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eAppendix. Search methods and search strategy

Eligible studies compared patient symptoms and signs among patients being newly prescribed opioids
for pain who did or did not subsequently develop prescription OUD. Studies assessing screening tools
that utilized combinations of symptoms and signs were also eligible. To identify relevant articles,
MEDLINE and EMBASE from January 1946 to October 2017 were searched. Search strategy terms
included opioid-related disorders, MESH terms substance related disorders, pain, analgesics, and
terms previously found to be useful for retrieving diagnostic studies (see Search Strategy).* Additional
studies were identified by searching reference lists of original studies and review articles.

Study Selection
Two reviewers (LG and JK) independently screened abstracts for inclusion. Studies that

evaluated prescription characteristics, patient characteristics, past substance use disorders, mental
health disorders and screening tools assessing the risk of prescription opioid addiction in the context
of pain management were included. Articles not reporting original data (i.e. review articles) were also
excluded. To be eligible for the present review, we also restricted to studies of opioid naive patients
newly starting opioid medications for pain and excluded studies assessing for a diagnosis of OUD
among patients already on opioid-based medications.

Outcome measures
The following outcomes were assessed: symptoms, signs, risk factors, and scores on screening

tools of patients who subsequently did and did not develop prescription OUD. As there is currently no
gold standard for the diagnosis of OUD in pain patients that has been described in the literature,? and
since the diagnostic criteria for OUD have evolved over time.® We allowed for the definitions that have
been used in the literature including a diagnosis of OUD using the Diagnostic and Statistical Manual
(DSM), and diagnoses of opioid “abuse” and “dependence” using the DSM-11l, DSM-1V, ICD-9, or
ICD-10. In addition, we included eligible studies where the presence of aberrant drug-related behaviors
and failed urine drug screens was taken as a valid proxy for the above in articles of diagnostic screening
in pain care.
Data extraction

All citations identified by searches were independently screened based on title and abstract by
two reviewers (LG, JK). Each potentially relevant study was then reviewed in full text and assessed
for all inclusion criteria. Any disagreements were resolved by discussion among reviewers and senior
authors (JK, EW). Relevant data from eligible articles (i.e., patient and treatment characteristics,
outcomes, etc.) were then extracted.

Quality Assessment
Two reviewers (LG and LA/JK) rated study quality using a five-level Hierarchy of Evidence rating

scale by Simel and Rennie used as part of the Journal of the American Medical Association’s Rational
Clinical Examination series (2008).# Using this schema, Level 1 indicated the highest quality and was
assigned to studies that had independent blinded comparison of the symptoms or signs with a valid
criterion standard in a large number of consecutive patients (for this review defined as greater than
150).* Level 2 studies were similar to level 1 studies but enrolled fewer than 150 patients. Level 3
studies enrolled nonconsecutive patients. Level 4 studies used non-independent comparisons among a
“convenience” sample of patients at risk of having the prescription OUD. Consistent with prior reviews
in this series,* only studies that met the quality standards of Level 1, 2, or 3 were included. In
accordance with the recommendations of the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA-DTA), and Standards for Reporting Diagnostic Accuracy (STARD),
sources of bias were also evaluated with the Quality Assessment of Diagnostic Accuracy Studies
(QUADAS) Tool.>®
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Data Synthesis and Analysis
The population incidence of prescription OUD after opioid prescription was estimated by collating

data on opioid “dependence” and “abuse” from reports of the Cochrane Collaboration and from
previous reviews on the topic.®*! In brief, data on the incidence of prescription OUD in opioid-naive
patients being prescribed opioids for pain was extracted from the studies that met the eligibility
requirement for this review. Here, summary incidence was calculated using a random effects estimate
from the included studies and performed via a Comprehensive Meta-analysis (version 3) software.!?
Contingency tables (2x2) were constructed to estimate the likelihood ratios (LR), sensitivity, and
specificity for each risk factor or screening tool. Data were entered into Microsoft Excel spreadsheets
predesigned to calculate the sensitivity, specificity, LRs, and their 95% Cls.

When a symptom, sign or risk factor was assessed in only one high quality study, the LR and 95%
confidence interval (Cl) were reported. When a symptom, sign or risk factor was assessed in two
studies, the range of LRs was reported. If a symptom, sign or risk factor was considered in three or
more studies, the protocol sought to pool the LR data using separate univariate random-effects meta-
analysis.
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Search strategy

Prescription Opioid Addiction Risk Searches Novemer 1, 2018

MEDLINE 1946 to November 2018

1 physical exam*.mp. or exp Physical Examination/ 1327458
2 (sign* or symptom*).mp. 7234025
3 exp Medical History Taking/ 20334
4 risk factor*.mp. 1006422
5 (age* or gender* or sex* or residen* or income*).mp. 11263471
6 exp Professional Competence/ 107195
7 or/1-6 15219319
8 exp “Reproducibility of Results”/ 366279
9 reproducib*.mp. 471203
10 exp Observer Variation/ 39838
11 exp Diagnostic Tests, Routine/ 10249
12 exp Decision Support Techniques/ 72030
13 exp Bayes Theorem/ 29060
14 or/8-13 589656
15 (buprenorphine or dihydromorphine or diamorphine or hydromorphone or 171253

methadone or morphine or opioid* or opiate* or oxycodone or fentanyl or
levorphanol or pethidine or meperidine).mp.

16 exp Analgesics, Opioid/ 105976

17 (substance adj3 disorder*).mp. or exp Substance-Related Disorders/ 267324

18 (opioid adj3 disorder*).mp. or exp opioid-related disorders/ 24121

19 exp Opioid-Related Disorders/ or exp Methadone/ or exp Analgesics, Opioid 29228
Dependence/

20 (abuse* or abusing or addict* or misuse or dependen* or disorder* or 3557014

withdrawal* or abstinen* or abstain* or detox*).mp.

21 or/15-20 3734502
22 (pain or painful).mp. or exp pain/ 746603
23 7 and 14 and 21 and 22 2953
24 (sensitivity and specificity).mp. 455480
25 exp “Sensitivity and Specificity”/ 537195
26 24 or 25 642667
27 23 and 26 635
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EMBASE 1974 to November 2018

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

TOT

physical examination.mp. or exp Physical Examination/
(sign* or symptom*).mp.

exp anamnesis/

risk factor*.mp.

(age* or gender* or sex* or residen* or income*).mp.

exp Professional Competence/

or/1-6

exp “Reproducibility of Results”/

reproducib*.mp.

exp observer variation/

exp diagnostic test/

exp decision support system/

exp Bayes theorem/

or/8-13

(buprenorphine or dihydromorphine or diamorphine or hydromorphone or methadone or
morphine or opioid* or opiate* or oxycodone or fentanyl or levorphanol or pethidine or
meperidine).mp.

exp narcotic analgesic agent/

(substance adj3 disorder*).mp. or exp drug dependence/
(opioid adj3 disorder*).mp. or exp opiate addiction/

exp methadone/ or exp narcotic analgesic agent/

(abuse* or abusing or addict* or misuse or dependen* or disorder* or withdrawal* or
abstinen* or abstain* or detox*).mp.

150r 16 or 17 or 18 or 19 or 20
(pain or painful).mp. or exp pain/
7 and 14 and 21 and 22
(sensitivity and specificity).mp.
exp “sensitivity and specificity”/
24 or 25

23 and 26

Combined EMBASE and Medline search
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eFigure. Flowchart of studies

Prescription Opioid Addiction and Opioid Use Disorder (OUD) PRISMA Flow Diagram

Records excluded
(n=1185)
Main reasons for exclusion:
- Diagnosing or treating pain or

- OUD not an outcome (n=89)
- Evaluating pain severity (n=82)
- Irrelevant to pain, opioids and

Full-text articles excluded
(n=96)
Main reasons for exclusion:
- Low quality, level 4-5 (n=37)
- Did not use opioid-naive patients

- OUD not a primary outcome
- Not primary literature (n=4)

- Included illicit opioids (n=2)
- Not including adults (n=1)
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eTable 1. Features of Included Studies

were aged 66
years or older
and underwent
any one of nine
prespecified
elective major
surgical
procedures

Study Quality Sample Study design Study No. Study Findings
assessment size location Prescription population reported
OUD (%)
Studies included in quantitative synthesis
Akbick I 397 Prospective U.S.A. (city 44 238 patients SOAPP compared
etal. observational | unspecified) (11.1%)* prescribed to urine drug
2006 study opioids for pain | screen, race,
*based on UDS | ata tertiary gender, age
for illicit drugs | hospital, 159
alone patients
prescribed
opioids for pain
at a Veterans
Administration
Pain Center
Cochran | 2,841,793 | Retrospective U.S.A. 2,913 Patientsin a Prescription OUD
etal. observational (0.102%) nation-wide development
2014 study using a medical compared to
medical insurance gender, region,
insurance database marriage status,
database period substance
use, concurrent
mental disorders,
concurrent
medications, age,
opioid
characteristics,
hospital visits
Edlund | 46,256 Retrospective U.S.A. 1,465 Commercially- Prescription OUD
etal. observational (3.17%) insured development
2010 study using a patients on 1 of | compared to age,
commercial 2 insurance gender, pain type,
insurance databases who | mental disorders,
database received opioid | prior substance
therapy for at use, prescription
least 90 days opioid
following characteristics
prescription
index date
Jones et ] 142 Prospective Tennessee, 48 New patients Predictive ability
al. 2015 cohort study Knoxville (33.8%) being of ORT, BRQ, BRI,
USA considered for and PMQ for
a trial of aberrant drug-
opioids for a related behavior
chronic pain
condition in a
psychology
practice
Studies excluded from quantitative synthesis
Clarke 1] 19,256 Retrospective Ontario, 1229 (6.38%) Opioid-naive Prolonged opioid
etal. observational Canada Ontario use compared to
2014 study residents who age, gender,

income, surgical
procedure,
comorbid disease,
preoperative
drugs

© 2019 Klimas J et al. JAMA Network Open.




Study Quality Sample Study design Study No. Study Findings
assessment size location Prescription population reported
OUD (%)
Hooten | 293 Retrospective Rochester, 19 (6.48%) Patients Chronic opioid use
etal. observational Minnesota receiving an compared to age,
2015 study opioid gender, race,
prescription education,
from one of psychiatric
two medical history, cause of
centers pain, substance

use history

*Total N = 397, but only 155/397 of the total participants had Urine Drug Screening information available. Moreover,
only those patients who were suspected of “misusing” opioids underwent urine drug screening.
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eTable 2. Opioid risk assessment tools

Instrument Study No. of Administered Scope Response Before or Score Usual Literacy Administration
(inclusion/ Items by Format during Range Cutpoint Level or Completion
reason for opioid Time, min
exclusion) therapy

Addiction Wu 200613 20 Patient Specific to Yes or No During 0-20 >3 average ~10 min

Behavior (not Interview prescribed

Checklist incidence) opioids or

(ABC) sedative

analgesics

Chabal 5- Chabal 5 Completed by Specific to Yes or No During 0-5 >3 n/a <1 min

Point 199714 healthcare prescription

Prescription (not provider opioids

Opioid Abuse incidence)

Checklist

Current Meltzer 17 Patient Specific to “O=Never” During 0-68 >9 easy <10 min

Opioid 2011% (QL= interview prescription to “4=Very

Misuse 4-5) opioids often”

Measure Butler

(comMM) 200716
(not
incidence)

Butler
2010%7
(not
incidence)

Opioid Risk Witkin 10 Patient Specific to Yes or No Before 0-26 0-3: low easy <1 min

Tool (ORT) 201318 interview prescription 4-7:
(QL = 4-5) opioids moderat
Webster e
20051 28: high
(QL = 4-5)

Jones 20152°
(included)*

Pain Passik 41 Completed by Overall Yes or No During No n/a n/a 2-5 min

Assessment 200422 healthcare opioid numeric

and (Participants provider(s) effects with al

Documentati were not misuse scoring

on Tool patients) category method

(PADT)

Pain Dowling 26 Patient self- Specific to 0="Never”/ During 0-104 <20.5: easy ~10 min

Medication 20072 complete prescription “Disagree” low risk

Questionnaire | (QL=4-5) opioids in to 4="4+ 20.5-

(PMQ) Hgjsted chronic pain times” / 30.0:

20112 care “Agree” moderat
(Includes e
cancer pain) 33.3-
Buelow 66.7:
20092 high
(not

incidence)

Holmes

20062°

(not

incidence)

Adams 2004

26

(not

incidence)

Jones 2015%°

(included)*

Prescribed Banta-Green 15 Patient self- Overall “Strongly During 0-61 8-15: average 25-30 min

Opioid 20107 (QL= complete difficulties Disagree=0 medium

Difficulties 4-5) with chronic ”to 16+:

Scale (PODS)* pain opioid “Strongly high

therapy Agree=4"

Prescription Compton 42 Patient Specific to Yes or No During 0-42 211 average ~20 min

Drug Use 199828 interview prescription

Questionnaire | (QL =4-5) opioids in

(PDUQ) chronic pain

Prescription Compton 42 Patient self- Specific to Yes or No During 0-42 210 average ~20 min

Drug Use 20082 complete prescription

Questionnaire | (not opioids in

— patient incidence) chronic pain

version

(PDUQpP)
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Prescription Wasan 5 Patient Specific to Yes or No During 0-5 >1 average <1 min
Drug Use 20073° interview prescription
Questionnaire | (not opioids in
— psychiatric incidence) chronic pain
subscale
Prescription Knisely 9 Patient Specific to Yes or No During 0-9 22 easy <5 min
Opioid 20083t interview prescription
Misuse Index (QL = 4-5) opioids
(POMI)
Screener and Butler 14 Patient Specific to 0="Never” Before 0-56 >7 easy <8 min
Opioid 200432 interview prescription to 4="Very
Assessment (QL = 4-5) opioids in Often”
for Patients Akbick chronic pain
with Pain 2006% care
(SOAPP) (included)*
Revised Brown 24 Patient self- Specific to 1="not at Before 24-120 >18 easy ~5 min
Screener and 201134 complete, prescription all
Opioid (QL = 4-5) observation opioids in important”
Assessment Butler and toxicology pain care to 5= “very
for Patients 20093 by healthcare important”
With Pain (not professional
(SOAPP-R) incidence)
Butler
200836
(not
incidence)
The Belgrade 7 Completed by Specific to 1to3 Before 7-21 7-13: n/a <2 min
Diagnosis, 200637 healthcare prescription based on low risk
Intractability, (QL = 4-5) provider opioids in question- 14-21:
Risk, Efficacy chronic pain specific high risk
(DIRE) tool care explanation
s
Screening Coambs 5 Patient Specific to Yes or No Before 0-5 3 easy <1 min
Instrument 199638 interview prescription based on
for Substance (QL = 4-5) opioids in question-
Abuse pain specific
Potential management | explanation
(SISAP) s
Screening Atluri 20043° 6 Completed by Specific to Yes or No During 0-6 >3 n/a unclear
Tool for (QL = 4-5) healthcare prescription
Abuse (Atluri provider opioids
tool)
Temple STAR Friedman 11 Patient self- Specific to Yes or No During 0-11 unclear easy unclear
questionnaire | 2003% (QL= complete prescription
4) opioids in
chronic pain
care
CAGE Not yet 4 Patient For alcohol Yes or No During 0-4 >3 easy ~1 min
Adapted to tested on interview or and all drugs
Include Drugs pain self-report
(CAGE-AID) patients
The Proove Brenton 11 Genetic testing | Forall Yes or No Before unclear 1-11: n/a unclear
Opioid Risk 20174 geneti and patient opioids low
(POR) (QL = 4-5) c self-complete 12-23:
Algorithm marker moderat
sand 5 e
clinical 224:
factors high risk
Addiction Risk | Not yet 28 Patient Specific to Yes or No Before None None easy unclear
Questionnaire | validated, interview or general and (not yet (not yet
(ARQ) tool self-complete practitioners “1=Totally validate validate
proposed by and agree” to d) d)
Leonardi prescription “4=Strongly
20154 opioids in disagree”
chronic pain
Opioid- Larance 10 Patient self- Specific to “O=Never” During 0-40 None easy unclear
Related 2016% complete long-term to “4=Very (not yet
Behaviours in (QL = 4-5) opioid often” validate
Treatment therapy d)
(ORBIT) scale
The Brief Risk Jones 201520 12 Patient self- Specific to Yes or No During 0-24 >3 easy unclear
Questionnaire | (included)* complete prescription and Rating
(BRQ) opioids for Scales
chronic pain
The Brief Risk Jones 20134 12 Patient Specific to Rating During n/a At least easy 6-12 min
Interview (QL = 4-5) interview prescription Scales from 1area
(BRI) Jones 201445 opioids for low- to very with the
(QL = 4-5) chronic pain high risk highest
© 2019 Klimas J et al. JAMA Network Open. 10




Jones 20152° risk
(included)* rating
Opioid Abuse Averill 38 or Patient self- Specific to O=strongly Before 0-84 unclear un- unclear
Risk Screener 20174 43 complete prescription disagree availabl
(OARS) (no 2x2 (multip opioids 3=strongly e
data) le agree
versio
ns)
Fleming 12 Fleming 12 Patient self- Specific to “O=Never” During 0-48 >9 average unclear
Aberrant 200847 complete prescription to “4=Four
Drug Related (not opioids for or more
Behaviors incidence) chronic pain times”
Checklist
Manchikanti Manchikanti 4,8,0r | Completed by Specific to Yes or No During 0-4,0-8, >2 on n/a unclear
unnamed 20034 (QL = 12 healthcare prescription or0-12 items 3,
illicit drug 4-5) (multip | provider opioids for 4,5 and
screener Manchikanti le chronic pain 7
20044 (not versio
incidence) ns)
Opioid Jamison S5or8 Patient self- Specific to Yes or No During 0-5 >1 average unclear
Compliance 2016%° (multip | complete prescription
Checklist (no 2x2 le opioids in
(occ) data) versio chronic pain
Jamison ns) care
20145
(not
incidence)
Patient Michna 38 Patient Specific to Yes or No During 0-3 0-1: low n/a unclear
Opioid 200452 interview prescription risk
Therapy (not opioids in 2-3 high
Questionnaire incidence) chronic non- risk
(POTQ) cancer pain
Portenoy’s Hgjsted 10 Patient self- Specific to Yes or No During 0-10 Positive average unclear
Criteria 2010? report prescription respons
(not opioids in es to
incidence) chronic non- first 2
cancer pain items,
plus at
least 1
positive
respons
eonthe
next 8
items
Opioid- Pouget 25 Patient Specific to Yes or No During 0-25 unclear easy 5-10 min
related 201753 Interview prescription
Overdose Risk | (not looking opioids
Behavior at medically
Scale (ORBS) prescribed
opioids)
Overdose Risk | Carra 2017 9 risk Online For Yes or No During 0-100 Results easy ~5 min
InfOrmatioN (QL = 4-5) factors | software for estimating presente
(ORION) tool clinician use overdose risk dona
in the continuu
context of m
any OUD (0=lowes
trisk,
100=hig
hest
risk)

*High quality studies included in the current review; QL= quality level according to the JAMA Rational Clinical
Examination (RCE) quality assessment (lowest quality=level 5, highest quality=level 1). Studies with quality levels
4-5 were excluded from this review.

§Previous studies, including Butler et al. 2007, Butler et al. 2008, Butler et al. 2009, and Butler et al. 2010, have

reported using an 11-item version of the POTQ scale involving physician ratings. We were unable to identify a
validation study for this version of the POTQ, and such a scale appears unmentioned in the original cited study
(Michna 2004).

© 2019 Klimas J et al. JAMA Network Open.
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eTable 3. QUADAS Assessment of Included articles applied to prescription opioid
addiction risk

1. Was the spectrum of patients representative of the patients who will receive the test in practice?
Patients at risk of opioid addiction (condition) = yes. If no risk of OUD = no.

2. Were selection criteria clearly described? If reproducible = yes.

3. Is the reference standard likely to correctly classify the OUD? If standard laboratory techniques
used to diagnose opioid addiction = yes. If ambiguous = no.

4, Is the time period between reference standard and index test short enough to be reasonably sure
that the target condition did not change between the two tests? If OUD testing and assessment done as
part of the same consultation or research study site visit = yes. If reported duration between assessment

and OUD testing more than 2 days = no.

5. Did the whole sample or a random selection of the sample, receive verification using a reference
standard of diagnosis? Yes or no.

6. Did patients receive the same reference standard regardless of the index test result? Yes or no.

7. Was the reference standard independent of the index test (i.e. the index test did not form part of
the reference standard)? Yes or no.

8. Was the execution of the index test described in sufficient detail to permit replication of the test?
If description adequately described to allow for replication, including a symptom definition, = yes.

9. Was the execution of the reference standard described in sufficient detail to permit its
replication? If laboratory approach to diagnosing OUD described then = yes.

10. Were the index test results interpreted without knowledge of the results of the reference standard?
11. Were the reference standard results interpreted without knowledge of the results of the index test?

12. Were the same clinical data available when test results were interpreted as would be available when
the test is used in practice? When the test executer had as much info as in clinical practice = yes.

13. Were uninterpretable/ intermediate test results reported? Not reported, numbers are correct = yes
14. Were withdrawals from the study explained? Not reported, numbers are correct = yes

al. Did the study provide a clear definition of what was considered to be a ‘positive’ result?**

a2. Was treatment withheld until both the index test and reference standard were performed?**

*all items are scored yes, no or unclear
**additional QUADAS tool item

© 2019 Klimas J et al. JAMA Network Open. 12



eTable 4. QUADAS tool results (see eTable 2 for QUADAS tool items)

QUADAS tool items

Author, year of publication 1| 2 3 4 5| 6| 7 8 | 9/ 10| 11| 12| 13 14 | al| a2
Studies included in quantitative synthesis

Akbik et al, 2006** YIN[Y| U NIY| Y] Y Ylul Y |Y|] Y |y |Y]|uU
Cochran et al, 2014°> UlY| Y| n/al| Y |n/aln/al nfa|Y|n/a| nfa| U Y Y Y | n/a
Edlund et al, 2010°¢ Y|Y|Y|nfa| Y| Y |n/falnfa|U|n/a|l nfa| Y Y N Y | n/a
Jones et al, 2015%° Y/N|N|nfa|Y]|]Y]|N Y | Y] Y Y Y Y Y Y u
Studies excluded from quantitative synthesis

Clarke et al, 20147 N|[Y|N|nfal| Y |n/fa|n/al| nfa|Y|n/a|l nfa| Y Y Y Y | n/a
Hooten et al, 20152 Y|Y| N|n/al| Y |n/fa|n/al nfa|Y|n/a|l nfal] Y Y Y Y U

n/a indicates a study in which there was no index test. These were retrospective cohort studies that looked at the
characteristics of patients that did vs did not develop OUD following an opioid prescription.

© 2019 Klimas J et al. JAMA Network Open. 13



eTable 5. Results from individual studies — variables reported in 2 high-quality

studies
Finding Reference | No. with Sensitivity | Specificity | LR+ LR-
# finding / (95% Cl) (95% Cl) (95% Cl) (95% Cl)
sample size
(%)
Symptoms and features on patient history
Gender Edlund et 17746 / 0.33-0.41 | 0.62-0.72 1.1-1.2 0.94-0.96
(male) al, 2010% 46256 (range)* (range) (range) (range)
(38%)
Cochran et 1255458 / 0.60 0.56 14 0.72
al, 2014> 2,841,793 (0.58-0.62) (0.56- (1.3-1.4) (0.69-0.75)
(44%) 0.56)
PastSUD | Edlundet | 1375/ 0.14-0.23 | 0.95-0.98 | 4.2-7.7 0.82-0.88
(non-opioid)| al, 2010°¢ 46256 (range)* (range) (range) (range)
(3.0%)
Cochran et 98220/ 0.58 0.97 17 0.44
al, 2014 | 7841793 | (0.56-0.59)| (0.97- | (16-18) | (0.42-0.46)
(3.5%) 0.97)

Abbreviations: LR = Likelihood Ratio; Cl = Confidence Interval. LR calculated directly from 2x2 tables and
then rounded. SUD = substance use disorder. * The LR range is derived from two separate databases

described in this study.>®

© 2019 Klimas J et al. JAMA Network Open.
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eTable 6. Results from individual studies — variables reported only in 1 high-quality
study

Finding Reference | No. with Sensitivity | Specificity | LR+ LR-
# finding / (95% ClI) (95% ClI) (95% Cl) | (95% CI)
sample
size (%)
Features of patient history
Condition under study: Opioid abuse or dependence
Any 35 848 / 0.08 1.0 27 0.99
personality 2841793 (0.05-0.12) (1.0-1.0) (18-41) (0.99-1.0)
disorder (0.02%)
Any pain 35 2913/ 0.02 1.0 23 0.98
disorder 2838880 | (0.02-0.03) | (1.0-1.0) (18-29) | (0.98-0.99)
(0.10%)
Past opioid 56 1465 / 0.07-0.09 1.0-1.0 17-22 0.91-0.93
use disorder® 44791 (range) (range) (range) (range)
(3.3%)
Somatoform 35 1827/ 0.08 1.0 12 0.99
disorders 2841793 | (0.05-0.11) | (1.0-1.0) (7.8-18) | (0.99-1.0)
(0.06%)
Psychotic 35 4986 / 0.19 1.0 11 0.98
disorders 2841793 | (0.15-0.25) (1.0-1.0) (8.5-14) | (0.98-0.99)
(0.18%)
Any mood 35 260963 / 0.55 0.91 6.0 0.50
disorder 2841793 | (0.53-0.56) | (0.91-0.91) | (5.8-6.2) | (0.45-0.52)
(9.2%)
Any anxiety 35 156952 / 0.29 0.95 5.3 0.75
disorder 2841793 | (0.27-0.31) | (0.95-0.95) | (5-5.6) | (0.74-0.77)
(5.5%)
2+ mental 36 277-1188/ 2.8-5.3
health 9651-
disorders?® 36605
(2.9-3.3%)
1 mental 56 277-1188 / 1.3-1.9
health 9651-
disorder? 36605
(2.9-3.3%)
“0” mental >6 277-1188 / 0.65-0.72
health 9651-
disorder? 36605
(2.9-3.3%)
Prescription characteristics
Condition under study: Opioid abuse or dependence
Concomitant 55 2913/ 0.24 0.10 17 0.77
medication: 2838880 | (0.22-0.25) | (0.10-0.10) (15-18) (0.76-0.79)
Atypical (0.10%)
antipsychotic
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Finding Reference | No. with Sensitivity | Specificity | LR+ LR-

# finding / (95% ClI) (95% ClI) (95% Cl) | (95% CI)

sample
size (%)

Concomitant 35 2913/ 0.08 0.99 7.3 0.93
medication: 2838880 | (0.07-0.09) | (0.99-0.99) | (6.5-8.3) | (0.92-0.94)
Anxiolytics (0.10%)
(Buspirone
Hydrochloride)
Concomitant 35 2913/ 0.40 0.92 5.1 0.66
medication: 2838880 | (0.38-0.06) | (0.92-0.92) | (4.8-5.3) | (0.64-0.68)
Tricyclics (0.10%)
Concomitant 55 2913/ 0.34 0.93 5.0 0.71
medication: 2838880 | (0.32-0.35) | (0.93-0.93) | (4.8-5.3) | (0.69-0.73)
Anticonvulsan (0.10%)
ts
Concomitant 35 2913/ 0.45 0.88 3.8 0.62
medication: 2838880 | (0.44-0.47) | (0.88-0.88) | (3.7-4.0) | (0.60-0.64)
Other (0.10%)
antidepressan
ts
Concomitant 35 2913/ 0.53 0.81 2.7 0.59
medication: 2838880 | (0.51-0.54) | (0.81-0.81) | (2.6-2.8) | (0.58-0.61)
Benzodiazepin (0.10%)
es
Concomitant 35 2913/ 0.004 1.0 4.2 1.0
medication: 2838880 (0.002- (1.0-1.0) | (2.4-7.3) | (1.0-1.0)
Antipsychotics (0.10%) 0.007)
Concomitant 35 2913/ 0.45 0.85 3.1 0.65
medication: 2838880 | (0.43-0.47) | (0.85-0.85) | (2.9-3.2) | (0.63-0.67)
SSRIs (0.10%)
Any opioid, all >6 1465/ 0.05-0.06 0.99-0.99 3.5-4.9 0.95-0.96
schedule 44791 (range) (range) (range) (range)
types®# (3.3%)
Opioid dose %6 1465 / 0.20-0.21 0.94-0.94 3.2-34 0.85-0.85
>120 44791 (range) (range) (range) (range)
mg/day? (3.3%)
Opioid type: >6 1465 / 0.07-0.08 0.97-0.98 2.8-3.2 0.95-0.95
Schedule Il 44791 (range) (range) (range) (range)
long and (3.3%)
short-acting®
Opioid type: >6 1465 / 0.14-0.14 0.95-0.95 2.8-2.9 0.90-0.91
Schedule Il 44791 (range) (range) (range) (range)
long-acting? (3.3%)

Screening instruments

Condition under study: Aberrant drug-related behaviors

© 2019 Klimas J et al. JAMA Network Open.
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Finding Reference | No. with Sensitivity | Specificity | LR+ LR-

# finding / (95% ClI) (95% ClI) (95% Cl) | (95% CI)

sample
size (%)
Prescription 20 48 / 142 0.35 0.86 2.6 0.75
medication (34%) (0.23-0.51) | (0.78-0.92) | (1.4-4.8) | (0.60-0.94)
questionnaire
(PMQ) = 30
Opioid Risk 20 48 [ 142 0.25 0.83 1.5 0.90
Tools (ORT)® (34%) (0.14-0.40) | (0.74-0.90) | (0.76-2.9) | (0.75-1.1)
24
Brief Risk 20 48 / 142 0.73 0.40 1.2 0.67
Questionnaire (34%) (0.52-0.85) | (0.30-0.51) | (0.96-1.6) | (0.40-1.1)
(BRQ) 23
Brief Risk 20 48 / 142 0.69 0.45 1.2 0.70
Interview (34%) (0.54-0.81) | (0.34-0.55) | (0.96-1.6) | (0.43-1.1)
(BRI)*
Condition under study: Positive urine drug screen

Screener and 33 44 / 155 0.59 0.48 1.2 0.85
Opioid (28%)¥ (0.49-0.68) | (0.42-0.55) | (0.94-1.4) | (0.65-1.1)
Assessment
for Patients
with Pain
(SOAPP) 28

2The LR range includes two disparate populations, 1) one national, commercially insured population (HealthCore in the
West, Mid-West, and South-East regions of the U.S.) and 2) one state-based, publicly insured (Arkansas Medicaid serves
“a disadvantaged and vulnerable population with the highest opioid use in the U.S.). Any mental health disorder was
derived from the presence of adjustment disorder, anxiety disorder, mood disorder, personality disorder, and
miscellaneous disorders (such as an eating disorder or somatoform disorder). For results on an ordinal scale (0, 1, 2
mental health disorders) the sensitivity, specificity, and LR- no longer apply. The LR represents the LR at increasing
numbers of mental health disorders from 0 to >2.

*Positive test indicated by the presence of more ‘medium’, ‘medium high’ ‘high’ and ‘very high’ ratings (high risk) than
‘low’ and ‘low medium’ ratings (low risk) on 12 risk categories.

SAlthough this study?® did not report high specificity (LR+), it is likely the most accessible of the reported tools as it can
be accessed on a US government (.gov) website and has no copyright.

#Patients received at least 30 days supply of any opioid, i.e., Schedule Ill or IV AND short-acting schedule Il AND long-
acting schedule Il opioids within a 6-month period.

¥Total N = 397, but only 155/397 of the total participants had Urine Drug Screening information available. Moreover,
only those patients who were suspected of “misusing” opioids underwent urine drug screening.
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eTable 7. Risk factors that predict Prescription Opioid Use Disorder among opioid

naive patients initiating prescription opioids.

Finding Studies, Sensitivity Specificity | LR positive | LR negative

Reference # (95% Cl) (95% Cl) (95% Cl) (95% Cl)

Risk Factors
Mental Health History
Any 1% 0.08 1.0 27 0.99
personality (0.05-0.12) (1.0-1.0) (18-41) (0.99-1.0)
disorder
Any pain 15 0.02 1.0 23 0.98
disorder (0.02-0.03) (1.0-1.0) (18-29) (0.98-0.99)
Past opioid 156 0.07-0.09 1.0-1.0 17-22 0.91-0.93
use disorder (range) (range) (range) (range)
(OUD)?
Somatoform 1% 0.08 1.0 12 0.99
disorders (0.05-0.11) (1.0-1.0) (7.8-18) (0.99-1.0)
Psychotic 1% 0.19 1.0 11 0.98
disorders (0.15-0.25) (1.0-1.0) (8.5-14) (0.98-0.99)
Any mood 1% 0.55 0.91 6.0 0.50
disorder (0.53-0.56) (0.91-0.91) (5.8-6.2) (0.45-0.52)
Any anxiety 1% 0.29 0.95 5.3 0.75
disorder (0.27-0.31) (0.95-0.95) (5-5.6) (0.74-0.77)
Past 25556 0.14-0.58 0.95-0.98 4.2-17 0.44-0.88
substance- (range) (range) (range) (range)
use disorder,
other than
opioid?
2+ mental 1% 2.8-5.3
health
disorders?®
1 mental 155 1.3-1.9
health
disorder?
“0” mental 1% 0.65-0.72
health
disorder?
Prescription characteristics
Concomitant 1%
medication:
Atypical 1% 0.24 0.10 17 0.77
antipsychotic (0.22-0.25) (0.10-0.10) (15-18) (0.76-0.79)
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Finding Studies, Sensitivity Specificity | LR positive | LR negative
Reference # (95% Cl) (95% Cl) (95% Cl) (95% Cl)

Anxiolytic 1% 0.08 0.99 7.3 0.93

(Buspirone (0.07-0.09) (0.99-0.99) | (6.5-8.3) (0.92-0.94)

Hydrochlorid

e)

Tricyclics 1% 0.40 0.92 5.1 0.66

(0.38-0.06) (0.92-0.92) | (4.8-5.3) (0.64-0.68)

Anticonvulsa 1% 0.34 0.93 5.0 0.71

nt (0.32-0.35) (0.93-0.93) (4.8-5.3) (0.69-0.73)

Other 1% 0.45 0.88 3.8 0.62

antidepressa (0.44-0.47) (0.88-0.88) (3.7-4.0) (0.60-0.64)

nts

Benzodiazepi 1% 0.53 0.81 2.7 0.59

ne (0.51-0.54) (0.81-0.81) (2.6-2.8) (0.58-0.61)

Any opioid, 1°%¢ 0.05-0.06 0.99-0.99 3.5-49 0.95-0.96

i.e., all (range) (range) (range) (range)

schedule

types®#

Opioid dose 156 0.20-0.21 0.94-0.94 3.2-34 0.85-0.85

>120mg/day? (range) (range) (range) (range)

Opioid type: 156 0.07-0.08 0.97-0.98 2.8-3.2 0.95-0.95

Schedule Il (range) (range) (range) (range)

long and

short-acting?®

Opioid type: 156 0.14-0.14 0.95-0.95 2.8-2.9 0.90-0.91

Schedule Il (range) (range) (range) (range)

long-acting?

#Patients received at least 30 days supply of any opioid, i.e., Schedule Ill or IV AND short-acting schedule Il AND long-
acting schedule Il opioids within a 6-month period. 2The LR range is derived from two separate databases described in
this study.*® Any mental health disorder was derived from the presence of adjustment disorder, anxiety disorder, mood
disorder, personality disorder, and miscellaneous disorders (such as an eating disorder or somatoform disorder). For
results on an ordinal scale (0, 1, 2 mental health disorders) the sensitivity, specificity, and LR- no longer apply. The LR

represents the LR at increasing numbers of mental health disorders from 0 to >2.
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eTable 8. Clinical Criterion Standards for opioid use disorder in pain management
among the studies included in the review

Standard | Definition
DSM Il Dependence:

1. Either tolerance or withdrawal

(For alcohol and tobacco dependence, either pathological use or impairment in social or

occupational functioning is also required)

Abuse:

1. Pattern of pathological use

2. Impairment in social or occupational functioning due to substance use

3. Minimal duration of disturbance of at least one month

DSM IlI-R | Dependence:

A. 3 outof 9 symptoms*; symptoms have equal weight

B. Duration of some symptoms for at least 1 month of symptoms occurred repeatedly over a
longer period of time

*(1) Taking substance in larger amounts or over longer period than intended.

(2) Persistent desire or unsuccessful efforts to cut down or control use.
(3) Spending a great deal of time to get or use the substance, or recover from its after effects.
(4) Frequent intoxication or withdrawal when expected to fulfill major obligations.
(5) Giving up activities for substance use.
(6) Continuing to use despite problems.
(7) Tolerance.
(8) Withdrawal.
(9) Using substance to relieve or avoid withdrawal symptoms.
Abuse: One of the following:

1. Continued use despite knowledge of having a persistent or recurrent social, occupational,
psychological, or physical problem that is caused or exacerbated by use of the psychoactive
substance

2. Recurrent use in situations in which use is physically hazardous

DSM IV Dependence: Three or more of the following, occurring at any time in the same 12-month period:

1.Tolerance, as defined by either of the following:

a. A need for markedly increased amounts of the substance to achieve intoxication or desired
effect.

b. Markedly diminished effect with continued use of the same amount of the substance.
2.Withdrawal, as manifested by either of the following:

a. The characteristic withdrawal syndrome for the substance (refer to criteria A and B of the
criteria sets for

Withdrawal from the specific substances).

b. The same (or a closely related) substance is taken to relieve or avoid withdrawal symptoms.
3.The substance is often taken in larger amounts or over a longer period than was intended.
4.There is a persistent desire or unsuccessful efforts to cut down or control substance use.

5.A great deal of time is spent in activities necessary to obtain the substance, use the substance,
or recover from its effects.

6. Important social, occupational, or recreational activities are given up or reduced because of
substance use.

7.The substance use is continued despite knowledge of having a persistent or recurrent physical
or psychological problem that is likely to have been caused or exacerbated by the substance

Abuse: One or more of the following, occurring within a 12-month period:
1.Recurrent substance use resulting in a failure to fulfill major role obligations at work, school,
or home.
2.Recurrent substance use in situations in which it is physically hazardous.

© 2019 Klimas J et al. JAMA Network Open.
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3.Recurrent substance-related legal problems
4. Continued substance use despite having persistent or recurrent social or interpersonal
problems caused or exacerbated by the effects of the substance.
ICD 10 Dependence: Three of the following:
1. Astrong desire or sense of compulsion to use a substance or substances
2. Evidence of impaired capacity to control the use of a substance or substances. This may
relate to difficulties in avoiding initial use, difficulties in terminating use, or problems about
controlling levels of use
3. A withdrawal state or use of the substance to relieve or avoid withdrawal symptoms, and
subjective awareness of the effectiveness of such behavior
4. Evidence of tolerance to the effects of the substance
5. Progressive neglect of alternative pleasures, behaviors, or interests in favor of substance
use
6. Persisting with substance use despite clear evidence of harmful consequences
Harmful use:
1. Clear evidence that the use of a substance or substances was responsible for causing actual
psychological or physical harm to the user
uDS Urine drug screen conducted in a specialized centre or a hospital. Common methods to detect
particular drugs or metabolites include immunoassay and gas-chromatography mass spectrometry.
DSM = Diagnostic and Statistical Manual; ICD = International Classification of Diseases; UDS = Urine Drug Screen.
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