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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% Cl, 18% to 37%). The prevalence

among low-risk populations was 6% (Cl, 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% [Cl, 0.7% to 1.5%])
and physical comorbidity (ARI, 0.9% [Cl, 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% [ClI,
4.2% to 19.8%]), prescriptions lasting more than 7 days (median
AR, 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-

Annals.org

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., ST.N., VA, F.F.,, BS. RC)
worked in pairs to screen, independently and in dupli-
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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
(JJ.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 Cls 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
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pooled measures of association as odds ratios (ORs)
and the absolute risk increase (ARI), both with associated
95% Cls, 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 Cl 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 Cls 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 Cl 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: JJW.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

Figure 1. Evidence search and selection.

Records identified through searches of
MEDLINE, EMBASE, Web of Science,
and Google Scholar (n =15 147)

A

Records after duplicates removed
(n=3400)

Y Excluded (no adult population

Records screened with acute outpatient
(n=11747) | musculoskeletal injuries or

opioid use) (n=11613)

Full-text articles assessed

N Excluded (n =121)
for eligibility (n=134)

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

y
Cohort studies included in
quantitative synthesis
(meta-analysis) (n =13)
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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% ClI,
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% [C],
3.6% to 8.3%] vs. 5.3% [Cl, 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% [Cl, 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
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Table 1. Characteristics of Included Studies

Study, Year Population, Country Definition of Prolonged Follow-up  Riskof Funding Source and Competing
(Reference) Opioid Use Bias Interests
Direct studies
Berecki-Gisolf et Musculoskeletal work injuries =1 opioid prescription in 24 mo High Nonprofit; Transport Accident
al, 2014 (5) (n = 8933), Australia the second year after Commission and Institute for Safety,
injury Compensation and Recovery Research
Delgado et al, Ankle sprains (n = 6463), >4 new opioid prescriptions 6 mo High Nonprofit; National Institute on Drug
2018 (2) United States 30-180 d after the initial Abuse, National Institutes of Health,
prescription and Leonard Dauvis Institute of Health
Economics at the University of
Pennsylvania
Pl reports honorarium for participating in
an expert roundtable on innovative
solutions for pain management
convened by the UnitedHealth Group
Fritz et al, Low back pain (n = 707), >120d or >90 d with =10 12 mo High Not reported
2018 (21) United States fills during 1 year
O'Hara et al, Musculoskeletal work injuries  Filled an opioid prescription 12 mo High Nonprofit; Chesapeake Employers'
2018 (26) (n = 9596), United States >90 d from the date of Insurance Company
injury
Durand et al, Musculoskeletal work injuries  Receiving an opioid on most 3 mo High Nonprofit; Centers for Disease Control
2019(19) (n =38 080), United States days for a 90-d period, and Prevention's Prescription Drug
measured as =45 Overdose: Prevention for States
prescription-days in 90 d Program
after injury 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, Low back pain (n = 3983), Using the CONSORT 9 mo High Nonprofit; U.S. Department of Health
2019 (24) United States (Consortium to Study and Human Services, Penn Center for

Indirect opioid-naive population studies

Deyo et al, Any acute pain condition (n =
2017 (7) 536 767), United States

Halbert et al, Any acute noncancer pain
2016 (23) condition (n = 2995),

United States

Hooten et al, Any acute pain condition (n =
2015 (25) 293), United States

Quinn et al, Any new noncancer pain
2017 (27) condition (n = 10311 961),

United States

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 =10fills

=6 opioid fills in the 12 mo
after the initiation month

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

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

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

AIDS Research, Penn Mental Health
AIDS Research Center, and Veterans
Integrated Service Network 4 Mental
Iliness Research, Education, and
Clinical Center

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

12 mo High Nonprofit; National Institute on Drug
Abuse and National Center for
Advancing Translational Sciences

Pl reports receiving royalties from

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

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

12 mo High Nonprofit; Rochester Epidemiology
Project
12-18 mo High Nonprofit; National Institute on Drug

Abuse and Indiana Clinical and
Translational Sciences Institute
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Table 1-Continued

Study, Year Population, Country Definition of Prolonged Follow-up  Riskof Funding Source and Competing
(Reference) Opioid Use Bias Interests
Shah et al, Any acute noncancer pain Opioid treatment 12 mo High Nonprofit; University of Arkansas for
2017 (8) condition (n = 1 353 902), discontinuation was Medical Sciences Translational
United States defined as 2180 Research Institute, National Institutes
continuous days without of Health, and Translational Training
opioid use from the end in Addiction
date of the last opioid
prescription
Hadlandsmyth et Any acute pain condition Deyo method: =6 opioid 12 mo High Nonprofit; U.S. Department of Veterans
al, 2019 (22) (cohort 1, n = 432 565; fills in the 12 mo after the Affairs, Veterans Health Administration,
cohort 2, n =523 396), initiation month and the Health Services Research and
United States Shah method: Opioid Development Service
treatment discontinuation
was defined as =180
continuous days without
opioid use from the end
date of the last opioid
prescription
Zin et al, Any acute noncancer pain Opioids were prescribed for 12 mo High Nonprofit; The Ministry of Education
2019 (28) condition (n = 33 752), =90 d per year after the Malaysia (Fundamental Research Grant

Malaysia
12-mo follow-up

index prescription over

Scheme)

PCT = Patent Cooperation Treaty; Pl = principal investigator.

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 [Cl, 1.12 to 1.27]; AR],
1.1% [Cl, 0.7% to 1.5%]) and greater physical comor-
bidity (OR, 1.16 [Cl, 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]; AR,
10.5% [Cl, 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,
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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 AR,
4.5%; low-certainty evidence); higher morphine milligram
equivalent dose (6 cohorts; 2 624 355 patients; ARl varied
widely on the basis of dose and reference category; low-
certainty evidence); long-acting versus short-acting opi-
oids (3 cohorts; 1924 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; 1230 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.
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Figure 2. Pooled prevalence of prolonged opioid use.

Study, Year (Reference)

Low-risk population

Prevalence Weight, % Proportion,
(95% Cl), % n/N

Hooten et al, 2015 (25) —— 6.5 (3.9-9.9) 6.95  19/293
Deyo et al, 2017 (7) . 5.0 (4.9-5.0) 717  26785/536767
Halbert et al, 2016 (23) - 7.0 (6.1-8.0) 745  209/2995
Quinn et al, 2017 (27) . E 1.7 (1.7-1.7) 747 177816/10311961
Shah et al, 2017 (8) * 5.3 (5.3-5.3) 747 71757/1353902
Delgado et al, 2018 (2) . : 3.6 (3.1-4.0) 716  230/6463
O'Hara et al, 2018 (26) 0 9.4(8.8-10.0) 716  902/9596
Durand et al, 2019 (19) . ; 4.5 (4.3-4.7) 717 1702/38080
Harris et al, 2019 (24) - 8.0 (7.2-8.9) 715  320/3983
Zin et al, 2019 (28) ‘e 11.6 (11.3-12.0) 7.17  3928/33752
Subtotal <> 59(4.0-82) 7142
High-risk population i
Berecki-Gisolf et al, 2014 (5) 4 38.6(37.6-39.6) 7.16 3446/8933
Fritz et al, 2018 (21) —— 243(212-27.7) 7.08  172/707
Hadlandsmyth et al, 2019 i . 16.8 (16.7-16.9) 7.17  72530/432565
Hﬁfa)n(dcso,:,wrt 1) E . 29.2(29.1-29.3) 7.7  152926/523396
yth et al, 2019 '
(22) (Cohort 2) ; 26.9 (18.2-36.6) 28.58
Subtotal E <>
: 10.6 (5.9-16.5)  100.00
Overall <>

1 5 10 15 20 25

30 35 40

Prevalence of Prolonged Opioid Use, %

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).

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).

Di1ScUSSION

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

6 Annals of Internal Medicine

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
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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
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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 Patients (Studies), Quality Assessment Adjusted Anticipated Absolute
Factor Follow-up Effect: Effect: Risk Difference*
Risk of | i Indi Imprecision  Publication Overall OR (95% CI) (95% CI)
Bias Bias Certainty of
Evidence
Age (every 10-y 29 016 patients (5 Serioust Not serious Not serious Not serious Uncertain; only Moderate 1.20(1.12-1.27) 1.1% more (0.7%-1.5%)
increase in studies), 6-24 mo 6 studies§ patients per 10-y
adults)t follow-up increase develop
prolonged use
Past or present 10 319 424 patients (4 Serioust Not serious Not serious Serious| Uncertain; only Low 3.14(1.79-5.52) 10.5% more (4.2%-19.8%)
substance use studies), 6-18 mo 5 studies** patients with substance
disorder|| follow-up use disordertt
develop prolonged
use
Comorbidity 7170 patients (2 Serioust Not serious Not serious Not serious Uncertain; only Moderate 1.16 (1.02-1.31) 0.9% more (0.1%-1.7%)
indextt studies), 6-12 mo 3 studies§ patients with higher

follow-up

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).

T From references 2, 5, 21, 24, and 26.

1 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
hysical comorbidity; both reported no statistically significant association with prolonged opioid use in an adjusted model.

| From references 2, 21, 25, and 27.

9 Downgraded because 95% Cl 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.

1T 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).

11 From references 2 and 21.

§8 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, 2200) 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.

From McMaster University, Hamilton, Ontario, Canada (J.J.R,,
F.F.); University of Ottawa, Ottawa, Ontario, Canada (S.T.N.);
Michael G. DeGroote National Pain Centre, McMaster Univer-
sity, Hamilton, Ontario, Canada (LW., V.A., B.S., R.C.); and
Michael G. DeGroote National Pain Centre, McMaster Univer-
sity, and Chronic Pain Centre of Excellence for Canadian Vet-
erans, Hamilton, Ontario, Canada (J.W.B.).

Presented as a poster presentation at the Canadian Pain So-
ciety 40th Annual Scientific Meeting, Toronto, Ontario, Can-
ada, 2-5 April 2019.

8 Annals of Internal Medicine

Predictors of Prolonged Opioid Use After Acute Musculoskeletal Injuries

Acknowledgment: The authors thank James MacKillop, PhD,
and Jennifer Brasch, MD, for their guidance regarding selec-
tion of outcome measures for prolonged opioid use.

Financial Support: This study was funded by the National
Safety Council. Dr. Riva is supported by a PhD training award
from the National Chiropractic Mutual Insurance Company
Foundation (www.ncmicfoundation.org).

Disclosures: Disclosures can be viewed at www.acponline.org
/authors/icmje/ConflictOfInterestForms.do?msNum=M19-3600.

Reproducible Research Statement: Study protocol: Avail-
able online (PROSPERO: CRD42018104968). Statistical code:
Available on request from Dr. Wang (e-mail, Iwang246@gmail
.com). Data set: Not applicable.

Corresponding Author: John J. Riva, DC, MSc, McMaster Uni-
versity, Department of Family Medicine, David Braley Health
Sciences Centre, 100 Main Street West, 6th Floor, Hamilton,
ON L8P 1H6, Canada; e-mail, rivaj@mcmaster.ca.

Current author addresses and author contributions are avail-
able at Annals.org.

References

1. Yelin E, Weinstein S, King T. The burden of musculoskeletal dis-
eases in the United States [Editorial]. Semin Arthritis Rheum. 2016;
46:259-260. [PMID: 27519477] doi:10.1016/j.semarthrit.2016.07
013

2. Delgado MK, Huang Y, Meisel Z, et al. National variation in
opioid prescribing and risk of prolonged use for opioid-naive pa-
tients treated in the emergency department for ankle sprains. Ann
Emerg Med. 2018;72:389-400.e1. [PMID: 30054152] doi:10.1016/j
.annemergmed.2018.06.003

3. Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of observa-
tional studies in epidemiology: a proposal for reporting. Meta-
analysis Of Observational Studies in Epidemiology (MOOSE) group.
JAMA. 2000;283:2008-12. [PMID: 10789670]

4. Hayden JA, van der Windt DA, Cartwright JL, et al. Assessing bias
in studies of prognostic factors. Ann Intern Med. 2013;158:280-6.
[PMID: 23420236] doi:10.7326/0003-4819-158-4-201302190-00009
5. Berecki-Gisolf J, Collie A, McClure RJ. Prescription opioids for
occupational injury: results from workers' compensation claims re-
cords. Pain Med. 2014;15:1549-57. [PMID: 24641213] doi:10.1111
/pme.12421

6. Freeman MF, Tukey JW. Transformations related to the angular
and the square root. Ann Math Statist. 1950;21:607-11. doi:10.1214
/aoms/1177729756

7. Deyo RA, Hallvik SE, Hildebran C, et al. Association between initial
opioid prescribing patterns and subsequent long-term use among
opioid-naive patients: a statewide retrospective cohort study. J Gen
Intern Med. 2017;32:21-27. [PMID: 27484682] doi:10.1007/s11606
-016-3810-3

8. Shah A, Hayes CJ, Martin BC. Factors influencing long-term opioid
use among opioid naive patients: an examination of initial prescrip-
tion characteristics and pain etiologies. J Pain. 2017;18:1374-1383.
[PMID: 28711636] doi:10.1016/}.jpain.2017.06.010

9. Shah A, Hayes CJ, Martin BC. Characteristics of initial prescription
episodes and likelihood of long-term opioid use—United States,
2006-2015. MMWR Morb Mortal Wkly Rep. 2017;66:265-269.
[PMID: 28301454] doi:10.15585/mmwr.mmé610a

10. Murad MH, Montori VM, loannidis JPA, et al. Fixed-effects and
random-effects models. In: Guyatt G, Rennie D, Meade MO, et al,
eds. Users' Guides to the Medical Literature: A Manual for Evidence-
Based Clinical Practice. 3rd ed. McGraw-Hill; 2015:507-514.

Annals.org


http://www.annals.org
http://www.ncmicfoundation.org
http://www.acponline.org/authors/icmje/ConflictOfInterestForms.do?msNum=M19-3600
http://www.acponline.org/authors/icmje/ConflictOfInterestForms.do?msNum=M19-3600
mailto:lwang246@gmail.com
mailto:lwang246@gmail.com
mailto:rivaj@mcmaster.ca
http://www.annals.org
http://www.annals.org

Predictors of Prolonged Opioid Use After Acute Musculoskeletal Injuries

11. Bucher HC, Guyatt GH, Griffith LE, et al. The results of direct and
indirect treatment comparisons in meta-analysis of randomized con-
trolled trials. J Clin Epidemiol. 1997,50:683-91. [PMID: 9250266]
12. Higgins JPT, Thomas J, Chandler J, et al, eds. Cochrane
Handbook for Systematic Reviews of Interventions. 2nd ed. Wi-
ley-Blackwell; 2019.

13. Riicker G, Schwarzer G, Carpenter JR, et al. Undue reliance on
I(2) in assessing heterogeneity may mislead. BMC Med Res Meth-
odol. 2008;8:79. [PMID: 19036172] doi:10.1186/1471-2288-8-79
14. Henschke N, Maher CG, Refshauge KM, et al. Prognosis in pa-
tients with recent onset low back pain in Australian primary care:
inception cohort study. BMJ. 2008;337:a171. [PMID: 18614473] doi:
10.1136/bmj.a171

15. Gallagher RM. Advancing the pain agenda in the veteran popu-
lation. Anesthesiol Clin. 2016;34:357-78. [PMID: 27208715] doi:10
.1016/j.anclin.2016.01.003

16. lorio A, Spencer FA, Falavigna M, et al. Use of GRADE for assess-
ment of evidence about prognosis: rating confidence in estimates of
event rates in broad categories of patients. BMJ. 2015;350:h870.
[PMID: 25775931] doi:10.1136/bmj.h870

17. Atkins D, Best D, Briss PA, et al; GRADE Working Group. Grad-
ing quality of evidence and strength of recommendations. BMJ.
2004;328:1490. [PMID: 15205295]

18. Foroutan F, Guyatt G, Zuk V, et al. GRADE guidelines 28: use of
GRADE for the assessment of evidence about prognostic factors:
rating certainty in identification of groups of patients with different
absolute risks. J Clin Epidemiol. 2020;121:62-70. [PMID: 31982539]
doi:10.1016/j.jclinepi.2019.12.023

19. Durand Z, Nechuta S, Krishnaswami S, et al. Prevalence and risk
factors associated with long-term opioid use after injury among pre-
viously opioid-free workers. JAMA Netw Open. 2019;2:e197222.
[PMID: 31314119] doi:10.1001/jamanetworkopen.2019.7222

20. Durand Z, Nechuta S, Krishnaswami S, et al. Prescription
opioid use by injured workers in Tennessee: a descriptive study
using linked statewide databases. Ann Epidemiol. 2019;32:7-
13. [PMID: 30853149] doi:10.1016/j.annepidem.2019.02.001
21. Fritz JM, King JB, McAdams-Marx C. Associations between early
care decisions and the risk for long-term opioid use for patients with
low back pain with a new physician consultation and initiation of
opioid therapy. Clin J Pain. 2018;34:552-558. [PMID: 29135698]
doi:10.1097/AJP.0000000000000571

22. Hadlandsmyth K, Lund BC, Mosher HJ. Associations between
initial opioid exposure and the likelihood for long-term use. J Am
Pharm Assoc (2003). 2019;59:17-22. [PMID: 30409501] doi:10.1016
/j.japh.2018.09.005

23. Halbert BT, Davis RB, Wee CC. Disproportionate longer-term
opioid use among U.S. adults with mood disorders. Pain. 2016;157:
2452-2457. [PMID: 27472400]

24. Harris RA, Kranzler HR, Chang KM, et al. Long-term use of hydro-
codone vs. oxycodone in primary care. Drug Alcohol Depend. 2019;
205:107524. [PMID: 31707268] doi:10.1016/j.drugalcdep.2019.06
.026

25. Hooten WM, St Sauver JL, McGree ME, et al. Incidence and risk
factors for progression from short-term to episodic or long-term opi-
oid prescribing: a population-based study. Mayo Clin Proc. 2015;90:
850-6. [PMID: 26141327] doi:10.1016/j.mayocp.2015.04.012

26. O'Hara NN, Pollak AN, Welsh CJ, et al. Factors associated with
persistent opioid use among injured workers' compensation claim-
ants. JAMA Netw Open. 2018;1:e184050. [PMID: 30646268] doi:10
.1001/jamanetworkopen.2018.4050

27. Quinn PD, Hur K, Chang Z, et al. Incident and long-term opioid
therapy among patients with psychiatric conditions and medications:
a national study of commercial health care claims. Pain. 2017;158:
140-148. [PMID: 27984526]

Annals.org

REVIEW

28. Zin CS, Nazar NI, Rahman NSA, et al. Patterns of initial opioid
prescription and its association with short-term and long-term use
among opioid-naive patients in Malaysia: a retrospective cohort
study. BMJ Open. 2019;9:027203. [PMID: 31270113] doi:10.1136
/bmjopen-2018-027203

29. Jeffery MM, Hooten WM, Hess EP, et al. Opioid prescribing for
opioid-naive patients in emergency departments and other settings:
characteristics of prescriptions and association with long-term use.
Ann Emerg Med. 2018;71:326-336.e19. [PMID: 28967517] doi:10
.1016/j.annemergmed.2017.08.042

30. Martin BC, Fan MY, Edlund MJ, et al. Long-term chronic opioid
therapy discontinuation rates from the TROUP study. J Gen Intern
Med. 2011;26:1450-7. [PMID: 21751058] doi:10.1007/s11606-011
-1771-0

31. Quinn PD, Hur K, Chang Z, et al. Association of mental health
conditions and treatments with long-term opioid analgesic re-
ceipt among adolescents. JAMA Pediatr. 2018;172:423-430.
[PMID: 29532067] doi:10.1001/jamapediatrics.2017.5641

32. Cragg A, Hau JP, Woo SA, et al. Risk factors for misuse of
prescribed opioids: a systematic review and meta-analysis. Ann
Emerg Med. 2019;74:634-646. [PMID: 31229388] doi:10.1016
/j.annemergmed.2019.04.019

33. Dowell D, Haegerich TM, Chou R. CDC guideline for prescribing
opioids for chronic pain—United States, 2016. MMWR Recomm Rep.
2016;65:1-49. [PMID: 26987082] doi:10.15585/mmwr.rr6501e1

34. Health Quality Ontario. Quality standards: opioid prescribing
for acute pain. 2018. Accessed at www.hqontario.ca/Evidence-to
-Improve-Care/Quality-Standards/View-all-Quality-Standards/Opioid
-Prescribing-for-Acute-Pain on 17 February 2020.

35. Klimas J, Gorfinkel L, Fairbairn N, et al. Strategies to identify
patient risks of prescription opioid addiction when initiating opioids
for pain: a systematic review. JAMA Netw Open. 2019;2:193365.
[PMID: 31050783] doi:10.1001/jamanetworkopen.2019.3365

36. Sun E, Moshfegh J, Rishel CA, et al. Association of early physical
therapy with long-term opioid use among opioid-naive patients with
musculoskeletal pain. JAMA Netw Open. 2018;1:¢185909. [PMID:
30646297] doi:10.1001/jamanetworkopen.2018.5909

37. Barnett ML, Olenski AR, Jena AB. Opioid-prescribing patterns of
emergency physicians and risk of long-term use. N Engl J Med.
2017;376:663-673.[PMID: 28199807] doi:10.1056/NEJMsa1610524
38. Riley RD, Moons KGM, Snell KIE, et al. A guide to systematic
review and meta-analysis of prognostic factor studies. BMJ. 2019;
364:k4597. [PMID: 30700442] doi:10.1136/bm|.k4597

39. Gellad WF, Good CB, Shulkin DJ. Addressing the opioid epi-
demic in the United States: lessons from the Department of Veterans
Affairs. JAMA Intern Med. 2017;177:611-612. [PMID: 28288245] doi:
10.1001/jamainternmed.2017.0147

40. Hadlandsmyth K, Mosher H, Vander Weg MW, et al. Decline in
prescription opioids attributable to decreases in long-term use: a
retrospective study in the Veterans Health Administration 2010-
2016. J Gen Intern Med. 2018;33:818-824. [PMID: 29380212] doi: 10
.1007/s11606-017-4283-8

41. Lin LA, Bohnert ASB, Kerns RD, et al. Impact of the Opioid Safety
Initiative on opioid-related prescribing in veterans. Pain. 2017;158:
833-839. [PMID: 28240996] doi:10.1097/j.pain.0000000000000837
42. Davis CS, Lieberman AJ, Hernandez-Delgado H, et al. Laws
limiting the prescribing or dispensing of opioids for acute pain
in the United States: a national systematic legal review. Drug
Alcohol Depend. 2019;194:166-172. [PMID: 30445274] doi:10
.1016/j.drugalcdep.2018.09.022

43. Shaheed CA, McLachlan AJ, Maher CG. Rethinking “long term”
opioid therapy. BMJ. 2019;367:16691. [PMID: 31784472] doi:10
.1136/bmj.16691

Annals of Internal Medicine 9


http://www.hqontario.ca/Evidence-to-Improve-Care/Quality-Standards/View-all-Quality-Standards/Opioid-Prescribing-for-Acute-Pain
http://www.hqontario.ca/Evidence-to-Improve-Care/Quality-Standards/View-all-Quality-Standards/Opioid-Prescribing-for-Acute-Pain
http://www.hqontario.ca/Evidence-to-Improve-Care/Quality-Standards/View-all-Quality-Standards/Opioid-Prescribing-for-Acute-Pain
http://www.annals.org

Current Author Addresses: Dr. Riva: McMaster University, Da-
vid Braley Health Sciences Centre, 100 Main Street West, 6th
Floor, Hamilton, ON L8P 1H6, Canada.

Ms. Noor: University of Ottawa, 451 Smyth Road #2044, Ot-
tawa, ON K1H 8M5, Canada.

Drs. Wang, Ashoorion, Sadeghirad, and Busse and Ms. Cou-
ban: Michael G. DeGroote National Pain Centre, McMaster
University, MDCL-2112, 1280 Main Street West, Hamilton, ON
L8S 4K1, Canada.

Dr. Foroutan: McMaster University Medical Centre, 1280 Main
Street West, 2C Area, Hamilton, ON L8S 4K1, Canada.

Annals.org

Author Contributions: Conception and design: J.J. Riva, J.W.
Busse.

Analysis and interpretation of the data: J.J. Riva, S.T. Noor, L.
Wang, F. Foroutan, J.W. Busse.

Drafting of the article: J.J. Riva, J.W. Busse.

Critical revision of the article for important intellectual con-
tent: J.J. Riva, L. Wang, B. Sadeghirad, J.W. Busse.

Final approval of the article: J.J. Riva, S.T. Noor, L. Wang, V.
Ashoorion, F. Foroutan, B. Sadeghirad, R. Couban, J.W.
Busse.

Statistical expertise: L. Wang, F. Foroutan, J.W. Busse.
Obtaining of funding: J.W. Busse.

Administrative, technical, or logistic support: J.J. Riva, B.
Sadeghirad.

Collection and assembly of data: J.J. Riva, S.T. Noor, V.
Ashoorion, B. Sadeghirad, R. Couban, J.W. Busse.

Annals of Internal Medicine


http://www.annals.org

