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Abstract

Objective.—To identify changes in opioid prescribing across a diverse array of medical 

specialties after the release of the 2016 CDC Guideline for Prescribing Opioids for Chronic Pain.

Design.—Interrupted time-series analysis of data from a commercial prescribing database.

Subjects.—De-identified recipients of opioid prescriptions dispensed at U.S. retail pharmacies 

between 2015 and 2019.

Methods.—Opioid dispensing data were obtained from the IQVIA Longitudinal Prescription 

(LRx) database, representing more than 800 million opioid prescriptions. Monthly dispensing 

rates, dosage in morphine milligram equivalents (MME), and mean prescription duration were 

calculated across 29 medical specialties. Changes in dispensing after the release of the 2016 CDC 

Guideline were assessed through interrupted time-series analysis.

Results.—Declining trends in opioid dispensing accelerated in 24 of 29 specialty groups after 

the release of the CDC Guideline (P < 0.05 for 15 groups). Decreases were greatest among 

family medicine clinicians, where declines accelerated by 4.4 prescriptions per month per 100,000 

persons (P = 0.005), and surgeons, where declines accelerated by 3.6 prescriptions per month per 

100,000 (P = 0.003).

Conclusions.—These results illustrate that clinicians likely to provide primary care exhibited 

the greatest decreases in opioid dispensing. However, specialties outside the scope of the CDC 

Guideline (e.g., surgery) also exhibited accelerated decreases in prescribing. These declines 

illustrate that specialties beyond primary care could have interest in evaluating opioid prescribing 
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practices, supporting the importance of specialty-specific guidance that balances the individualized 

risks and benefits of opioids and the role of non-opioid treatments.
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Introduction

Since 1999, almost 500,000 deaths in the United States have resulted from opioid overdoses 

[1]. Although prescription opioids can be beneficial, their use can also present serious risks, 

including overdose and opioid use disorder. In 2019, more than 25% of opioid overdose 

deaths involved a prescription opioid [1].

Opioid prescribing practices have evolved in recent history. Dispensed opioid prescriptions 

in the United States increased from 72.4 per 100 persons in 2006 to 81.2 in 2010, when 

mean morphine milligram equivalents (MME) per capita were four times higher than in 

1999 [2]. This period coincided with increases in rates of opioid overdose deaths [1], 

emergency department visits related to opioid use [3], and opioid use disorder [4].

To provide recommendations for pain management for adults in primary care settings, the 

U.S. Centers for Disease Control and Prevention (CDC) released in 2016 its Guideline for 

Prescribing Opioids for Chronic Pain (the CDC Guideline) [5]. The CDC Guideline provides 

evidence-based recommendations for the use of opioids in treating chronic pain in primary 

care settings (excluding cancer and palliative care) for patients 18 years of age and older and 

aims to improve patient–clinician communication about opioid therapy, improve the safety 

and effectiveness of pain management, and reduce the risks associated with long-term opioid 

use.

Although opioid prescribing began to decline in 2012 [2], the release of the CDC 

Guideline has been associated with accelerated temporal declines in opioid prescribing 

at a national level [6]. During 2012–2016, dispensed opioid prescriptions per 100,000 

persons declined at a rate of 23 fewer prescriptions per month; after the release of the 

CDC Guideline, prescribing declined by 57 fewer prescriptions per month, a statistically 

significant acceleration [6]. Although this observation might have been related to secular 

trends in prescribing, accelerated declines in opioid prescribing exceeded changes in 

prescribing of other medications (e.g., benzodiazepines) during the same time period [6]. 

However, substantial variation exists in opioid prescribing by medical specialty [7]. During 

2016–2017, the mean number of prescriptions dispensed was 215 per prescriber but ranged 

as high as 1,314 prescriptions per pain medicine specialist and as low as 14 prescriptions per 

pediatrician [7].

To date, the extent of prescribing changes among primary care practitioners (the intended 

audience of the CDC Guideline) and medical specialists after the release of the CDC 

Guideline has not been examined. In the assessment of policy change interventions, 

interrupted time-series analysis offers one of the most robust and commonly used statistical 
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approaches for evaluating temporal changes in aggregate data [8]. Using interrupted time-

series analysis, the present study aims to assess changes in opioid prescribing after the 

release of the CDC Guideline among medical disciplines likely to practice primary care, as 

well as among a variety of non–primary care specialties.

Methods

Study Sample

Opioid dispensing data from the IQVIA Longitudinal Prescription (LRx) database were 

available for 2015 through 2019. The LRx database is comprised of de-identified 

transaction-level prescription data capturing 92% of dispensed retail pharmacy prescriptions 

in the United States (representing more than 800 million opioid prescriptions in the time 

period examined). All prescriptions from clinicians that could not be classified by practice 

setting or specialty (e.g., nurse practitioners and physician assistants) were excluded from 

this analysis (detailed in Supplementary Data Table S1), as were all prescriptions for 

buprenorphine-containing and propoxyphene products.

Measures

Prescriber specialty was classified into 29 specialty groups based on similarity of 

practice (detailed in Supplementary Data Table S1). Prescriptions were aggregated by 

specialty and calendar month to define five measures of opioid dispensing. Total MME 

for each prescription was calculated as the product of prescription quantity (doses), 

strength/concentration per dose prescribed, and MME conversion factor [9]; daily MME 

was calculated as total MME divided by prescription duration (in days). High-dosage 

prescriptions were defined as any prescription for which daily MME exceeded 90 [6]. Total 

and high-dosage dispensing rates were calculated as the number of prescriptions dispensed 

each month (standardized to a 30-day month length) divided by monthly U.S. population 

(per 100,000, estimated from the U.S. Census Bureau [10]), and mean daily MME and 

prescription durations were calculated by specialty and month dispensed.

Statistical Analysis

Changes in opioid dispensing after publication of the CDC Guideline in March 2016 were 

assessed through interrupted time-series analysis with segmented regressions [11], a robust 

quasi-experimental design for evaluating the temporal impact of interventions without a 

control group. The pre-Guideline period was defined as January 2015 to February 2016, 

and the post-Guideline period was defined as March 2016 to December 2019. An interim 

period was not included, as available data suggested that post-Guideline declines have 

persisted for several years [6]. Ordinary least-squares regression was used to fit aggregated 

outcome measures by month, with additional terms for changes in slope (denoted as βG) and 

intercept after the release of the CDC Guideline (March 2016 to December 2019). Changes 

in level for each outcome (denoted as Δβ0) were calculated as the absolute difference 

in intercept for the post-Guideline period compared with the pre-Guideline period. Prais-

Winsten estimation was used to account for serial autocorrelation. Data preparation and 

aggregation were performed in SAS version 9.4 (SAS Institute Inc., Cary, NC, USA), and 

statistical analyses were performed in R version 3.6 (R Core Team, Vienna, Austria). This 
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study was reviewed by the CDC and determined to meet the definition of research as defined 

in U.S. Department of Health and Human Services (HHS) regulation 45 Code of Federal 

Regulations (CFR) 46.102(l) but did not involve human subjects as defined in 45 CFR 

46.103(e). Thus, institutional review board review was not required.

Results

Population Characteristics

From 2015 to 2019, approximately 810 million opioid prescriptions in this database were 

dispensed to more than 38 million patients each year. After exclusion of prescriptions 

from clinicians who could not be classified by practice setting or specialty (e.g., nurse 

practitioners and physician assistants), 654 million dispensed prescriptions remained for 

analysis (see Supplementary Data Figure S1). A plurality of dispensed prescriptions were 

provided by clinicians in the family medicine category (20–23% of prescriptions each year), 

followed by internal medicine, surgery, and pain medicine (Table 1).

Pre-Guideline Prescribing Trends

Between January 2015 and February 2016 (before publication of the CDC Guideline), total 

monthly dispensing exhibited declining trends in 25 of 29 specialties (P < 0.05 for 15 of 

25; Supplementary Data Figure S2), largely mirrored by trends in high-dosage dispensing 

(24 of 29, P < 0.05 for 17 of 24), total monthly MME (25 of 29, P < 0.05 for 15 of 25), 

and mean daily MME (21 of 29, P < 0.05 for 11 of 21), illustrated for all outcomes in 

Figure 2. Initial declines in total monthly dispensing were greatest in family medicine (5.4 

fewer prescriptions per month per 100,000) and internal medicine (2.9 fewer prescriptions 

per month per 100,000), and these trends were paralleled by decreases in other measures of 

dispensing (Figure 2).

Post-Guideline Prescribing Trends

Initial trends in total dispensing rates declined faster after the release of the CDC Guideline 

in 24 of 29 specialties (P < 0.05 for 15 of 24). Figure 1 illustrates trends in total dispensing, 

high-dose dispensing, and total monthly MME for the four specialties in which declines 

accelerated most after the release of the CDC Guideline. Decreases accelerated most in 

family medicine (−4.41 prescriptions per month per 100,000; P = 0.005), surgery (−3.57 

prescriptions per month per 100,000; P = 0.003), and internal medicine (−2.75 prescriptions 

per month per 100,000; P = 0.003). Additional notable changes were observed in pain 

medicine, where declining trends in high-dosage dispensing (−0.78 prescriptions per month 

per 100,000; P < 0.001) and total MME (−0.05 MME per month; P < 0.001) accelerated. 

Slopes and changes in slope results for all five outcomes are illustrated in Figure 2 for each 

specialty. The greatest declines after the release of the CDC Guideline in average MME per 

prescription were observed in addiction medicine (−1.17 MME per prescription per month, 

P < 0.001), and the greatest declines in average prescription duration were observed in 

neurology (−0.10 days per month, P = 0.003).

Small but significant increases after the release of the CDC Guideline were observed in 

occupational medicine for total prescriptions per 100,000 (0.04 more prescriptions per 
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month per 100,000, P = 0.007) and in neurology for high-dosage prescriptions (0.001 more 

prescriptions per month per 100,000, P = 0.037) and for total MME (0.001 more MME per 

month, P < 0.001) (Figure 2).

In addition to changes in monthly trends after the release of the CDC Guideline (changes 

in slope), changes in the level of prescribing outcomes (changes in intercept) after the 

release of the CDC Guideline are presented in Supplementary Data Table S2. Prescribing by 

occupational medicine specialists demonstrated the greatest overall decline across multiple 

outcomes after the release of the CDC Guideline: total monthly prescriptions per 100,000 

(−0.89 prescriptions per 100,000, P < 0.001), total MME (−0.01 MME, P = 0.004), and 

average prescription duration (−0.54 days, P = 0.32).

Discussion

This analysis illustrates temporal trends in opioid dispensing among medical specialties in 

the periods before and after the release of the 2016 CDC Guideline [5]. Monthly dispensing 

rates were declining at the time of the CDC Guideline release [6], with declines observed 

across most medical specialties. These results demonstrate that accelerated national declines 

after the release of the CDC Guideline [6] were driven largely by declines in primary care 

specialties (i.e., family practice and internal medicine), those specifically targeted by the 

CDC Guideline; declines in annual opioid dispensing in these two specialties accounted for 

50% of reductions across all specialties after the release of the CDC Guideline.

The present report represents the first findings of associations between the release of 

the CDC Guideline and changes in multiple opioid dispensing characteristics by distinct 

medical specialties. However, this work builds on other recent studies that have examined 

the impacts of the CDC Guideline. Declining national trends in opioid prescribing were 

shown to have accelerated after the release of the CDC Guideline, exceeding changes seen in 

the prescribing of other medications [6]. Among opioid-naïve patients with chronic pain, the 

duration of initial opioid prescriptions (which had been increasing) began decreasing after 

the release of the CDC Guideline [12], as did prescribing of doses of at least 50 MME per 

day [13]. As declines observed after the release of the CDC Guideline were similar across 

patients with different chronic pain indications (e.g., chronic headache and osteoarthritis), 

questions remain about the tailored patient-specific implementation of the CDC Guideline 

[14].

Additionally, the present findings indicate that specialties beyond primary care (e.g., 

surgery) also exhibited accelerated declines after the release of the CDC Guideline. These 

findings corroborate recent reports about declines in specific disciplines (such as surgery 

[15] and emergency medicine [16]) and expand on these findings by evaluating a wide 

range of specialties with unique and variable perspectives on the benefit–risk balance 

of opioid prescribing (such as addiction medicine, pain management, palliative care, and 

hematology/oncology). Collectively, these findings suggest that although the CDC Guideline 

was targeted specifically to primary care practitioners, clinicians in other specialties might 

have implemented aspects of the CDC Guideline intended for primary care settings (as 

the result of changes in individual prescribing or health system changes reinforcing the 
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CDC Guideline [13]), resulting in concurrent accelerated declines. Alternatively, this could 

indicate that the CDC Guideline and other efforts at that time aimed at curbing excessive 

opioid prescribing and reducing opioid overdoses might have prompted specialists to 

independently reexamine their prescribing practices. This highlights the importance of 

specialty-specific guidance for opioid prescribing.

The analyses presented here have limitations. These data capture only prescriptions 

dispensed from retail pharmacies but do not capture mail-order, long-term care prescriptions, 

prescriptions dispensed from federally funded facilities (e.g., facilities affiliated with the 

Indian Health Service or Department of Veterans Affairs), or prescriptions that were written 

but not filled. Also excluded from this analysis were prescriptions from clinicians for 

whom a medical specialty could not be categorized (e.g., nurse practitioners and physician 

assistants), accounting for approximately 19% of dispensed opioid prescriptions. Although 

a majority of nurse practitioners and physician assistants practice specialties providing 

primary care [17, 18], they constitute a minority of all primary care practitioners [19] and 

might be unlikely to impact the direction of primary results observed. These data do not 

capture patient-level indicators, such as the clinical indications for a prescription or whether 

a patient took a full prescription when dispensed. In the absence of clinical indications, 

it is not possible to ascertain whether the reductions observed were due to decreases in 

non–evidence-based prescribing. Additionally, these analyses use ecological data to evaluate 

temporal trends; observed changes in opioid dispensing after March 2016 could be the 

result of a variety of factors in addition to (or separate from) the CDC Guideline, such as 

increased attention to opioid prescribing at the federal, state, and local levels during this 

period. Without a concurrent control group for comparison, this analysis cannot exclude the 

potential association between secular factors in prescribing trends and the results observed 

here. Such secular factors could include concurrent changes in opioid policies, such as 

increased resources funded through the 21st Century Cures Act (December 2016) and 

increased utilization of prescription drug monitoring programs (available in all states by 

April 2017). Therefore, these results should not be viewed as causal, as historical biases and 

other trends might have contributed to the differences observed. Finally, this study did not 

examine trends in non-opioid or nonpharmacological treatments for pain, and therefore it 

could not assess whether decreases in opioid dispensing were offset by increases in other 

modalities for adequate pain management.

Conclusions

These findings serve to further contextualize changes in national opioid prescribing after 

the release of the CDC Guideline. This analysis offers evidence that declining trends in 

opioid dispensing accelerated among specialties likely to provide primary care, the intended 

audience of the CDC Guideline. These results also suggest that specialties beyond primary 

care also experienced accelerated declines in opioid dispensing after the release of the 

CDC Guideline, underscoring the importance of specialty-specific translation materials and 

trainings. Clinical management of pain requires integrated care, and use of prescription 

opioids should be based on an individualized assessment that balances the potential risks 

and benefits of opioid use along with other pain treatment modalities. The CDC Guideline 

provides a framework to support primary care practitioners in providing optimal care.
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Figure 1. 
Total monthly opioid prescriptions dispensed per 100,000, high-dose prescriptions dispensed 

per 100,000, and total monthly MME dispensed per person by clinician specialty—United 

States, 2015–2019. Monthly trends in three characteristics of opioid dispensing (number 

of prescriptions, number of high-dose prescriptions, and total MME) are illustrated across 

all clinician specialties (top row) and for the four specialties (lower four rows) in which 

dispensing changed most after the release of the CDC Guideline in March 2016 (denoted 

by the dotted line). Each point represents prescriptions dispensed for one calendar month, 

standardized to a 30-day month length. Numbers of monthly prescriptions dispensed (left 

column) and high-dose prescriptions dispensed (middle column) are presented per 100,000 

population; total monthly MME dispensed (right column) is presented per 1 population. 

Modeled monthly trendlines are depicted for before the release (blue lines) and after 

the release (red lines) of the CDC Guideline, accompanied by slopes estimated for each 
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trendline. Asterisks (*) indicate statistically significant (P < 0.05) coefficients for slope 

(before release, blue) or change in slope (after release, red) for each statistic reported. 

Clinician specialty groups are detailed in Supplementary Data Table S1.
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Figure 2. 
Trends in opioid prescription dispensing characteristics by provider specialty—United 

States, 2015–2019. Each panel represents, for 29 provider specialties, the slope of modeled 

trendlines in opioid dispensing characteristics before the release (black, open circles) and 

after the release (red, solid circles) of the CDC Guideline, sorted by greatest declines after 

release. Faster declines after the release of the CDC Guideline occurred in specialties where 

red, solid circles appear to the left of black, open circles. Solid lines illustrate the change 

in slope after the release of the CDC Guideline (BG), which are reported on the left of 

each panel; values listed as “(−0.01, 0)” indicate slope estimates in the range of (−0.01, 

0). P values for each specialty’s BG are reported on the right of each panel. Panel A 

illustrates monthly changes in total opioid prescriptions dispensed per 100,000 population. 

Panel B illustrates monthly changes in high-dose opioid prescriptions dispensed per 100,000 

population. Panel C illustrates monthly changes in total MME dispensed per 1 population. 

Panel D represents monthly changes in mean MME per prescription dispensed. Panel E 

represents monthly changes in mean duration of dispensed prescriptions as measured in 

days. Clinician specialty groups are detailed in Supplementary Data Table S1.
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