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Abstract

Objectives: To identify changes in otolaryngologists' opioid prescribing trends for

Medicare beneficiaries associated with the enactment of state laws that limit the dura-

tion of prescriptions to 3–7 days in the years 2016 and 2017 in the United States.

Methods: Through the Centers for Medicare and Medicaid Services (CMS) database,

we retrieved data on Medicare enrollment and on the total days prescribed and total

number of beneficiaries for the drugs codeine/acetaminophen, hydrocodone/acet-

aminophen, oxycodone HCl, oxycodone/acetaminophen, and tramadol HCl, by each

otolaryngologist prescriber in 13 states from January 2013 to December 2019. We

modeled trends using linear spline regression models that controlled for Medicare

beneficiaries' state-level socio-demographic characteristics' fixed effects.

Results: Across the 13 states, the number of days of all five opioids prescribed per bene-

ficiary declined by 8.35 (SD = 12.61). The most commonly prescribed opioid type by

otolaryngologists during the 5-year study period was tramadol HCl (28.72 days/benefi-

ciary) followed by oxycodone HCl (19.99 days/beneficiary). All opioids had declines in

prescription days over this time window and higher rates of decline in the years follow-

ing law passage. Four states experienced statistically significant declines in the prescrip-

tions of all opioids after the year of legislation passage (p < .05). Some states that had

the greatest inclines in opioid prescriptions in the years prior to law enactment also

experienced the greatest reductions in the time after legislation enactment.

Conclusions: Opioid prescribing practices of otolaryngologists may have been

affected by opioid prescription duration limiting laws passed in 13 states in 2016

and 2017.

Level of Evidence: Level 4.
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1 | INTRODUCTION

The opioid crisis is a nationwide epidemic that has persisted over the

last 20 years. According to the Centers for Disease Control and Pre-

vention (CDC), opioids were involved in over 70% of all drug

overdose-related deaths in 2019, equivalent to roughly 50,000

deaths.1 In addition to being a public health issue associated with mis-

use, dependence, and overdose-related deaths, the opioid crisis

imposes upon the US health care system $78.5 billion annually in

increased costs.2,3

Otolaryngologists contribute to the opioid crisis in the

United States by overprescribing these medications

postoperatively.4–6 In an attempt to regulate the over-prescription of

opioids among all medical specialties, 23 states enacted laws between

the years 2007 and 2018 that limit the maximum duration of opioid

prescriptions to 3–7 days.7 In addition, the CDC released their Guide-

line for Prescribing Opioids for Chronic Pain in 2016, with voluntary

prescribing recommendations in regards to opioid selection, dosage,

and duration, risk assessment for potential opioid misuse, prescription

drug monitoring program (PDMP) review and consideration of alterna-

tive pain control methods.8 A recent study by Cramer et al. showed

that this policy was generally effective, as total days of opioids pre-

scribed per Medicare beneficiary from 2013 to 2018 was statistically

significantly lower in the states adopting these new policies compared

with other states.9

To date, there are no published studies on the effects of policies

limiting the duration of opioid prescriptions on the prescribing habits

of otolaryngologists specifically. Therefore, we aim to investigate if

there were significant changes in the duration of opioid prescriptions

among otolaryngologists practicing in states that enacted laws limiting

opioid prescription duration. We hope that this information will help

elucidate whether this type of legislation may be effective at curbing

opioid prescription duration to help guide future policies aimed at

ending the opioid crisis.

2 | MATERIALS AND METHODS

2.1 | Data sources

Through the Centers for Medicare and Medicaid Services (CMS) data-

base, we retrieved yearly data from 2014 to 2019 on Medicare enroll-

ment, as well as the total days of opioids prescribed by

otolaryngologists and total number of beneficiaries receiving opioid

prescriptions by otolaryngologists for the five most commonly pre-

scribed postoperative opioid medications: acetaminophen with

codeine, hydrocodone/acetaminophen, oxycodone HCl, oxycodone/

acetaminophen, and tramadol HCl.9 New prescriptions as well as med-

ication refills were included in the study. Tramadol was included in

this study because in addition to inhibiting the reuptake of norepi-

nephrine and serotonin, its mechanism of action includes the binding

of opioid receptors, and it is considered an opioid by the Food and

Drug Administration as well as the American Academy of

Otolaryngology.10,11 Importantly, although the CMS database is pre-

dominantly composed of prescriptions made by physicians, including

resident physicians, a small proportion of the included medication pre-

scriptions are made by non-physician practitioners and facilities acting

under the supervision of otolaryngologists.12

We aimed to collect data for equal time periods before and after

the passage of opioid limiting legislation. Because the CMS database

had data available through 2019 at the time of our inquiry and the

states included in our study passed their laws in 2016 and 2017, we

began data collection in 2014, resulting in a 5-year analysis window

per state, containing 2 years before the legislation, the year of the

passage, and 2 years after legislation passage. We also desired to col-

lect data within at least 2 years after law enactment to properly evalu-

ate the significance of changes in prescription trends. If the law is

effective in its goal, awareness among clinicians would peak at the

2-year point and significant changes would already be seen. After this

point, the effects could be masked by stabilization.13 We included

data beginning 2 years prior to the law passing to determine if pre-

scription reduction after law enactment is more pronounced in states

that had significant increases in opioid prescription rates prior to the

law. Within this 5-year window, state-level data on beneficiary demo-

graphics such as race, ethnicity, gender, and age compositions were

collected using the CMS database.14 Median income and poverty rate

data were obtained from US Census database.15 Individuals were

defined as “in poverty” if their income was less than twice their pov-

erty threshold.16

State-level average prescription days per beneficiary for each of

the five drugs were computed using data from 13 states that passed

the law between 2016 and 2017: Connecticut (CT), Delaware (DE),

Indiana (IN), Kentucky (KY), Louisiana (LA), Massachusetts (MA),

Maine (ME), New Jersey (NJ), New York (NY), Ohio (OH), Rhode Island

(RI), Utah (UT), and Virginia (VA). Six states were excluded because

their opioid duration limiting laws passed in 2018 and thus, the data-

base did not have enough data available for trend analysis. Two states

were excluded because they passed their laws much earlier than 2016

and therefore, were considered contextually inappropriate for our

study. Two states were excluded due to unavailability of data for one

or more opioid drugs in the 5-year analysis window. Prescription data

for tramadol HCl was unavailable for Utah and was omitted when cal-

culating the combined effect of the legislation on all drugs for this

state. Because records contained no identifiable patient information,

the study was determined to be exempt from review by the University

of Southern California's Institutional Review Board.

2.2 | Analysis

Our primary outcome was change in the mean number of days of opi-

oids prescribed per Medicare Part D beneficiary per year before and

after passage of opioid legislation. Owing to multiple time points,

regression spline models were constructed for each drug to estimate

continuous changes in the mean prescription days at 2 years before

passing the law (T1), at time of passing the law (T2), and at 2 years
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after passing the law (T3), and the associated 95% confidence inter-

vals, using the package “lspline” in R 4.0.3.17 All models were adjusted

for state-level differences in race, ethnicity, gender and age composi-

tions, median income, and poverty rate. Akaike information criteria

were used to assess the fit of the models to the data, and to assist in

identifying the appropriate number of degrees of freedom for the

spline models. Validity and robustness were verified for all linear

regression models using analysis of residuals, normal probability plots,

and leverage versus residual-squared plots, residual quintile ranges,

and variance inflation factors. Statistical significances were deter-

mined at α= .05.

3 | RESULTS

3.1 | State-level demographic characteristics

Unadjusted frequencies and distributions in sociodemographic data

within the 5-year analysis window per state are shown on Table 1.

The 13 states included in our study had, on average, 1,113,169

(SD = 909,807) Medicare beneficiaries. In all states, a greater propor-

tion of beneficiaries were female (>50%) than male. ME was the least

racially diverse state with 96.8% of patients who identified as white.

LA had the greatest percentage of Black patients (26.2%) and the least

White patients (66.8%). NY had the greatest number of Hispanic and

Asian and Pacific Islander beneficiaries (12.2% and 6.0%, respectively).

LA had the greatest poverty rate (26.5%), whereas DE had the least

(15.8%). No states had significant changes in these sociodemographic

characteristics within the analysis window.

3.2 | Unadjusted prevalent opioid use

The mean number of days of all five opioids prescribed per beneficiary

each year between T1 and T3 for each of the 13 states are shown in

Table 2. Ten (DE, IN, KY, LA, ME, NJ, OH, RI, UT, VA) and three states

(CT, MA, NY) enacted their opioid prescription duration limiting laws

in 2017 and 2016, respectively. The unadjusted mean prescription

days across the 13 states were 13.95, 15.84, and 7.49 per beneficiary

at T1, T2, and T3, respectively. The average decline across all 13 states

from T2 to T3 was by �8.35 days/beneficiary. However, this decrease

was highly variable between states (SD = 12.61), with decreases rang-

ing from �3.17 to �47.12 days/beneficiary. The state with the great-

est mean number of days per beneficiary was DE in 2017 at T2

(50.39 days/beneficiary). However, DE had the greatest decrease

from T2 to T3 (�47.12 days/beneficiary). NY had the second greatest

mean number of days prescribed per beneficiary at T2 (25.70 days/

beneficiary) and the second greatest decrease from T2 to T3

(�14.09 days/beneficiary). LA had the third highest value at T2

(19.97 days/beneficiary) and third greatest decrease from T2 to T3

(�10.01 days/beneficiary). Conversely, CT had an “increase,” rather

than a “decrease,” from T2 to T3 (3.17 days/beneficiary) and was the

only state that had an increase in opioid prescription days after

passing the law. Before law enactment, states, on average, increased

the number of prescription days per beneficiary by 1.88 from T1 to

T2 with a SD of 8.28. States where there were already decreases from

T1 to T2, had average decreases by 1.23 days/beneficiary (SD = 3.45)

from T2 to T3, which compared to the states where there were

increases from T1 to T2, is a relatively lesser decline. The latter states

had an average decrease of 12.80 days/beneficiary (SD = 14.38) from

T2 to T3.

The opioid types with the greatest mean number of prescription

days per beneficiary during the cumulative 5-year study period were

tramadol HCl (28.72 days/beneficiary), followed by oxycodone HCl

(19.99 days/beneficiary). All opioid analgesics had decreases in days

prescribed per beneficiary in all 13 states combined between T3 and

T1, with oxycodone HCl having the greatest reduction (�17.83 days/

beneficiary).

3.3 | States with significant changes in prescribing
trends

In 10 states (IN, KY, LA, ME, NJ, NY, OH, RI, UT, VA), the mean days

of all five opioids prescribed per Medicare beneficiary per year

decreased over the 2 years that followed passing of opioid prescrip-

tion duration limiting laws. In four states, KY (7.88–6.55 [�17%],

p = .0259), LA (12:88–11:83 �8%½ �,p¼ :0071), NJ (4:84–4:37

�10%½ �,p¼ :0165), and UT (5:17–4:48 �13%½ �,p¼ :0202), the

declines were statistically significant. Conversely, three states (CT,

DE, MA) had increases in mean days per beneficiary of all opioids after

law enactment. MA had a statistically significant increase (5.51–6.09

TABLE 2 Unadjusted mean prescription days per beneficiary for
five opioid drugs combined.

State (T2) T1 T2 T3

Connecticut (2016) 16.53 10.52 13.69

Delaware (2017) 25.24 50.39 3.27

Indiana (2017) 21.13 13.20 6.77

Kentucky (2017) 19.69 19.97 10.34

Louisiana (2017) 15.44 16.29 6.28

Maine (2017) 6.68 5.77 4.33

Massachusetts (2016) 5.93 5.05 3.72

New Jersey (2017) 4.46 9.36 5.39

New York (2016) 19.67 25.70 11.61

Ohio (2017) 16.51 17.90 7.99

Rhode Island (2017) 5.51 11.69 6.55

Utah (2017) 4.84 5.93 3.40

Virginia (2017) 19.77 14.09 13.97

Note: T1: 2 years prior to the enactment of opioid prescription duration

limiting legislation; T2: the year the law passed; T3: 2 years following the

law passing. Five opioid drugs include oxycodone/acetaminophen,

hydrocodone/acetaminophen, oxycodone HCl, tramadol HCl, and

codeine/acetaminophen.

924 KIM ET AL.



[11%], p= .0255). Models assessing oxycodone/acetaminophen pre-

scription trends identified significantly greater declines in mean pre-

scription duration in three states after passage of legislation: CT

(5:46–4:78 �12%½ �,p¼ :0059), LA (9:99–8:53 �15%½ �,p¼ :0404),

and NY (8:01–5:96 �16%½ �,p¼ :0270). Among these three states, CT

had a significant increase by 11% during the 2 years prior to law

enactment (p= .0095). For hydrocodone/acetaminophen, the decline

between T2 and T3 was significant for NY only (11.92–7.93 [�33%],

p= .0323). This state's prescription trends were rising by 13% prior to

the law. On average, the 13 states already saw a 4% decline

(SD=9%) in the prescription of hydrocodone/acetaminophen during

the 2 years leading up to law enactment with a range of �1% to

�16%. For oxycodone HCL, prescription duration significantly

decreased in three states after legislation: NY (21:03–8:44

�60%½ �,p¼ :0045), UT (8:52–4:47 �48%½ �,p¼ :0385), and MA

(6:84–5:66 �17%½ �,p¼ :0196). For tramadol HCl, prescription dura-

tion significantly decreased after legislation in DE (8:25–6:33

�23%½ �,p¼ :0000), ME (8:46–5:89 �30%½ �,p¼ :0187), NY (65:01

–45:53 �30%½ �,p¼ :0408), and RI (26:16–15:89 �39%½ �,p¼ :0046).

Notably, ME and NY had increases by 2% and 4%, respectively, in tra-

madol HCl prescription days leading up to the year of law enactment.

In addition, this analgesic had the highest average adjusted mean pre-

scription days at T2 of 32.08 days/beneficiary (SD=25.53). There

was a significant increase in prescription duration of tramadol HCL in

MA after legislation (5:37–5:92 10%½ �,p¼ :0394). Interestingly, the

prescription of this drug in MA significantly decreased from T1 to T2

(6.59–5.37 [�19%], p= .0085). For acetaminophen with codeine,

none of the states showed significant decrease between T2 and T3.

However, UT (2:09–2:18 4%½ �,p¼ :0491) demonstrated a significant

increase post-legislation. State-level sociodemographic characteristics

had no significant impact on prescribing trends, and therefore the

models were not further stratified. Table 3 summarizes the adjusted

estimates with p-values from the spline regression models. Figure 1

illustrates percent changes in prescription days per beneficiary before

and after legislation passage across all 13 states for all five drugs com-

bined and each drug individually. For all five drugs combined, there

was no visible increase or decrease in prescription days per benefi-

ciary before law enactment. Post-legislation, however, there was an

approximately 10% decrease. For the drugs oxycodone/

acetaminophen and hydrocodone/acetaminophen, the state-to-state

variations lessened after law enactment, but the decreases in prescrip-

tion days were relatively small. Oxycodone HCl and tramadol HCl

experienced the largest drops in prescriptions, but the variations

between states increased. For codeine/acetaminophen, the plots

before and after law passage are visibly similar.

4 | DISCUSSION

In this study, we utilized the CMS database to investigate the opioid

prescribing habits of otolaryngologists before and after the time of

implementation of legislation limiting opioid prescription duration in

2016 and 2017. We found that the unadjusted combined mean

prescription durations for the five most commonly prescribed postop-

erative opioids in the Medicare population decreased from T1 to T3 in

11 (CT, DE, IN, KY, LA, MA, ME, NY, OH, UT, VA) of the 13 states

studied. In four (NJ, KY, LA, and UT) of the 13 states studied, the com-

bined mean prescription duration for the five opioids had a signifi-

cantly greater decrease in the years following the passage of

legislation, independent of differences in demographic variables

between states.

NY demonstrated a greater decline in prescription duration for

four drugs individually after the passage of legislation, the most of any

state. It was noted that in states where there were increases in pre-

scriptions from T1 to T2, the average decreases from T2 to T3 were

relatively greater than those of states where there were already

decreases from T1 to T2. For example, CT and NY's prescribing trends

of oxycodone/acetaminophen and hydrocodone/acetaminophen were

increasing by 11% and 13% over the 2 years prior to law enactment,

but experienced large and statistically significant declines of �12%

and �33%, respectively, after the law passed. A similar trend was

observed among the five opioid drugs. When combining the percent

changes in prescribing habits of all 13 states, we observed that there

was a decline in all five opioids post-legislation. We also saw that for

two drugs that decreased the least after law enactment, in comparison

to before law enactment, state-to-state variation decreased. In addi-

tion, the prescriptions of these drugs were already declining at a

greater rate than the other drugs. In other words, the law may have

had a more consistent but less pronounced effect on the states for

these drugs. On the other hand, tramadol HCl and oxycodone HCl,

which were the most heavily prescribed drugs during the study period,

had the greatest declines in prescriptions and the most states with sig-

nificant declines after legislation passage. However, these two drugs

had the most inconsistent responses between states to the legislation.

Therefore, the law may have had a large but inconsistent effect on

the states for these drugs. Overall, these findings demonstrate that

the passage of legislation aimed at reducing opioid prescription dura-

tion may have been associated with changes in the opioid prescribing

practices of otolaryngologists for the Medicare population. Our results

are also consistent with a previously published study by Cramer et al.,

which found that the mean days of opioids prescribed per beneficiary

by surgeons, dentists, and other specialists in states exposed to opioid

duration limiting legislation was reduced to a significantly greater

degree when compared with states that did not pass this legislation.9

One goal of limiting opioid prescription duration is to prevent

medication overuse and misuse, which can lead to opioid use disorder,

progression to stronger narcotics, and overdose. In the years following

the passage of opioid duration-limiting legislation in 2016, otolaryn-

gologists in NY wrote significantly shorter prescriptions for oxyco-

done/acetaminophen, hydrocodone/acetaminophen, oxycodone HCl,

and tramadol HCl. Correspondingly, the state saw a steady decline in

opioid overdose-related deaths from 2017 to 2019, when the rate

finally dropped below the national average. In NJ, the opioid

overdose-related death rate climbed from 2013 to 2018. Concur-

rently, the rate surpassed the national average in 2016, peaked at

29.7 deaths per 100,000 population, and NJ subsequently became

KIM ET AL. 925
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one of the top five states in the United States in opioid overdose-

related deaths. However, since 2018, a year after their legislation was

passed, the overdose-related death rate has steeply decreased. Simi-

larly, KY was one of the 10 states with the largest number of opioid

overdose-related deaths from 2013 to 2017. After the time of law

enactment, the state dropped to the 12th position in overdose-related

deaths in the United States in 2018. UT similarly witnessed a decline

in overdose-related death rate in the years following the passage of

their legislation in 2016 and dropped below the national average in

2018. In addition, in the population of patients aged 65 years and

older in UT, the rate of opioid-overdose related deaths declined from

8 to 6.3 deaths per 100,000 from 2018 to 2019.18 One exception to

this pattern is LA, where opioid prescription duration among all medi-

cal specialties, including otolaryngology, has decreased since the year

of legislation passage in 2017, but the overdose-related death rate

has been steadily climbing since 2014. Nonetheless, LA remains below

the national average for opioid overdose-related deaths.9,19

Three (IN, OH, VA) states did not demonstrate a greater decrease

in average prescription duration after legislation for any of the five

opioids investigated in our study. In addition, at T3, six (CT, DE, IN,

LA, NY, VA) states still had a mean number of prescription days per

beneficiary greater than 7 days, the maximum number of days allowed

per the legislation. This may be due to a misunderstanding of the laws

among prescribers and pharmacists, as Rogala et al observed in their

study of RI, which only experienced a decrease in tramadol HCl. The

study identified prescribers' misclassifications of patients, and misun-

derstandings of exclusions and the required frequency of PDMP mon-

itoring as disparities in the understanding of updated regulations.20

Differences in the laws between states can further contribute to mis-

understanding and confusion. In some states, the law only applies to

initial prescriptions, imposes a dosage limit, or provides exemptions

based on professional judgment or surgical pain. In addition, education

surrounding the new policies and IT infrastructure for PDMP utiliza-

tion may have been lacking and violations may be under-penalized by

law enforcement.

Our study is subject to several limitations. Although the CMS

database utilized in this study is extensive and includes nearly 98% of

US individuals aged ≥65, as well as those of any age with a disability,

End-Stage Renal Disease, or ALS, we were not able to collect informa-

tion on otolaryngologists' prescribing habits for the remainder of the

US population, including patients with private insurance and those

under the age of 65 years without significant comorbidities. Although

the population of patients aged 65 years and older comprised

between 4.2% and 5.1% of the total opioid overdose-related deaths

in the 13 states included in our study, the rate of opioid overdose-

related deaths in this age group has increased by approximately 360%

between 2000 and 2020, making this a relevant population to

study.21,22 An additional limitation is that the database does not

include data for physicians writing 10 or fewer prescriptions per year,

so these providers were not captured in our study. Finally, the results

of our study do not directly show that opioid-limiting legislation was

the reason for the decrease in opioid prescription duration in some

states after 2016–2017, since causation cannot be determined from aT
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national database study. Other factors may have contributed to the

decline in opioids prescribed by otolaryngologists during this time

period, including increased provider awareness, and scientific evi-

dence of the hazards of opioid misuse as well the efficacy of alterna-

tive pain management strategies.23–26

5 | CONCLUSION

In conclusion, the results of our study suggest that opioid duration-

limiting laws enacted between 2016 and 2017 may have been associ-

ated with a reduction in the length of opioid prescriptions written by

otolaryngologists in the states in which these laws were passed. In many

states, these decreases in opioid prescription durations were also

accompanied by decreased rates of opioid overdose-related deaths, sug-

gesting that these laws may have been associated with reductions in

opioid misuse, overuse, and overdose-related deaths. However, a causa-

tive relationship between the passage of legislation and the reduction in

opioid prescription duration cannot be definitively established from this

study. Future research endeavors may aim to investigate other strate-

gies for limiting the over-prescription of opioids by otolaryngologists, as

well as investigating the reasons why some states experienced greater

reductions in the duration of opioids prescribed than others.
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