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Background: To describe characteristics of patients, providers, and clinics associated with opioid or non-opioid
pain medication prescribing patterns for patients who received lower spine imaging in primary care clinics.
Methods: In these secondary analyses of the Lumbar Imaging with Reporting of Epidemiology (LIRE) study,
a randomized controlled trial conducted in 4 health systems in the United States, we evaluated characteristics
associated with receipt of pain medication prescriptions. The outcomes were receipt of prescriptions for opioid
or, separately, non-opioid pain medications within 90 days after imaging. Among patients who received opioid
or non-opioid prescriptions, we evaluated receipt of multiple prescriptions in the year following imaging.
Mixed models were used to estimate adjusted odds ratios (ORs) and 95% confidence intervals (CIs).
Results: Compared with whites, patients identified as Asian (OR, 0.53; 95% CI, 0.51–0.56), Native Hawaiian/
Pacific Islander (OR, 0.73; 95% CI, 0.64–0.83), multiracial (OR, 0.84; 95% CI, 0.71–0.98) or Black (OR, 0.92; 95%
CI, 0.89–0.96) had significantly reduced odds for receiving prescriptions for opioids within 90 days. Patients identified as Native American/Alaska Native had greater odds for receiving prescriptions for non-opioid pain medications within 90 days (OR, 1.12; 95% CI, 1.01–1.24). Receipt of pain prescriptions 120 days before imaging was
strongly predictive of subsequent receipt of pain prescriptions across all categories.
Conclusions: After adjusting for factors that could affect prescribing, the strongest differences observed
in pain-medication prescribing were across racial categories and for patients with previous pain prescriptions. Further research is needed to understand these differences and to optimize prescribing. ( J Am
Board Fam Med 2021;34:950–963.)
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Introduction
Low back pain is a complex condition with many
possible etiologies.1 Treatments include medications,

complementary and alternative medicine (CAM)
treatments, psychological therapies, interventional
therapies (eg, injections), and spine surgeries.2
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than in urban areas, and prescription opioids are
more commonly involved than heroin or synthetic
opioids in drug-related deaths in rural areas, suggesting that opioids are more readily prescribed in
rural locations.21
Little is known about provider characteristics
associated with opioid prescribing. A study in 2
military emergency department facilities found that
physician assistants were more likely than physicians to have prescribed opioids. No differences in
prescribing rates between male and female providers were found.22
Increasing knowledge regarding the characteristics of patients, providers, and clinics associated
with the prescription of opioid or non-opioid medications for back pain may point to opportunities for
optimizing care that is consistent with clinical
guidelines. This secondary analysis aimed to
describe patient-level, provider-level, and cliniclevel characteristics associated with pain medication
prescribing for patients who received low back
imaging in the primary care setting to generate
hypotheses for future studies. Because our sample
size was large, we described patterns of pain medication prescribing in understudied patient populations such as patients in relatively small racial
categories. In addition, because we had access to a
wide variety of patient, provider, and clinic characteristics, we could model associations adjusting for
previously identiﬁed trends and report on novel
associations that future work can examine.

Methods
Study Design and Data Sources
The parent study for these secondary analyses
was the Lumbar Imaging with Reporting of
Epidemiology (LIRE) study, described previously
in detail.23,24 The rationale of the LIRE study was
that lumbar spine imaging often uncovers ﬁndings
that are unrelated to pain and if providers were
as well as partial salary support from an endowment from
Kaiser Permanente. JGJ reports royalties as a book co-editor
from Springer Publishing and travel reimbursement for
Faculty Board of Review from GE-Association of University
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4333 Brooklyn Ave NE Box 359558, Seattle, WA, USA
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Although prescription opioid medications are generally not recommended3–6 and such use has decreased
in recent years,7,8 they are still often prescribed for
low back pain; in 2016, opioids were prescribed to
20% of patients after new encounters for low back
pain in a large, population-based study.8 Non-opioid
medications are also often prescribed for low back
pain and include muscle relaxants, nonsteroidal antiinﬂammatory drugs (NSAIDs), gabapentinoids, tricyclic antidepressants (TCAs), and serotonin-norepinephrine reuptake inhibitors (SNRIs).4,9
Patterns of opioid prescribing vary by patient
racial/ethnic characteristics, with Blacks and
Hispanic/Latinx patients less likely than whites to
receive opioid prescriptions.10–13 Some evidence
indicates that patients living in lower socioeconomic
status (SES) neighborhoods may be more likely to
receive opioid prescriptions for new back pain episodes than patients in higher SES neighborhoods.14
Other patient characteristics associated with variations in opioid prescribing include age, with middleaged patients receiving more opioid prescriptions for
back pain from primary care providers (PCPs) compared with those >60 years or <30 years, and insurance type, with Medicaid or self-pay patients
receiving more opioid prescriptions than those with
private insurance.15 Relationships between patient
sex and opioid prescribing have been examined in
previous studies, with some reporting that male
patients are less likely to be prescribed opioids compared with female patients16–18 and others reporting
no differences by patient sex.15,19
Clinic characteristics are also likely associated
with opioid prescribing. Patients who receive care
in rural clinics are more likely to receive prescriptions for opioids compared with patients who
receive care in urban areas.20 Opioid-related mortality rates have increased more rapidly in rural

Prescription Drug Identification
Opioid and non-opioid pain medications were identiﬁed by a pharmacist (Supplemental Table 1) using
drug information databases (IBM Micromedex®
and UpToDate®). Non-opioid medication classes
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that we examined were skeletal muscle relaxants,
NSAIDs, gabapentinoids, tricyclic antidepressants,
and benzodiazepines. We also included the only
SNRI that had Food and Drug Administration
(FDA) approval for treatment of chronic musculoskeletal pain, duloxetine, in the non-opioid pain
medication category. We included oral and topical
forms and excluded pain medication prescriptions
that occurred during inpatient stays and medication
forms used exclusively or nearly exclusively in inpatient settings. We identiﬁed pre-index imaging pain
medication prescriptions as those that occurred in
the 120 days before the date of the spine image, and
post-imaging prescriptions were those that
occurred from the date the index image was ﬁnalized by the interpreting radiologist (hereafter, this
date is termed “index”) through 90 days later. Preimaging medications included outpatient prescriptions written by any provider but, because we were
interested in prescribing trends among PCPs, postimaging prescriptions were only those from LIRE
providers. However, unless otherwise stated, the provider who wrote prescriptions did not have to be the
same 1 who ordered the index image if both met the
deﬁnition of LIRE providers. We analyzed ordered,
not necessarily ﬁlled, prescriptions because we were
interested in prescribing trends. Prescriptions written
between the image date and the ﬁnalized image
report were not counted as pre-imaging or postimaging prescriptions. Nonprescription pain medications were not captured in the EMR and are not
included in these analyses.
Patient, Provider, and Clinic Variables
We evaluated the characteristics of patients who
received opioid or non-opioid pain medication prescriptions. Patient-level characteristics were obtained
from the EMR and included age (categorized as 18
to 39; 40 to 60, and ≥61 years), sex, imaging modality
(radiograph, computed tomography [CT], or magnetic resonance imaging [MRI]), race (identiﬁed by
the patients following the Institute of Medicine
report on standardization of collection of race, ethnicity, and language data;27 categories included
Asian, Black/African American, Native Hawaiian/
Paciﬁc Islander, multiracial, Native American/Alaska
Native, or white), ethnicity (Hispanic or not
Hispanic), primary insurance at index (categorized as
commercial, which included Medicare supplements;
Veteran’s Affairs (VA); self-pay; Medicare; or
Medicaid); Charlson comorbidity index category (0,
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aware of how often these ﬁndings seem in patients
who do not have back pain, they might be less
alarmed by them and thus less likely to recommend
potentially unnecessary interventions. Primary care
clinics within 4 large health care systems [Mayo
Clinic (Rochester, Minnesota); Henry Ford
(Detroit, Michigan); Kaiser Permanente Northern
California (Oakland, California); and Kaiser
Permanente Washington (Seattle, Washington)]
were randomly assigned to generate imaging
reports containing epidemiologic benchmark text
containing the prevalence of common imaging
ﬁndings among patients (with or without back pain)
at varying start dates.24–26 Before the intervention,
clinics received imaging reports without the intervention text. Data were obtained from comprehensive electronic medical records (EMR) that
captured health care utilization, including prescription medication data.
Within each health system, clinics that provided
primary care for adult patients were identiﬁed.
Patients ≥18 years old who received lower spine
imaging from October 1, 2013, to September 30,
2016, who had no spine imaging within the past
year and had not opted out of research studies were
automatically enrolled in the trial. LIRE providers
were deﬁned as PCPs whose main practices were at
1 of these clinics and who ordered at least 1 qualifying spine image during the trial.
The LIRE study found no differences in the primary outcome, spine-related health care utilization
in the year following the index lumbar spine image
and found no differences in spine-related health
care utilization in the year following the index spine
imaging, among patients whose images did versus
did not contain the intervention text. However,
patients whose images contained the intervention
text had a small but statistically signiﬁcant decrease
in the likelihood of receiving prescriptions for
opioids within a year of their index images.23
For this secondary analysis, all participating
institutional review boards determined that the
study was minimal risk and granted waivers of consent and Health Insurance Portability and
Accountability Act (HIPAA) authorization.

Outcomes
To examine differences in the amount of prescribing, we subdivided patients who received any opioid
or non-opioid pain prescriptions in the year following index into those with multiple periods with prescriptions versus only a single period with a
prescription. Speciﬁcally, we divided the year after
index into 4 quarters of 91 to 92 days and counted
the number of quarters in which each patient
received ≥1 opioid or non-opioid pain medication
prescription. We then created binary variables that
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were 0 if they received opioid or non-opioid pain
medication prescriptions in 1 quarter and 1 if they
received prescriptions in >1 quarter (hereafter
termed “multiple prescriptions”). Thus, we had 4
binary outcome variables: (1) receipt of immediate
prescriptions for opioids versus those who did not
receive immediate opioid prescriptions (referent);
(2) receipt of multiple prescriptions for opioids versus those who received only 1 opioid prescription
(referent); (3) receipt of immediate prescriptions for
non-opioid pain medications versus those who did
not receive immediate non-opioid pain prescriptions (referent); and (4) receipt of multiple prescriptions for non-opioid pain prescriptions versus those
who received only 1 non-opioid pain prescription
(referent).
Statistical Analysis
We evaluated unadjusted relationships between the
patient, provider, and clinic characteristics and
those who did and did not receive prescriptions for
opioid or (separately) non-opioid pain medications
within 90 days after index (“immediate prescriptions”). We also examined the proportions of
patients who received immediate prescriptions for
(1) both opioid and non-opioid pain medication
prescriptions, (2) only opioid prescriptions, (3) only
non-opioid pain prescriptions, and (4) neither.
We used mixed models with random effects
(which account for the fact that patients within
PCPs and clinics would have been expected to have
had prescribing patterns that were correlated) to
estimate adjusted odds ratios (ORs) and 95% conﬁdence intervals (95% CIs). We included all the
patient-level, provider-level, and clinic-level variables in the same models. All models additionally
adjusted for health care system and whether the
image occurred during the control (no benchmark
text present on the imaging report) or intervention
(benchmark text present on the imaging report)
period.
To evaluate whether concordance of patient and
provider sex affected pain prescriptions, we conducted secondary, unadjusted analyses that examined the proportions of immediate and multiple
pain medication prescriptions stratiﬁed by patient
and provider sex. For these analyses, we only
counted opioid or non-opioid pain prescriptions
prescribed by the same provider who ordered the
index images.

Pain Prescriptions and Low Back Imaging in Primary Care
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1, 2, and ≥3);28 receipt of prescriptions for opioids
non-opioid pain medications pre-index, and the calendar time of the index image (categorized in 6month intervals following the intervention schedule
from October 1, 2013–September 30, 2016). To
determine each patient’s SES, the study sites mapped
patient addresses to Federal Information Processing
System (FIPS) codes using geocoding software,
which was then mapped to SES indexes derived from
the 2010 Census Summary File 1 and the American
Community Survey 2007 to 2011 5-year estimate
data29 and categorized into quartiles.30 Using
machine learning natural language processing,31 we
extracted ﬁndings on the index image from the radiology text reports. These were categorized into 3
mutually exclusive groups: no ﬁndings, ﬁndings that
were likely clinically unimportant (for example, disk
bulge, disk space narrowing, annular ﬁssure; hereafter termed “clinically unimportant ﬁndings”), and
ﬁndings that were likely clinically important (hereafter termed “clinically important ﬁndings”; for
example, moderate-severe spinal canal stenosis, nerve
root compression, disk extrusion).
Because the providers who ordered the images
may not have been the same as the providers who
prescribed medications, we evaluated the proportions of patients who received opioid or non-opioid
pain medication prescriptions from their imageordering providers. We also evaluated provider age,
type (categorized into medical doctor [MD], doctor
of osteopathic medicine [DO], or other [physician
assistants and nurse practitioners; hereafter termed
“PA/NP”]), sex, and specialty (family medicine, internal medicine, or other). Clinic characteristics
included rural/urban, which we deﬁned using the
2010 Rural-Urban Commuting Area (RUCA)
codes,32 and clinic size (equal-size tertiles of small,
medium, or large depending on the number of
PCPs at the clinics).

For patients who were missing values for race
(n = 28,932; 12.1% of the sample), we used the
modes of the races in the zip codes where they
received their index images to impute their races.33
We used the same methodology to impute SES for
the n = 6810 (2.9% of the population) patients
missing SES. We conducted sensitivity analyses
excluding the patients who were missing race or
SES. A large proportion of patients were missing
ethnicity data (n = 163,514; 68%) but most (99%)
of these patients’ data came from a health system
that coded their patients’ ethnicity as either
“Hispanic” or “Unknown”; therefore, everyone
whose ethnicity was recorded as “Unknown” was
counted as not Hispanic for these analyses. Finally,
patient primary insurance status was missing for a
small proportion of our sample (n = 2697; 1.1%);
these patients were excluded from adjusted analyses. We used SAS software (version 9.4; Cary,
North Carolina) for all analyses.

Results
A total of 238,886 patients were included in our
analyses (Figure 1). Of these, 34,076 (14.3%)
received an immediate opioid prescription and no
immediate non-opioid pain medication prescrip-
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tion. A total of 47,944 (20.0%) received only a nonopioid pain medication prescription and no immediate opioid prescription; 36,119 (15.1%)
received both immediate opioid and non-opioid
pain medication prescriptions. Thus, approximately half of the cohort (118,139; 49.5%)
received at least 1 immediate pain medication
prescription. A total of 61,259 (87%) of patients
who received immediate opioid prescriptions
received ≥1 immediate prescription from the
same provider who ordered their index images,
and 73,732 (88%) of patients who received immediate non-opioid pain medication prescriptions
received ≥1 prescription from the image-ordering
providers. Unadjusted patient-level, providerlevel, and clinic-level characteristics, stratiﬁed by
whether the patients received immediate prescriptions for opioids or non-opioid pain medications, are shown in Table 1.
Patient Race and Ethnicity
Results of adjusted analyses are shown in Figures 2–5.
Compared with whites, patients identiﬁed as Asian
had reduced odds of receiving immediate opioid
(OR, 0.53; 95% CI, 0.51–0.56) or non-opioid (0.75;
0.73–0.77) pain medication prescriptions and of
receiving multiple prescriptions (opioids: 0.60; 0.56–
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Figure 1. Flow of patients in analyses stratified by whether patients received immediate opioid and/or non-opioid
pain medication prescriptions. Abbreviation: LIRE, Lumbar Imaging with Reporting of Epidemiology.

All Patients n (%)†
N = 238,886

Received Immediate Opioid
Prescription n (%)‡
N = 70,195 (29)

Received Immediate Non-opioid
Prescription n (%)‡
N = 84,063 (35)

Patient-Level Characteristics
Age group (years)
18 to 39

43,342 (18)

9,679 (22)

15,695 (36)

40 to 60
>60

90,027 (38)
105,517 (44)

26,128 (29)
34,388 (33)

35,143 (39)
33,225 (31)

101,499 (42)
137,387 (58)

28,956 (29)
41,239 (30)

33,365 (33)
50,498 (37)

192,435 (81)
943 (0.4)

55,466 (29)
412 (44)

70,234 (37)
288 (31)

45,508 (19)

14,317 (31)

13,541 (30)

26,508 (11)

4,062 (15)

7,162 (27)

23,642 (10)

7,678 (33)

8,416 (36)

1,614 (0.7)
1,686 (0.7)

389 (24)
610 (36)

583 (36)
708 (42)

Sex
Male
Female
Modality for index image
Radiograph
Computed tomography
Magnetic resonance imaging
Race
Asian
Black/African American
Native Hawaiian/Paciﬁc Islanders
Native American/Alaska Native
Multiracial
White
Ethnicity
Hispanic
Not Hispanic
Socioeconomic status quartile

1,005 (0.4)

296 (29)

376 (37)

184,431 (77)

57,728 (31)

66,818 (36)

36,229 (15)

9,342 (26)

13,702 (38)

202,657 (85)

60,853 (30)

70,361 (35)

1st

15,824 (7)

5,446 (34)

6,333 (40)

2nd
3rd

31,213 (13)
57,564 (24)

10,574 (34)
18,808 (33)

12,215 (39)
21,879 (38)

4th

134,285 (56)

35,367 (26)

43,636 (33)

90,841 (38)

31,951 (35)

29,103 (32)

12,056 (5)

4,230 (35)

5,388 (45)

131,743 (55)

32,693 (25)

47,911 (36)

Insurance status
Medicare
Medicaid/state-subsidized
Commercial (including Medicare
supplements)
Veterans Administration
Self-pay
Unknown/missing

248 (0.1)

60 (24)

84 (34)

1,301 (0.5)
2,697 (1)

490 (38)
771 (29)

596 (46)
981 (36)

153,079 (64)
41,868 (18)

38,227 (25)
14,449 (35)

53,108 (35)
15,868 (38)

Charlson comorbidity index
0
1
2
31
Prescription for opioid in 120 days before
index:
Yes
No

23,211 (10)

8,214 (35)

7,828 (34)

20,728 (9)

9,305 (45)

7,259 (35)

61,531 (26)
177,355 (74)

38,581 (63)
31,614 (18)

35,397 (52)
48,666 (29)

55,546 (23)
149,192 (62)

13,327 (24)
45,558 (31)

20,627 (37)
53,206 (36)

34,148 (14)

11,310 (33)

10,230 (30)

Image ﬁnding status
None
Clinically unimportant ﬁnding
Clinically important ﬁnding

Continued

doi: 10.3122/jabfm.2021.05.210033

Pain Prescriptions and Low Back Imaging in Primary Care

955

J Am Board Fam Med: first published as 10.3122/jabfm.2021.05.210033 on 17 September 2021. Downloaded from http://www.jabfm.org/ on 9 January 2023 by guest. Protected by
copyright.

Table 1. Characteristics of Patients, Providers, and Clinics by Receipt of Opioid and Non-opioid Pain Medication
Prescriptions within 90 Days After Index Image*

All Patients n (%)†
N = 238,886

Received Immediate Opioid
Prescription n (%)‡
N = 70,195 (29)

Received Immediate Non-opioid
Prescription n (%)‡
N = 84,063 (35)

Time of index image
Oct 2013 to Mar 2014

48,233 (20)

16,087 (33)

16,909 (35)

Apr 2014 to Sept 2014

30,529 (13)

9,952 (33)

10,833 (35)

Oct 2014 to Mar 2015
Apr 2015 to Sept 2015

39,424 (17)
41,796 (18)

11,730 (30)
11,959 (29)

14,204 (36)
14,816 (35)

Oct 2015 to Mar 2016

39,177 (16)

10,526 (27)

13,726 (35)

39,727 (17)

9,941 (25)

13,575 (34)

Apr 2016 to Sept 2016
Image Ordering Provider-Level
Characteristics
Provider mean age (IQR)
Provider type
Doctor Osteopathy
Medical Doctor
Physician Assistant/Nurse Practitioner

49.3 (43 to 55)

49.6 (43 to 56)

49.0 (43 to 55)

17,288 (7)

5,167 (30)

6,542 (38)

213,524 (89)
8,074 (3)

62,250 (29)
2,778 (34)

74,170 (35)
3,351 (42)

125,520 (53)
113,366 (47)

35,315 (28)
34,880 (31)

44,206 (35)
39,857 (35)

117,072 (49)
119,842 (50)

36,042 (31)
33,602 (28)

44,100 (38)
39,278 (33)

1972 (0.8)

551 (28)

685 (35)

231,352 (97)

67,391 (29)

81,184 (35)

4,106 (1.7)
3,043 (1.3)

1,436 (35)
1,247 (41)

1,569 (38)
1,215 (40)

Provider sex
Female
Male
Provider specialty
Family medicine
Internal medicine
Other
Imaging Clinic-Level Characteristics
Rural-urban commuting area type
Urban
Large rural
Small rural
Isolated small rural

385 (0.2)

121 (31)

95 (25)

Clinic size
Small

48,053 (20)

14,044 (29)

15,725 (33)

Medium

74,035 (31)

22,315 (30)

25,014 (34)

116,798 (49)

33,836 (29)

43,324 (37)

Large

IQR, Interquartile range.
*Note that 36,119 patients (15% of the total) received prescriptions for both opioid and non-opioid pain medications within 90 days
and are therefore represented in multiple columns; similarly, n = 120,747 received neither immediate opioid nor non-opioid pain
prescriptions.
†
Percentages presented in columns.
‡
Percentages presented in rows.

0.64; non-opioids: 0.69; 0.66–0.73). Patients identiﬁed as Black (0.92; 0.89–0.96), Native Hawaiian/
Paciﬁc Islander (0.73; 0.64–0.83), or multiracial
(0.84; 0.71–0.98) also had reduced odds of receiving
immediate opioid prescriptions, but we did not
observe statistically signiﬁcant associations with the
receipt of multiple opioid prescriptions or immediate
non-opioid pain prescriptions. However, patients
identiﬁed as Black (0.87; 0.83–0.91) or Native
Hawaiian (0.83; 0.71–0.97) had reduced odds relative
to whites for receiving multiple prescriptions for

956

JABFM September–October 2021 Vol. 34 No. 5

non-opioid pain medications. Patients identiﬁed as
Native American/Alaskan had greater odds of receiving immediate non-opioid pain medications than
whites (1.12; 1.01–1.24). Patients identiﬁed as
Hispanic had reduced odds of receiving immediate
prescriptions for opioids (0.79; 0.770.82) and of
receiving multiple opioid (0.80; 0.77–0.84) or nonopioid pain medications (0.86; 0.83–0.89) within a
year, but they had greater odds of receiving immediate non-opioid pain medications prescriptions (1.02;
1.00–1.05).
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Table 1. Continued

Index Imaging
Compared with patients with clinically unimportant ﬁndings on their index images, patients with
no ﬁndings had reduced odds of receiving immediate opioid (0.86; 0.84–0.88) or non-opioid
(0.96; 0.94–0.99) prescriptions or of receiving
multiple prescriptions (opioids: 0.87; 0.84–0.91;
non-opioids: 0.92; 0.89–0.95). Patients with clinically important ﬁndings had reduced odds of
receiving multiple opioid prescriptions compared
with patients with clinically unimportant ﬁndings (0.91; 0.84–0.98).
Other Patient-Level Factors
Patients insured by the VA were less likely to have
received prescriptions for immediate opioids (0.65;
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0.46–0.91) or non-opioid pain medications (0.73;
0.55–0.98) than those with commercial insurance.
Patients who received pre-index prescriptions for
opioid non-opioid pain medications had increased
odds of receiving immediate opioid or non-opioid
pain prescriptions and of receiving multiple prescriptions after index; these ORs ranged from 2.75
(95% CI, 2.70–2.80) for an immediate non-opioid
pain prescription to 7.11 (95% CI, 6.95–7.26) for
immediate opioid prescriptions; ORs for all other
characteristics did not exceed 1.60. Patients in the
youngest age category had reduced odds of receiving immediate opioid prescriptions (0.93; 0.89–
0.97) and multiple prescriptions for non-opioids
(0.78; 0.74–0.82) but increased odds (1.13; 1.09–
1.17) of receiving immediate non-opioid pain
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Figure 2. Adjusted odds ratios (ORs) and 95% confidence intervals (95% CIs) of patient-level (patient age, sex,
index imaging modality, race, ethnicity, socioeconomic status, insurance status, Charlson comorbidity index, prescriptions for opioids in the 120 days prior to index, image finding status, and time of index image), providerlevel (provider age, provider type, provider sex, and provider specialty), and clinic-level (rural urban commuting
area type and clinic size) variables associated with receipt of immediate prescriptions for opioids within 90 days
of receipt of lower back imaging. Abbreviations: CT, computed tomography; DO, doctor of osteopathic medicine;
MD, medical doctor; MRI, magnetic resonance imaging; SES, socioeconomic status; VA, Veteran’s Affairs.

prescriptions compared with patients in the oldest
age-group. Patients whose index images occurred
later in calendar time had reduced odds of receiving
prescription pain medications by almost all metrics
than patients who received their images earlier.
Patient and Provider Sex
Relative to female patients, males had reduced
odds of receiving immediate prescriptions for nonopioid pain medications (0.90; 0.89–0.92) or multiple prescriptions for opioids (0.86; 0.84–0.89) or
non-opioids (0.76; 0.74–0.78). However, patients
whose index-image ordering providers were male
had increased odds of receiving immediate (1.09;
1.05–1.13) and multiple prescriptions for opioids
(1.05; 1.02–1.09) or non-opioids (1.06; 1.03–1.09).
Though male and female patients of female
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providers received opioid and non-opioid pain
medication prescriptions equally, 29% of female
patients of male providers received immediate
opioid prescriptions compared with only 26% of
male patients of male providers (Supplemental
Table 2). Similarly, 33% of female patients of male
providers received immediate prescriptions for
non-opioid pain medications in contrast to 29% of
male patients of male providers. Higher proportions of female patients of both male and female
providers received multiple prescriptions for
opioids and non-opioid pain medications compared with male patients.
Clinic-Level Factors
Patients who received their index images at medium-sized relative to large clinics had increased
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Figure 3. Adjusted odds ratios (ORs) and 95% confidence intervals (95% CIs) of patient-level (patient age, sex, index
imaging modality, race, ethnicity, socioeconomic status, insurance status, Charlson comorbidity index, prescriptions
for opioids in the 120 days prior to index, image finding status, and time of index image), provider-level (provider
age, provider type, provider sex, and provider specialty), and clinic-level (rural urban commuting area type and clinic
size) variables associated with having 1 quarter (referent category) versus multiple quarters with at least 1 opioid
prescription within a year of index low back image. Abbreviations: DO, doctor of osteopathic medicine; MD, medical
doctor; PA/NP, physician assistants and nurse practitioners; SES, socioeconomic status.

odds of receiving immediate opioid prescriptions
(1.18; 1.05–1.32). Patients whose index images took
place at the smallest clinics had reduced odds of
receiving immediate non-opioid pain prescriptions
(0.83; 0.72–0.96). Patients whose index images
occurred at isolated rural relative to urban clinics
had reduced odds of receiving immediate nonopioid pain prescriptions (0.60; 0.39–0.91) and of
receiving multiple opioids (0.58; 0.37 –0.91) or
non-opioid (0.60; 0.40–0.90) pain prescriptions.
Sensitivity analyses that excluded patients who
were missing race or SES revealed very similar
results to those described above (Supplemental
Figures 1 to 4). For example, in the main analysis in
which race was imputed, patients identiﬁed as Black
had 8% reduced odds (95% CI, 4% to 11%)
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compared with whites of receiving immediate prescriptions for opioids; in the sensitivity analysis in
which those with missing race and SES were
excluded, Blacks had 10% reduced odds (95% CI,
6% to 13%) of receiving immediate opioid prescriptions compared with whites.

Discussion
We report patient-level, provider-level, and cliniclevel characteristics associated with pain medication
prescribing patterns that have not been welldescribed in past literature. Notably, we found that
Asian patients had lower odds of receiving opioid or
non-opioid pain medication prescriptions than
white patients across all measures of those
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Figure 4. Adjusted odds ratios (ORs) and 95% confidence intervals (95% CIs) of patient-level (patient age, sex,
index imaging modality, race, ethnicity, socioeconomic status, insurance status, Charlson comorbidity index, prescriptions for non-opioid pain medications in the 120 days prior to index, image finding status, and time of
index image), provider-level (provider age, provider type, provider sex, and provider specialty), and clinic-level
(rural urban commuting area type and clinic size) variables associated with receipt of immediate prescriptions
for non-opioid pain medications within 90 days of receipt of lower back imaging. Abbreviations: CT, computed
tomography; DO, doctor of osteopathic medicine; MD, medical doctor; PA/NP, physician assistants and nurse
practitioners; SES, socioeconomic status; VA, Veteran’s Affairs.

prescriptions. We also found that, compared with
older patients, middle-aged patients had higher
adjusted odds of receiving pain medication prescriptions in all outcome measures. Patients who
had prescriptions before index for opioid or nonopioid pain medications also had greater odds of
receiving prescriptions for pain medications postindex. In addition, consistent with prior research,
we found that patients identiﬁed as Black/African
American,12,34 identiﬁed as Hispanic,12,34 of higher
SES,14 with no comorbidities,35 or who received
low back imaging in more recent years7,8 had
reduced odds of receiving immediate prescriptions
for opioids. Likely, the reduction in opioid prescriptions in the later years of our study was inﬂuenced both by the increasing proportion of patients
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whose images contained the benchmark text for the
LIRE study, which was associated with small but
signiﬁcant decreases in the likelihood of subsequent
opioid prescriptions,23 as well as by increasingly
broad societal concern about the harms associated
with opioid prescriptions. These concerns were summarized in the 2016 Centers for Disease Control and
Prevention (CDC) opioid prescribing guidelines,9
which called attention to the lack of evidence supporting the efﬁcacy of long-term opioid therapy and
its potential harms.
Our sample was notable for having substantial
numbers of patients in racial categories for whom
trends in pain medication prescribing have not been
well-described, including patients identiﬁed as Asian,
Native Hawaiian, Native American, or multiracial.
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Figure 5. Adjusted odds ratios (ORs) and 95% confidence intervals (95% CIs) of patient-level (patient age, sex,
index imaging modality, race, ethnicity, socioeconomic status, insurance status, Charlson comorbidity index, prescriptions for non-opioid pain medications in the 120 days prior to index, image finding status, and time of
index image), provider-level (provider age, provider type, provider sex, and provider specialty), and clinic-level
(rural urban commuting area type and clinic size) variables associated with having 1 quarter (referent category)
versus multiple quarters with at least 1 non-opioid pain medication prescription within 1 year of index low back
image. Abbreviations: CT, computed tomography; DO, doctor of osteopathic medicine; MD, medical doctor; PA/
NP, physician assistants and nurse practitioners; SES, socioeconomic status; VA, Veteran’s Affairs.
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analyses, we also found that male providers were
slightly more likely to prescribe pain medications to
female patients than males, and higher proportions
of female patients received multiple prescriptions
from both female and male providers. Concordance
of patient-provider sex and pain medication prescribing has not been widely researched, but a study of
prescribing patterns in an emergency department
found that male physicians were more likely to prescribe opioids to male patients and female physicians
were more likely to prescribe to female patients.41
Further investigation into these patterns that can
account for potentially confounding factors is necessary to replicate and to understand the reasons for
these ﬁndings.

Limitations
Our study included a large and diverse cohort of
patients, but it has some limitations. First, although
all patients had received low back imaging, we cannot be certain that the index image was ordered
because of low back pain. We also lacked information on the duration of pain, if any, and thus could
not examine prescribing differences for patients with
acute versus chronic pain. We could not be sure that
prescriptions were for low back pain rather than
some other indication, including opioid use disorder.
Second, we lacked data for over-the-counter medications. Third, patient race and ethnicity may have
been misclassiﬁed. Although the policy at each of the
health systems in our study was to have patients selfidentify, we could not be certain that race and ethnicity in the EMR were identiﬁed by patients themselves or by staff. However, some genomics
literature suggests that observer-assigned race is
concordant with ancestry.42,43 Imputing missing
race using the most common races in the zip code
where the imaging took place may have misclassiﬁed
some patients into incorrect racial categories.
Although we found similar results when we conducted sensitivity analyses that excluded patients
with missing data, our results may have been subject
to bias. Fourth, data were not available on confounders that may have affected opioid prescribing, including education, employment status, smoking status,
anxiety and depression, pain severity, and use of
health-related services (eg, acupuncture) that were
not available in the EMR. While ICD-9-CM and
ICD-10-CM diagnosis codes for opioid use disorder
(OUD) exist, they have been shown to be
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Rates of opioid prescribing tend to be dramatically
lower in Asian countries than in the US, likely due to
variances in cultural norms and legal regulations.36,37
It is possible that reduced expectations of pain prescriptions were also present in the populations of
Asian patients in this study, which resulted in their
receiving fewer pain prescriptions than whites. We
did not have data on patient preferences or attitudes
to assess this hypothesis, but future work should
examine this in greater detail.
We did not observe signiﬁcant differences in the
opioid outcomes among patients identiﬁed as
Native American/Alaskan Native versus whites, but
they had greater odds of receiving immediate prescriptions for non-opioids. A recent study found
that fatal opioid-involved overdoses, which included
both prescription and illegal drugs, in American
Indian/Alaska Natives had increased from a rate
similar to that of whites in 1999 to 2001 to 4.1 times
greater than that in whites by 2013 to 2015.38 Given
this trend, it is possible that providers were prescribing non-opioid pain medications in this population
to reduce their exposure to opioids, but we could
not address this hypothesis with our data.
Our ﬁnding that patients who received pre-index
prescriptions for pain medications had much higher
odds of receiving subsequent pain prescriptions
may reﬂect several factors. Providers may be subject
to “prescribing inertia” and continue patients on
medications they are already on, regardless of their
efﬁcacy.39 In addition, patients who received previous prescriptions for pain medications may have
been more likely to request pain prescriptions following their low back imaging, particularly if they
were experiencing acute episodes of low back pain.
We were unable to evaluate the appropriateness of
the pain medication prescriptions.
Although some prior research has reported that
male patients are less likely to be prescribed opioids
than female patients,16–18 we found no associations
between patient sex and receipt of immediate opioid
prescriptions, but females had greater odds of having
multiple pain prescriptions. We found that male
image-ordering providers were more likely to write
immediate opioid prescriptions and write multiple
prescriptions for opioids or non-opioid pain medications than female providers. This ﬁnding is the opposite of the conclusions of an analysis of PCPs in the
United Kingdom (not speciﬁc to patients with low
back pain), which found that female providers were
more likely to prescribe opioids.40 In unadjusted

Conclusion
We highlighted several novel patient-level characteristics associated with the receipt of prescription pain
medications, including fewer immediate pain medication prescriptions among patients identiﬁed as Asian,
Black, Native Hawaiian/Paciﬁc Islander, or multiracial and greater immediate prescribing of non-opioid
pain medications for patients identiﬁed as Native
American/Alaska Native. Further large, populationbased studies are needed to replicate and better
understand these ﬁndings. Patients who had prior
prescriptions for opioid or non-opioid pain medications were more likely to receive subsequent prescriptions for pain medications. These ﬁndings could be
useful in future studies to investigate how health care
systems could identify opportunities to optimize pain
medication management for individual patients.
To see this article online, please go to: http://jabfm.org/content/
34/5/950.full.
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