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Abstract

Background: Higher doses of opi-
oids, mental health comorbidities,
co-prescription of sedatives, lower
socioeconomic status and a history of
opioid overdose have been reported as
risk factors for opioid overdose; how-
ever, the magnitude of these associa-
tions and their credibility are unclear.
We sought to identify predictors of fatal
and nonfatal overdose from prescrip-
tion opioids.

Methods: We systematically searched
MEDLINE, Embase, CINAHL, PsycINFO
and Web of Science up to Oct. 30, 2022,
for observational studies that explored
predictors of opioid overdose after their
prescription for chronic pain. We per-
formed random-effects meta-analyses

for all predictors reported by 2 or more
studies using odds ratios (ORs) and 95%
confidence intervals (Cls).

Results: Twenty-eight studies
(23963716 patients) reported the asso-
ciation of 103 predictors with fatal or
nonfatal opioid overdose. Moderate- to
high-certainty evidence supported
large relative associations with history
of overdose (OR 5.85, 95% Cl 3.78-9.04),
higher opioid dose (OR 2.57, 95% Cl
2.08-3.18 per 90-mg increment), 3 or
more prescribers (OR 4.68, 95% Cl 3.57-
6.12), 4 or more dispensing pharmacies
(OR 4.92, 95% Cl 4.35-5.57), prescrip-
tion of fentanyl (OR 2.80, 95% Cl 2.30-
3.41), current substance use disorder
(OR 2.62, 95% CI 2.09-3.27), any mental

health diagnosis (OR 2.12, 95% Cl 1.73-
2.61), depression (OR 2.22, 95% CI 1.57-
3.14), bipolar disorder (OR 2.07, 95% Cl
1.77-2.41) or pancreatitis (OR 2.00, 95%
Cl 1.52-2.64), with absolute risks
among patients with the predictor
ranging from 2-6 per 1000 for fatal
overdose and 4-12 per 1000 for non-
fatal overdose.

Interpretation: We identified 10 predic-
tors that were strongly associated with
opioid overdose. Awareness of these
predictors may facilitate shared
decision-making regarding prescribing
opioids for chronic pain and inform
harm-reduction strategies. Systematic
review registration: Open Science
Framework (https://osf.io/vznxj/)

Chronic pain affects 20% of the population worldwide!-> and is
commonly managed with opioids. A 2021 systematic review of
60 observational studies found that opioids are prescribed for
27% of adults living with chronic pain, with higher prevalence of
prescribing in North America than in Europe.® In 2018, 13% of
people in Canada (aged = 15 yr) reported use of an opioid anal-
gesic in the past year.” Opioid use is associated with serious
harms, including addiction, and nonfatal and fatal overdose.®
From January to September 2022, 5360 deaths were attrib-
uted to opioid toxicity in Canada.® Although determining the rela-
tive contribution of prescribed and illicit opioids is complex, a
study of 2910 opioid-related deaths in Ontario, Canada, found

that, in 2016, one-third of those who died had an active opioid
prescription and more than 75% had been dispensed an opioid
within 3 years of death.!® Prescription opioid use has been asso-
ciated with illicit drug use. A cohort study of 59804 adults in Brit-
ish Columbia, Canada, found that patients who were prescribed
opioids for noncancer pain were 8 times more likely to start
injection drug use than opioid-naive patients."*

Several systematic reviews have explored predictors for fatal
and nonfatal opioid overdose following prescription for chronic
pain.>¥” The most consistently reported associations with opioid
overdose were higher doses of opioids, mental health comorbid-
ities, co-prescription of sedatives, lower socioeconomic status
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and a history of opioid overdose (Appendix 1, eTable 1, available
at www.cmaj.ca/lookup/doi/10.1503/cmaj.230459/tab-related
-content). However, these reviews have important limitations,
including lack of statistical pooling of measures of associa-
tion,121315-1" inadequate assessment of risk of bias,>'>16 outdated
searches,'>'7 a focus on select populations such as older adults*?
or people who have been incarcerated,® and failure to evaluate
the overall certainty of evidence.>'” We sought to identify pre-
dictors of fatal and nonfatal overdose after prescription of opi-
oids for chronic pain that addresses these limitations.

Methods

In conducting our systematic review and meta-analysis we fol-
lowed the reporting of Meta-analysis Of Observational Studies in
Epidemiology (MOOSE) statement,'® as well as guidance for sys-
tematic review and meta-analysis of prognostic studies,'® and
registered our protocol at Open Science Framework (https://osf.
io/vznxj/).

Data sources and searches

A medical research librarian performed database-specific elec-
tronic searches of MEDLINE, Embase, CINAHL, PsycINFO and Web
of Science from inception to Oct. 30, 2022, without language
restrictions (Appendix 1, Section 1). We screened reference lists
of all eligible studies and 6 previous reviews!?" for additional
studies.

Study selection

We included cohort or case-control studies that explored, in an
adjusted analysis, predictors for fatal or nonfatal opioid over-
dose after prescription of opioids for chronic noncancer or
cancer-related pain lasting 3 or more months. Eligible studies
had to provide explicit statements that they followed a patient
population in which at least 80% were prescribed opioids for
chronic pain, for which the date of the first prescription for opi-
oids was known, and fatal or nonfatal overdose was an outcome
that was assessed.

We excluded studies that enrolled palliative care patients or
exclusively patients who had previously had an opioid overdose.
Studies were also ineligible if they included, in all available
models, significant associations with variables collected after
baseline because these variables may be a result, rather than a
cause, of opioid overdose. When study populations overlapped
by more than 50% between articles, we included only data in the
largest study. We contacted authors to clarify eligibility or to
acquire missing data. Four pairs of reviewers independently
screened the titles and abstracts of identified citations and the
full texts of potentially eligible studies.

Data extraction and risk of bias assessment

Using standardized, pilot-tested data extraction forms and a
detailed instruction manual (available at https://osf.io/vznxj/),
4 pairs of reviewers extracted data and assessed the risk of bias
from all eligible studies, independently and in duplicate. We col-
lected information regarding study and patient characteristics,

and measures of association for all reported predictors. Review-
ers addressed discrepancies through discussion, or adjudication
by a third reviewer (L.W.), when necessary.

We assessed risk of bias by evaluating the representativeness
of the study population, validity of outcome assessment, loss to
follow-up and whether predictive models were adjusted, at min-
imum, for age, sex, substance use disorder and any other comor-
bid mental illness. We modified the assessment criteria from the
Users’ Guides to the Medical Literature (Appendix 1, Section 2).2°

Data analysis
We used the « statistic to measure inter-rater agreement for full-
text screening.?

We pooled the prevalence of nonfatal or fatal overdose using
random-effects models with a Freeman-Tukey Double Arcsine
transformation to stabilize the variance.??

When possible, we pooled all predictors associated with opi-
oid overdose that were reported by at least 2 studies as odds
ratios (ORs) and 95% confidence intervals (Cls). When studies
provided adjusted relative risks (RRs) or hazard ratios (HRs), we
pooled them with ORs, given the low baseline risk of fatal (1 in
1000%%) and nonfatal (2 in 1000%) overdose.?® We performed
random-effects models using the DerSimonian-Laird method for
all meta-analyses of 3 or more studies, and fixed-effects models
when pooling 2 studies.?® We pooled predictors for opioid over-
dose in general, as we did not find credible subgroup effects
between fatal and nonfatal opioid overdose.

When eligible studies explored associations between individ-
ual types of opioids versus all other types of opioids and over-
dose,?"?® we considered only the comparison of fentanyl versus
non-fentanyl opioids, given concerns regarding an elevated risk
of overdose with fentanyl because of its high potency.°

To evaluate the relationship of morphine equivalent dose
with opioid overdose, we performed a 2-stage, random-effects,
dose-response meta-analysis.?*3** We also performed a 1-stage
dose-response meta-analysis as a sensitivity analysis.3 When
associations for age were reported as categorical data, we con-
verted into continuous data.?>3*

We considered relative associations to be large when the
pooled OR was 2.0 or higher, or 0.5 or less, and small-to-trivial
when the pooled OR was greater than 0.5 and less than 2.0.

We explored the consistency of associations between our
pooled results and studies reporting the same predictors that
were not possible to pool (e.g., the authors reported the associa-
tion was significant, but with no accompanying data). We
deemed predictors as promising if they were not amenable to
meta-analysis but single studies reported a highly significant
(p = 0.001) and large association (OR = 2.0 or OR = 0.5) with a
study population of at least 1000 patients.>*

To avoid overestimating associations, we imputed an OR of 1
for predictors that were excluded in adjusted analyses because
of nonsignificance.?** We calculated the absolute risk for each
predictor amenable to meta-analysis to facilitate interpretation
using baseline risks of 1 in 1000% for fatal overdose and 2 in
1000% for nonfatal overdose. We used Stata statistical software
version 17.0 (StataCorp) for all analyses.
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Small study effects
When at least 10 studies were included in a meta-analysis,** we
assessed publication bias by funnel plots and the Egger test.*

Subgroup analyses, meta-regression and sensitivity
analyses
We evaluated heterogeneity using forest plots®* and 12 for all
random-effects models. We conducted a priori subgroup analy-
ses for factors that we hypothesized would have a larger associa-
tion with opioid overdose among chronic noncancer versus
cancer-related pain; fatal versus nonfatal overdose; intentional
versus unintentional overdose; high versus low risk of bias on a
component-by-component basis; current versus previous sub-
stance use disorder; comorbid mental health disorders versus
none; co-prescription of benzodiazepines versus no benzo-
diazepine prescription; and tobacco use disorder versus current
tobacco use. We conducted subgroup analyses if each subgroup
contained at least 2 studies. We assessed the credibility of signifi-
cant effects using Instrument for Assessing the Credibility of
Effect Modification Analyses (ICEMAN) criteria.®

We performed sensitivity analyses by excluding studies for which
we imputed an OR of 1, converted categorical data to continuous
data or derived measures of association from the RR or HR, and
studies that did not exclusively enroll patients with chronic pain.

Certainty of evidence

We used the Grading of Recommendations Assessment, Develop-
ment and Evaluation (GRADE) approach to summarize the certainty
of evidence.* We rated down for imprecision if the 95% Cl included
both a small-to-trivial and large association with opioid overdose.
Given the number of predictors considered in our review, we
focused our main presentation of findings on predictors that
showed large relative associations (OR = 2 or < 0.5) with opioid
overdose supported by moderate- or high-certainty evidence.

Ethics approval
We did not seek ethics approval for this systematic review and
meta-analysis of published data.

Results

We reviewed 2918 citations and included 28 unique studies in our
analyses (21 cohort studies?*?*3-5" and 7 case-control stud-
ies?7:2858-62) We also identified 7 studies (4 cohort®*-% and 3 case-
control studies®”-%°) with overlapping populations that reported
unique predictors (Figure 1 and Appendix 1, Section 3 and eTable 1).
Inter-rater agreement for full-text screening was near perfect
(x = 0.89). We contacted 64 authors; 25%24446,50,52,56,61,69-86 o f
33 authors clarified eligibility, and 102446:47.51,55,63,65-67.78 of
31 authors provided additional data for meta-analysis.

Study characteristics

The 28 studies enrolled a total of 23963 716 patients (52%
female) with a median of the mean age of 52 years (interquar-
tile range [IQR] 47 to 57). Twenty-four studies were conducted
in the United States, 3 were conducted in Canada and 1 was

conducted in the United Kingdom. Twenty-one stud-
i@523:24,40-47,50-53,55-57,59-62 jncluded only patients with chronic non-
cancer pain, and 7272834849558 included patients with either
chronic noncancer or cancer-related pain. Twenty-two studies
enrolled patients with previous or current substance use disor-
der (median proportion 9%, IQR 4%-13%),%32427,28,39-43,46,48-51,53-
55,57.5860-62 and 3 studies excluded patients with comorbid sub-
stance use disorder.*5%% Twenty-three studies included
patients with comorbid mental illness (median proportion 31%,
IQR 20%-41%),23:24.27,28,40-42,45-49,51-58,60-62 and 5 studies exclusively
recruited veterans.2"#0:515558 Al studies used administrative
databases. The median sample size was 43 885 (IQR 11 186-
203353) (Table 1 and Appendix 1, eTable 2).

Risk of bias

Twenty-five studies (89%) were at high risk of bias for at least
1 criterion (Appendix 1, eTable 3). Thirteen studies (46%)
included samples that were not representative of the target
study population, because all patients were veterans,?’#:51.555
more than 60% were patients with comorbid mental illness,*4¢5!
all patients were aged 65 years or older,%? more than 50% of
patients were disabled* or patients were prescribed a high daily
opioid dose (= 50 mg>*® or = 90 mg morphine equivalent).*
Seventeen studies (61%) were unable to exclude illicit opioid
overdoses,2427,39-42,4648-5052-57.61 \which may compromise the valid-
ity of the outcome measure. Seventeen studies (61%) reported
adequately adjusted regression models.23:2427,28,40,41,44-
46:49,52,53,55,58,60.61 Qnly 3 studies reported loss to follow-up (all
<20%)?"40%0 (Appendix 1, eTable 3).

Predictors of fatal and nonfatal overdose
Moderate-certainty evidence showed the pooled prevalence of
fatal opioid overdose after prescription for chronic pain was 1.3
per 1000 (95% Cl 0.6-2.3 per 1000) for fatal overdose and 3.2 per
1000 (95% Cl 2.0-4.7 per 1000) for nonfatal overdose (Appendix 1,
eFigure 1A, eFigure 1B and eTable 4). A total of 103 predictors
associated with opioid overdose were reported, among which 72
were amenable to meta-analysis.

Opioid prescribing predictors
High-certainty evidence from 14 studies involving 1315173
patients showed a linear dose-response relationship with opioid
overdose (Appendix 1, eFigure 2A and eTable 5). The association
was small at a 50-mg morphine equivalent dose/day (OR 1.69,
95% Cl 1.50-1.90; Appendix 1, eFigure 2B and eTable 6) and large
at 90 mg (OR 2.57, 95% Cl 2.08-3.18; Figure 2 and Table 2), with
an absolute risk 2.6 per 1000 for fatal overdose and 5.1 per 1000
for nonfatal overdose at a 90-mg morphine equivalent dose/day.
Moderate- to high-certainty evidence showed large associ-
ations between opioid overdose and 3 or more prescribers
(OR 4.68, 95% Cl 3.57-6.12), 4 or more dispensing pharmacies
(OR 4.92, 95% Cl 4.35-5.57) and prescription of fentanyl ver-
sus other opioids (OR 2.80, 95% Cl 2.30-3.41). The absolute
risks ranged from 2.8 to 4.9 per 1000 for fatal overdose, and
from 5.6 to 9.8 per 1000 for nonfatal overdose (Appendix 1,
eFigures 2C-2E and Table 2).
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Citations identified through

database searching
n=3754

Citations identified through searching references
of included studies and other reviews
n=505

Identification

Screening

Eligibility

Included

Citations retrieved
n=4259

Duplicates removed n = 1341

Titles and abstracts screened
n=2918

Citations excluded n = 2697

Full-text articles assessed for eligibility
n=221

—— Full-text articles excluded n =186

« Conference abstract n=29

« Patients without chronic pain n=58

« Not prescribed opioids n=38

« Did not explore predictors of opioid overdose n=35

+ No adjusted analysis n=18

«+ Non-observational studies n=4

« Exclusively patients with prior opioid overdose n=2
« Significant postbaseline factors n=2

Included studies

n=28*+7t

Figure 1: Flow diagram of study selection. *Twenty-eight studies with the largest sample size and longest follow-up were included in our primary analy-
sis; among these, 3 articles reported 2 separate cohorts.***% tSeven studies®**° included overlapping study populations with 4 studies®**%% included

in our primary analysis.

Moderate- to high-certainty evidence showed small-to-trivial
increased risks of opioid overdose with long- versus short-acting
opioid formulations; number of naloxone prescriptions; as-
needed and regularly scheduled versus scheduled administra-
tion alone; and longer versus shorter duration of opioid use. The
absolute risks ranged from 1.0 to 1.9 per 1000 for fatal overdose,
and from 2.0 to 3.8 per 1000 for nonfatal overdose (Appendix 1,
eFigure 2F, eFigure 2G and eTable 6).

Co-prescription predictors

Moderate-certainty evidence suggested small associations between
opioid overdose and co-prescription of benzodiazepines, anticonvul-
sants, sedatives or muscle relaxants, with the absolute risks ranging
from 1.3 to 1.8 per 1000 for fatal overdose, and from 2.6 to 3.6 per 1000
for nonfatal overdose (Appendix 1, eFigures 3A-3D and eTable 7).

Psychological predictors
We found a credible subgroup effect between current versus
previous substance use disorder (p = 0.01; Figure 3 and
Appendix 1, Section 4); therefore, we reported results for
these predictors separately. Moderate- to high-certainty evi-
dence showed large associations between opioid overdose
and current substance use disorder (OR 2.62, 95% CI 2.09-
3.27; Figure 3), any mental health diagnosis (OR 2.12, 95% Cl
1.73-2.61; Figure 4), depression (OR 2.22, 95% CI 1.57-3.14;
Appendix 1, eFigure 4A), and bipolar disorder (OR 2.07, 95% Cl
1.77-2.41; Appendix 1, eFigure 4B). The absolute risks ranged
from 2.1 to 2.6 per 1000 for fatal overdose, and from 4.1 to 5.2
per 1000 for nonfatal overdose (Table 2).

Moderate-certainty evidence suggested smaller associations
with psychotic disorders, tobacco use or tobacco use disorder,
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Table 1: Characteristics of 28 eligible studies

Characteristic

No. of patients enrolled

Length of follow-upt, mo

Age, mean, yr

Female, %

Co-administration of benzodiazepinest, %
Comorbid substance use disorders§, %

Comorbid mentalillnessY|, %

Median (IQR)*
43885 (11186-203353)
24 (12-42)

52 (47-57)

52 (24-59)

26 (18-39)

9 (4-13)

31 (20-41)

Type of chronic pain represented**, no. of studies (no. of patients)

Chronic noncancer paintt
Chronic cancer painif

Mixed chronic cancer and noncancer pain§§

Exclusively veteran population, no. of studies (no. of patients)9¢

Funding, no. of studies
Industry-funded
No industry funding
Not reported

Note: IQR = interquartile range.

*Unless indicated otherwise.

tIn 24 studies.23:2427,28,40-49,51-59,61
1In 19 studies,23,27:40,41,43,45,48,49,52,54-57,61,62,67

221 (23484 024)
1(36803)
6 (442890)
5 (1432810)

22

§In 22 studies.?3242728:39-43,46,48-51,53-55,57.58.60-62 Three studies explicitly excluded patients with comorbid substance use disorders.*52%

I 23 studies.23:2427,28,40-42,45-49,51-58,60-62

**Ten studies reported a small proportion of patients with acute pain (2%-12%)?2841:4445525460 or conditions that may not present with chronic

pain (13%-17%)%

t1In 22 studies.?2440-47:50-5355-62 Qe study reported regression models for chronic noncancer pain and cancer pain separately.*®
1$In 1 study.*® One study reported regression models for chronic noncancer pain and cancer pain separately.*®

§51n 6 studies 22839484954
49In 5 studies 0515558

history of substance use disorder and anxiety. The absolute
risks ranged from 1.3 to 1.6 per 1000 for fatal overdose, and
from 2.6 to 3.2 per 1000 for nonfatal overdose (Appendix 1,
eFigures 4C-4E and eTable 8).

Medical predictors

Moderate- to high-certainty evidence showed large associations
between opioid overdose and history of overdose (OR 5.85, 95%
Cl 3.78-9.04; absolute risk 5.9 per 1000 for fatal overdose, 11.7
per 1000 for nonfatal overdose; Appendix 1, eFigure 5A) and pan-
creatitis (OR 2.00, 95% Cl 1.52 to 2.64; absolute risk 2.0 per 1000
for fatal overdose, 4.0 per 1000 for nonfatal overdose; Appendix 1,
eFigure 5B) (Table 2).

Moderate- to high-certainty evidence showed small-to-trivial
associations with heart failure, hemiplegia or paraplegia, renal
disease, liver disease, chronic obstructive pulmonary disease,
cancer, hypertension, diabetes, injury or acute pain, emergency
department visit and higher Charlson Comorbidity Index scores.
The absolute risks ranged from 1.1 to 1.7 per 1000 for fatal
overdose, and from 2.3 to 3.3 per 1000 for nonfatal overdose
(Appendix 1, eTable 9).

Sociodemographic predictors

Moderate- to high-certainty evidence showed small-to-trivial
associations between opioid overdose and public or no insur-
ance versus private insurance, White race or ethnicity versus
other racial or ethnic groups, younger age, male sex, unmarried
status and geographical region. The absolute risks ranged from
1.1 to 1.8 per 1000 for fatal overdose, and from 2.1 to 3.6 per
1000 for nonfatal overdose (Appendix 1, eFigures 6A-6F and
eTable 10).

Predictors not amenable to pooling

The results from studies that reported predictors that we sub-
jected to meta-analysis but whose data could not be included
were consistent with our pooled analyses (Appendix 1,
eTable 11). We were unable to pool 31 predictors that were each
reported by a single study, of which 3 met our criteria as promis-
ing for future study, namely opioid tapering, opioid discontinua-
tion (Appendix 1, eTable 12) and traumatic brain injury
(Appendix 1, eTable 13). Twenty-three of 31 predictors were
consistently not associated with opioid overdose (Appendix 1,
eTable 14).
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Adjusted OR Weight, Decreas.ed I|.1creased
Study Sample size, n (95% C1) % risk _risk
Dunn et al., 2010% 9940 4.84 (2.79-8.42) 5.56 ——
Bohnert et al., 2011a% 36 803 6.49 (3.47-12.14) 5.02 — B
Bohnert et al., 2011b%® 111759 4.22 (3.28-5.44) 7.93 . B
Gomes et al., 2011 2212 1.37 (1.24-1.50) 8.79 B
Gwira Baumblatt et al., 2014 12772 4.26 (3.56-5.10) 8.40 -.-
Zedler et al., 20147 8987 2.69 (1.98-3.65) 7.54 -
Turner et al., 20152 206 869 1.88(1.61-2.19) 8.53 B
Gargetal., 2017% 150 821 1.78 (1.56-2.03) 8.65 B
Carey et al., 2018% 627391 2.41 (2.23-2.60) 8.84
Nadpara et al., 20182® 36 166 2.21(2.00-2.45) 8.76 :
Bedson et al., 2019 98 140 6.03 (3.81-9.53) 6.30 ——
Glanz et al., 2019 3775 1.83 (1.29-2.59) 7.21 —-
El-Akkad et al., 20205 9272 1.26 (0.89-1.80) 7.15 -
Salkar et al., 2021 266 1.17(0.22-6.31) 1.34 =
Overall 2.57 (2.08-3.18) ‘
Heterogeneity: 12=0.13
Test of 6= 6,: Q(13) =243.51, p=0.00
Testof 6=0:z=8.76, p =0.00

T T T T T

0.25 0.50 1 2 4 8

Adjusted OR (95% Cl)

Figure 2: Association of prescribed opioid dose (per 90-mg morphine equivalent dose/d increase) with risk of fatal or nonfatal opioid overdose. Bohnert
etal., 2011ais for 36 803 patients with chronic cancer pain; Bohnert et al., 2011b is for 111759 patients with chronic noncancer pain.

Note: Cl = confidence interval, OR = odds ratio.

Additional analyses

No additional subgroup analysis or meta-regression were judged
as credible according to ICEMAN criteria (Appendix 1, eTable 15).
Our sensitivity analyses found no important differences in results
whether we incorporated missing data for nonsignificant predic-
tors, pooled different measures of associations (OR, RR or HR),
included studies that did not exclusively enroll patients with
chronic pain or converted categorical data on age to continuous
data (Appendix 1, eTable 16). We detected no evidence of publi-
cation bias among predictors reported by at least 10 studies
(Table 2 and Appendix 1, eFigure 7 and eTables 6-10).

Interpretation
In this systematic review of observational studies involving nearly

24 million patients receiving opioids for chronic pain, we pooled
data on 72 predictors; of these, moderate- to high-certainty

evidence showed large relative associations of opioid overdose
with previous opioid overdose, current substance use disorder,
depression, bipolar disorder, any mental health diagnosis, pan-
creatitis, 3 or more opioid prescribers, 4 or more dispensing phar-
macies, prescribing 90-mg morphine equivalents or more, or pre-
scription of fentanyl. We explored 31 additional predictors that
could not be statistically pooled, and preliminary evidence sug-
gested that opioid tapering or discontinuation strategies and
traumatic brain injury warrant additional study.

Of the 6 previous systematic reviews that have explored pre-
dictors for opioid overdose,'>*7 only 1 conducted meta-analysis
for the single predictor of opioid dose.'* This review pooled
7 cohort studies and reported a larger association than our
review (RR 4.28 for > 100 v. = 100 morphine equivalent dose/d);
however, they included unadjusted data that may overestimate
associations.™ Clinical guidelines recommend against use of high
doses (e.g., = 90-mg morphine equivalent dose/d) when starting
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Table 2: Evidence profile of predictors with large associations with fatal or nonfatal overdose following opioid prescription for

chronic pain

Study
characteristics Risk of bias assessment Summary of findings
Absolute
Adjusted OR Absolute risk  risk of
of fatal or of fatal nonfatal
nonfatal overdose overdose Overall
No.of  No.of Riskof Small study overdose  (95%Cl)*, (95% CI)*, certainty of

Predictor studies patients bias Inconsistency Indirectness Imprecision effects (95% CI) per 1000 per 1000 evidence
Opioid dose 14 1315173  Nof No No No Undetected 2.57 2.6 5.1 High
(per 90-mg Eggerp=0.23 (2.08-3.18)  (2.1-3.2) (4.2-6.4)
MED/d)
Use of 2 639823 Yest No No No NA 4.92 4.9 9.8 Moderate
multiple (435-5.57)  (4.4-5.6)  (8.7-11.1)
pharmacies:
24v.<4
Multiple 3 790644  Yest No No No NA 4.68 4.7 9.4 Moderate
opioid (3.57-6.12) (3.6-6.1) (7.1-12.2)
prescribers:
23v.<3
Prescription 2 45153 No No No No NA 2.80 2.8 5.6 High
of fentanyl v. (2.30-3.41) (2.3-3.4) (4.6-6.8)
other opioids§
Current 12 1143838  Not No No No Undetected 2.62 2.6 5.2 High
substance use Eggerp=0.17 (2.09-3.27) (2.1-3.3) (4.2-6.5)
disorder
Any mental 17 1572200 Nof No No Yes q Undetected 2.12 2.1 4.2 Moderate
health Eggerp=0.50 (1.73-2.61) (1.7-2.6) (3.5-5.2)
disorder
Depression 9 448 216 Not No No Yesq| NA 2.22 2.2 4.4 Moderate

(1.57-3.14) (1.6-3.1) (3.1-6.3)
Bipolar 3 98 340 No No No Yesq| NA 2.07 2.1 4.1 Moderate
disorder (1.77-2.41)  (1.8-2.4) (3.5-4.8)
History of 4 967 503 No No No No NA 5.85 5.9 (3.8-9) 11.7 High
opioid (3.78-9.04) (7.6-18.1)
overdose
Pancreatitis 2 45153 No No No Yesq NA 2.00 2.0(1.5-2.6) 4.0(3-5.3) Moderate

(1.52-2.64)

Note: Cl = confidence interval, MED = morphine equivalent dose, NA = not applicable, OR = odds ratio.
*We estimated the absolute risk of fatal or nonfatal overdose among those with each predictor using a baseline risk of 1 in 10007 for fatal overdose and 2 in 1000% for

nonfatal overdose among those without predictors.

TWe did not rate down the certainty of evidence for risk of bias as subgroup analysis showed no significant difference in studies at low versus high risk of bias on a

component-by-component basis.

1The regression models of included studies did not include 1 or more of the factors we required for adequate adjustment (i.e., age, sex, substance use disorder and any

other comorbid mental illness).
§Two studies included both transdermal and transmucosal fentanyl.?"2¢

YWe rated down for imprecision because the lower and upper limits of 95% Cl associated with the adjusted OR included our threshold for defining a large association (OR =

2.0) with opioid overdose.

a trial of opioids for chronic pain management and recommend
approaching patients on high doses to consider tapering to
reduce potential harms, including overdose.®*”# However, forced
or aggressive tapering of opioids or stopping opioids may
increase risk of overdose and death.®° Our review found conflict-
ing evidence from 6 studies,*°>%64-66 with 2 reporting that taper-
ing or stopping decreased risk of overdose®® and 4 reporting no
association or increased risk (Appendix 1, eTable 12).485664% Qne

source of this variability may be how tapering is approached.
Emerging evidence suggests that voluntary, supported opioid
tapering may help most people who are prescribed high-dose
opioid therapy for chronic pain to safely reduce their dose.®>2 A
clinical trial of 608 patients prescribed strong opioids to manage
chronic noncancer pain, randomized to usual care or education
and support for tapering, found that 29% of patients in the inter-
vention arm had stopped opioids at 1 year, compared with 7% of
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patients in the usual care arm, but with no effect on perceived
pain interference with daily life activities.*

Our review, which included 22 studies that were not con-
sidered by previous reviews,28:39:41:43-45,49-51,53-57,59,60,63-67.69 q antified
large associations between opioid overdose and higher opioid
dose, > prescription of fentanyl,** current substance use dis-

order,'>1>1% mental health disorders,'? depression®!’ and previ-
ous opioid overdose.'® Previous systematic reviews have qualita-
tively summarized these associations, but with conflicting
results.'2315-17 Further, we also found moderate- to high-
certainty evidence for 33 additional predictors that were not
reported by previous reviews.

Adjusted OR Weight,

Decreased Increased

Study Sample size, n (95% ClI) % L e
Current SUD
Bohnert et al., 2011a% 36 803 3.08 (1.73-5.50) 5.12 ——
Bohnert et al., 2011b*® 111759 2.53(1.99-3.22) 7.63 -.-
Zedler et al., 201477 8987 1.49 (1.28-1.74) 8.12 [ |
Turner et al., 2015% 206 869 4.33 (3.78-4.96) 8.20 .
Carey etal., 2018* 627 391 3.08 (2.83-3.34) 8.39 .
Glanzetal., 2018a 42828 3.47 (2.25-5.35) 6.20 -
Glanz et al., 2018b* 10708 2.85(1.96-4.17) 6.63 —_—
Nadpara et al., 20182 36 166 3.79 (3.51-4.09) 8.40 [ |
Glanz et al., 2019% SIS 2.18(1.58-3.00) 7.07
El-Akkad et al., 2020°° 9272 2.03 (1.47-2.81) 7.05 ::
Fonda et al., 20205 49014 1.42 (1.06-1.91) 7.26 .
Salkar et al., 2021¢ 266 7.02 (0.54-90.92) 0.61 =
Heterogeneity: 12=0.12 2.62 (2.09-3.27) ’
Testof 6= Gj: Q(11)=177.57, p=0.00
Test of 6 =0: z=8.46, p =0.00
History of SUD
Hartung et al., 2007*° 2027 1.00 (0.49-2.03) 4.29
Dunn et al., 2010* 9940 0.93 (0.37-2.31) 3.22 i
Gomes et al., 2011¢ 2212 1.97 (1.37-2.82) 6.78 : B
Kaplovitch et al., 2015% 32449 1.49 (0.82-2.70) 5.01 ——
Heterogeneity: 2= 0.04 1.47 (1.03-2.09) ‘
Testof 6= Gj: Q(3)=4.38,p=0.22
Testof 6=0:2=2.10, p = 0.04
Overall 2.32(1.88-2.85)
Test of group differences: Q, (1) =7.30, p = 0.01

T T T

T
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2

8 32

Adjusted OR (95% ClI)

Figure 3: Association of substance use disorder (SUD) and risk of fatal or nonfatal opioid overdose. Test of interaction = 0.01 for current versus history
of SUD. Bohnert et al., 2011a is for 36 803 patients with chronic cancer pain; Bohnert et al., 2011b is for 111759 patients with chronic noncancer pain.
Glanz et al., 2018a is for 42 828 patients from the derivation site cohort; Glanz et al., 2018b is for 10708 patients from the validation site cohort. Note:

Cl =confidence interval, OR = odds ratio.
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Study Sample size, n (95% C1) % é‘k risk
Mixed current and previous mental health disorders
Qeadan et al., 2021a% 76 141 1.81(1.54-2.13) 6.94 - -
Qeadan et al., 2021b% 792 956 2.36 (2.13-2.61) 7.13
Heterogeneity: T2 = 0.03 2.08 (1.61-2.70) :
Testof 6, = Gj: Q(1)=7.38,p=0.01
Testof 6 =0: z=5.54, p=0.00
Current mental health disorders
Bohnert et al., 2011a%® 36803 1.68 (0.95-2.99) 4.63 -
Bohnert et al., 2011b*® 111759 1.87 (1.47-2.37) 6.62 - —
Zedler et al., 201477 8987 1.20 (0.98-1.47) 6.78 - —
Turner et al., 2015 206 869 4.77 (3.92-5.81) 6.81 —.—
Glanz et al., 2018a%* 42 828 3.39(2.32-4.96) 5.82 ——
Glanzetal., 2018b%* 10708 2.22 (1.48-3.32) 5.68 ——
Nadpara et al., 2018 36 166 3.12 (2.84-3.42) [BIS .
Glanz et al., 2019 3775 2.97 (1.57-5.63) 4.26 _
Fonda et al., 2020°* 49014 1.82(1.33-2.49) 6.21 _— —
Salkar et al., 2021 266 1.60 (0.68-3.76) 3.22 =
Heterogeneity: 12 =0.21 2.31(1.69-3.16) ’
Testof 6, = Gj: Q(9) =124.92,p=0.00
Test of 6 =0:z=5.25, p=0.00
Previous mental health disorders
Dunn et al., 2010* 9940 2.23 (1.25-3.98) 4.61 ——
Gomes et al., 2011°" 2212 1.44 (1.26-1.64) 7.05 -.-
Kaplovitch et al., 2015% 32449 1.49 (0.98-2.27) 5.55 =
Bedson et al., 2019%" 98 140 3.61 (2.76-4.72) 6.46 ——
Hayes et al., 2020 53187 1.03 (0.62-1.69) 5.09 ——
Heterogeneity: 12=0.23 1.79 (1.13-2.84) e
Testof 6, = Bj: Q(4) =41.51,p=0.00
Testof 6=0:2=2.49,p=0.01
Overall 2.12 (1.73-2.61)
Heterogeneity: 12 =0.15
Testof 6=0:2z=7.17, p=0.00
Test of group differences: Q, (2) =0.81, p =0.67
1 2 4
Adjusted OR (95% Cl)

Figure 4: Association of comorbid mental illness and risk of fatal or nonfatal opioid overdose Test of interaction = 0.67. Bohnert et al., 2011a is for
36803 patients with chronic cancer pain; Bohnert et al., 2011b is for 111759 patients with chronic noncancer pain. Glanz et al., 2018a is for 42 828 patients
from the derivation site cohort; Glanz et al., 2018b is for 10708 patients from the validation site cohort. Qeadan et al., 2021a is for 76 141 patients with
chronic pain syndrome; Qeadan et al., 2021b is for 792956 patients with low back pain. Note: Cl = confidence interval, OR = odds ratio.
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We found large associations between opioid overdose and
multiple prescribers or dispensing pharmacies, both of which
have been linked to diversion and opioid use disorder.®**> A
cross-sectional study of nearly 1.5 million opioid prescriptions
found that prescriber and pharmacy shopping accounted for
0.6% of dispensed medications.®® Prescription drug monitoring
programs have been developed to address this issue, but their
effectiveness in reducing opioid-related harms is uncertain."%
We found a large association between opioid overdose and pan-
creatitis, which may be a surrogate for alcohol use disorder.”® We
found a smaller positive association between opioid overdose
and number of naloxone prescriptions, which is likely a surrogate
for patients at higher risk for opioid overdose.1®

The opioid crisis has generated interest in identifying patients at
higher risk of addiction or overdose and has led to the development
of several screening tools; however, these instruments have either
not been validated or have shown poor psychometric proper-
ties.*®101-103 Qyr findings suggest that awareness of, and attention to,
several patient and prescription characteristics, may help reduce
the risk of opioid overdose among people living with chronic pain.

Evidence alone is insufficient for clinical decisions regarding
management of chronic pain, which also requires consideration of
individual patient values. A systematic review found that people
living with chronic pain place less value on the possibility of addic-
tion versus the possibility of important pain relief.?** Our findings
should prove helpful for conveying risks of overdose to patients
when deciding whether to start a trial of opioids for chronic pain,
and will facilitate evidence-based, shared decision-making.

Limitations

We were unable to pool data for predictors from studies that
used different measures. Results from these studies were,
however, consistent with results from studies amenable to
pooling. Although we did not find credible subgroup effects for
fatal versus nonfatal overdose, intentional versus unintentional
overdose or chronic cancer versus noncancer pain, our analyses
may have been underpowered as most eligible studies reported
mixed types of opioid overdose and enrolled patients with both
cancer and noncancer chronic pain.

Although opioid overdose is a serious outcome, we defined an
important increase in risk as at least twice the baseline risk (i.e.,
OR = 2) given that fatal and nonfatal overdoses are uncommon
events. We reported all absolute measures of association and
95% Cls for predictors to facilitate use of alternate thresholds.
Studies eligible for our review used administrative data to identify
opioid-related overdose or death; however, this approach has
shown more than 80%-90% positive predictive value.1%>% We did
not assess the validity of predictor assessment; however, informa-
tion on predictors was abstracted from either medical records,
pharmacy, insurance or other administrative databases. As such,
they are at low risk of bias for ascertainment of exposure.2°’

No opioid-conversion method for calculating the morphine
equivalent dose is universally accepted, and competing
approaches can yield important differences;*® however, 14 studies
of more than 1 million patients provided high-certainty evidence
for an association between higher doses of prescribed opioids and

increased risk of overdose. Finally, we evaluated all included study
models for whether they adjusted for age, sex, substance use dis-
order and any other comorbid mental illness; however, residual or
unmeasured confounding may have affected our findings.

Conclusion

In this meta-analysis of observational studies of patients pre-
scribed opioids for chronic pain, moderate- to high-certainty evi-
dence showed large associations of fatal and nonfatal overdose
with a history of opioid overdose, depression, bipolar disorder, a
mental health diagnosis, current substance use disorder, pancrea-
titis, multiple opioid prescribers or dispensing pharmacies, pre-
scription of 90-mg morphine equivalents or higher and prescrip-
tion of fentanyl. Awareness of these predictors may facilitate
shared decision-making regarding prescribing opioids for
chronic pain and may inform harm-reduction strategies.
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