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Background: Opioids are frequently prescribed for acute mus-
culoskeletal injuries and may result in long-term use and conse-
quent harms.

Purpose: To explore factors associated with persistent opioid
use after its prescription for acute musculoskeletal injury.

Data Sources: Searches of multiple electronic databases, with-
out language restrictions, from inception to 6 January 2020, and
reference lists of selected articles.

Study Selection: Observational studies of adults with opioid
prescriptions for outpatient acute musculoskeletal injuries, in an
adjusted model, that explored risk factors for prolonged use.

Data Extraction: 6 reviewers, working in pairs, independently
extracted data, rated the quality of studies, and evaluated the
certainty of evidence.

Data Synthesis: 14 cohorts with 13 263 393 participants were
included. The overall prevalence of prolonged opioid use after
musculoskeletal injury for high-risk populations (that is, patients
receiving workers' compensation benefits, Veterans Affairs
claimants, or patients with high rates of concurrent substance
use disorder) was 27% (95% CI, 18% to 37%). The prevalence

among low-risk populations was 6% (CI, 4% to 8%; P for interac-
tion < 0.001). Moderate-certainty evidence showed increased
odds of persistent opioid use with older age (absolute risk in-
crease [ARI] for every 10-year increase, 1.1% [CI, 0.7% to 1.5%])
and physical comorbidity (ARI, 0.9% [CI, 0.1% to 1.7%]). Low-
certainty evidence suggested increased risk for persistent opioid
use with past or current substance use disorder (ARI, 10.5% [CI,
4.2% to 19.8%]), prescriptions lasting more than 7 days (median
ARI, 4.5%), and higher morphine milligram equivalents per day.

Limitation: Sparse, heterogeneous data with suboptimal adjust-
ment for potential confounders.

Conclusion: Avoiding prescribing opioids for acute musculosk-
eletal injuries to patients with past or current substance use dis-
order, and restricting duration to 7 days or less and using lower
doses when they are prescribed, are potentially important tar-
gets to reduce rates of persistent opioid use.
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From 1996 to 2011, approximately 9% of the U.S.
population reported a musculoskeletal injury. This

amounted to 23 to 25 million reports each year, with
older Americans reporting higher rates of injury than
younger ones (1). Opioid analgesics are often pre-
scribed to manage pain associated with acute muscu-
loskeletal injuries and, from 2011 to 2015, 25% of U.S.
patients presenting to an emergency department for a
sprained ankle received a prescription for opioids (2).
Acute use of opioids may lead to persistent use, which
can be associated with misuse, dependence, addiction,
and overdose. We conducted a systematic review to
explore factors associated with prolonged opioid use
in adults with acute musculoskeletal injuries managed
in an outpatient setting. This review is part of the evi-
dence base for a joint clinical practice guideline from
the American College of Physicians and American
Academy of Family Physicians.

METHODS
We reported our systematic review in accordance

with the MOOSE (Meta-analysis of Observational Stud-
ies in Epidemiology) statement (3) and registered our
protocol (PROSPERO: CRD42018104968) on 5 Sep-
tember 2018. We made the following changes to our
protocol: We did not impute data for statically nonsig-

nificant predictors for which no data were reported, we
did not conduct meta-regression for the relationship
between length of follow-up and prevalence of pro-
longed opioid use because of limited variability in
length of follow-up across studies, and we used the
QUIPS (Quality In Prognosis Studies) checklist (4) to as-
sess risk of bias for individual studies.

Data Sources and Searches
We searched MEDLINE, EMBASE, Web of Science,

and Google Scholar from inception to 6 January 2020,
without language restrictions, with terms related to pro-
longed opioid use, prognosis, and acute musculoskel-
etal injuries (see the summary of search strategy and
results in the Supplement, available at Annals.org). We
reviewed reference lists of eligible studies for addi-
tional articles.

Study Selection
Six reviewers (J.J.R., S.T.N., V.A., F.F., B.S., R.C.)

worked in pairs to screen, independently and in dupli-

See also:

Related articles 1

Web-Only
Supplement

Annals of Internal Medicine REVIEW

Annals.org Annals of Internal Medicine © 2020 American College of Physicians 1

http://www.annals.org
http://www.annals.org
http://www.annals.org
http://www.annals.org


cate, the titles and abstracts of identified citations from
an EndNote library (version 7.8 [Thomson Reuters])
and, subsequently, the full texts of potentially eligible
studies. Reviewers resolved disagreements by discus-
sion or with the help of an adjudicator when consensus
could not be reached. We included observational stud-
ies that explored risk factors for prolonged opioid
use—as defined by authors—after an initial prescription
for an acute musculoskeletal injury (≤4 weeks) in an
inception cohort of adults (prospective or retrospec-
tive) using an adjusted analysis. Studies were ineligible
if they enrolled hospitalized patients, patients with inju-
ries requiring surgery, or patients experiencing acute
flare-ups of chronic conditions; their reference group
was nonopioid users; more than 20% of enrolled pa-
tients had nonacute musculoskeletal injuries and the
study reported only aggregate results; or all adjusted
models contained statistically significant predictors col-
lected more than 30 days after prescription. In such
instances, the status of the predictor may be a result,
rather than a cause, of prolonged opioid use. When we
were able to ascertain that a study included an opioid-
naive, acute pain population but were not able to de-
termine the proportion of patients presenting with
musculoskeletal injuries, we included these studies and
downgraded the certainty of evidence for indirectness.

Data Extraction and Risk of Bias Assessment
Using standardized, pilot-tested data extraction

forms (Microsoft Excel 2011), pairs of reviewers (J.J.R.,
S.T.N., J.W.B.) extracted data and used the QUIPS tool
(J.J.R., B.S.) to assess risk of bias from articles, indepen-
dently and in duplicate (4). Predictive models were con-
sidered at low risk of bias if they adjusted for, at a min-
imum, age, sex, and injury severity. Disagreements
were resolved by discussion to achieve consensus or, if
consensus could not be reached, by an arbitrator. We
extracted information for inception cohorts within study
populations when required. For example, the cohort
study by Berecki-Gisolf and colleagues reported on
54 931 injured workers; however, only 8267 received
an opioid prescription after their injury (5).

Data Synthesis and Analysis
Among eligible studies, we pooled the prevalence

of prolonged opioid use and used the Freeman–Tukey
transformation to stabilize the variance (6). Without this
transformation, very high or very low prevalence esti-
mates can produce CIs that contain values lower than
0% or greater than 100%. When studies reported prev-
alence of prolonged opioid use according to methods
proposed by Deyo and colleagues (7) and Shah and
colleagues (8, 9), we prioritized the latter approach (de-
fined as discontinuation of opioid treatment with ≥180
continuous days without opioid use from the end date
of the last prescription) on the basis of independent
consultation with 2 clinical experts in addiction medi-
cine. When possible, unless there was large heteroge-
neity present, we pooled all factors assessed for an as-
sociation with prolonged opioid use that were reported
by more than 1 study using random-effects models and
the DerSimonian–Laird method (10). We presented

pooled measures of association as odds ratios (ORs)
and the absolute risk increase (ARI), both with associated
95% CIs, to facilitate interpretation. When the association
for age was reported using categories, we assumed the
association between age and the dependent variable
(persistent opioid use) was linear in each age category
and the associations across categories were independent
of each other. We used the Bucher approach to calculate
the OR and CI for each age category (11) and pooled the
ORs using the inverse variance method to produce a sin-
gle OR for each study (12). We used the pooled preva-
lence from studies that enrolled patients representative of
the general population to derive a baseline risk of 6% for
prolonged opioid use after prescription for an acute mus-
culoskeletal injury.

We explored the consistency of association between
our pooled results and studies reporting the same predic-
tors that were not possible to pool. We used 3 criteria to
identify predictors that were not amenable to pooling and
that showed promise for future research: a sample size of
more than 500 participants, a highly statistically significant
association with prolonged opioid use (P ≤ 0.01), and a
large magnitude of association (OR of ≥2.0 or ≤0.5).

If more than 1 adjusted model exploring risk fac-
tors for prolonged use was reported in a single study,
we used only the most adjusted model to avoid cluster-
ing. We evaluated heterogeneity for all pooled esti-
mates through visual inspection of forest plots because
statistical tests of heterogeneity can be misleading
when sample sizes are large and CIs are therefore nar-
row (13). We performed all statistical analyses using
Stata, version 13.1 (StataCorp). All comparisons were
2-tailed, with a P value less than 0.05 considered statis-
tically significant.

Subgroup Analyses
We generated 4 a priori hypotheses to explain vari-

ability between studies, assuming larger associations
with higher-risk populations, studies at greater risk of
bias, longer duration of follow-up, and indirect popula-
tions. We defined high-risk populations as patients re-
ceiving wage replacement benefits (14) or defined as
high risk by the study authors (that is, high prevalence
of workers' compensation recipients, Veterans Affairs
claimants, or patients with concurrent substance use
disorder). We considered Veterans Affairs populations
to be at higher risk for prolonged opioid use because
of higher rates of substance use disorder and posttrau-
matic stress disorder among this population than the
general public (15). We did not conduct subgroup
analyses if there was only 1 study in a given subgroup.
We reported pooled associations with a combination of
direct and potentially indirect study populations when
there was no statistically significant subgroup effect be-
tween studies; otherwise, we reported only pooled es-
timates from direct populations.

Certainty of Evidence
We used the GRADE (Grading of Recommenda-

tions Assessment, Development and Evaluation) ap-
proach to summarize the certainty of evidence for all
meta-analyses (16–18). Given a 6% baseline risk for
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prolonged opioid use after surgery, we estimated that
a 2.5% increase in absolute risk would likely be suffi-
cient to address modifiable risk factors in the context of
a clinical encounter for the management of an acute
musculoskeletal injury, and a 5% increase in risk for a
nonmodifiable factor would be sufficient to identify
high-risk candidates for intervention. We therefore
downgraded for imprecision when the CI overlapped
an absolute risk difference of 2.5% for modifiable fac-
tors or 5% for nonmodifiable factors. We assessed pub-
lication bias if there were at least 10 studies that con-
tributed to a meta-analysis (12).

Role of the Funding Source
This systematic review was a sponsor-initiated

study, supported by a grant from the National Safety
Council (principal investigator: J.W.B.). The funder had
no role in the conduct of the study; collection, manage-
ment, analysis, or interpretation of the data; or prepa-
ration, review, or approval of the manuscript.

RESULTS
Of 11 747 unique records, we retrieved 134 full-

text articles for review; 13 retrospective studies repre-
senting 14 cohorts (13 263 393 patients) proved eligi-
ble (2, 5, 7–9, 19–28) (Figure 1). We successfully
contacted 6 of 8 authors to confirm eligibility (2, 7, 27,
29–31). Eleven studies enrolled patients from the
United States (2, 7–9, 19–27), 1 enrolled patients from

Australia (5), and 1 enrolled patients from Malaysia (28),
and included patients receiving workers' compensation
benefits, Veterans Affairs claimants, and injuries in the
general population. Ten studies considered multiple
acute pain reports (5, 7–9, 19, 20, 22, 23, 25–28), and 2
restricted their study population to low back pain (21,
24) or ankle sprains (2). The median length of follow-up
was 12 months (range, 3 to 24 months). One study did
not report a source of funding (21), whereas the re-
maining 12 reported financial support from not-for-
profit sources. The definition of prolonged opioid use
varied across studies (Table 1).

Risk of Bias
All studies were at risk of bias for at least 1 domain.

Two studies could not confirm that patients were opi-
oid naive at the time of enrollment (5, 26) and, for all
studies, despite matching the time of injury with an opi-
oid prescription, there remained the possibility that
opioids were prescribed for an indication aside from an
acute musculoskeletal injury. Loss to follow-up was low
among studies (range, <1% to 10%) in which this infor-
mation was reported; 1 study (8, 9) did not report the
proportion of missing outcome data. Two studies re-
ported that important confounders (for example, sub-
stance use disorder) may have been underestimated
because of limitations of their registry data (26, 27), and
only 1 study (19, 20) was able to confirm prolonged
opioid use was related to initial musculoskeletal injury.
Nine studies did not report adequately adjusted re-
gression models (5, 7, 19–22, 24, 26–28), and 3 studies
used data-driven adjusted regression models in which
not all selected factors were included in their final
model (Supplement Table 1, available at Annals.org)
(19–21, 25).

Prevalence of Prolonged Opioid Use
The overall pooled prevalence of prolonged opi-

oid use across included studies was 10.6% (95% CI,
5.9% to 16.5%); however, substantial heterogeneity
was associated with this estimate. Eight studies en-
rolled patients from the general public (low risk) (2, 7–9,
23–25, 27, 28); 3 studies (with 4 cohorts) enrolled Vet-
erans Affairs claimants, patients receiving workers'
compensation benefits, or high proportions of patients
with substance use disorder (high risk) (5, 21, 22); and 2
enrolled a mixed population of patients, with at least
some receiving wage replacement benefits (uncertain
risk) (19, 20, 26). Subgroup analysis revealed no differ-
ence in rate of prolonged opioid use among studies
enrolling low-risk and uncertain-risk patients (5.7% [CI,
3.6% to 8.3%] vs. 5.3% [CI, 5.1% to 5.5%]; P for interac-
tion = 0.85), and we therefore included studies of un-
certain risk in the low-risk category. Subgroup analysis
found that high-risk patients were more likely to de-
velop prolonged opioid use (26.9% [CI, 18.2% to
36.6%]) than low-risk patients (5.9% [CI, 4.0% to 8.2%];
P for interaction < 0.001) (Figure 2).

Predictors of Prolonged Opioid Use
The 13 studies eligible for review reported the as-

sociation of 47 independent variables with prolonged

Figure 1. Evidence search and selection.

Records identified through searches of
MEDLINE, EMBASE, Web of Science,

and Google Scholar (n = 15 147)

Records after duplicates removed
(n = 3400)

Records screened
(n = 11 747)

Excluded (no adult population
with acute outpatient
musculoskeletal injuries or
opioid use) (n = 11 613)

Full-text articles assessed
for eligibility (n = 134)

Cohort studies included in
quantitative synthesis

(meta-analysis) (n = 13)

Excluded (n = 121)
   Chronic pain: 17 
   Mixed acute/chronic pain: 14
   No acute population
      specified: 7 
   Nonmusculoskeletal
      diagnoses: 8
   Surgery-related/admitted: 18
   No prolonged use outcome: 23
   Conference abstract/protocol/
      commentary: 10 
   Pediatric population: 4 
   No adjusted analysis/versus
      nonopioid users/no inception
      cohort all prescribed
      opioids: 19
   Same cohort: 1  
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Table 1. Characteristics of Included Studies

Study, Year
(Reference)

Population, Country Definition of Prolonged
Opioid Use

Follow- up Risk of
Bias

Funding Source and Competing
Interests

Direct studies
Berecki-Gisolf et

al, 2014 (5)
Musculoskeletal work injuries

(n = 8933), Australia
≥1 opioid prescription in

the second year after
injury

24 mo High Nonprofit; Transport Accident
Commission and Institute for Safety,
Compensation and Recovery Research

Delgado et al,
2018 (2)

Ankle sprains (n = 6463),
United States

≥4 new opioid prescriptions
30–180 d after the initial
prescription

6 mo High Nonprofit; National Institute on Drug
Abuse, National Institutes of Health,
and Leonard Davis Institute of Health
Economics at the University of
Pennsylvania

PI reports honorarium for participating in
an expert roundtable on innovative
solutions for pain management
convened by the UnitedHealth Group

Fritz et al,
2018 (21)

Low back pain (n = 707),
United States

≥120 d or >90 d with ≥10
fills during 1 year

12 mo High Not reported

O'Hara et al,
2018 (26)

Musculoskeletal work injuries
(n = 9596), United States

Filled an opioid prescription
>90 d from the date of
injury

12 mo High Nonprofit; Chesapeake Employers'
Insurance Company

Durand et al,
2019 (19)

Musculoskeletal work injuries
(n = 38 080), United States

Receiving an opioid on most
days for a 90-d period,
measured as ≥45
prescription-days in 90 d
after injury

3 mo High Nonprofit; Centers for Disease Control
and Prevention's Prescription Drug
Overdose: Prevention for States
Program

Coinvestigator served as a consultant
and receiving personal fees from
Western University of Health Sciences,
Southern California University of Health
Sciences, RAND Corporation, and
EBSCO Information Services

Harris et al,
2019 (24)

Low back pain (n = 3983),
United States

Using the CONSORT
(Consortium to Study
Opioid Risks and Trends)
criteria, prescription dates
spanned ≥90 d from initial
prescription to the run-out
date of the last prescription,
and included ≥120-d supply
or ≥10 fills

9 mo High Nonprofit; U.S. Department of Health
and Human Services, Penn Center for
AIDS Research, Penn Mental Health
AIDS Research Center, and Veterans
Integrated Service Network 4 Mental
Illness Research, Education, and
Clinical Center

PI named inventor on PCT patent
application: "Genotype-guided dosing
of opioid agonists"

Indirect opioid-naive population studies
Deyo et al,

2017 (7)
Any acute pain condition (n =

536 767), United States
≥6 opioid fills in the 12 mo

after the initiation month
12 mo High Nonprofit; National Institute on Drug

Abuse and National Center for
Advancing Translational Sciences

PI reports receiving royalties from
UpToDate for authoring topics on low
back pain, and previous board
membership at the nonprofit Informed
Medical Decisions Foundation

Halbert et al,
2016 (23)

Any acute noncancer pain
condition (n = 2995),
United States

≥3 opioid prescriptions
during consecutive survey
periods during 1-y
follow-up

12 mo High Nonprofit; Institutional National Research
Service Award, Ryoichi Sasakawa
Fellowship Fund, Division of General
Medicine and Primary Care at Beth
Israel Deaconess Medical Center,
Harvard Catalyst–The Harvard Clinical
and Translational Science Center,
National Center for Advancing
Translational Sciences, and National
Institutes of Health

Hooten et al,
2015 (25)

Any acute pain condition (n =
293), United States

Episodes of prescribing
lasting >90 d and ≥120
total days' supply

12 mo High Nonprofit; Rochester Epidemiology
Project

Quinn et al,
2017 (27)

Any new noncancer pain
condition (n = 10 311 961),
United States

Filled prescriptions for
>90-d opioid supply
during a 6-mo window
and required 6-mo
window had no gaps of
>32 days' supply

12–18 mo High Nonprofit; National Institute on Drug
Abuse and Indiana Clinical and
Translational Sciences Institute

Continued on following page
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opioid use after prescription for an acute musculoskel-
etal injury, 3 of which were suitable for meta-analysis on
the basis of our criteria.

Sociodemographic Factors
We found moderate-certainty evidence for small,

but statistically significant, associations between pro-
longed opioid use and older age in adults (OR for ev-
ery 10-year increase in age, 1.20 [CI, 1.12 to 1.27]; ARI,
1.1% [CI, 0.7% to 1.5%]) and greater physical comor-
bidity (OR, 1.16 [CI, 1.02 to 1.31]; ARI, 0.9% [CI, 0.1% to
1.7%]), as well as low-certainty evidence for a statisti-
cally significant association with past or present sub-
stance use disorder (OR, 3.14 [CI, 1.79 to 5.52]; ARI,
10.5% [CI, 4.2% to 19.8%]) (Table 2; Supplement Fig-
ure, available at Annals.org). Substance use disorder
was typically defined using International Classification
of Diseases, Ninth or 10th Revision codes, including
general definitions, such as any drug abuse (2) or non-
opioid use disorders (27) as well as more specific codes
for alcohol, marijuana, methamphetamine, benzodiaz-
epine, or cocaine use disorders (21, 25).

Among sociodemographic factors that were not
amenable to pooling, 12 predictors were consistently
associated with prolonged opioid use (Supplement Ta-
ble 2, available at Annals.org), including sleep disor-
ders, opioid use disorder, history of suicide attempt or
self-injury, lower socioeconomic status, higher house-
hold income, rural residency, lower education level,
early work disability lasting more than 2 weeks, perma-
nent work disability, being injured in a motor vehicle
accident, receipt of Medicaid, and incurring high hos-
pital expenses. Medical claim–only costs were associ-
ated with a lower likelihood of prolonged opioid use
(Supplement Table 2). Five of these factors (opioid use
disorder, suicide attempt or self-injury history, early
work disability lasting >2 weeks, receipt of Medicaid,

and medical claim–only costs) met our criteria for
promising predictors for future research. Six factors
(sex, anxiety, depression, smoking status, occupation,
and injury type) showed conflicting associations (Sup-
plement Table 3, available at Annals.org), and 6 factors
(race, alcohol use disorder, psychosis, episodic mood
disorders, obesity, and non–full-time employment sta-
tus) were consistently not associated with prolonged
opioid use (Supplement Table 4, available at Annals
.org).

Prescribing Factors
No prescribing factors were amenable to meta-

analysis, but 4 factors were reported by several studies
and showed a consistent association with increased risk
for prolonged opioid use: prescribing opioids for more
than 7 days (5 cohorts; 2 087 624 patients; median ARI,
4.5%; low-certainty evidence); higher morphine milligram
equivalent dose (6 cohorts; 2 624 355 patients; ARI varied
widely on the basis of dose and reference category; low-
certainty evidence); long-acting versus short-acting opi-
oids (3 cohorts; 1 924 421 patients; ARI range, 0.6% to
23.4%; very-low-certainty evidence); and more than 1 re-
fill in the first month (3 cohorts; 1 230 243 patients; me-
dian ARI, 2.5%; very-low-certainty evidence) (Supplement
Table 2).

Among factors reported by single studies, 5 were
consistently associated with prolonged opioid use: pri-
mary care visit within 30 days of injury, non–emergency
department prescriptions, hydrocodone versus oxy-
codone prescription, tramadol versus other opioids,
and coprescription of benzodiazepine. Physical therapy
within 30 days of injury was associated with a lower
likelihood of prolonged opioid use (Supplement Table
2). Two of these factors (non–emergency department
prescriptions and hydrocodone vs. oxycodone pre-
scription) met our criteria as promising for future study.

Table 1—Continued

Study, Year
(Reference)

Population, Country Definition of Prolonged
Opioid Use

Follow- up Risk of
Bias

Funding Source and Competing
Interests

Shah et al,
2017 (8)

Any acute noncancer pain
condition (n = 1 353 902),
United States

Opioid treatment
discontinuation was
defined as ≥180
continuous days without
opioid use from the end
date of the last opioid
prescription

12 mo High Nonprofit; University of Arkansas for
Medical Sciences Translational
Research Institute, National Institutes
of Health, and Translational Training
in Addiction

Hadlandsmyth et
al, 2019 (22)

Any acute pain condition
(cohort 1, n = 432 565;
cohort 2, n = 523 396),
United States

Deyo method: ≥6 opioid
fills in the 12 mo after the
initiation month

Shah method: Opioid
treatment discontinuation
was defined as ≥180
continuous days without
opioid use from the end
date of the last opioid
prescription

12 mo High Nonprofit; U.S. Department of Veterans
Affairs, Veterans Health Administration,
and the Health Services Research and
Development Service

Zin et al,
2019 (28)

Any acute noncancer pain
condition (n = 33 752),
Malaysia

Opioids were prescribed for
≥90 d per year after the
index prescription over
12-mo follow-up

12 mo High Nonprofit; The Ministry of Education
Malaysia (Fundamental Research Grant
Scheme)

PCT = Patent Cooperation Treaty; PI = principal investigator.
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Eight predictors were not associated with prolonged
opioid use: 1) year sampled from 2012 to 2015; 2) U.S.
region; 3) early diagnostic imaging; 4) visiting an emer-
gency department; 5) surgeon or other specialist con-
sultation; or coprescription with 6) nonsteroidal anti-
inflammatory drugs, 7) muscle relaxants, or 8) oral
steroids (Supplement Table 4).

DISCUSSION
The prevalence of prolonged opioid use after pre-

scription for an acute musculoskeletal injury was 27%
for high-risk populations (that is, workers' compensa-
tion patients receiving disability benefits, Veterans Af-
fairs claimants, and patients with high prevalence of
comorbid substance use disorder) and 6% among pa-
tients representative of the general population. We
found moderate-certainty evidence that older age and
greater physical comorbidity, and low-certainty evi-
dence that past or present substance use disorder, are
associated with prolonged opioid use after its prescrip-
tion for acute musculoskeletal injury. The strongest of
these associations was with past or present substance

use disorder, with an absolute increase in prolonged
opioid use of 11%. Among predictors that could not be
pooled, prescribing opioids for more than 7 days,
higher morphine milligram equivalent opioid doses,
higher number of refills in the first month, non–
emergency department prescriptions, hydrocodone
versus oxycodone prescription, opioid use disorder,
suicide attempt or self-injury history, early work disabil-
ity lasting more than 2 weeks, receipt of Medicaid, and
medical claim–only costs met our criteria for promising
associations for future research.

Our finding of a relationship between older age in
adults and prolonged use differs from a recent system-
atic review of children and adults on predictors of opi-
oid misuse after prescription for acute or chronic pain;
however, only 5 of the 64 included studies enrolled
acute pain populations (32). A clinical practice guide-
line by the Centers for Disease Control and Prevention,
which informed a Health Quality Ontario standard, rec-
ommends avoiding prescribing more than 7 days of
opioids at one time for acute pain because of increased
risk for prolonged use (33, 34). Others have, as we

Figure 2. Pooled prevalence of prolonged opioid use.

Prevalence
(95% Cl), %

Proportion,
n/N

Weight, %Study, Year (Reference)

Low-risk population

   Hooten et al, 2015 (25)

   Deyo et al, 2017 (7)

   Halbert et al, 2016 (23)

   Quinn et al, 2017 (27)

   Shah et al, 2017 (8)

   Delgado et al, 2018 (2)

   O'Hara et al, 2018 (26)

   Durand et al, 2019 (19)

   Harris et al, 2019 (24)

   Zin et al, 2019 (28)

Subtotal

High-risk population

   Berecki-Gisolf et al, 2014 (5)

   Fritz et al, 2018 (21)

   Hadlandsmyth et al, 2019
      (22) (Cohort 1)
   Hadlandsmyth et al, 2019
      (22) (Cohort 2)

Subtotal

Overall

Prevalence of Prolonged Opioid Use, %

1 5 10 15 20 25 30 35 40

6.5 (3.9–9.9)

5.0 (4.9–5.0)

7.0 (6.1–8.0)

1.7 (1.7–1.7)

5.3 (5.3–5.3)

3.6 (3.1–4.0)

9.4 (8.8–10.0)

4.5 (4.3–4.7)

8.0 (7.2–8.9)

11.6 (11.3–12.0)

5.9 (4.0–8.2)

38.6 (37.6–39.6)

24.3 (21.2–27.7)

16.8 (16.7–16.9)

29.2 (29.1–29.3)

26.9 (18.2–36.6)

10.6 (5.9–16.5) 100.00

6.95

7.17

7.15

7.17

7.17

7.16

7.16

7.17

7.15

7.17

71.42

7.16

7.08

7.17

7.17

28.58

19/293

26 785/536 767

209/2995

177 816/10 311 961

71 757/1 353 902

230/6463

902/9596

1702/38 080

320/3983

3928/33 752 

3446/8933

172/707

72 530/432 565

152 926/523 396

The figure shows a subgroup analysis of populations with high versus low risk for prolonged opioid use (P for interaction < 0.001). High-risk
populations were injured workers receiving workers' compensation benefits (5), Veterans Affairs claimants (22), and patients with a high prevalence
of substance use disorders (21).
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found, reported that higher doses of opioids are asso-
ciated with prolonged use (2), and our findings are con-
sistent with recent reviews of opioid-naive patients re-
ceiving opioids for any pain condition that reported
history of substance use disorder was significantly asso-
ciated with the development of opioid use disorder
(35) and opioid misuse (32). Our finding from a single
study (2) that alcohol abuse was not associated with
prolonged opioid use is likely because of the small
number of patients with alcohol use disorder (73 of
6463), leading to high imprecision in the estimate of
association.

We found limited evidence that physical therapy
early in care was associated with lower risk for pro-
longed opioid use (21). A recent cross-sectional study
of 88 985 opioid-naive patients with acute musculosk-
eletal pain found that early physical therapy was asso-
ciated with lower risk for long-term opioid use and,
among those prescribed opioids, a 10% reduction in
the mean dose of opioids when compared with similar
patients who did not receive early physical therapy (36).
The effect of health care provider attending to care is
further supported by a study of 377 629 Medicare ben-
eficiaries presenting to an emergency department in
which those who saw high-intensity opioid prescribers
were more likely to progress to long-term opioid use

than those visiting low-intensity prescribers (OR, 1.3 [CI,
1.23 to 1.37]) (37).

Strengths of our review include explicit eligibility
criteria, a comprehensive search, and use of the GRADE
approach to appraise the certainty of evidence. We have
presented pooled measures of association as both rela-
tive and absolute risk increases, which we believe
strengthens inferences about the importance of associa-
tions. Some authors have proposed inclusion of random-
ized controlled trials in prognostic reviews (38); however,
we included only observational studies because of con-
cerns that strict inclusion criteria used in many random-
ized trials would limit their generalizability.

Our study also has limitations, including impreci-
sion for the prevalence of prolonged opioid use among
high-risk populations and some risk of bias for most
studies. One study that explored the same registry of
Veterans Affairs claimants in 2011 and again in 2016
found that the prevalence of prolonged opioid use de-
creased from 29% to 17% (22), suggesting that recent
changes to Veterans Affairs policies to curb opioid use
have been effective (39–41). We were unable to pool
predictors from 3 studies that reported only nonsignif-
icant associations without accompanying data, and
their inclusion would reduce the magnitude of associa-
tions for age, physical comorbidity, and past or present

Table 2. GRADE Evidence Profile of Pooled Predictors of Prolonged Opioid Use After Prescription for Acute Musculoskeletal
Injuries

Sociodemographic
Factor

Patients (Studies),
Follow-up

Quality Assessment Adjusted
Relative Effect:
OR (95% CI)

Anticipated Absolute
Effect: Risk Difference*
(95% CI)Risk of

Bias
Inconsistency Indirectness Imprecision Publication

Bias
Overall
Certainty of
Evidence

Age (every 10-y
increase in
adults)†

29 016 patients (5
studies), 6–24 mo
follow-up

Serious‡ Not serious Not serious Not serious Uncertain; only
6 studies§

Moderate 1.20 (1.12–1.27) 1.1% more (0.7%–1.5%)
patients per 10-y
increase develop
prolonged use

Past or present
substance use
disorder��

10 319 424 patients (4
studies), 6–18 mo
follow-up

Serious‡ Not serious Not serious Serious¶ Uncertain; only
5 studies**

Low 3.14 (1.79–5.52) 10.5% more (4.2%–19.8%)
patients with substance
use disorder††
develop prolonged
use

Comorbidity
index‡‡

7170 patients (2
studies), 6–12 mo
follow-up

Serious‡ Not serious Not serious Not serious Uncertain; only
3 studies§

Moderate 1.16 (1.02–1.31) 0.9% more (0.1%–1.7%)
patients with higher
numbers of
comorbidities§§
develop prolonged
use

GRADE = Grading of Recommendations Assessment, Development and Evaluation; OR = odds ratio.
* Baseline risk of 6% based on pooled prevalence of 10 low-risk population studies (Figure 2).
† From references 2, 5, 21, 24, and 26.
‡ Downgraded because of limitations reported in risk of bias summary (Supplement Table 1).
§ The study by Hooten and colleagues (25) (n = 293) was not included in the pooled estimate because there were no data reported for age or
physical comorbidity; both reported no statistically significant association with prolonged opioid use in an adjusted model.
�� From references 2, 21, 25, and 27.
¶ Downgraded because 95% CI crossed 5% threshold for a nonmodifiable factor in the context of a clinical encounter for the management of an
acute musculoskeletal injury.
** The study by O'Hara and colleagues (26) (n = 9596) was not included in the pooled estimate because there were no data reported for substance
use disorder, which was noted to show no statistically significant association with prolonged opioid use in an adjusted model.
†† Substance use disorder was defined using International Classification of Diseases, Ninth or 10th Revision codes, including general codes, such
as any drug abuse (2) or nonopioid use disorders (27), as well as more specific codes, including alcohol, marijuana, methamphetamine, benzodi-
azepine, or cocaine use disorders (21, 25).
‡‡ From references 2 and 21.
§§ The study by Delgado and colleagues (2) measured comorbidity using the total number of Elixhauser comorbidities. The most common comor-
bidities represented in the sample were hypertension (23%), uncomplicated diabetes (9%), chronic pulmonary disease (9%), hypothyroidism (7%),
and obesity (6%). The study by Fritz and colleagues (21) measured comorbidity using the Charlson Comorbidity Index and classified patients as
having multiple comorbid conditions if the score was ≥2. Obesity was present in 26% of patients with long-term opioid use; other comorbidities
were not reported.
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substance use disorder with prolonged opioid use (1
study for each predictor). However, the 1 study that was
excluded from our pooled estimate for past or present
substance use disorder acknowledged that its regis-
try data underreported rates of comorbid mental ill-
ness (26) and identified only 60 of 9596 patients
(0.6%) with substance use disorders. We found
sparse information to inform the associations of
some predictors, and data from our review came
from patient or claim registries in which the reason
for the original opioid prescription and subsequent
prescriptions could typically not be definitively attrib-
uted to acute musculoskeletal injury.

Future research would benefit from prospective
studies in which both the initial prescription for, and
continued use of, opioids was confirmed to be associ-
ated with an acute musculoskeletal injury. Regression
models for prolonged opioid use should include, at a
minimum, age, sex, injury severity, past and present
substance use disorder, physical comorbidity, payer
(for example, workers' compensation or Medicaid), and
opioid prescribing factors (for example, duration, num-
ber of refills, dose, and type of opioid). Only 15% of the
13 studies eligible for our review included all of these
factors in their adjusted regression model (Supplement
Table 5, available at Annals.org). Some regression
models we reviewed included independent factors with
few observations, resulting in highly imprecise mea-
sures of association. Future studies should set a thresh-
old of a minimum number of observations per category
for each independent factor (for example, ≥200) to pro-
vide some reassurance that each variable has sufficient
discriminant power to detect an association with pro-
longed opioid use if an association exists. Studies
should report multiple clinically meaningful categories
for opioid duration and dose that reflect current legis-
lative changes (42). Further, prolonged opioid use is a
surrogate for patient-important outcomes, such as ad-
diction, overdose, and death, which should also be
captured and reported (43).

In conclusion, prolonged use is common among
patients prescribed opioids for acute musculoskeletal
injuries. Avoiding prescribing opioids for acute muscu-
loskeletal injuries among patients with past or current
substance use disorder, and restricting duration to 7
days or less and using lower doses when they are pre-
scribed, are potentially important targets to reduce
rates of persistent opioid use.
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