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All-Cause and Cause-Specific Mortality Among People
Using Extramedical Opioids
A Systematic Review and Meta-analysis
Sarah Larney, PhD; Lucy Thi Tran, BPsychSc(Hons); Janni Leung, PhD; Thomas Santo Jr, MPH;
Damian Santomauro, PhD; Matt Hickman, PhD; Amy Peacock, PhD;
Emily Stockings, PhD; Louisa Degenhardt, PhD

IMPORTANCE Extramedical opioid use has escalated in recent years. A better understanding
of cause-specific mortality in this population is needed to inform comprehensive responses.

OBJECTIVE To estimate all-cause and cause-specific crude mortality rates (CMRs) and
standardized mortality ratios (SMRs) among people using extramedical opioids, including
age- and sex-specific estimates when possible.

DATA SOURCES For this systematic review and meta-analysis, MEDLINE, PsycINFO, and
Embase were searched for studies published from January 1, 2009, to October 3, 2019, and
an earlier systematic review on this topic published in 2011.

STUDY SELECTION Cohort studies of people using extramedical opioids and reporting
mortality outcomes were screened for inclusion independently by 2 team members.

DATA EXTRACTION AND SYNTHESIS Data were extracted by a team member and checked by
another team member. Study quality was assessed using a custom set of items that examined
risk of bias and quality of reporting. Data were pooled using random-effects meta-analysis
models. Heterogeneity was assessed using stratified meta-analyses and meta-regression.

MAIN OUTCOMES AND MEASURES Outcome measures were all-cause and cause-specific CMRs
and SMRs among people using extramedical opioids compared with the general population of
the same age and sex.

RESULTS Of 8683 identified studies, 124 were included in this analysis (100 primary studies
and 24 studies providing additional data for primary studies). The pooled all-cause CMR,
based on 99 cohorts of 1 262 592 people, was 1.6 per 100 person-years (95% CI, 1.4-1.8 per
100 person-years), with substantial heterogeneity (I2 = 99.7%). Heterogeneity was
associated with the proportion of the study sample that injected opioids or was living with
HIV infection or hepatitis C. The pooled all-cause SMR, based on 43 cohorts, was 10.0
(95% CI, 7.6-13.2). Excess mortality was observed across a range of causes, including
overdose, injuries, and infectious and noncommunicable diseases.

CONCLUSIONS AND RELEVANCE The findings suggest that people using extramedical opioids
experience significant excess mortality, much of which is preventable. The range of causes for
which excess mortality was observed highlights the multiplicity of risk exposures experienced
by this population and the need for comprehensive responses to address these. Better data
on cause-specific mortality in this population in several world regions appear to be needed.
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E xtramedical opioid use includes the use of heroin and
other illicitly manufactured opioids and the use of phar-
maceutical opioids outside the bounds of a medical

prescription.1 Extramedical opioid use is a significant public
health problem,2 with use and related harms escalating across
many high-income countries.3 In the United States, HIV and
hepatitis C virus (HCV) infection outbreaks associated with opi-
oid injecting have been observed,4,5 and fatal opioid over-
doses have increased markedly, exceeding 47 000 deaths
in 2018.6 Increased fatal opioid overdoses have also been
observed in Canada, the United Kingdom, Australia, and
Europe.7-10

Overdose is not the only risk of extramedical opioid use.
In a previous systematic review,11 AIDS-related causes were at
least as common as overdose deaths in 6 of 25 cohorts report-
ing both causes of death. Increasing rates of HCV-related deaths
have been observed in cohorts of people with a history of opi-
oid dependence.12 Other elevated causes of death include
suicide and other injuries.11

Given the dynamic nature of extramedical opioid use and
related deaths, it appeared to be timely to review data on mor-
tality, particularly cause-specific mortality, among people who
use extramedical opioids. We aimed to estimate all-cause and
cause-specific crude mortality rates (CMRs), standardized mor-
tality ratios (SMRs), and relative risks (RRs) with sex- and
age-specific estimates when possible.

Methods
This systematic review and meta-analysis followed the Meta-
analysis of Observational Studies in Epidemiology (MOOSE)
reporting guideline and the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) reporting
guideline.13 The review protocol was registered with PROSPERO
(CRD42018094623).

Search Strategy and Study Selection
A previous systematic review11 on this topic was used to iden-
tify studies published from 1980 to 2008. MEDLINE, Embase,
and PsycINFO databases were searched using the OVID inter-
face and platform to identify relevant articles published from
January 1, 2009, through February 22, 2018. Searches were up-
dated in October 2019. Search strings are provided in eAppen-
dix 1 in the Supplement. No language restrictions were ap-
plied to the search, with the research team able to read English,
Italian, French, and Chinese. Studies in languages other than
these were read using Google Translate.

Study selection was completed using Covidence.14 Team
members were trained in the requirements for inclusion of a
study. Each retrieved citation was screened for inclusion based
on title and abstract. All publications marked as excluded at this
stage were reviewed by a second investigator (S.L. or L.T.T.), and
if there was a difference in the assessment, the publication was
included for the next stage of the review. Each study included
after initial screening was reviewed in full by 2 people (S.L.,
L.T.T., T.S., and/or L.D.). Disagreements were resolved through
discussion between the 2 reviewers and referral to a third party

if needed. Reference lists of reviews identified by the search
were screened to identify any additional publications.

Inclusion and Exclusion Criteria
We included cohort studies of people who used extramedical
opioids and were recruited in any setting that reported data
on CMRs and/or SMRs. This could include cohort studies of
people who injected drugs if at least 90% of the cohort re-
ported extramedical opioid use. Cohorts did not need to be
opioid dependent or have opioid use disorder to be included.
Cohorts of people prescribed opioids for pain management or
who were exclusively people living with HIV or HCV infec-
tion were excluded, as were studies that reported case-
fatality rates only. Full inclusion and exclusion criteria are
described in eAppendix 2 in the Supplement.

Data Extraction
Data were extracted into a spreadsheet by 1 member of the re-
search team and checked by another (L.T.T. or T.S.). Ex-
tracted variables included study information (eg, years of data
collection) and sample information (eg, sex distribution) con-
sidered a priori to be potentially relevant to between-study
heterogeneity. We extracted number of observed deaths, per-
son-years of follow-up, and expected deaths to allow for cal-
culation of CMRs and SMRs and extracted CMRs and SMRs as
reported. Specific causes for which data were extracted were
overdose, AIDS related, suicide, unintentional injuries, homi-
cide, liver disease, cardiovascular disease, respiratory dis-
ease, and cancer. When data for a study were incomplete, au-
thors were contacted by email for additional information.

During data extraction, inconsistencies were identified in
how overdose deaths were defined. Some studies15,16 re-
ported overdose mortality rates without explaining how over-
dose was defined. When definitions were reported (typically
using International Classification of Diseases, Ninth Revision
[ICD-9] or International Statistical Classification of Diseases and
Related Health Problems, Tenth Revision [ICD-10] codes), the
most restrictive definitions included only opioid poisoning
(n = 6), whereas others included any drug poisoning (n = 27).
Less restrictive definitions included deaths caused by mental
and behavioral disorders due to substance use (n = 29). Pooled
estimates were therefore calculated separately for 3 defini-
tions of overdose death: opioid poisoning, poisoning from any

Key Points
Question What are the mortality rates and key causes of excess
mortality among people who use extramedical opioids?

Findings In this systematic review and meta-analysis of 124
studies, people using extramedical opioids had a higher mortality
rate than those of the same age and sex in the general population.
Excess mortality occurred across individuals with traumatic causes
of death, infectious diseases, and noncommunicable diseases.

Meaning The findings suggest that response to elevated mortality
in people using extramedical opioids should include overdose
prevention and incorporate interventions to prevent and treat
infectious diseases and noncommunicable diseases.
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drug (including alcohol if it was not possible to disaggregate
by drug), and poisoning from any drug and from psychoac-
tive substance use for mental and behavioral disorders. Dif-
ferences were also observed in how liver diseases were coded.
We calculated pooled estimates for the following definitions:
viral hepatitis (n = 7), digestive diseases (including codes 520-
579 in ICD-9 or chapter XI of ICD-10 [n = 11]), and liver related
(which typically included both the previous categories plus
liver cancer [n = 20]).

Study Quality, Including Risk of Bias
Because risk-of-bias tools for observational epidemiological
studies are still evolving,17 we developed a review-specific tool
with reference to 2 recent publications17,18 on assessing risk of
bias in observational studies of exposures. The tool assessed
each study on 2 risk-of-bias domains and 3 quality-of-
reporting domains (eAppendix 3 in the Supplement). Risk-of-
bias domains were sample representativeness and outcome
measurement. Studies were rated as being at higher or lower
risk of bias on each of these domains. Quality-of-reporting do-
mains were completeness of reporting of cohort characteris-
tics, completeness of outcome data, and reporting of defini-
tions used for cause-specific deaths. Studies were assessed as
having higher- or lower-quality reporting on each of these
domains.

Distribution of Causes of Death
To examine the distribution of causes of death across co-
horts, we identified the subset of cohorts in which a cause was
specified for all observed deaths (including that cause for x
deaths was undetermined as opposed to not reported) and
grouped deaths into the following categories: poisoning or sub-
stance dependence, infectious diseases, noncommunicable dis-
eases, trauma, and undetermined. In keeping with classifica-
tions used in the included studies, deaths attributed to viral
hepatitis were included in infectious diseases, but deaths at-
tributed to liver disease were included in noncommunicable
diseases despite likely being sequelae of viral hepatitis. The
weighted mean of the proportion of deaths in the cohorts in
each category was calculated along with 95% CIs based on a
t distribution. Data on certain subordinate causes within a cat-
egory were commonly reported, including AIDS-related deaths
within infectious diseases, cancer and liver disease within non-
communicable diseases, and suicide within trauma. Weighted
means of the proportion of deaths attributable to these causes
within the cohorts were also calculated.

Statistical Analysis
The CMRs were calculated as deaths per 100 person-years and
the SMRs as observed deaths over expected deaths. We
derived 95% CIs for each metric using standard formulas (eAp-
pendix 4 in the Supplement).

The SMRs represent the ratio of mortality risk among those
exposed to the risk and the entire population, including those
exposed to the risk. The RRs give the ratio of mortality risk be-
tween those exposed to the risk and those not exposed to the
risk. With a low-prevalence exposure, such as extramedical opi-
oid use, SMRs and RRs should be similar. We estimated RRs

from SMRs by adjusting the SMR by the proportion of the gen-
eral population that is exposed to the risk.19 Data on general
population risk exposure were obtained from the Global Health
Data Exchange.20

We explored heterogeneity through stratification and
meta-regression and used random-effects models for pool-
ing data because we expected that there would be variation
among the samples selected by the studies. For pooled analy-
ses, we used DerSimonian and Laird random-effects meta-
analyses in Stata statistical software, version 14.2 (Stata-
Corp). Study weights incorporated both within- and between-
study error. Heterogeneity was quantified using the I2 statistic.
We considered I2 of 25% or less to indicate low heterogeneity,
25% to 50% as moderate heterogeneity, and greater than 50%
as substantial heterogeneity.21

Stratification variables for exploring heterogeneity in-
cluded sex, age group, year of follow-up completion (with 1994
selected as the cut point because of the introduction of highly
active antiretroviral therapy for HIV infection in that year), in-
jecting drug use, opioid dependence or use disorder, recruit-
ment setting (drug treatment or harm-reduction settings com-
pared with all other settings), and geographic region as defined
by the Global Burden of Disease study. Depending on how data
were presented, age groups were defined as younger than 30
years compared with 30 years or older or younger than 35 years
compared with 35 years or older (hereafter referred to as
younger and older patients). All-cause and cause-specific CMRs
comparing men and women and younger and older people were
estimated.

Each meta-regression included a single moderator vari-
able, which could be a feature of the study sample (eg, preva-
lence of HIV infection) or a feature of the study design or con-
duct (eg, recruitment setting). Variables were only included
in meta-regressions if 5 or more data points were available.
A 2-sided P < .05 was considered to indicate an explanatory
moderator variable that influenced heterogeneity in the CMR
or SMR.

Results
The PRISMA study flow diagram is shown in Figure 1. We in-
cluded 124 of 8683 identified publications, including 100 pri-
mary publications and 24 secondary publications that pro-
vided additional data for these primary publications. Cohorts
were recruited from 28 countries, including 5 low- and middle-
income countries (9 studies). Cohort size ranged from 100 to
306 786 people, and person-years of follow-up ranged from 129
to 687 673. Characteristics of included studies are provided in
eAppendix 5 in the Supplement.

Risk of Bias and Study Quality
A total of 48 included cohorts (45.3%) were rated as being at
higher risk of bias on the basis of cohort representativeness
(eg, were recruited from a single site), and 23 (21.7%) were at
higher risk of bias on the basis of outcome measurement (eg,
mortality data derived from clinical records rather than death
registries). Only 10 cohorts (9.4%) did not report age and sex
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data to characterize the cohort sample. A total of 29 cohorts
(27.4%) reported incomplete mortality data (ie, missing nu-
merator or denominator), and 34 (41.0%) of the 83 cohorts that
reported cause-specific mortality did not report the defini-
tions used to categorize deaths. A summary table and indi-
vidual study assessments are provided in eAppendix 6 in the
Supplement.

All-Cause Mortality
The pooled all-cause CMR, based on 99 cohorts, was 1.59 per
100 person-years (95% CI, 1.40-1.80 per 100 person-years), with
substantial heterogeneity (I2 = 99.7%) (Table 1). Forest plots
for this and all following pooled analyses are provided in eAp-
pendix 7 in the Supplement. The highest CMRs were ob-
served in South Asia (7.62 per 100 person-years; 95% CI, 4.84-
12.00 per 100 person-years; 2 cohorts, both from Bangladesh)
and the lowest in Australasia (0.80 per 100 person-years;
95% CI, 0.67-0.96 per 100 person-years; 7 cohorts, all from
Australia) (Table 1).

In cohorts of people who injected opioids, the pooled all-
cause CMR was 2.71 per 100 person-years (95% CI, 2.14-3.42
per 100 person-years) (Table 1). The prevalence of injecting drug
use, HIV infection, and HCV infection within study samples
were all important sources of heterogeneity and associated with
higher CMRs (Table 2). The CMRs were higher among men com-
pared with women (CMR ratio, 1.38; 95% CI, 1.30-1.47) and
among younger people compared with older people (CMR ra-
tio, 1.98; 95% CI, 1.59-2.47) (Table 3).

The pooled all-cause SMR, based on 43 cohorts, was 10.03
(95% CI, 7.64-13.17), with substantial heterogeneity (I2 = 99.9%);
among cohorts of people injecting opioids, the pooled
all-cause SMR was 16.37 (95% CI, 10.92-24.55) (Table 1). The
highest pooled SMR was observed in Southeast Asia (13.40;
95% CI, 11.40-15.30) and the lowest in North America (5.02;

95% CI, 4.21-5.98). Excess mortality was more pronounced
among women compared with men and in younger people
compared with older people (Table 3). Only the proportion of
the cohort that injected drugs had evidence of an association
with greater excess mortality (Table 2).

Drug-Related Deaths
There were 56 cohorts presenting data on drug-related
deaths (Table 3). Across the 3 definitions for which data were
extracted, the pooled CMR was 0.52 per 100 person-years
(95% CI, 0.46-0.59 per 100 person-years). Men had signifi-
cantly higher drug-related mortality rates than women, as
did older people compared with younger people (Table 3).
The number of drug-related death was substantially elevated
compared with the general population (SMR, 58.43; 95% CI,
38.09-89.64) (Table 3 and eAppendix 7 and eAppendix 8 in
the Supplement).

Traumatic Deaths: Suicide, Unintentional Injuries,
and Homicide
Suicide and unintentional injury deaths occurred at similar
rates (pooled CMR for suicides and unintentional injuries, 0.12
per 100 person-years [95% CI, 0.10-0.16 per 100 person-
years] and 0.14 per 100 person-years [95% CI, 0.10-0.18], re-
spectively). Suicide deaths occurred at almost 8 times the ex-
pected rate (pooled SMR, 7.93; 95% CI, 5.69-11.04) and
unintentional injuries at 7 times the expected rate (pooled SMR,
6.85; 95% CI, 4.41-10.64) (Table 3). Death from interpersonal
violence was a relatively infrequent cause of death (pooled
CMR, 0.03 per 100 person-years; 95% CI, 0.02-0.03 per 100
person-years) but occurred at more than 9 times the ex-
pected rate (pooled SMR, 9.75; 95% CI, 6.60-14.39) (Table 3).

AIDS-Related Deaths
The pooled CMR for AIDS-related deaths was 0.19 per 100 per-
son-years (95% CI, 0.12-0.28 per 100 person-years), and the
pooled SMR was 18.50 (95% CI, 8.15-41.99) (Table 3). Excess
mortality due to AIDS was particularly pronounced among
women (pooled SMR, 53.98; 95% CI, 21.62-134.73) (eAppen-
dix 8 in the Supplement).

Liver-Related Deaths
The overall CMR was 0.14 per 100 person-years (95% CI, 0.08-
0.27 per 100 person-years), and liver-related deaths were more
common among men compared with women (pooled CMR ra-
tio, 1.69; 95% CI, 1.38-2.07) and older people compared with
younger people (pooled CMR ratio, 8.00; 95% CI, 6.45-9.92)
(Table 3). Liver-related deaths occurred at 8 times the ex-
pected rate (pooled SMR, 8.60; 95% CI, 6.13-12.07) (Table 3).

Other Disease-Related Deaths: Cardiovascular Disease,
Cancer, and Respiratory Disease
Pooled CMRs were similar for cardiovascular disease (pooled
CMR, 0.14 per 100 person-years; 95% CI, 0.10-0.19 per 100 per-
son-years), cancer (pooled CMR, 0.12 per 100 person-years; 95%
CI, 0.08-0.18 per 100 person-years), and respiratory disease,
including chronic respiratory disease and acute infections
(pooled CMR, 0.08 per 100 person-years; 95% CI, 0.06-0.12

Figure 1. PRISMA Flow Diagram of Studies of Mortality
Among People Using Extramedical Opioids
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8602 Studies for screening

743 Relevant studies

134 Eligible studies for review
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per 100 person-years) (Table 3). The SMRs were elevated for
all these causes, particularly respiratory disease (pooled SMR,
10.59; 95% CI, 7.79-14.38) (Table 3).

Relative Risks
The RRs of all-cause and cause-specific death were similar to
the SMRs and are listed in eAppendix 9 in the Supplement.

Distribution of Causes of Death
A total of 19 cohorts could be included in the analysis of dis-
tribution of causes of death, mostly originating from Western
Europe (eAppendix 10 in the Supplement gives the included
cohorts). Poisoning- and substance-related deaths were the
most common cause, accounting for 31.5% of deaths (95% CI,
25.1%-37.8%) (Figure 2). Noncommunicable diseases ac-

counted for 24.1% of deaths (95% CI, 17.1%-31.2%). Infectious
diseases accounted for 19.7% of deaths (95% CI, 11.7%-27.8%)
and trauma for 18.1% (95% CI, 12.6%-23.7%).

Discussion
People who used extramedical opioids had an elevated risk of
mortality across major causes of deaths, including noncom-
municable diseases, overdose, infectious diseases, and inju-
ries. Variation in mortality among cohorts was associated with
the prevalence of injecting drug use, HIV infection, and HCV
infection within study cohorts. Most cohorts were recruited
from multiple sites or used population-based registries cov-
ering a broad geographic area, and mortality was typically

Table 1. Pooled All-Cause Crude Mortality Rates Among People Using Extramedical Opioids
by Sex, Age Group, Drug Use Characteristics, and Region

Variable

Mortality

Crude Rate Standardized Ratio
No. of
Cohorts

Pooled Crude Mortality Rate
per 100 Person-Years (95% CI) I2, %

No. of
Cohorts

Pooled Standardized
Mortality Ratio (95% CI) I2, %

All-cause mortality 99a 1.59 (1.40-1.80) 99.7 43 10.03 (7.64-13.17) 99.9

Sex

Male 47 1.85 (1.51-2.27) 99.7 31 8.56 (6.70-10.93) 99.9

Female 43 1.28 (1.03-1.58) 99.4 30 13.40 (8.90-20.16) 99.9

Ageb

Younger 18 1.25 (0.91-1.71) 99.5 5 10.96 (4.59-26.16) 99.8

Older 18 2.09 (1.51-2.91) 99.9 5 5.24 (4.53-6.05) 94.6

Follow-up completed

By end of 1994 7 1.85 (0.97-3.55) 99.8 4 9.33 (4.98-17.46) 99.4

Continued or commenced
in 1995 or later

90 1.57 (1.39-1.78) 99.6 39 10.10 (7.56-13.50) 99.9

Cohorts

Injectingc 19 2.71 (2.14-3.42) 95.2 10 16.37 (10.92-24.55) 98.8

Dependentd 67 1.54 (1.33-1.78) 99.7 36 10.31 (7.63-13.93) 99.9

Recruitment setting

Drug treatment or harm
reduction setting

57 1.58 (1.37-1.82) 99.5 29 10.25 (7.78-13.51) 99.8

Other settingse 40 1.60 (1.31-1.96) 99.7 14 9.42 (7.74-11.46) 99.5

GBD regionf

Australasia 7 0.80 (0.67-0.96) 91.3 3 8.63 (6.49-11.47) 93.2

East Asia 6 1.80 (1.37-2.35) 96.7 4 9.89 (6.15-15.92) 98.2

Southeast Asia 3 4.53 (3.11-6.62) 69.3 1 13.40 (11.40-15.30) NA

South Asia 2 7.62 (4.84-12.00) 60.9 NI NA NA

North Africa and
Middle East

2 3.40 (0.97-11.87) 95.2 NI NA NA

Central Europe 3 1.17 (0.61-2.23) 96.2 1 12.06 (9.60-15.00) NA

Western Europe 54 1.56 (1.32-1.84) 99.5 27 11.87 (9.15-15.40) 99.8

North America 20 1.61 (1.36-1.91) 99.5 7 5.02 (4.21-5.98) 99.2

Abbreviations: GBD, Global Burden of Disease; NA, not applicable; NI, not
identified.
a Includes 2 studies22,23 that reported no deaths.
b Studies presented age-specific data using various age groups; this analysis

includes studies in which the age groups could be summarized as younger
than 30 years vs 30 years or older or younger than 35 years vs 35 years or
older.

c Includes only cohorts defined by opioid injecting.

d Includes only cohorts defined by opioid dependence or opioid use disorder.
e Other settings include acute care (eg, emergency departments), prisons, and

community settings.
f Regions are defined per the GBD project. No studies were found for the

following GBD regions: Latin America and the Caribbean, sub-Saharan Africa,
Oceania, Central Asia, or Eastern Europe.
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ascertained using official death registries, contributing to
confidence in the findings. Compared with a previous system-
atic review11, our findings suggest a significant burden of mor-
tality due to noncommunicable diseases in this population, and
our study provided sex- and age-specific estimates of cause-
specific excess mortality.

Implications
Addressing this burden requires a range of strategies to ad-
dress different risk exposures. Opioid agonist treatment is as-
sociated with significantly reduced mortality across a range of
causes, including drug-related deaths, suicides, and injuries,
but is often not accessible for many people who could benefit
from treatment, even in high-income countries.24-26 In addi-
tion to an association with reduced overdose and other mor-
tality, opioid agonist treatment is associated with reduced in-
cidence of HIV and HCV infections27,28 and contact with the
legal system,29 generating broad public health benefits.

Increased access to naloxone in the community is also
needed to enable short-term management of overdoses. Take-
home naloxone programs are effective in reducing mortality

among program participants,30 and emerging evidence sug-
gests that widespread naloxone distribution may affect popu-
lation overdose mortality.31

Excess mortality due to HIV infection and viral hepatitis
suggests the need to increase access to treatment for HIV and
HCV infections. People who use and inject drugs have poor ac-
cess to HIV antiretroviral therapies in many countries, largely
because of sociostructural barriers, such as policies or practi-
tioner preference to avoid treatment initiation in people who
use drugs; stigma; and discrimination.32,33 Hepatitis C virus
infection is endemic among people who inject drugs.34 New
highly effective, curative treatments for HCV infection should
address this burden, but access to treatment is likely to re-
main an issue in many countries.35

Smoking is highly prevalent among people who use
extramedical opioids,36 reflected in our study by the excess
mortality from cardiovascular disease, respiratory disease,
and cancer. Smoking cessation programs have been trialed in
opioid agonist treatment settings, with nicotine-replacement
therapies being superior to placebo and adjunctive behav-
ioral therapies having no additional effect on abstinence at

Table 2. Meta-Regression of Potential Sources of Heterogeneity in the Pooled All-Cause Crude Mortality Rate
and Standardized Mortality Ratio

Characteristic

Mortality

Crude Rate Standardized Ratio

No. of
Studies Coefficient (SE)

Adjusted
R2, % P Value

No. of
Studies Coefficient (SE)

Adjusted
R2, % P Value

Cohort characteristics
at baseline

Percentage drug
injectors

43 4.297 (1.818) 22.67 .001 16 7.592 (4.725) 43.41 .006

Percentage male 76 2.316 (1.745) –0.26 .27 30 2.305 (2.908) –1.89 .51

Mean or median age 42 1.000 (0.022) –2.65 .99 19 0.953 (0.027) 10.97 .10

Percentage HIV
positive

23 13.569 (12.041) 27.68 .008 10 107.159 (270.897) 21.99 .10

Percentage HCV
positive

19 4.134 (2.478) 19.73 .03 6 12.924 (19.898) 27.35 .17

Percentage with
history of
homelessness

8 11.081 (20.865) 7.24 .25 3 0 (0) 91.52 .16

History of
incarceration

16 0.736 (0.399) –4.11 .58 6 0.674 (0.514) –19.27 .63

Study characteristic

Year of follow-up
completion

Completed by
end of 1994

7 Reference Reference Reference 4 Reference Reference Reference

Continued or
commenced
since 1995

90 0.851 (0.266) –0.91 .61 39 1.058 (0.384) –2.55 .88

Sample size 95 1.000 (0) –0.19 .39 41 1.000 (0) 7.74 .05

Person-years of
follow-up

96 1.000 (0) 0.66 .25 39 1.000 (0) 6.43 .07

Recruitment setting

Drug treatment
or harm
reduction setting

57 Reference Reference Reference 29 Reference Reference Reference

Other settingsa 40 –0.023 (0.167) –1.25 .89 14 0.927 (0.209) –2.27 .74

Abbreviation: HCV, hepatitis C virus.
a Other settings include acute care (eg, emergency departments), prisons, and community settings.
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Figure 2. Distribution of Causes of Death in 19 Cohorts of People Using Extramedical Opioids

NCD: 24.1% (95% CI, 17.1%-31.2%)

Other NCD: 12.6%
(95% CI, 7.8%-14.5%)

AIDS: 15.3% (95% CI, 6.7%-23.9%)

Other ID:
4.4%
(95% CI,
0%-15.8%)

Poisoning or drug-dependence:

31.5% (95% CI, 25.1%-37.8%)

Cancer: 6.5%
(95% CI, 3.6%-9.4%)

Liver: 5.0%
(95% CI, 2.8%-7.3%)

Trauma: 18.1%

(95% CI, 12.6%-23.7%)

Other trauma: 9.7%

(95% CI, 3.2%-16.2%)

Suicide: 8.4%

(95% CI, 4.4%-12.5%)

Unknown: 6.5%

(95% CI, 2.8%-10.3%)

ID: 19.7% (95% CI, 11.7%-27.8%)

ID indicates infectious diseases;
NCD, noncommunicable diseases.

Table 3. Pooled All-Cause and Cause-Specific CMRs Among People Using Extramedical Opioids, Pooled CMR Ratios
Comparing Men and Women and Older and Younger People, and Pooled All-Cause and Cause-Specific SMRs

Cause

CMR

CMR Ratio

SMRMen vs Women Older vs Younger
No. of
Cohorts

Pooled CMR
(95% CI) I2, %

No. of
Cohorts

Pooled CMR
Ratio (95% CI) I2, %

No. of
Cohorts

Pooled CMR
Ratio (95% CI) I2, %

No. of
Cohorts

Pooled SMR
(95%CI) I2, %

All-cause 99 1.59
(1.40-1.80)

99.7 45 1.38
(1.30-1.47)

84.0 10 1.98
(1.59-2.47)

97.5 43 10.03
(7.64-13.17)

99.9

Drug related 56 0.52
(0.46-0.59)

98.3 15 1.44
(1.27-1.64)

71.4 8 1.19
(0.94-1.50)

87.6 12 58.43
(38.09-89.64)

99.7

Poisoning

Opioid 6 0.56
(0.34-0.94)

99.3 0 NI NI 1 2.84
(2.50-3.23)

NA 1 43.50
(41.40-45.80)

NA

Drug 30 0.44
(0.36-0.53)

97.7 7 1.70
(1.34-2.16)

31.3 4 0.94
(0.48-1.84)

85.5 6 63.33
(31.31-128.08)

98.4

Poisoning and
disorders due
to psychoactive
substance use

28 0.50
(0.43-0.59)

98.3 9 1.39
(1.20-1.61)

80.3 4 1.31
(1.02-1.69)

91.1 6 60.42
(31.81-114.76)

99.8

Suicide 36 0.12
(0.10-0.16)

96.1 10 1.78
(1.42-2.24)

30.3 4 1.57
(1.14-2.17)

63.0 10 7.93
(5.69-11.04)

97.1

Unintentional
injury

29 0.14
(0.10-0.18)

97.4 7 1.82
(1.61-2.07)

0 1 0.99
(0.65-1.51)

NA 8 6.85
(4.41-10.64)

98.2

Violence 19 0.03
(0.02-0.03)

70.8 4 1.68
(0.76-3.72)

66.8 3 1.15
(0.65-2.05)

64.9 8 9.75
(6.60-14.39)

81.8

AIDS related 36 0.19
(0.12-0.28)

99.3 7 1.35
(0.70-2.60)

97.1 1 2.31
(0.47-11.44)

NA 5 18.50
(8.15-41.99)

99.1

Liver 33 0.14
(0.08-0.27)

99.8 6 1.69
(1.38-2.07)

8.5 3 8.00
(6.45-9.92)

0 11 8.60
(6.13-12.07)

96.4

Viral hepatitis 7 0.13
(0.01-1.10)

99.9 3 1.42
(0.80-2.54)

65.5 0 NI NI 4 35.94
(16.06-80.42)

98.3

Digestive
diseases

13 0.06
(0.04-0.10)

97.7 2 1.43
(0.77-2.68)

66.5 2 7.94
(6.38-9.87)

0 7 7.00
(4.45-11.00)

96.2

Liver related 20 0.16
(0.08-0.35)

99.8 5 1.63
(1.29-2.07)

20.5 3 8.64
(6.79-11.00)

0 6 6.58
(3.62-11.95)

98.6

Cardiovascular 30 0.14
(0.10-0.19)

99.1 7 0.95
(0.87-1.03)

1.7 3 7.82
(4.06-15.08)

83.2 6 4.45 (2.97-6.66) 97.8

Cancer 31 0.12
(0.08-0.18)

99.3 6 1.03
(0.79-1.34)

55.0 3 11.51
(4.71-28.13)

86.9 8 2.69 (1.84-3.92) 97.8

Respiratory 24 0.08
(0.06-0.12)

98.1 3 0.65
(0.58-0.73)

0 2 14.09
(3.05-65.13)

92.8 5 10.59
(7.79-14.38)

61.8

Abbreviations: CMR, crude mortality rate; NA, not applicable; NI, no information; SMR, standardized mortality ratio.
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follow-up.37 However, absolute rates of sustained smoking
cessation are low.38 There is a need to improve access to and
effectiveness of smoking cessation interventions in this
population.38

In terms of structural factors potentially associated with
all-cause mortality, in meta-regression analyses, neither
homelessness nor past incarceration appeared to be impor-
tant variables. However, only a few studies have reported
on homelessness, and extreme excess mortality across all
causes has frequently been observed in people who are
unsheltered,39 with unnatural deaths particularly increased
compared with housed populations.40 In light of the current
overdose crisis, there is a need for evidence on the role of
housing in overdose incidence and outcomes. Studies that
have reported on incarceration are rare, and incarceration is
often defined in terms of lifetime exposure. Given that
release from incarceration is associated with increased over-
dose mortality risk,41 better characterization of recent incar-
ceration is essential for better understanding its effect on
mortality in this population.

Limitations
A key limitation of this study was lack of information on how
causes of death were defined. Of the 83 cohorts with cause-
specific mortality rates, 34 did not report how specific causes
were defined. Of those with definitions, significant variation
was found among studies in defining drug- and opioid-
related deaths. Consistency in defining drug- and opioid-
related deaths is critical to ensuring accurate monitoring and
assessing progress toward reducing drug-related deaths across
and within countries. Liver-related deaths were another broad
area in which inconsistencies were identified. Clarification and
increasing consistency of the codes included in this category
would assist in enabling monitoring of the public health ef-
fects of HCV antiviral therapies.

A previous systematic review11 on this topic identified few
data from low- and middle-income countries. There were only
minor increases in data from low- and middle-income coun-
tries in this review, and there remain several world regions
(eg, Latin America, the Caribbean, and sub-Saharan Africa)
with no relevant data, to our knowledge.

Despite a comprehensive search strategy of reports in any
language, it is possible that we did not identify some cohorts.
There were limited age- and sex-specific CMRs and SMRs for

several key causes of death, which is a concern given changes
in dominant causes of death across the lifespan for people using
extramedical opioids.42 We did not seek to determine mortal-
ity rates associated with engagement in opioid agonist treat-
ment because this work has recently been completed. That re-
view reported that opioid agonist treatment with methadone
or buprenorphine was highly protective against death, al-
though there were periods of elevated mortality risk during
methadone induction and after treatment cessation.43 We were
unable to explore heterogeneity in cause-specific deaths as-
sociated with country or region of origin because of small num-
bers of studies for most causes.

This review related specifically to people using, inject-
ing, and/or seeking treatment for their use of extramedical opi-
oids, such as heroin. We did not exclude people with infre-
quent or nondisordered extramedical opioid use, which may
have contributed to heterogeneity in our estimates. How-
ever, the CMR limited to opioid-dependent cohorts was simi-
lar to the overall CMR, suggesting that this definition did not
substantially affect the results. Notwithstanding that in some
settings there is considerable overlap between people using
illicit opioids and people using extramedical pharmaceutical
opioids, we do not consider that the results presented here ap-
ply to people who are prescribed opioids and not engaging in
extramedical opioid use.

Conclusions
This study found that people who use extramedical opioids
experienced a high burden of excess mortality across a range
of causes. Combinations of evidence-based interventions
to reduce mortality may have a greater effect than single
interventions.44 Combinations of opioid agonist treatment,
needle and syringe programs, and naloxone, as well as treat-
ment for HIV and HCV infections, may be associated with re-
duced overdose, disease incidence, and mortality from mul-
tiple adverse health outcomes. There appears to be an urgent
need to scale up combination interventions across myriad
health issues to ensure that people who use opioids no longer
face elevated mortality risks for health outcomes for which
evidence-based interventions (such as nicotine-replacement
therapy for smoking cessation) are easily available to the wider
community.
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