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Abstract

IMPORTANCE Although opioids can be effective medications in certain situations, they are
associated with harms, including opioid use disorder and overdose. Studies have revealed
unexplained prescribing variation and prescribing mismatched with patient-reported pain for many
indications.

OBJECTIVE To summarize opioid prescribing frequency, dosages, and durations, stratified across
numerous painful medical indications.

DESIGN, SETTING, AND PARTICIPANTS Retrospective cross-sectional analysis of 2017 US
administrative claims data among outpatient clinical settings, including postsurgical discharge.
Participants had any of 41 different indications associated with nonsurgical acute or chronic pain or
postsurgical pain or pain associated with sickle cell disease or active cancer and were enrolled in
either private insurance (including Medicare Advantage) in the OptumLabs Data Warehouse data set
(n = 18 016 259) or Medicaid in the IBM MarketScan Multi-State Medicaid Database (n = 11 453 392).
OptumLabs data were analyzed from October 2018 to March 2019; MarketScan data were analyzed
from January to April 2019.

EXPOSURES Nonsurgical acute or chronic pain or postsurgical pain; pain related to sickle cell
disease or active cancer.

MAIN OUTCOMES AND MEASURES Indication-specific opioid prescribing rates; days’ supply per
prescription; daily opioid dosage in morphine milligram equivalents; and for chronic pain indications,
the number of opioid prescriptions.

RESULTS During the study period, of 18 016 259 eligible patients with private insurance, the mean
(95% CI) age was 42.7 (42.7-42.7) years, and 50.3% were female; of 11 453 392 eligible Medicaid
enrollees, the mean (95% CI) age was 20.4 (20.4-20.4) years, and 56.1% were female. A pain-related
indication under study occurred in at least 1 visit among 6 380 694 patients with private insurance
(35.4%) and 3 169 831 Medicaid enrollees (27.7%); 2 270 596 (35.6% of 6 380 694) privately insured
patients and 1 126 508 (35.5% of 3 169 831) Medicaid enrollees had 1 or more opioid prescriptions.
Nonsurgical acute pain opioid prescribing rates were lowest for acute migraines (privately insured,
4.6% of visits; Medicaid, 6.6%) and highest for rib fractures (privately insured, 44.8% of visits;
Medicaid, 56.3%), with variable days’ supply but similar daily dosage across most indications. Opioid
prescribing for a given chronic pain indication varied depending on a patient’s opioid use history.
Days’ supply for postoperative prescriptions was longest for combined spinal decompression and
fusion (privately insured, 9.5 days [95% CI, 9.4-9.7 days]) or spinal fusion (Medicaid, 9.1 days [95% CI,
8.9-9.2 days]) and was shortest for vaginal delivery (privately insured, 4.1 days [95% CI, 4.1-4.1 days]
vs Medicaid, 4.2 days [95% CI, 4.2-4.2 days]).
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Abstract (continued)

CONCLUSIONS AND RELEVANCE Indication-specific opioid prescribing rates were not always
aligned with existing guidelines. Potential inconsistencies between prescribing practice and clinical
recommendations, such as for acute and chronic back pain, highlight opportunities to enhance pain
management and patient safety.

JAMA Network Open. 2020;3(5):e204514. doi:10.1001/jamanetworkopen.2020.4514

Introduction

Opioids can be essential drugs for pain management but carry significant risk for harm. In 2017, more
than one-third of the 47 600 opioid overdose deaths in the US involved prescription opioids.1 In
2018, approximately 1.7 million Americans aged 12 or older struggled with prescription opioid use
disorder (OUD).2 Although an increasing proportion of people entering OUD treatment report
initiating opioid use with heroin, a majority report that their problematic use began with prescription
opioids.3 Longer duration of opioid therapy is associated with increased OUD risk,4 and higher
dosages are associated with increased overdose risk.5 Harms extend beyond patients with
prescriptions—a majority of people misusing prescription opioids report obtaining them from friends
or family with prescriptions.2

Guidelines provide recommendations to help clinicians and patients determine when the
benefits of opioids might outweigh the risks and inform dosage and duration.6-8 However, there is
variation in opioid prescribing practices across indications that does not match the level of evidence
for treatment effectiveness. For example, chronic pain indications are the most common indications
for which opioids are prescribed, despite evidence being insufficient to demonstrate long-term
benefit of opioids for chronic pain.6 Furthermore, prescribing characteristics, such as initial days’
supply, have been associated with the likelihood of continued opioid use regardless of clinical factors
such as pain etiology.9 Opioid prescribing has been shown to vary even across similar patients and
indications within the same institution.10 Unexplained prescribing variation and reports that patients
often use only a fraction of opioids prescribed postoperatively11 suggest there are opportunities to
reduce unnecessary opioid prescribing.

At the same time, there have been reports of undertreatment or delay in pain treatment in
instances in which the benefits of opioids might outweigh the risks.12-14 For example, a recent
systematic review found that approximately one-third of cancer patients did not receive sufficient
pharmacologic pain therapy,12 and several studies document delays and barriers among patients with
sickle cell disease (SCD) receiving analgesics, including opioids.13,14

The objective of the present study was to estimate rates and amounts of opioids prescribed for
specific indications to outpatients in the United States. Findings can provide greater insight into
current prescribing practices, prescribing variance across indications and populations, and
indications for which amplification of recommendations could improve pain management and
patient safety.

Methods

Data Sources and Study Sample
We conducted a retrospective cross-sectional analysis of national deidentified administrative claims
data from OptumLabs Data Warehouse (OLDW)15 and MarketScan Multi-State Medicaid Database
(MMD). The OLDW covers 14% of the commercially insured population and 21% of the Medicare
Advantage (collectively, “privately insured”) population throughout the US in 2016 and 2017. The
OLDW population is nationally representative of privately insured patients with regard to age and
sex. It covers all census regions although it overrepresents the South and Midwest. The MMD data set
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contains all Medicaid beneficiaries (fee for service and managed care) enrolled between 2016 and
2017 in 9 anonymized states distributed across census regions. This study adheres to the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline
and the RECORD (REporting of studies Conducted using Observational Routinely-collected Data
(RECORD) guideline for cross-sectional studies. The CDC National Center for Injury Prevention and
Control determined that the research was conducted with existing data without individual identifiers;
thus, the activity is research but does not involve human subjects and therefore institutional review
board approval was not required.

The study period for identifying any index diagnosis was from January 1, 2017, to December 31,
2017, for OLDW and from October 1, 2016, to September 30, 2017, for MMD. Additional details on
data sources, access, and sampling can be found in eAppendix 1 in the Supplement.

Identification of Pain-Related Indications and Associated Opioid Prescriptions
We identified 41 different indications associated with pain, including acute and chronic conditions,
surgical procedures, SCD, and cancer. Lists of indications, their selection criteria, and their associated
International Statistical Classification of Diseases, Tenth Revision, Clinical Modification diagnosis and
Current Procedural Terminology codes are described in eAppendix 1 and eAppendix 2 in the
Supplement.

We identified opioid prescription claims during the study period using previously compiled
National Drug Codes.16 We calculated daily morphine milligram equivalents (MME) for opioid
prescriptions using days’ supply and quantity dispensed from opioid claims and MME conversion
factors.16 We developed algorithms to link patients’ opioid prescriptions to their medical encounters
(“visits”) for each indication using data such as patient identification, visit date, dispensing date,
clinician identification, and index diagnosis (see eAppendix 1 in the Supplement for both written and
visual descriptions of this linking algorithm). For acute pain indications and surgical procedures, the
index diagnosis represents primarily the first appearance of the indication. However, for chronic pain
indications as well as for SCD and cancer, the index diagnosis captured in our analysis represents both
preexisting indications (for which patients may or may not have received opioids previously) as well
as new indications (the first instance of an indication that becomes chronic) (eAppendix 1 in the
Supplement).

Expert Consultation
The Centers for Disease Control and Prevention (CDC) presented the research protocol and
incorporated recommendations from the National Center for Injury Prevention and Control Board of
Scientific Counselors, a federal advisory committee, based on expert input from the Board of
Scientific Counselors Opioid Prescribing Estimates Workgroup (see eAppendix 1 in the Supplement
for detailed discussion of the clinical specialties that comprised this expert Workgroup; the
Workgroup’s series of meetings and resulting report to the Board of Scientific Counselors; and a full
roster of Workgroup members).

Statistical Analysis
For nonsurgical acute or chronic pain or postsurgical pain indications, we calculated the number of
visits, patients, or procedures, respectively, associated with each indication; prescribing rate for each
indication, overall and by age group (0-18 years, 19-64 years, and �65 years); the mean with its 95%
CI and the median with its interquartile range (IQR) of daily opioid dosage in MME; and the mean
(95% CI) and median (IQR) days of opioids supplied. For SCD and cancer, we calculated prescribing
rates overall and by age group. For postsurgical and nonsurgical acute pain indications, which
generally represent individual events at a single point in time, reported outcome data (prescribing
rate, MME, and days’ supply) reflect prescriptions supplied for a specific procedure or visit, meaning
that the prescribing rate is anchored to visits or procedures. For chronic pain indications, SCD, and
cancer, for which a single patient may receive multiple prescriptions for the same indication over
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time, reported outcome data (prescribing rate, MME, days’ supply, and number of prescriptions) are
anchored to patients, reflecting all prescriptions supplied to a specific patient for visits related to
that indication during the 3 months following the index diagnosis. Prescribing measures among
chronic pain and postsurgical indications were stratified by opioid use history. Long-term opioid
therapy (LTOT) was defined as having (1) 3 or more opioid prescriptions in the 3 months prior to the
index visit; (2) more than 60 total days of opioid supply; and (3) a gap between the end of one
prescription and the next prescription of less than 10 days. Patients not receiving LTOT were those
whose prescriptions did not meet LTOT criteria. Only patients not receiving LTOT were included in
the nonsurgical acute pain analysis to increase confidence in opioid prescription linkage to the acute
indication. All analyses were conducted using SAS software, version 9.4 (SAS Institute Inc), and Stata
SE, version 14 (StataCorp). OptumLabs data were analyzed from October 2018 to March 2019;
MarketScan data were analyzed from January to April 2019.

Results

Among 18 016 259 patients with private insurance and 11 453 392 Medicaid enrollees during the
study period, 50.3% privately insured (eTable 1 in the Supplement) and 56.1% Medicaid-insured
(eTable 2 in the Supplement) eligible patients were female and had a mean (95% CI) age of 42.7
(42.7-42.7) years (privately insured) and 20.4 (20.4-20.4) years (Medicaid), with a mean (95% CI) of
14 421 317 (14 326 784-14 515 840) privately insured patients and 9 742 711 (9 704 260-9 781 162)
Medicaid enrollees per month. We identified 6 380 694 (35.4%) privately insured patients and
3 169 831 (27.7%) Medicaid enrollees with 1 or more visits that contained 1 or more pain-related
diagnoses or surgical procedures from our indication list, including SCD and cancer. At least 1 opioid
prescription during the study period was identified for 2 270 596 privately insured patients (35.6% of
6 380 694) and 1 126 508 Medicaid enrollees (35.5% of 3 169 831), and in total, this accounted for
87.7% of all 11 941 359 opioid prescriptions identified in 2017 OLDW data and 75.5% of all 7 157 341
opioid prescriptions in Medicaid data.

Indications Associated With Nonsurgical Acute Pain
We identified 2 013 810 visits among patients with private insurance and 1 672 500 visits among
Medicaid enrollees meeting our nonsurgical acute pain criteria. Overall, 13.4% privately insured
patients and 15.6% Medicaid enrollees were linked with an opioid prescription. Ninety-seven percent
of these linkages among privately insured patients and 98% among Medicaid enrollees involved a
single prescription associated with a single visit.

Opioid prescribing rates associated with privately insured visits for nonsurgical acute pain
ranged from 4.6% (acute migraines) to 44.8% (rib fractures) of visits (Table 1), slightly lower overall
than for Medicaid-associated visits, which ranged from 6.6% (acute migraines) to 56.3% (rib
fractures; Table 1). One notable exception was dental pain, for which patients with Medicaid were
prescribed opioids in a lower percentage of visits (11.8%, Medicaid; 27.2%, privately insured), which
may be partially attributable to the different patterns of dental claims included in each sample. Mean
(95% CI) days’ supply varied, from 4.1 (4.1-4.2) days for dental pain (4.0 [4.0-4.0] days for Medicaid)
to 11.8 (11.7-11.8) days for acute low back pain and 12.6 (12.3-12.8) days for acute migraine (9.9 [9.7-
10.1] for acute migraine and 9.9 [9.8-10.0] for acute low back pain in Medicaid-covered visits). Mean
daily opioid dosage was relatively constant across conditions in both data sets, approximately 30
MME/d, which is equivalent to 6 tablets containing a combination of 500 mg of acetaminophen and
5 mg of hydrocodone taken daily or to 4 tablets of oxycodone, 5 mg, taken daily.

Indications Associated With Chronic Pain
We identified 1 474 731 unique privately insured patients (eTable 1 in the Supplement) and 513 131
Medicaid patients meeting our chronic pain criteria (eTable 2 in the Supplement), among whom
22.7% privately insured patients and 18.6% Medicaid beneficiaries had several concurrent chronic
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pain indications. Back pain (radicular and nonradicular) was the most common chronic pain
indication, affecting 49.3% of the 1 474 731 privately insured patients with chronic pain (52.2% of
Medicaid enrollees) and 75.4% of privately insured patients with multiple concurrent chronic pain
indications (80.4% of Medicaid enrollees). Overall, more than 30% of these 1 474 731 privately
insured patients and almost 50% of these 513 131 Medicaid-covered patients had 1 or more opioid
prescriptions linked to their chronic pain indication in the 3 months following the index diagnosis
during the study period. Opioid prescribing rates and amounts differed markedly depending on
chronic pain indication and opioid use history (Table 2).

Patients Not Receiving LTOT
We categorized 87.4% of 1 474 731 privately insured patients and 80.0% of 513 131 Medicaid-insured
patients with chronic pain as not receiving LTOT based on our criteria. Among privately insured
patients not receiving LTOT, opioid prescribing rates ranged from 6.5% (irritable bowel syndrome) to
28.3% (chronic radicular back pain), overall lower than rates for patients with Medicaid, which
ranged from 13.4% (irritable bowel syndrome) to 44.0% (chronic radicular back pain). Mean days’
supply ranged from 17.4 to 34.9 days (privately insured) and 13.5 to 36.6 days (Medicaid); patients
with back pain, neck pain, and fibromyalgia received longer days’ supplies (typically approaching or
exceeding 30 days) than other patients not receiving LTOT with chronic pain across both patient
samples. An approximate mean dosage of 30 MME/d was associated with most conditions.

Table 1. Opioid Prescribing Rates and Amounts Associated With Nonsurgical Acute Pain Indications Among Patients Not Receiving LTOT in the US,
by Indication and Insurance Type, 2017a,b

Indication Visits with Rx, No. (%) [95% CI]

No. of days’ supply Daily dosage, MME

Mean (95% CI) Median (IQR) Mean (95% CI) Median (IQR)
Abdominal pain

Private insurancec 42 902 (11.5) [11.4-11.6] 5.9 (5.8-5.9) 4.0 (3.0-5.0) 31.4 (31.2-31.6) 27.0 (20.0-37.5)

Medicaidd 41 936 (13.0) [12.9-13.1] 4.8 (4.8-4.9) 3.0 (2.0-5.0) 30.2 (30.0-30.3) 25.0 (20.0-37.5)

Acute low back pain

Private insurance 88 799 (13.7) [13.6-13.7] 11.8 (11.7-11.8) 7.0 (4.0-15.0) 27.7 (27.6-27.8) 21.4 (15.4-33.3)

Medicaid 61 217 (19.0) [18.9-19.2] 9.9 (9.8-10.0) 5.0 (3.0-15.0) 28.2 (28.0-28.4) 22.5 (16.9-33.3)

Acute migraine

Private insurance 8221 (4.6) [4.5-4.7] 12.6 (12.3-12.8) 7.0 (4.0-20.0) 29.1 (28.6-29.7) 22.5 (15.0-36.0)

Medicaid 9797 (6.6) [6.5-6.7] 9.9 (9.7-10.1) 5.0 (3.0-15.0) 28.5 (28.1-28.9) 22.5 (16.7-33.8)

Dental pain

Private insurance 19 127 (27.2) [26.9-27.6] 4.1 (4.1-4.2) 3.0 (2.0-5.0) 33.9 (33.6-34.1) 30.0 (21.4-45.0)

Medicaid 40 513 (11.8) [11.7-11.9] 4.0 (4.0-4.0) 3.0 (2.0-5.0) 28.0 (27.9-28.2) 25.0 (20.0-33.3)

Herpes zoster

Private insurance 11 288 (15.5) [15.2-15.8] 8.4 (8.3-8.6) 5.0 (4.0-10.0) 27.3 (27.0-27.5) 22.5 (18.0-33.3)

Medicaid 3247 (26.1) [25.3-26.8] 6.3 (6.0-6.5) 4.0 (3.0-7.0) 28.3 (27.8-28.9) 25.0 (20.0-33.3)

Musculoskeletal sprains
and strains

Private insurance 69 434 (12.9) [12.8-13.0] 6.7 (6.6-6.7) 5.0 (3.0-7.0) 32.0 (31.9-32.2) 25.0 (20.0-37.5)

Medicaid 62 354 (14.8) [14.7-14.9] 5.1 (5.1-5.2) 3.0 (2.0-5.0) 28.0 (27.9-28.1) 25.0 (18.8-33.3)

Renal colic

Private insurance 27 885 (20.1) [19.9-20.3] 5.2 (5.1-5.2) 4.0 (3.0-5.0) 35.5 (35.3-35.7) 30.0 (20.0-45.0)

Medicaid 16 618 (34.0) [33.6-34.4] 4.6 (4.6-4.7) 3.0 (2.0-5.0) 33.3 (33.0-33.6) 30.0 (20.0-40.0)

Rib fractures

Private insurance 9455 (44.8) [44.1-45.4] 6.9 (6.7-7.0) 5.0 (3.0-8.0) 32.9 (32.5-33.3) 30.0 (20.0-40.0)

Medicaid 4484 (56.3) [55.2-57.4] 5.6 (5.5-5.8) 4.0 (3.0-6.0) 32.5 (31.9-33.1) 30.0 (20.0-37.5)

Abbreviations: IQR, interquartile range; LTOT, long-term opioid therapy; MME, morphine
milligram equivalents16; Rx, prescriptions.
a Reported outcome data (prescribing rate, MME, and days’ supply) reflect Rx supplied

for a specific procedure or visit, meaning that the prescribing rate is anchored to visits
or procedures.

b Patients whose Rx do not meet LTOT criteria.
c Data from the OptumLabs Data Warehouse, 2017.
d Data from the MarketScan Multi-State Medicaid Database, from quarter 4 2016 to

quarter 3 2017.
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Table 2. Opioid Prescribing Rates and Amounts Associated With Chronic Noncancer Pain Indications Among Patients in the US, by Indication, Insurance Type,
and History of Opioid Use, 2017a

Indication Patients with Rx, No. (%) [95% CI]

No. of Rx No. of days’ supply Daily dosage, MME

Mean (95% CI) Median (IQR) Mean (95% CI) Median (IQR) Mean (95% CI) Median (IQR)
Chronic nonradicular back pain

Privately insuredb

No LTOTc 113 112 (19.8) [19.7-19.9] 1.7 (1.7-1.7) 1 (1-2) 29.8 (29.6-30.0) 24 (8-35) 29.5 (29.4-29.7) 22.5 (15.0-37.5)

LTOT 103 270 (87.7) [87.5-87.8] 2.9 (2.9-2.9) 2 (1-4) 80.2 (79.9-80.6) 60 (30-107) 56.2 (55.8-56.5) 40.0 (27.5-62.0)

Medicaidd

No LTOT 60 580 (32.6) [32.4-32.8] 1.9 (1.9-1.9) 1 (1-2) 30.7 (30.4-31.0) 20 (5-44) 28.6 (28.4-28.8) 22.5 (16.7-33.6)

LTOT 61 751 (90.4) [90.1-90.6] 2.8 (2.8-2.8) 2 (1-4) 74.0 (73.6-74.3) 60 (30-90) 47.7 (47.0-48.3) 37.5 (22.5-60.0)

Chronic radicular back pain

Privately insured

No LTOT 34 582 (28.3) [28.0-28.5] 1.8 (1.8-1.8) 1 (1-2) 34.9 (34.6-35.3) 30 (12-49) 30.2 (29.9-30.4) 22.5 (15.0-37.5)

LTOT 40 511 (87.5) [87.2-87.8] 2.9 (2.8-2.9) 2 (1-4) 80.5 (79.9-81.0) 60 (30-110) 58.5 (58.0-59.0) 45.0 (30.0-67.5)

Medicaid

No LTOT 15 727 (44.0) [43.5-44.5] 2.0 (2.0-2.0) 2 (1-3) 36.6 (36.0-37.1) 30 (10-60) 28.7 (28.4-29.1) 22.5 (16.6-33.8)

LTOT 20 808 (88.2) [87.8-88.7] 2.7 (2.6-2.7) 2 (1-3) 71.8 (71.2-72.5) 60 (30-90) 47.5 (46.9-48.0) 37.5 (22.5-60.0)

Chronic neck pain

Privately insured

No LTOT 33 233 (15.8) [15.7-16.0] 1.7 (1.7-1.7) 1 (1-2) 29.9 (29.6-30.2) 23 (8-35) 30.6 (30.3-30.8) 25.0 (16.1-37.5)

LTOT 35 645 (87.3) [87.0-87.6] 2.9 (2.9-2.9) 2 (1-4) 81.3 (80.8-81.9) 60 (30-112) 59.4 (58.9-60.0) 44.4 (30.0-69.4)

Medicaid

No LTOT 17 103 (31.1) [30.7-31.5] 1.9 (1.9-1.9) 1 (1-2) 32.3 (31.8-32.8) 24 (6-46) 28.8 (28.5-29.1) 22.5 (16.7-33.8)

LTOT 20 435 (88.4) [88.0-88.8] 2.7 (2.6-2.7) 2 (1-3) 71.1 (70.5-71.8) 60 (30-90) 48.4 (47.9-49.0) 40.0 (22.5-60.0)

Fibromyalgia

Privately insured

No LTOT 6489 (23.5) [23.0-24.0] 1.5 (1.5-1.5) 1 (1-2) 33.5 (32.8-34.2) 30 (15-35) 29.5 (28.8-30.1) 22.0 (15.0-36.0)

LTOT 9714 (77.9) [77.2-78.6] 2.4 (2.3-2.4) 2 (1-3) 67.2 (66.2-68.2) 60 (30-90) 56.3 (55.3-57.4) 40.0 (24.0-63.3)

Medicaid

No LTOT 4239 (28.9) [28.2-29.7] 1.7 (1.7-1.7) 1 (1-2) 30.1 (29.2-31.0) 28 (7-35) 27.7 (27.1-28.3) 22.5 (15.0-33.3)

LTOT 5877 (81.7) [80.8-82.6] 2.3 (2.2-2.3) 2 (1-3) 61.8 (60.6-63.0) 58 (30-84) 44.2 (43.2-45.2) 30.0 (20.0-52.5)

Inflammatory joint disorder

Privately insured

No LTOT 90 261 (19.6) [19.5-19.7] 1.5 (1.5-1.5) 1 (1-2) 22.8 (22.7-23.0) 15 (7-30) 31.7 (31.6-31.9) 25.0 (17.5-40.0)

LTOT 56 676 (82.1) [81.8-82.4] 2.5 (2.5-2.5) 2 (1-3) 68.5 (68.1-68.9) 60 (30-90) 53.5 (53.1-53.9) 40.0 (24.6-60.0)

Medicaid

No LTOT 46 566 (29.6) [29.4-29.8] 1.8 (1.8-1.8) 1 (1-2) 23.1 (22.9-23.4) 13 (5-30) 29.0 (28.8-29.2) 23.4 (17.5-33.8)

LTOT 34 096) (85.3) [84.9-85.6] 2.5 (2.4-2.5) 2 (1-3) 63.3 (62.8-63.7) 60 (30-90) 45.6 (45.1-46.1) 33.8 (22.5-58.1)

Irritable bowel syndrome

Privately insured

No LTOT 1524 (6.5) [6.2-6.8] 1.2 (1.2-1.3) 1 (1-1) 21.0 (20.0-21.9) 15 (6-30) 29.3 (28.1-30.4) 22.5 (15.0-37.5)

LTOT 1090 (63.4) [61.1-65.6] 1.8 (1.7-1.8) 1 (1-2) 48.1 (46.2-50.1) 30 (30-60) 48.3 (45.4-51.1) 34.5 (20.0-60.0)

Medicaid

No LTOT 948 (13.4) [12.6-14.2] 1.4 (1.3-1.5) 1 (1-2) 16.8 (15.6-18.0) 10 (4-30) 29.1 (27.8-30.4) 22.5 (16.7-33.8)

LTOT 639 (66.4) [63.4-69.3] 1.7 (1.6-1.8) 1 (1-2) 44.2 (42.1-46.4) 30 (30-60) 40.4 (37.6-43.1) 30.0 (20.0-45.0)

Nonmigraine headaches

Privately insured

No LTOT 7826 (11.6) [11.4-11.9] 1.4 (1.4-1.4) 1 (1-1) 18.5 (18.0-18.9) 10 (5-30) 28.7 (28.2-29.2) 22.5 (16.3-33.8)

LTOT 5434 (75.0) [74.0-76.0] 2.1 (2.1-2.2) 2 (1-3) 56.4 (55.2-57.5) 35 (30-60) 52.6 (51.2-53.9) 40.0 (22.5-60.0)

Medicaid

No LTOT 9255 (13.9) [13.6-14.1] 1.5 (1.4-1.5) 1 (1-2) 13.5 (13.1-13.8) 6 (3-16) 28.1 (27.7-28.5) 24.0 (18.0-33.3)

LTOT 4301 (74.1) [73.0-75.2] 1.9 (1.9-1.9) 1 (1-2) 45.8 (44.8-46.8) 30 (30-60) 43.9 (42.7-45.1) 30.0 (20.0-55.0)

(continued)
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Patients Already Receiving LTOT
We categorized 12.6% of privately insured patients and 20.0% of Medicaid enrollees with chronic
pain as already receiving LTOT prior to the study index diagnosis. Among them, 60.4% (privately
insured) and 61.2% (Medicaid) had the same chronic pain indication in the lookback period prior to
the study index diagnosis, suggesting that for the majority of patients already receiving LTOT, it is
likely that their LTOT was for this same preexisting chronic pain indication. Patients already receiving
LTOT were highly likely to continue to receive opioids coincident with a visit for a chronic pain
diagnosis, ranging from 63.4% of privately insured patients (66.4% for Medicaid insured) with
irritable bowel syndrome to 87.7% of patients (90.4% for Medicaid insured) with chronic
nonradicular back pain. Most patients already prescribed LTOT with 1 or more prescriptions linked to
a visit for a chronic pain diagnosis received sufficient opioids for at least half the days of the 3 months
following the visit across both patient populations. For privately insured patients already prescribed
LTOT, mean daily dosage exceeded 50 MME per day for all conditions except irritable bowel
syndrome (48.3; 95% CI, 45.4-51.1 MME) and osteoarthritis or joint cartilage conditions (49.1; 95% CI,
48.6-49.5 MME), in contrast to Medicaid enrollees who received fewer than 50 MME per day for the
chronic conditions under study.

Indications Associated With Postsurgical Pain
In total, we identified 385 254 surgical procedures among privately insured patients and 285 996
among Medicaid enrollees. Overall, opioids were prescribed at hospital discharge for 66% of these
procedures for the privately insured patients and 55% for Medicaid enrollees (Table 3). The lowest
hospital discharge prescribing rates among patients not receiving LTOT occurred after vaginal
delivery (private insurance: 23.6%; 95% CI, 23.3%-23.9% vs Medicaid: 30.7%; 95% CI,
30.4%-30.9%), open colectomy (private insurance: 34.8%; 95% CI, 33.2%-36.4% vs Medicaid:
35.6%; 95% CI, 32.9%-38.4%), coronary artery bypass surgery (private insurance: 34.8%; 95% CI,
33.7%-35.8% vs Medicaid: 39.8%; 95% CI, 37.0%-42.6%), and tonsillectomy (private insurance:
44.2%; 95% CI, 43.3%-45.0% vs Medicaid, 35.9%; 95% CI, 35.4%-36.4%) (Table 3). Among privately
insured patients, arthroscopic rotator cuff repair (93.0% of procedures), arthroscopic knee surgery

Table 2. Opioid Prescribing Rates and Amounts Associated With Chronic Noncancer Pain Indications Among Patients in the US, by Indication, Insurance Type,
and History of Opioid Use, 2017a (continued)

Indication Patients with Rx, No. (%) [95% CI]

No. of Rx No. of days’ supply Daily dosage, MME

Mean (95% CI) Median (IQR) Mean (95% CI) Median (IQR) Mean (95% CI) Median (IQR)
Osteoarthritis or joint cartilage conditions

Privately insured

No LTOT 65 305 (18.8) [18.6-18.9] 1.4 (1.4-1.4) 1 (1-2) 23.6 (23.4-23.8) 17 (8-30) 31.6 (31.4-31.8) 25.0 (15.0-40.0)

LTOT 43 065 (77.6) [77.2-77.9] 2.2 (2.2-2.2) 2 (1-3) 60.1 (59.7-60.5) 53 (30-84) 49.1 (48.6-49.5) 37.5 (21.6-60.0)

Medicaid

No LTOT 18 784 (33.2) [32.9-33.6] 1.7 (1.7-1.8) 1 (1-2) 27.1 (26.7-27.5) 20 (7-30) 30.2 (29.9-30.6) 23.4 (15.8-37.5)

LTOT 19 345 (83.1) [82.6-83.6] 2.3 (2.3-2.4) 2 (1-3) 60.9 (60.3-61.5) 56 (30-90) 44.5 (43.9-45.1) 33.8 (22.5-54.0)

Periarticular or soft-tissue disorders

Privately insured

No LTOT 27 773 (16.4) [16.2-16.6] 1.4 (1.4-1.4) 1 (1-2) 17.4 (17.2-17.6) 10 (5-26) 37.8 (37.5-38.1) 30.0 (20.0-50.0)

LTOT 12 683 (74.9) [74.3-75.6] 2.2 (2.2-2.2) 2 (1-3) 59.5 (58.7-60.2) 50 (30-75) 51.8 (51.0-52.7) 40.0 (22.5-60.0)

Medicaid

No LTOT 9785 (28.3) [27.8-28.8] 1.7 (1.7-1.7) 1 (1-2) 19.9 (19.5-20.3) 12 (5-30) 32.4 (32.0-32.8) 27.8 (18.8-40.0)

LTOT 6254 (78.0) [77.1-78.9] 2.1 (2.0-2.1) 2 (1-3) 51.3 (50.5-52.2) 33 (30-60) 43.4 (42.3-44.4) 31.3 (21.3-52.5)

Abbreviations: IQR, interquartile range; LTOT, long-term opioid therapy; MME, morphine
milligram equivalents16; Rx, prescriptions.
a Reported outcome data (prescribing rate, MME, days’ supply, and number of Rx) are

anchored to patients, reflecting all Rx supplied to a patient for visits related to that
indication during the 3 months following the index diagnosis.

b Data from the OptumLabs Data Warehouse, 2017.
c Patients whose Rx do not meet LTOT criteria.
d Data from the MarketScan Multi-State Medicaid Database, from quarter 4 2016 to

quarter 3 2017.
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(92.9%), lumbar decompression (86.0%), and laparoscopic abdominal solid organ resection (85.9%)
had the highest rates, whereas among Medicaid enrollees, the highest rates were observed for
arthroscopic rotator cuff repair (94.4%), laparoscopic abdominal solid organ resection (92.4%),
arthroscopic knee surgery (92.1%), and laparoscopic cholecystectomy (87.6%). Mean days’ supply of
opioids for postsurgical pain among patients not receiving LTOT ranged from 4.1 days (95% CI, 4.1-4.1
days) for vaginal delivery to 9.5 days (95% CI, 9.4-9.7 days) for combined spinal fusion and lumbar
decompression in the privately insured population, and 4.2 (95% CI, 4.2-4.2 days) for vaginal delivery
to 9.1 (95% CI, 8.9-9.2 days) for spinal fusion in the Medicaid population. Mean (95% CI) daily dosage
across all indications among privately insured patients ranged from 37.4 (37.0-37.9) MME for
lumpectomies or partial mastectomies to 63.5 (62.5-64.4) MME for combined spinal fusion and
lumbar decompression; among Medicaid-insured patients, the range was 27.3 (27.0-27.7) MME for
tonsillectomies to 62.9 (60.4-65.4) MME for combined spinal fusion and lumbar decompression.

Across both patient populations, patients already receiving LTOT who underwent surgery
nearly always were prescribed opioids to treat postsurgical pain. Also, postsurgical mean days’ supply
and mean daily dosage was nearly universally higher among patients already receiving LTOT across
both patient populations (eTable 3 in the Supplement).

Sickle Cell Disease
Almost half of privately insured patients (42.6%) and Medicaid-enrolled patients (44.9%) with SCD
received an opioid prescription overall (Table 4). However, there were marked differences by age.
More than twice as many children with SCD covered under Medicaid received an opioid prescription
(29.0%) compared with children with SCD and private insurance (12.2%). A higher percentage of
nonelderly adults with SCD and Medicaid received opioids, with a mean (95% CI) days’ supply nearly
twice as high (117.3 [112.1-122.6] days) as that prescribed for those with private insurance (59.2
[53.8-64.6] days).

Cancer
A third of privately insured patients with cancer received an opioid prescription compared with more
than half (56.6%) of patients with Medicaid. Patients with Medicaid received a higher days’ supply
and dosage compared with privately insured patients (Medicaid: 115.2 [95% CI, 112.9-117.5] days; 61.1

Table 4. Opioid Prescribing Rates and Amounts Among Patients With Sickle Cell Disease in the US, by Age Group and Insurance Type, 2017a

Insurance type
Patients with Rx,
No. (%) [95% CI]

No. of Rx No. of days’ supply Daily dosage, MME

Mean (95% CI) Median (IQR) Mean (95% CI) Median (IQR) Mean (95% CI) Median (IQR)
At 0-18 y

Privateb 34 (12.2) [8.4-16.1] 1.8 (1.3-2.3) 1 (1-2) 15.7 (6.0-25.5) 6 (3-12) 34.3 (28.6-40.0) 30.2 (24.6-46.5)

Medicaidc 1279 (29.0) [27.6-30.3] 3.4 (3.2-3.5) 2 (2-4) 24.4 (22.4-26.4) 14 (10-24) 31.9 (30.8-33.1) 30 (18-45)

At 19-64 y

Private 479 (52.5) [49.2-55.7] 3.2 (3.0-3.4) 2 (1-4) 59.2 (53.8-64.6) 40 (15-87) 85.1 (76.7-93.5) 58.1 (35.9-106.7)

Medicaid 1829 (72.9) [71.2-74.7] 7.5 (7.2-7.8) 6 (4-10) 117.3
(112.1-122.6)

80 (30-180) 88.8 (85.3-92.4) 60 (40-108)

At ≥65 y

Private 45 (37.5) [28.8-46.2] 2.5 (2.0-3.0) 2 (1-3) 54.1 (39.8-68.3) 38 (18-76) 54.1 (40.6-67.5) 40.0 (21.4-72.6)

Medicaid NA NA NA NA NA NA NA

Overall

Private 558 (42.6) [39.9-45.2] 3.0 (2.8-3.3) 2 (1-4) 56.1 (51.3-61.0) 34 (12-82) 79.5 (72.1-86.9) 52.5 (30.7-96.0)

Medicaid 3108 (44.9) [43.8-46.1] 5.8 (5.6-6.0) 4 (2-8) 79.1 (75.5-82.7) 32 (14-110) 65.6 (63.2-67.9) 45 (28-75)

Abbreviations: IQR, interquartile range; MME, morphine milligram equivalents16; Rx,
prescriptions.
a Reported outcome data (prescribing rate, MME, days’ supply, and number of Rx) are

anchored to patients, reflecting all Rx supplied to a patient for visits related to that
indication during the 3 months following the index diagnosis.

b Data from the OptumLabs Data Warehouse, 2017.
c Data from the MarketScan Multi-State Medicaid Database, from quarter 4 2016 to

quarter 3 2017.
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[95% CI, 59.9-62.4] MME/d; privately insured: 34.2 [95% CI, 33.8-34.6] days; 46.2 [95% CI, 45.8-
46.5] MME/d) (Table 5).

Opioid Prescribing Variation by Age Group
Opioids were prescribed for fewer patients and visits, and in lower amounts, for children aged 18
years or younger compared with adults for most indications (Table 4 and Table 5; eTables 4-9 in the
Supplement). Compared with adults, children prescribed opioids received shorter durations for most
indications; lower dosages for SCD, postsurgical pain, and cancer; and similar dosages for nonsurgical
acute pain. There were insufficient data to report on pediatric patients with private insurance
prescribed opioids for chronic pain, but among children with Medicaid coverage, a lower percentage
received opioids for chronic pain compared with adults (eg, 4.4% of children vs 37.4% of nonelderly
adults among Medicaid enrollees not receiving LTOT with nonradicular back pain).

Opioids were prescribed in a lower percentage of visits for adults aged 65 years or older for
dental pain, renal colic, most surgical procedures, and cancer compared with other adults, but
prescribing rates were similar to those for other adults for most other nonsurgical acute and chronic
pain indications (Table 4 and Table 5; eTables 4-9 in the Supplement). Days’ supply and dosages were
similar for adults aged 19 to 64 years and those aged 65 years or older, except that adults younger
than 65 years who were also receiving LTOT, who underwent surgery, or had SCD or cancer received
higher mean daily dosages than older adults in these categories.

Discussion

In our analysis, we linked opioid prescriptions to 13% to 16% of nonsurgical acute pain visits, 30% to
50% of patients with chronic pain indications, 55% to 66% of surgical procedures, 43% to 45% of
patients with SCD, and 32% to 57% of patients with cancer, with rates, days’ supply, and daily dosage
varying widely across indications. For many indications, opioid prescribing rates, days’ supply, and
dosage did not align with evidence-based guidelines and practice-informed recommendations. For
example, published guidance recommends nonopioid treatment of fibromyalgia,17,18 chronic17,19,20

and acute back pain,17,19,20 musculoskeletal strains or sprains,21 and dental pain22,23 with no more
than 3 to 7 days of opioids when needed for acute pain.6 Opioid prescriptions were issued to patients
for all of these indications across both study populations in this analysis. We found that across both

Table 5. Opioid Prescribing Rates and Amounts Among Patients With Cancer in the US, by Age Group and Insurance Type, 2017a

Insurance type
Patients with Rx,
No. (%) [95% CI]

No. of Rx No. of days’ supply Daily dosage, MME

Mean (95% CI) Median (IQR) Mean (95% CI) Median (IQR) Mean (95% CI) Median (IQR)
At 0-18 y

Privateb 244 (23.0) [20.4-25.5] 1.8 (1.6-2.0) 1 (1-2) 13.4 (10.0-16.9) 7 (4-12) 27.7 (25.3-30.1) 23.9 (14.1-39.3)

Medicaidc 489 (25.5) [23.5-27.4] 3.9 (3.6-4.2) 2 (2-4) 31.0 (26.3-35.6) 16 (10-30) 28.2 (26.1-30.4) 23 (12-38)

At 19-64 y

Private 18 588 (40.6) [40.1-41.0] 2.4 (2.4-2.5) 2 (1-3) 37.5 (36.8-38.2) 15 (5-50) 52.6 (51.9-53.2) 42.8 (30.0-60.0)

Medicaid 8854 (60.9) [60.1-61.6] 6.9 (6.8-7.0) 6 (2-10) 120.9 (118.5-123.4) 86 (30-180) 63.5 (62.2-64.8) 45 (30-75)

At ≥65 y

Private 27 551 (27.7) [27.4-27.9] 2.0 (2.0-2.0) 1 (1-2) 32.2 (31.8-32.7) 15 (5-41) 42.0 (41.6-42.4) 33.5 (22.5-50.0)

Medicaid 323 (54.4) [50.4-58.4] 5.4 (4.9-5.9) 4 (2-6) 86.1 (75.8-96.4) 60 (18-124) 45.3 (41.0-49.5) 35 (25-51)

Overall

Private 46 383 (31.7) [31.4-31.9] 2.2 (2.1-2.2) 1 (1-3) 34.2 (33.8-34.6) 15 (5-45) 46.2 (45.8-46.5) 37.5 (25.0-55.0)

Medicaid 9666 (56.6) [55.9-57.4] 6.7 (6.6-6.8) 6 (2-8) 115.2 (112.9-117.5) 74 (24-180) 61.1 (59.9-62.4) 45 (30-71)

Abbreviations: IQR, interquartile range; MME, morphine milligram equivalents16; Rx,
prescriptions.
a Reported outcome data (prescribing rate, MME, days’ supply, and number of Rx) are

anchored to patients, reflecting all Rx supplied to a patient for visits related to that
indication during the 3 months following the index diagnosis.

b Data from the OptumLabs Data Warehouse, 2017.
c Data from the MarketScan Multi-State Medicaid Database, from quarter 4 2016 to

quarter 3 2017.
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patient populations, patients with fibromyalgia not already receiving LTOT were typically prescribed
at least a full month’s supply of opioids; that 28.3% (privately insured) and 44.0% (Medicaid) of
patients with chronic radicular back pain not already receiving LTOT were started on opioids; and
that opioid prescriptions with mean treatment durations of 11.8 (privately insured) and 9.9 days
(Medicaid) were issued for acute low back pain.

For many patients with chronic pain conditions receiving LTOT, daily dosages of opioids
exceeded 50 MME, a threshold beyond which the risk for adverse events, including overdose, is
increased.6 Previous analyses have found associations between longer durations of opioid therapy
and higher opioid dosages,24 potentially reflecting increasing dosages as patients develop tolerance
to pain-relieving effects of opioids. It is important for clinicians to increase long-term opioid dosages
only when it is clear that benefits of increasing dosage will outweigh risks.6 Once patients are
receiving high opioid dosages long term, it can be difficult to reverse course.25 Successful dosage
reduction is likely to require strong collaboration between the patient and clinician, behavioral
support, multimodal pain treatment, and time (often months to years) to taper slowly enough to
minimize withdrawal symptoms.6,26

Postoperative opioid prescribing at hospital discharge exceeds published recommendations for
nearly all surgical procedures included in this analysis. For example, the Michigan Surgical Quality
Collaborative27 recommends up to 10 tablets of oxycodone, 5 mg, at discharge for opioid-naive
patients after laparoscopic cholecystectomy, totaling 75 MME. One tablet taken every 4 hours would
exhaust a 10-tablet supply in less than 2 days; we found 4.7 (privately insured) and 4.8 (Medicaid)
days’ supply provided to patients not receiving LTOT. Numerous studies report that patients
frequently take fewer opioids than prescribed.11,28-31 Therefore, larger amounts of prescribed opioids
suggest excess opioids potentially accessible to others, increasing risks of misuse and overdose. To
minimize risks of excess opioids while meeting individual pain control needs, 1 institution32 calculates
postsurgical discharge opioid prescriptions based on inpatient opioid use on the day prior to
discharge.

Among patients with cancer, about one-third in private insurance and about half in Medicaid
were prescribed opioids. One study of outpatients with recurrent or metastatic cancer found that
62% reported moderate to severe pain,33 for which opioids are recommended.34 It is possible that
many patients with cancer in our sample did not have pain or had pain that was managed effectively
with nonopioid treatment. However, some patients might not have received pain management
proportionate to their pain severity, as has been reported previously.12

Among patients with SCD, fewer than half with either insurance type were prescribed opioids.
Suboptimal management of acute SCD pain has been reported13,14 and might have affected some
patients. However, claims data cannot identify whether prescriptions were associated with acute
sickle cell crisis or with chronic pain. Privately insured adults and those with Medicaid diagnosed as
having SCD were much more likely than children to receive opioids, and adults received substantially
higher opioid dosages and for longer durations than children did. This finding is consistent with
previous studies35 and likely reflects increased incidence of SCD complications as individuals age.
Other studies have found that adults and patients with Medicaid were less likely to fill hydroxyurea
prescriptions or receive specialty care for SCD,35 suggesting that lack of access to care may be
associated with complications such as vaso-occlusive crisis and with a need to treat complications
with opioids. In addition, clinicians often do not offer multimodal pain management for SCD pain,14

and many adults with SCD use opioids for chronic pain as well as for acute pain crises,14 which may
increase tolerance and opioid requirements when patients experience acute pain. Other research has
found that opioid use among SCD patients has been substantial but stable across recent years
(2008-2012), while use increased in the broader US population, and that opioid-related overdose
deaths among individuals with SCD were substantially lower than among individuals with other
diseases associated with pain.35 Because of the unique challenges in managing painful SCD
complications, readers of the 2016 CDC Guideline for Prescribing Opioids for Chronic Pain were
referred to other guidelines specific to SCD for more guidance.36 Despite this, there have been
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reports of inappropriate misapplication of CDC guideline recommendations to patients with SCD14 as
well as with cancer pain,37 and the CDC has released statements emphasizing that the intended,
stated scope of the guideline did not include pain in the setting of acute cancer or acute sickle
cell crisis.37

Overall, opioid prescribing rates were higher among Medicaid than privately insured patients,
but Medicaid patients were prescribed lower daily dosages and shorter durations. These findings
merit closer examination; they may reflect greater use of drug utilization strategies by Medicaid in
comparison with commercial payers, such as prior authorization and condition or referral
requirements for use of nonopioid medications and nonpharmacologic therapies.38

Limitations
Caution is needed in interpreting several aspects of this analysis. We relied on claims data and were
unable to assess clinical details, such as pain severity or function, or to assess opioid prescriptions not
covered by insurance. Other pain treatments that patients may have received, such as nonopioid
medications or nonpharmacologic treatments, were not directly assessed. We did not assess
uninsured patients, those with fee-for-service Medicare, or those whose prescriptions were covered
under other means, including cash payments or other insurance plans. Variation in plans and inability
to identify specific state Medicaid populations in the MMD data limit interpretation of prescribing
rates in the context of opioid prescribing policies, such as prior authorization and duration limits. We
used a linkage procedure to connect opioid prescriptions to the most likely indications at the patient
or visit level; some prescriptions could have been misattributed to specific indications that were not
the actual intent of the prescription or intended for an indication not included in our analysis.
However, the patients identified using our list of pain indications accounted for the vast majority
(87.7%) of total opioid prescriptions among privately insured patients in the OLDW data set in 2017.
Dental procedures in OLDW were those covered by medical benefits and may not be representative
of dental procedures for which medical claims are not billed. By contrast, the Medicaid data included
direct claims from dentists, limiting direct comparisons between insurance plans. In the SCD analysis,
we are unable to differentiate between LTOT for SCD and opioids prescribed to treat an acute vaso-
occlusive crisis, and the small number of patients with SCD and private insurance may not represent
the general SCD population. The amount of time that elapsed between the date of an inpatient
surgical procedure and hospital discharge may affect the amount of pain medication prescribed for
an individual patient at the point of discharge. Our outcome of interest was overall prescribing for
specific indications, rather than prescribing by individual prescribers owing to data set limitations,
which may affect estimates of precision. Lastly, prescribing rates do not reflect national estimates of
overall opioid prescribing; rates are based on specific patient populations for specific indications,
and geographic constraints of the data sources used in this analysis may limit national application of
calculated rates.

Conclusions

This comprehensive analysis of opioid prescribing across a broad variety of indications suggested
that prescribing patterns for some indications were incongruent with existing evidence-based clinical
guidelines. These results may reflect low clinician awareness of applicable guidelines or reluctance
to adhere to guidance. Implementation guidance that emphasizes evidence-based
recommendations has the potential to better align opioid prescribing practices with evidence on
opioid benefits and risks and improve pain management and patient safety.
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