.51 
(− 0.89, 
− 0.13) 

-0.62 
(− 1.44, 
0.21) 

Acute pain 0.06 
(− 0.02, 
0.14) 

0.05 
(− 0.33, 
0.43) 

-0.33 
(− 0.67, 
0.01) 

-0.07 
(− 0.68, 
0.55) 

-1.68 
(− 3.02, 
− 0.35) 

Chronic pain 0.06 
(− 0.09, 
0.21) 

0.27 
(− 0.45, 
0.99) 

-0.69 
(− 1.33, 
− 0.04) 

0.26 
(− 0.93, 
1.45) 

-7.08 
(− 9.62, 
− 4.55) 

No history of cancer     
Postsurgical 

pain 
0.15 
(0.11, 
0.19) 

0.09 
(− 0.09, 
0.26) 

-0.50 
(− 0.66, 
− 0.34) 

-0.44 
(− 0.70, 
− 0.19) 

-0.64 
(− 1.22, 
− 0.05) 

Acute pain 0.04 
(− 0.01, 
0.08) 

-0.04 
(− 0.25, 
0.17) 

-0.38 
(− 0.57, 
− 0.20) 

-0.08 
(− 0.39, 
0.24) 

-0.92 
(− 1.63, 
− 0.21)  

Table 2 (continued )  

Pre- 
Medical 
Board 
Initiative 

Post-Medical Board 
Initiative 

Post-Legislation 

Outcomesa Trendb 

(95% CI) 
Absolute 
difference 
(95% CI) 

Change 
in 
trendb 

(95% 
CI) 

Absolute 
difference 
(95% CI) 

Change 
in trendb 

(95% CI)  

β1 β2 β3 β4 β5 

Chronic pain 0.14 
(0.03, 
0.25) 

-0.02 
(− 0.55, 
0.50) 

-0.67 
(− 1.14, 
− 0.20) 

0.03 
(− 0.80, 
0.86) 

-6.75 
(− 8.61, 
− 4.89) 

Mean Daily 
MME      

Overall      
Postsurgical 

pain 
-0.72 
(− 0.93, 
− 0.50) 

-2.39 
(− 3.43, 
− 1.34) 

-1.34 
(− 2.26, 
− 0.41) 

-1.18 
(− 2.90, 
0.54) 

-2.80 
(− 6.50, 
0.89) 

Acute pain -0.89 
(− 1.02, 
− 0.76) 

-0.70 
(− 1.33, 
− 0.08) 

-0.39 
(− 0.94, 
0.17) 

0.28 
(− 0.75, 
1.31) 

-1.11 
(− 3.32, 
1.11) 

Chronic pain -0.70 
(− 0.80, 
− 0.59) 

-0.42 
(− 0.93, 
0.10) 

-0.16 
(− 0.62, 
0.30) 

-0.50 
(− 1.36, 
0.35) 

3.82 
(1.99, 
5.64) 

History of 
cancer      

Postsurgical 
pain 

-0.84 
(− 1.13, 
− 0.55) 

-1.72 
(− 3.10, 
− 0.33) 

-1.56 
(− 2.79, 
− 0.32) 

-1.68 
(− 3.97, 
0.62) 

-1.26 
(− 6.18, 
3.65) 

Acute pain -0.74 
(− 1.10, 
− 0.38) 

0.14 
(− 1.61, 
1.89) 

-1.10 
(− 2.66, 
0.45) 

0.75 
(− 2.14, 
3.64) 

-0.02 
(− 6.22, 
6.18) 

Chronic pain -0.47 
(− 0.72, 
− 0.23) 

-1.22 
(− 2.41, 
− 0.03) 

-0.44 
(− 1.49, 
0.62) 

0.31 
(− 1.65, 
2.28) 

1.22 
(− 2.98, 
5.43) 

No history of cancer 
Postsurgical 

pain 
-0.68 
(− 0.92, 
− 0.44) 

-2.53 
(− 3.71, 
− 1.35) 

-1.28 
(− 2.33, 
− 0.24) 

-1.06 
(− 3.00, 
0.88) 

-3.15 
(− 7.32, 
1.02) 

Acute pain -0.91 
(− 1.05, 
− 0.78) 

-0.82 
(− 1.48, 
− 0.15) 

-0.30 
(− 0.89, 
0.29) 

0.22 
(− 0.88, 
1.31) 

-1.24 
(− 3.60, 
1.11) 

Chronic pain -0.73 
(− 0.85, 
− 0.62) 

-0.31 
(− 0.86, 
0.24) 

-0.13 
(− 0.62, 
0.36) 

-0.64 
(− 1.55, 
0.28) 

4.30 
(2.33, 
6.26) 

Abbreviations: Medical Board Initiative = Safe Opioid Prescribing Initiative; 
Legislation = Strengthen Opioid Misuse Prevention Act; CI = confidence inter
val. 
a.New prescription opioid patient population includes person-months where the
individual has been insured continuously for > =6 months and has no opioid 
prescription in the prior 6 months. 
b.Trends calculated per year.
c.Prescribing rates per 10,000 insured person-months.

Table 2 
Association of two statewide policies on the prescribing rate, mean days’ supply, 
and mean daily MME of initial opioid prescriptions, by pain indication overall 
and within cancer status – single-series ITS.   



persons with acute, postsurgical, and chronic pain, overall and by cancer 
history, between 2012 and 2018. 

In a prior study examining the impact of North Carolina policies on 
opioid prescribing practices in the same population (Maierhofer et al., 
2021), we demonstrated that prescribing rates and days’ supply declined 
overall after both the statewide medical board initiative and legislative 
action. The present analysis presents a more nuanced picture consid
ering pain indication and cancer history: some of the previously re
ported overall declines may have been driven by declines in unintended 
or unexpected subpopulations. 

The first policy, the NCMB’s investigative initiative or SOPI (North 
Carolina Medical Society, 2017), intended to curtail opioid prescribing 
at high doses and high volume, especially in persons with chronic pain. 
However, we observed no overall changes in daily MME among patients 
with chronic pain, but immediate and sustained declines among patients 
with acute and postsurgical pain following the initiative. Post-initiative 
prescribing rates in single-series models were in accordance with the 
medical board’s intended consequences with immediate and sustained 
declines observed among persons with chronic pain overall and by 
cancer history; postsurgical and acute pain prescribing rates did not 
appear to be impacted by the initiative. Conversely, in models with a 
benzodiazepine control series, no apparent changes in prescribing rates 
occurred for those with chronic pain. For days’ supply, we observed 
trend declines overall and within most subgroups in single-series 
models, but there were no notable prescribing changes among those 

with chronic pain in controlled analyses. These differences between 
models demonstrate that at the time of the medical board initiative 
implementation, there were likely other co-interventions that impacted 
the prescribing rates and days’ supply of both benzodiazepines and 
opioids. Using another controlled substance as a control series allowed 
for the control of potential confounding from co-interventions, 
achieving more unbiased results than those from the single-series 
models. 

The second policy, the STOP Act (North Carolina Medical Board, 
2017), is a state legislative action created to address “overprescribing” 
of opioids, most directly through limiting initial outpatient pre
scriptions’ days’ supply for acute and postsurgical pain. Notably in CITS 
analyses, there was no evidence of overall prescribing declines in days’ 
supply for acute and postsurgical pain groups, but strong evidence of 
unintended trend declines in all chronic pain groups relative to benzo
diazepines. In the single-series models, mean days’ supply trends 
modestly decreased in postsurgical and acute pain groups as intended by 
the initiative; however, comparatively, chronic pain prescriptions were 
more strongly impacted following the policy. Similar to the medical 
board initiative, the results from controlled analyses were likely more 
unbiased estimates of the impact of STOP Act in North Carolina. 

Pain medicine societies and experts have expressed concerns 
regarding unintended effects of opioid prescribing guidelines and 
mandates (Centers for Disease Control and Prevention, 2019; Dowell 
et al., 2019; Kroenke et al., 2019; Ranapurwala et al., 2021), in 

Fig. 3. Mean daily MME of new opioid prescriptions, by pain indication overall and within cancer history status. Medical Board Initiative = Safe Opioid 
Prescribing Initiative; Legislation = Strengthen Opioid Misuse Prevention Act. New prescription opioid patient population includes person-months where the in
dividual has been insured continuously for ≥ 6 months and has no opioid prescription in the prior 6 months. 



ICD/CPT code on which to base a pain indication and were therefore 
excluded from analyses. Because we included only major surgeries in 
our postsurgical criteria and lacked information on dental procedures 
(not systematically collected within our data), persons with new opioid 
prescriptions related to minor surgeries or dental procedures with no 
other pain indication may account for a proportion of excluded persons. 
These exclusions may limit generalizability of the results, given this 
group had a higher rate of new opioid prescriptions than any of the other 
pain indication groups (data not shown). Results for the overall popu
lation, which includes the three pain groups and all other persons 
without a characterized pain indication, can be found in our prior 
publication (Maierhofer et al., 2021). Furthermore, the results of this 
study may not be generalizable to uninsured or publicly insured persons, 
or to US states with prescription opioid dispensing rates dissimilar to 
those of North Carolina. During the study period, North Carolina’s 
overall opioid prescribing trends were higher than the US average 
(Centers for Disease Control and Prevention, 2020), and consequently 
these findings are likely more applicable to the privately insured pop
ulations in bordering southeastern states with similar opioid prescribing 
patterns. Because claims data capture information on limited de
mographics, it was not possible to examine prescribing trends by race 
and ethnicity. Claims data reflect only prescription claims and not pre
scription opioid consumption or non-prescription opioid use. Lastly, the 
cancer group included all persons with a cancer history which may not 
reflect current cancer diagnosis, and opioid prescriptions in this group 
may not always be related to cancer pain. 

5. Conclusions

Between 2016 and 2018, North Carolina introduced two statewide
opioid prescribing policies intended to reduce overprescribing by 
investigating providers who prescribe high volumes of high-dose opioids 
and limiting the days’ supply of initial outpatient opioid prescriptions 
for persons with acute and postsurgical pain. We found mixed evidence 
on the potential impact of these policies. In each case, some prescribing 
indicators declined after the policy while others did not; where 
observed, declines were often in a group not intended to be impacted by 
the policy. The overarching goal of opioid prescribing policies is to 
improve quality of life through effective pain management while miti
gating opioid-related consequences. Because providers face many nu
ances in both patient care and prescribing guidelines, clear evidence- 
based policies on volume and dose for the initiation, continuation, and 
tapered discontinuation of opioid prescriptions, by pain indication and 
cancer status, are vital to ensure the safe and legitimate prescribing of 
opioids. Such policies must be elastic in their conception to account for 
operating psychology of clinical spaces. No matter how well-intentioned 
and conceived, policies that do not anticipate potential adaptations and 
responses of insurers and other third-party payers may contribute to 
outcomes that run counter to the original intentions of the policies. 

Role of funding source 

This work was supported by a grant from the National Institute on 
Drug Abuse (R21DA046048) and the Centers for Disease Control and 
Prevention (R01CE003009). Additional support was provided by the 
National Institute of Allergy and Infectious Diseases (NIAID 
T32AI007001; T32AI070114). The database infrastructure used for this 
project was supported by the Cecil G. Sheps Center for Health Services 
Research and the CER Strategic Initiative of UNC’s Clinical and Trans
lational Science Award (UL1TR001111). The funding sources had no 
role in the design and conduct of the study; collection, management, 
analysis, and interpretation of the data; preparation, review, or approval 
of the manuscript; and decision to submit the manuscript for 
publication. 

particular the rapid tapering of opioid prescriptions in those with 
chronic pain, which is associated with overdose from illicit opioid use 
(Binswanger et al., 2020; Coffin et al., 2020; Hartung et al., 2020). 
Several studies using national databases demonstrate decreasing trends 
in high-dose opioid prescriptions and prescribing duration following the 
release of the 2016 CDC Guidelines (Bohnert et al., 2018; Goldstick 
et al., 2021). For example, a recent study using national claims data 
(Goldstick et al., 2021) found that opioid-naïve patients were less likely 
to receive initial opioid prescriptions ≥ 50 daily MME and received 
fewer days’ supply after the CDC guidelines. Although important for 
informing opioid prescribing policies, the bulk of such published studies 
have focused on the policies’ intended population, and not populations 
in which unintended prescribing consequences may occur (Agarwal 
et al., 2019; Hincapie-Castillo et al., 2021; Oueini et al., 2021). SOPI was 
modeled after the CDC guidelines for chronic pain and was implemented 
a month after the guidelines’ publication (North Carolina Medical 
Board, 2016; North Carolina Medical Society, 2017), but through a 
granular examination by pain indication and cancer history, we 
observed the unintended consequences in prescribing practices 
described above, as well as those that occurred following the legislative 
action. 

Three months following the STOP Act, in response to that legislation, 
the private health insurer implemented internal reimbursement policies 
requiring a limit of seven days’ supply for initial immediate-release 
opioid prescriptions for acute pain and prior authorization for initial 
extended-release prescriptions. When shifting the interruption time-
point from the legislation implementation date to the reimbursement 
policy start date, we observed considerable immediate declines in days’ 
supply among persons with chronic pain, with no apparent declines in 
other pain groups. The insurer’s policy changes likely contributed to the 
post-legislation trend declines observed in persons with chronic pain in 
the main analyses, and may have unintentionally reduced the days’ 
supply of chronic pain prescriptions instead of the intended acute and 
postsurgical pain prescriptions. It may be that chronic pain patients with 
previous or current opioid prescriptions who change health insurance 
providers are considered to be opioid-naïve by the insurance provider, 
thereby limiting prescriptions. While opioid prescribing remains high 
compared to the pre-2000 years, it is critical to avoid limiting legitimate 
opioid prescriptions to patients who can safely benefit from pharma-
cotherapy. Policies and mandates must be well communicated to both 
prescribers and insurers to avoid potentially harmful unintended effects. 
Additionally, future studies must examine longer follow-up periods to 
better understand the impact of the state legislation and reimbursement 
policy on days’ supply. 

The unexpected prescribing reactions to these policies may partly be 
associated with providers’ perceived risk of regulatory or legal sanction 
for opioid prescribing (Bolen, 2006; Jung and Reidenberg, 2006; Passik 
and Kirsh, 2006). Given the high frequency of opioid prescribing for 
acute pain, misapplication of guidelines may occur for this indication if 
prescribing fear is consistently present in providers’ minds without 
considering the intended population of a new policy. Prescribing fears 
may also have contributed to decreased prescribing rates in those with 
chronic pain after the implementation of the STOP Act, especially since 
the severity of the opioid epidemic intensified during this period. 
Additionally, although benzodiazepines were not targeted in these 
statewide policies, benzodiazepine prescribing may have been unin-
tentionally influenced through provider fear of potential patient over-
dose with the co-prescribing of opioids and benzodiazepines (U.S. Food 
and Drug Administration, 2017); however, we assume influence to be 
minimal without the direct mention of benzodiazepines in SOPI and the 
STOP Act. 

This study has several limitations. We focused analyses on persons 
for whom we had a reasonable basis of characterizing their pain indi-
cation as acute, postsurgical, or chronic using a hierarchical classifica-
tion based on ICD and CPT codes. A large percentage (45%) of insured 
persons with a newly prescribed opioid did not have a contemporaneous 
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