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Abstract

OBJECTIVE: To examine whether laws limiting opioid prescribing have been associated with 

reductions in the incidence of persistent postoperative opioid use

SUMMARY BACKGROUND DATA: In an effort to address the opioid epidemic, 26 states (as of 

2018) have passed laws limiting opioid prescribing for acute pain. However, it is unknown whether 

these laws have achieved their reduced the risk of persistent postoperative opioid use.

METHODS: We identified 957,639 privately insured patients undergoing one of 10 procedures 

between January 1, 2004 and September 30, 2018. We then estimated the association between 

persistent postoperative opioid use, defined as having filled ≥10 prescriptions or ≥120 days supply 

of opioids during postoperative days 91–365, and whether opioid prescribing limits were in effect 

on the day of surgery. States were classified as having: no limits, a limit of ≤7 days supply, 

or a limit of >7 days supply. The regression models adjusted for observable confounders such 

as patient comorbidities and also utilized a difference-in-differences approach, which relied on 

variation in state laws over time, to further minimize confounding.

RESULTS: The adjusted incidence of persistent postoperative opioid use was 3.5% (95%CI 3.3%

−3.7%) for patients facing a limit of ≤7 days supply, compared with 3.3% (95%CI 3.3%−3.3%) 
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for patients facing no prescribing limits (p=0.13 for difference compared to no prescribing limits) 

and 3.4%, (95%CI 3.2%−3.6%) for patients facing a limit of >7 days supply (p=0.43 for difference 

compared to no prescribing limits).

CONCLUSIONS: Laws limiting opioid prescriptions were not associated with subsequent 

reductions in persistent postoperative opioid use.

MINI-ABSTRACT

Many states have enacted laws limiting opioid prescribing for acute pain. This study examined 

whether these laws are associated with reduced risk of persistent postoperative opioid use (PPOU) 

among adults undergoing several common surgeries. Overall, the study found no association 

between these laws and the risk of PPOU.

INTRODUCTION

The opioid epidemic remains a pressing concern in the United States, with over 50,000 

deaths from opioid overdose in 2019.1 Researchers and policymakers have started to focus 

on the role that surgery plays in the opioid epidemic, with numerous studies2,3 showing 

that surgical patients are at an increased risk for long-term postoperative opioid use, a 

phenomenon known as persistent postoperative opioid use (PPOU).4,5

To address this issue, states have begun instituting opioid prescribing limits for acute pain. 

By the end of 2018, 26 states had passed limits on opioid prescribing laws for initial 

opioid prescriptions, with the intended goal of preventing patients who fill an initial opioid 

prescription from transitioning to persistent opioid use.6 A plurality (9/26) of these states 

were located in the northeast United States, followed by 8 states in the southern United 

States, 5 midwestern states, and 4 states in the western United States. Only 4 states (Illinois, 

Missouri, South Carolina, and Tennessee) enacted opioid prescribing limits before 2016.

However, there are many reasons why limits on opioid prescribing may fail to achieve 

the intended aim of reducing persistent opioid use. First, the limits may not be effective 

if prescribers were already prescribing below the mandated limits, or if the penalties for 

exceeding the limit are small or unlikely to be enforced. Second, since many of the laws 

limit the number of days supply of opioid, as opposed to limiting the number of pills or the 

overall potency of the prescription, prescribers may avoid these limits by redefining what 

constitutes a day’s supply. Finally, even if the laws reduce initial opioid prescribing, it is 

unclear whether these reductions would lower the risk of persistent opioid use in the longer-

term, since exposure to even a reduced amount of opioid could still place some patients 

at risk for long-term opioid use.2,7 Understanding whether state prescribing limits reduce 

the risk that patients transition to persistent opioid use has important policy implications. 

In particular, there is growing interest in developing procedure-specific opioid prescribing 

guidelines,8 and to the extent that laws limiting opioid prescribing are effective, additional 

legislation could be used to more broadly implement these guidelines.

In this analysis, we used administrative claims data to examine whether state opioid 

prescribing limits are associated with reductions in PPOU among patients undergoing 

several common surgeries. To minimize confounding, our analysis included a difference-in-
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differences approach that relied on state-level variation in the timing and nature of laws 

limiting opioid prescribing. Previous studies suggest that state opioid prescribing limits have 

not been associated with reductions in short-term opioid prescribing, defined as either the 

initial opioid prescription,9,10 or all prescriptions within 90 days of the initial prescription.6 

Our study builds on this work in two ways. First, previous work has largely focused on 

all acute pain indications, while our analysis focuses on the care of surgical patients. State 

prescribing laws may be particularly salient for this population, in light of a recent study 

finding that for some surgeries, the average prescription is for over 9 day’s supply, which 

would be in excess of the 7-day maximum enacted by many state laws.11 Second, previous 

analyses have generally focused on the effect of state opioid prescribing limits on short-term 

opioid use and have not examined whether the laws achieved the intended goal of reductions 

in long-term, persistent opioid use.

METHODS

Data.

The data consisted of administrative health claims provided by Optum’s Clinformatics® 

Data Mart Database (CDM), a de-identified database of administrative health claims for 

beneficiaries of commercial and Medicare Advantage health plans. For medical claims, the 

data contained details such as diagnosis codes, procedure codes, and dates of service. For 

pharmacy claims, the data contained details such as dates of prescription fill, number of days 

supplied, drug generic name and dosage, and number of tablets or capsules supplied. Many 

studies have used these data to analyze topics related to health policy and health outcomes 

research.12,13 This study was included in the umbrella Institutional Review Board protocol 

for de-identified data managed by the Center for Population Heath Sciences at Stanford 

University, which included a waiver of consent.

Sample.

The initial sample consisted of 2,750,731 surgical procedures between January 1, 2004 

and September 30, 2018 for patients 18 to 90 years old undergoing one of the 

following: total knee arthroplasty, total hip arthroplasty, laparoscopic cholecystectomy, 

open cholecystectomy, laparoscopic appendectomy, open appendectomy, cesarean section, 

functional endoscopic sinus surgery, transurethral resection of the prostate, or simple 

mastectomy. We chose these procedures because they are commonly performed and 

encompass a wide variety in terms of projected pain intensity. For patients who underwent 

more than one surgery, we only included the first procedure, leaving an initial sample of 

2,612,187 patients. In addition, we excluded patients who underwent any other procedure in 

the year before or after the surgery of interest (N=212,514), except for postoperative days 

0–30 to allow for the possibility of postoperative complications and their subsequent impact 

on opioid use. We then excluded patients who did not have continuous enrollment in their 

insurance plan during this 2-year perioperative window (N=1,369,987) and patients who did 

not have an identifiable ZIP code on the date of their procedure (N=56,049) or whose zip 

code of residence was located outside the 50 states and the District of Columbia (i.e., a US 

territory; N=7,998). Finally, we excluded the top 1% of opioid users (N=8,000, >83 oral 
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morphine milligram equivalents (MME) per day). The final sample consisted of 957,639 

patients (see Online Supplement for a flow diagram describing sample construction).

Outcomes.

The primary outcome was whether a patient transitioned to PPOU. Using the pharmacy 

claims data, we identified prescriptions for the following opioids: codeine, fentanyl 

patch, hydrocodone, hydromorphone, meperidine, methadone, morphine, oxycodone, 

oxymorphone, and tramadol. Each prescription was converted to an average daily dose 

in oral morphine milligram equivalents based on the dosing and quantity provided in the 

data.14 Following previous work, we defined PPOU as filling 10 or more prescriptions or 

120 or more day’s supply during postoperative days 91–365.2

Secondary outcomes consisted of opioid fills in the immediate perioperative period, based 

on outpatient opioid prescriptions filled 7 days before surgery to 7 days after surgery. We 

chose this time window because most patients who fill their initial postoperative opioid 

prescription do so during this time.15 We identified the average daily MME during this 

period.

Exposure.

Our independent variable of interest was whether a law restricting opioid prescribing was in 

effect at the time of the patient’s surgery.6 Since many—but not all—states with restrictions 

typically imposed a restriction of 7 days supply, we categorized states into three categories: 

those with no restriction, those with a restriction of 7 days supply or less, and those with 

restrictions of more than 7 days supply.

Variables.

Additional variables were included to adjust for potential confounding. Age, sex, and type 

and year of surgery were directly extracted from the claims data. We used previously 

described methods16 to identify and create variables for medical comorbidities included in 

the Elixhauser index. Using pharmacy claims data, we also measured opioid use in the year 

before surgery.

Statistical Analysis.

A simple cross-sectional comparison of outcomes between states with and without opioid 

prescribing limits is potentially vulnerable to confounding, since patients residing in states 

that passed laws limiting opioid prescribing could differ from patients living in states that 

did not. Therefore, we used a difference-in-differences approach to minimize confounding. 

This approach is often used to evaluate outcomes associated with various state-level policies 

that are adopted across states in a staggered fashion over time.17–19 Under this approach, 

state specific controls (i.e., indicator variables for every state) were used to adjust for 

unobservable state-level factors. Therefore, rather than comparing differences in PPOU 

incidence across states, the difference-in-differences approach identifies the effect of “opioid 

prescribing laws by estimating within state changes in PPOU incidence over time among 

states that enacted opioid prescribing limits. However, this “before-after” comparison can 

still be confounded by secular time trends, such as general changes in surgical practice over 
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time. Therefore, the second step of a standard difference-in-differences approach involves 

the use of year effects (i.e., indicator variables for each year of surgery) in order to control 

for secular time trends at the national level.

We implemented our difference-in-differences analysis by using multivariable linear 

regression analyses in which the dependent variable was the outcome being studied. For 

example, in our primary analysis, the outcome was an indicator variable for whether the 

patient met the criteria for PPOU. The independent variable of interest was whether a law 

restricting opioid prescribing was in effect on the day of the patient’s surgery. The analyses 

then implemented the differences-in-differences approach by including fixed effects for the 

year and state of the surgery.

In addition to these variables, the multivariable linear regression analyses also included 

adjustments for type of surgery (surgery fixed effects; one indicator variable for each type 

of surgery studied) and the patient characteristics listed in the supplemental content (eTable 

1), including age (modeled as five-year age groups), sex, and patient comorbidities. The 

multivariable linear regression models also adjusted for preoperative opioid use using three 

variables based on opioid fills in the year before surgery: an indicator variable for whether 

the patient experienced chronic opioid use (having filled ≥10 prescriptions or ≥120 days 

supply), an indicator variable for whether the patient was opioid-naïve (having filled no 

opioid prescriptions), and the average daily MME filled. Finally, the models also adjusted 

for the presence of a law requiring practitioners to consult a Prescription Drug Monitoring 

Program before prescribing opioids.6

In the case of the secondary outcome (average daily opioid fills in the immediate 

perioperative period), nearly 30 percent of patients did not fill any opioid during this 

time period. When there are many observations for which the value of the dependent 

variable is zero, a simple linear regression analysis will tend to be downward-biased.20 

We utilized a two-step model to address this issue.21,22 In the first step, we performed a 

multivariable linear regression in which the dependent variable was an indicator variable 

equaling one if the patient used any opioid at all and zero otherwise. In the second step, 

we performed a multivariable linear regression in which the dependent variable was opioid 

utilization, measured in average daily MME, during the perioperative period. This analysis 

was restricted to patients who used some MME (i.e., a non-zero average daily MME). 

Thus, the first step estimated the association between prescribing limits and whether the 

patient utilized any opioid at all, while the second step estimated the association between 

prescribing limits and the amount of opioid utilized among the subset of patients who filled 

at least one prescription for an opioid.

In a multivariable linear regression, our approach estimated a linear probability model in 

the case of discrete outcomes such as PPOU. We chose a linear probability model over 

alternatives such as a logistic regression in order to overcome the issue of complete or 

quasi-complete separation, which can occur when there are many fixed effects in a logistic 

regression.23,24 An analysis plan outlining the details of the statistical analysis was written 

prior to analyzing the data. All analyses were performed using STATA 14.0 (College Station, 
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TX). Standard errors for the regression models were clustered at the state level25 and 2-sided 

p-values were used to assess statistical significance, with a threshold of ≤0.05.

Subgroup Analyses.

Three sets of pre-specified subgroup analyses were performed. First, we performed a 

subgroup analysis for each individual surgery. Second, we performed a subgroup analysis 

among patients at high risk for PPOU, hypothesizing that prescribing limits might be most 

effective for these patients. We identified high risk patients by first performing a regression 

in which the dependent variable was PPOU and the independent variables consisted of 

patient characteristics (age, sex, and comorbidities) as well as fixed effects for each surgery. 

The results of this regression were used to calculate the predicted probability of transitioning 

to PPOU, and high-risk patients were defined as those in the upper quartile of predicted 

probability. Finally, subgroup analysis was performed on opioid naïve patients, defined as 

patients who did not fill an opioid prescription in the year before surgery, as well as non-

opioid naïve patients, defined as patient who filled any opioid prescription in the year before 

surgery. Because of the large number of subgroups, we used the Bonferroni correction to set 

p=0.0036 (=0.05/14) as the threshold for statistical significance.26

Sensitivity Analyses.

We performed a sensitivity analysis in which, rather than PPOU, we used the average 

daily MME during post-operative days 91–365 as the outcome. In addition, we performed 

sensitivity analyses in which the independent variable of interest was whether the patient 

was whether a law limiting opioid prescribing was enacted within 7 or 30 days after surgery, 

to allow for the possibility that even if the law was not in effect on the day of surgery, 

subsequent enactment could affect prescribing behaviors.

RESULTS

In the final sample of 957,639 patients, the average was 52.6 years (s.e. 0.02 years), 

with 658,935 females (68.8%). Overall, 601,416 (62.8%) patients resided in states with no 

limits on opioid prescribing, while 249,303 (26.0%) resided in states that limited opioid 

prescriptions to 7 days supply or less, and 106,920 (11.2%) resided in states with limits 

of more than 7 days supply. Because of the large sample sizes, differences in patient 

characteristics between these three groups were generally statistically significant at the 

p<0.001 level (see Table 1 for a select list of characteristics; the full list of characteristics 

is presented in the online supplemental content; eTable 1). However, using Hedge’s g as a 

measure of effect size, the actual magnitude of these differences was small for all of the 

characteristics we examined (Hedge’s g<0.1 for all characteristics).

Among states that instituted opioid prescribing limits, Figure 1 plots the incidence of PPOU 

and the average daily MME in the perioperative period (7 days before surgery to 7 days 

after surgery) for each of the twelve months before and after the limit was instituted. 

The figure suggests mild declines in perioperative opioid use among states that limited 

opioid prescribing to 7 days supply or less. In these states, the average daily MME in 

the perioperative period, fell from 16.9 MME (95% CI 15.9–18.0) in the month before 
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limits were enacted to 14.3 MME (95% CI 13.4–15.2; p<0.001 for the difference) one year 

after the limits were enacted. While this provides some qualitative evidence that the laws 

were associated with mild declines in opioid prescribing, figure 1 does not account for 

secular changes in opioid prescribing or patient characteristics over time, issues that will 

be addressed in our formal difference-in-differences analysis. Declines in opioid prescribing 

were more modest and not statistically significant in states with limits of more than 7 

days supply, with the average daily MME falling from 17.6 MME (95% CI 15.2–19.9) in 

the month before limits were enacted to 16.2 MME (95% CI 14.2–18.2; p=0.39 for the 

difference) one year after the limits were enacted.

The unadjusted incidence of PPOU was 3.3% (95% CI 2.9%−3.7%) for patients facing no 

limits on opioid prescribing, 2.7% (95% CI 2.0%−3.4%; p=0.07 for the difference compared 

to no limit) for patients who faced a limit of 7 days supply or less, and 3.7% (95% CI 

3.0%−4.4%; p=0.34 for the difference compared to no limit) for patients who faced a 

limit of more than 7 days supply (Figure 2). However, these unadjusted differences do not 

take into account potential confounding from observable and unobservable differences in 

characteristics between patients in states with no prescribing limits compared to patients in 

states with a prescribing limit. After utilizing a difference-in-differences approach to adjust 

for these potential confounders, the adjusted incidence of PPOU was 3.5% (95% CI 3.3%

−3.7%) for patients facing a limit of 7 days supply or less, compared with 3.3% for patients 

in states without a limit (95% CI 3.3%−3.3%; p=0.13 for difference; see eTable 2 for the 

regression results). Similarly, there was no statistically significant difference in PPOU for 

patients facing a limit of 7 days supply or more (incidence 3.4%, 95% CI 3.2–3.6, p=0.43 

for difference compared to states with no limit). In addition, while not the focus of the study, 

we also found no significant association between PPOU and the presence of a law requiring 

practitioners to consult a Prescription Drug Monitoring Program before prescribing opioids 

(adjusted incidence 3.3% (95% CI 3.3%−3.3% ) for states without a law vs 3.3% (95% CI 

3.2%−3.5%) for states with a law (p=0.96 for the difference).

70.5% (95% CI 70.1%−71.0%) of patients who faced no prescribing limit filled a 

prescription for an opioid in the perioperative period, compared to 69.7% (95% CI 65.7%

−73.7%, p=0.69 for the difference compared to no limit) of patients who faced a limit on 7 

days supply or less and 75.9% (95% CI 70.8%−81.1%; p=0.06 for the difference compared 

to no limit) of patients who faced a limit of more than 7 days supply (Table 2). Among 

patients who did fill an opioid, the average daily MME was 24.0 (95% CI 23.7–24.3) 

for patients who faced no prescribing limit, 21.0 (95% CI 18.8%−23.2%; p=0.020 for the 

difference compared to no limit) for patients facing a limit of 7 days supply or less, and 

23.3% (95% CI 21.2%−25.4%; p=0.40 for the difference compared to no limit) for patients 

facing a limit of more than 7 days supply.

Subgroup analyses generally found no significant association between opioid prescribing 

laws and PPOU incidence (Table 3) by procedure type, especially after adjusting statistical 

significance thresholds for multiple hypothesis testing.26 One exception was function 

endoscopic sinus surgery, where the adjusted incidence of PPOU was 4.0% (95% CI 3.4%

−4.5%) for patients facing a limit of more than 7 days supply, compared to 2.8% (95% 

CI 2.7%−2.8%) for patients facing no limit (p<0.001 for the difference). Similarly, for 
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transurethral prostate resection, the incidence of PPOU was 4.2% (3.4%−5.0%) among 

patients facing a limit of more than 7 days supply, compared to 2.8% (95% CI 2.8%−2.9%) 

for patients facing no prescribing limits (p=0.002 for the difference). Additional subgroup 

analyses also found no significant association between prescribing limits and PPOU 

incidence for opioid-naïve patients, non-opioid-naïve patients, and for patients predicted 

to be at high risk for PPOU (Table 3). Finally, sensitivity analyses found no association 

between opioid prescribing laws and long-term opioid use ( measured in MMEs), and also 

found no significant association between PPOU incidence and subsequent enactment of 

prescribing limits within 7 or 30 days after surgery (Online Supplement; eTable 3).

DISCUSSION

The ongoing opioid epidemic has led many states to impose limits on opioid prescribing 

for acute pain with the goal of directly limiting opioid prescribing, and indirectly reducing 

opioid use and the transition to chronic use, misuse, and opioid use disorders. In this 

study, we examined whether laws restricting opioid prescribing limits were associated with 

decrease persistent postoperative opioid use incidence among patients undergoing several 

common surgical procedures, utilizing a difference-in-differences approach that relied on the 

timing of implementation of state laws that varied in the limits set for prescribed opioids. 

Overall, our results suggest no significant association between these laws and persistent 

postoperative opioid use incidence. While we did find statistically significant associations 

for some groups, (a) these association generally would not meet the threshold for statistical 

significance after adjusting for multiple hypothesis testing and (b) were generally of limited 

clinical significance.

Previous studies generally focused on prescribing behaviors for acute pain episodes, or on 

prescribing behaviors outside the operating room. Whether these laws would specifically 

impact surgical patients is unclear. On one hand, for some for some surgeries, one study 

suggested that the average prescription included over 9 days supply of opioids, which 

would be in excess of the 7-day maximum enacted by many state laws.11 However, this 

average is across all procedures, and there may be specific procedures whose average days 

supply is lower. Furthermore, because of existing guidelines, prescribers may feel they have 

less discretion over opioid prescribing for surgical patients, compared to other acute pain 

indications such as musculoskeletal pain. On the whole, our results suggest that limits on 

opioid prescribing have done little to reduce opioid utilization among surgical patients in 

either the immediate perioperative period or on a longer-term basis.

One reason why these laws may have had little effect on persistent postoperative opioid use 

is because, consistent with previous work, 6,9,10 we found no significant association between 

these laws and opioid prescribing in the immediate perioperative period (7 days before to 

7 days after surgery). A large literature suggesting that higher initial opioid prescribing 

is associated with an increased risk for persistent opioid use,27 so if opioid prescribing 

laws have little effect on prescribing in the immediate perioperative period they would be 

unlikely to be associated with increases in longer-term opioid prescribing. In this vein, 

another important issue is that prescribing behaviors are likely to be dependent on the 

maximum number of days supply proscribed by state laws. As previously noted, the 7 day 
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limit may not have been binding for some procedures. Moreover, some studies have found 

that particularly stringent laws or clinical guidelines, such as a limit of 3 days supply or a 

limit based on the quantity of pills prescribed, are associated with reduced prescribing in the 

immediate perioperative period.28,29 Therefore, there may be a benefit to more stringent and 

procedure-specific limits on opioid prescribing. Ultimately, understanding why laws limiting 

opioid prescribing have had little impact on PPOU has important policy implications. For 

example, if the laws have been ineffective because they are not binding, then this could 

argue for more stringent limits on prescribing.

Our study should be viewed in light of its limitations. First, we restricted our analysis 

to a subset of surgeries. Second, we restricted our analysis to privately insured patients 

covered by a single insurer. Third, given our use of administrative claims data, we did 

not measure opioid use that occurred outside of the insurance setting, such as the use of 

opioids not prescribed to the patient or prescriptions that patients may simply have paid for 

out of pocket. Along these lines, we were only able to observe opioid prescriptions that 

were filled, and the findings do not reflect opioid prescriptions that were provided but not 

filled nor actual opioid use. Fourth, private insurers may have separately instituted their 

own limits on opioid prescribing, although it is unclear to extent to which these initiatives 

would be correlated with state laws. Finally, we cannot exclude the possibility that our 

results were impacted by unobserved confounding. However, it is important to note that in 

general, there were few differences in observable characteristics between patients who faced 

no prescribing limits compared to patients who did, making the possibility of differences in 

unobservable factors less likely. In addition, we utilized a difference-in-differences approach 

to minimize confounding.

In conclusion, we found no significant association between laws limiting opioid prescribing 

and persistent postoperative opioid use incidence in a large sample of privately insured 

patients undergoing a diverse set of surgical procedures. Further studies should examine 

the impact of these laws on other outcomes such as patient pain scores, which may be 

particularly relevant if the laws have a limited effect on persistent postoperative opioid use. 

Further studies could also extend our analysis to other vulnerable populations, particularly 

those likely to have reduced access to pain management, such as low-income patients and 

the uninsured.
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Figure 1. Trends in Persistent Postoperative Opioid Use and Perioperative Opioid Use
Figure 1 shows the monthly incidence of Persistent Postoperative Opioid Use (left axis) and 

the monthly average perioperative opioid use (right axis) in states that enacted limits on 

opioid prescribing, during the 12 months before and after the limit was enacted. Persistent 

Postoperative Opioid Use was defined as filling 10 or more prescriptions or more than 120 

days supply during postoperative days 91–365. Perioperative opioid use is the daily amount 

of opioid utilized between 7 days before surgery to 7 days after surgery, measured in oral 

morphine milligram equivalents (MME). The figure shows trends for two groups of states: 

those that limited opioid prescribing to seven days supply or less (<=7), and those states 

which enacted limits of more than seven days supply (>7; i.e., a limit of 14 days supply).

Sun et al. Page 12

Ann Surg. Author manuscript; available in PMC 2024 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. Incidence of Persistent Postoperative Opioid Use and Opioid Prescribing Limits
Figure 2 shows the unadjusted and adjusted incidence of Persistent Postoperative Opioid 

Use for patients who, based on the date of surgery and the state where the surgery occurred, 

faced either no limit on opioid prescribing, a law limiting prescribing to 7 days supply or 

less, or laws with limits of more than 7 days supply. 95% confidence intervals, shown in 

brackets, were calculated using standard errors clustered at the state level.

Sun et al. Page 13

Ann Surg. Author manuscript; available in PMC 2024 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sun et al. Page 14

Table 1.

Characteristics of the study population

States without 
Prescribing Limits 

(N=601,416, 26 
states)

States with limit of 7 days supply or 
less (N=249,303 patients, 18 states)

States with limit greater than 7 
days supply (N=106,920, 7 states)

Demographics p/g p/g

 Age, avg (s.e) 52.6 (0.02) 52.4 (0.04) 0.001/0.01 53.4 (0.06) */0.04

 Female, % (s.e.) 68.7 (0.06) 69.2 (0.09) */0.01 68.4 (0.14) 0.06/0.01

Procedures, N (%)

 Total Knee Arthroplasty 103,972 (17.3) 43,223 (17.3) 0.58/0.00 19,869 (18.6) */0.03

 Total Hip Arthroplasty 55,898 (9.3) 24,631 (9.9) */0.02 10,394 (9.7) */0.01

 Laparoscopic 
Cholecystectomy 151,645 (25.2) 60,108 (24.1) */0.03 28,431 (26.6) */0.03

 Open Cholecystectomy 7,445 (1.2) 2,966 (1.2) 0.07/0.00 1,262 (1.2) 0.12/0.01

 Laparoscopic Appendectomy 41,547 (6.9) 16,157 (6.5) */0.02 7,031 (6.6) */0.01

 Open Appendectomy 7,662 (1.3) 3,425 (1.4) */0.01 1,419 (1.3) 0.15/0.00

 Cesarean Section 127,729 (21.2) 54,853 (22.0) */0.02 20,235 (18.9) */0.06

 Functional Endoscopic Sinus 
Surgery 55,213 (9.2) 21,946 (8.8) */0.01 9,337 (8.7) */0.02

 Transurethral Prostate 
Resection 16,647 (2.8) 7,201 (2.9) 0.002/0.01 3,023 (2.8) 0.28/0.00

 Mastectomy 33,658 (5.6) 14,793 (5.9) */0.01 5,919 (5.5) 0.43/0.00

Comorbidities, % (s.e.)

 Congestive Heart Failure 6.0 (0.03) 6.4 (0.05) */0.01 6.6 (0.08) */0.02

 Hypertension, Uncomplicated 48.1 (0.06) 49.1 (0.1) */−0.02 51.1 (0.15) */0.06

 Hypertension, Complicated 8.8 (0.04) 8.6 (0.06) 0.004/0.01 8.9 (0.09) 0.90/0.00

 Preoperative Opioid 
Prescription

 Persistent Opioid Use, % 
(s.e.) 4.0 (0.03) 4.0 (0.04) 0.31/0.00 4.5 (0.06) */0.03

 Opioid-Naïve, % (s.e.) 64.4 (0.06) 66.4 (0.09) */0.04 63.8 (0.15) */0.01

 Average Daily MME (s.e.) 1.8 (0.01) 1.7 (0.01) */0.01 1.9 (0.02) */0.01

Table 1 presents selected summary, stratified by states with no opioid prescribing limits, states that passed limits of 7 days supply or less, and 
states with limits of more than 7 days supply. “p” refers to the statistical significance of the difference between the given group and states with no 
prescribing limits, while “g” refers to the effect size, which was measured using Hedge’s g. Pre-operative opioid prescriptions were measured based 
on prescriptions filled 8 to 365 days before surgery. “Persistent Opioid Use” was defined as filling ≥10 prescriptions or ≥120 days supply during 
this timeframe. “Opioid-Naïve” was defined as filling no prescriptions during this timeframe.

*
=p<0.001; MME=oral morphine milligram equivalents. A full list of summary statistics can be found in eTable 1 in the supplemental content.
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Table 2.

Opioid Prescribing Limits and Perioperative Opioid Prescriptions

Filled an Opioid Prescription (%) Amount of Opioid (MME)

Unadjusted Adjusted Unadjusted Adjusted

No Prescribing Limits (26 states) 71.0 (68.0, 74.0) 70.5 (70.1, 71.0) 23.9 (23.0, 24.9) 24.0 (23.7, 24.3)

Limit <=7 days (18 states) 63.4 (57.2, 69.6)
p=0.014

69.7 (65.7, 73.7)
p=0.69

22.1 (21.4, 22.8)
p=0.003

21.0 (18.8, 23.2)
p=0.020

Limit >7 days (7 states) 73.5 (72.3, 74.8)
p=0.11

75.9 (70.8, 81.1)
p=0.06

23.0 (20.6, 25.4)
p=0.49

23.3 (21.2, 25.4)
p=0.40

Table 2 shows the percentage of patients who filled at least one opioid prescription during the perioperative period as well as the average daily 
amount of opioid filled during this period, measured in oral morphine milligram equivalents (MME). The perioperative period was defined as 
the period spanning from 7 days before surgery up to 7 days after surgery. Patients were divided into three groups based on the date of surgery 
and the state where the surgery occurred: patients who faced no opioid prescribing limit, patients who faced a limit of 7 days supply or less, and 
patients who faced a limit of more than 7 days supply. “Adjusted” refers to analyses which used a multivariable linear regression which adjusted 
for potential confounders by including state and year fixed effects, surgery fixed effects, and controls for patient comorbidities, patient age, and 
patient sex. 95% confidence intervals, shown in parentheses, were calculated using standard errors clustered at the state level. p-values refer to the 
statistical significance of the difference between the given group compared to patients who faced no prescribing limits.
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Table 3.

Association Between Opioid Prescribing Limits and Incidence of Persistent Postoperative Opioid Use, 

Subgroup Analyses

Subgroup Unadjusted PPOU Incidence, % (95% CI) Adjusted PPOU Incidence, % (95% CI)

Procedures No Limits Limit<=7 Days Limit>7 days No Limits Limit<=7 Days Limit>7 days

 TKA (n=167,064) 6.7 (5.7, 7.6) 4.1 (3.0, 5.3)
p<0.001

6.5 (4.7, 8.3)
p=0.88 6.5 (6.4, 6.6) 7.0 (6.3, 7.6)

p=0.17
6.3 (4.9, 7.6) 

p=0.75

 THA (n=90,923) 5.2 (4.4, 6.0) 3.1 (2.1, 4.1) 
p<0.001

5.3 (4.6, 6.1)
p=0.76 5.1 (5.0, 5.1) 5.6 (5.1, 6.1) 

p=0.045
4.8 (4.3, 5.2)

p=0.30

 Laparoscopic 
Cholecystectomy 
(n=240,184)

3.5 (3.1, 3.9) 3.0 (2.2, 3.8)
p =0.24

3.6 (2.6, 4.6)
p =0.80 3.4 (3.4, 3.5) 3.5 (3.1, 4.0)

p =0.67
3.5 (3.3, 3.7)

p =0.69

 Open 
Cholecystectomy 
(n=11,673)

5.0 (4.2, 5.8) 4.2 (2.5, 5.9)
p =0.36

3.8 (1.9, 5.8)
p =0.25 5.1 (4.9, 5.2) 3.7 (2.0, 5.3)

p=0.11
3.8 (2.5, 5.1)

p=0.07

 Laparoscopic 
Appendectomy 
(n=64,735)

1.8 (1.5, 2.0) 1.6 (0.8, 2.5)
p=0.81

2.3 (1.6, 2.9)
p=0.14 1.8 (1.7, 1.8) 1.7 (1.2, 2.2)

p=0.72
2.0 (1.7, 2.2)

p=0.20

 Open Appendectomy 
(n=12,506) 1.9 (1.6, 2.2) 2.0 (0.3, 3.7)

p =0.91
1.9 (1.6, 2.3)

p =0.85 2.0 (1.9, 2.1) 2.0 (0.6, 3.3)
p =0.97

0.4 (0.0, 2.5)
p =0.16

 Cesarean Section 
(n=202,817) 0.5 (0.5, 0.6) 0.2 (0.0, 0.4)

p <0.001
0.5 (0.4, 0.6)

p =0.66 0.5 (0.5, 0.5) 0.5 (0.3, 0.6)
p =0.46

0.5 (0.4, 0.6)
p =0.65

 FESS (n=86,496) 2.9 (2.5, 3.2) 2.2 (1.4, 3.1)
p =0.10

3.0 (2.3, 3.8)
p =0.64 2.8 (2.7, 2.8) 3.0 (2.5, 3.4)

p =0.38
4.0 (3.4, 4.5)

p <0.001

 TURP (n=26,871) 3.0 (2.6, 3.3) 2.5 (1.6, 3.4)
p =0.25

3.2 (2.2, 4.1)
p =0.66 2.8 (2.8, 2.9) 2.9 (2.4, 3.3)

p =0.87
4.2 (3.4, 5.0)

p =0.002

 Mastectomy 
(n=54,370) 3.1 (2.7, 3.5) 1.9 (1.1, 2.8)

p =0.005
3.0 (2.0, 4.0)

p =0.90 3.0 (2.9, 3.1) 3.1 (2.6, 3.6)
p =0.69

3.4 (2.4, 4.4)
p =0.49

High-Risk Patients 
(n=239,410)

12.0 (11.4, 
12.6)

16.5 (14.9, 18.1)
p <0.001

12.9 (11.1, 14.7)
p =0.34

12.1 (12.1, 
12.2)

12.6 (11.5, 13.7)
p =0.39

12.5 (12.0, 13.0)
p =0.19

Non High-Risk Patients 
(n=718,229) 0.4 (0.3, 0.4) 0.2 (0.1, 0.2)

p<0.001
0.4 (0.3, 0.4)

p=0.98 0.3 (0.3, 0.4) 0.4 (0.3, 0.4)
p =0.41

0.4 (0.4, 0.5)
p =0.02

Opioid-Naïve Patients 
(n=621,229) 0.3 (0.2, 0.3) 0.1 (0.0, 0.2)

p<0.001
0.3 (0.2, 0.4)

p=0.93 0.3 (0.3, 0.3) 0.3 (0.2, 0.3)
p=0.57

0.3 (0.2, 0.4)
p=0.12

Non-Opioid-Naïve 
Patients (n=336,410) 8.8 (8.1, 9.5) 9.7 (8.7, 10.8)

p=0.06
9.7 (8.1, 11.2)

p=0.30 8.9 (8.8, 8.9) 9.3 (8.6, 9.9)
p=0.29

9.2 (8.7, 9.6)
p=0.24

Table 3 shows the unadjusted and adjusted incidence of Persistent Postoperative Opioid Use (PPOU) for patients who, based on the date of surgery 
and the state where the surgery occurred, faced either no limit on opioid prescribing, a law limiting prescribing to 7 days supply or less, or laws 
with limits of more than 7 days supply. The table shows the results for the following subgroups: each surgery in our sample, patients at high 
predicted PPOU risk, patients not at high predicted risk for PPOU, opioid naïve patients, and non-opioid naïve patients (defined as having filled at 
least one opioid prescription in the year before surgery). “Adjusted” refers to analyses which used a multivariable linear regression which adjusted 
for potential confounders by including state and year fixed effects, surgery fixed effects, and controls for patient comorbidities, patient age, and 
patient sex. 95% confidence intervals, shown in parentheses, were calculated using standard errors clustered at the state level. p-values refer to 
the statistical significance of the difference between the given group compared to patients who faced no prescribing limits. TKA=Total Knee 
Arthroplasty; THA=Total Hip Arthroplasty; FESS=Functional Endoscopic Sinus Surgery; TURP=Transurethral Prostate Resection
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