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Abstract

Aims: To measure mortality rates and factors associated with mortality risk among par-

ticipants in the SuperMIX study, a prospective cohort study of people who inject drugs.

Design: A prospective observational study using self-reported behavioural and linked

mortality data.

Setting: Melbourne, Australia.

Participants/cases: A total of 1209 people who inject drugs (67% male) followed-up

between 2008 and 2019 for 6913 person-years (PY).

Measurements: We linked participant identifiers from SuperMIX to the Australian

National Death Index and estimated all-cause and drug-related mortality rates and stan-

dardized mortality ratios (SMRs). We used Cox regression to examine associations

between mortality and fixed and time-varying socio-demographic, alcohol and other drug

use and health service-related exposures.

Findings: Between 2008 and 2019 there were 76 deaths in the SuperMIX cohort. Of

those with a known cause of death (n = 68), 35 (51%) were drug-related, yielding an all-

cause mortality rate of 1.1 per 100 PY [95% confidence interval (CI) = 0.88–1.37] with

an estimated SMR of 16.64 (95% CI = 13.29–20.83) and overall accidental drug-induced

mortality rate of 0.5 per 100 PY (95% CI = 0.36–0.71). Reports of recent use of ambu-

lance services [adjusted hazard ratio (aHR) = 3.77, 95% CI =1.78–7.97] and four or more

incarcerations (aHR = 2.78, 95% CI = 1.55–4.99) were associated with increased

mortality risk.

Conclusions: In Melbourne, Australia, mortality among people who inject drugs appears

to be positively associated with recent ambulance attendance and experience of

incarceration.
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INTRODUCTION

People who inject drugs are at an elevated risk of premature mortality

among most causes of death [1, 2]. A recent systematic review of

mortality rates among people who use opioids extramedically [3]

found, among people who inject drugs specifically, an all-cause mor-

tality rate of 2.71 [95% confidence interval (CI) = 2.14–3.42] per

100 person-years (PY) and a pooled standardized mortality ratio

(SMR) of 16.37 (95% CI = 10.92–24.55), which indicate much higher

rates of excess deaths among people who inject drugs compared to

the general population.

The largest contributors to mortality rates among people who

inject drugs are related to overdose [4, 5], non-communicable diseases

and infectious diseases [3]. Mortality risk among people who inject

drugs has been associated with frequent heroin injection [6], previous

overdose [7, 8], male gender [7] and frequency of incarceration [7, 8],

but investigation of longitudinal associations between health-service

utilization and mortality among people who use drugs is sparse, with

few studies available that investigate associations recent ambulance

attendance and emergency department utilization [8] and mortality

within community-recruited cohorts of people who inject drugs. Risk

of cause-specific mortality from drug-related/overdose deaths among

people who inject drugs has been associated with recent prison

release [9] and mental health service access [10].

Many studies that investigate mortality in broader populations at

risk of opioid overdose, such as opioid-dependent people and those

receiving opioid treatment, link administrative databases of specialist

drug treatment [11–15], health [10,16–21] or prison data [22–24]

with mortality records. In these studies, injecting drug use is identified

as a key risk factor, as are related issues such as HIV status [25, 26],

with opioid agonist treatment (OAT) typically protective [27]. How-

ever, individual studies do not always provide specific rates or SMRs

[2, 11] among people who inject drugs, meaning that contemporary

specific mortality estimates are sparse.

In our study we explored mortality among the largest, longest

running and only active cohort of people who inject drugs in Australia.

We aimed to:

• estimate mortality rates and report causes of mortality and

• estimate associations of mortality risk by fixed and time-varying

self-reported socio-demographic, drug-related and health service

utilization characteristics.

METHODS

Study design and setting

Our data were drawn from the Melbourne Injecting Drug Use Cohort

Study (MIX), a prospective observational study described in detail in

previous work [12] and its extension, SuperMIX. SuperMIX partici-

pants were recruited from eight areas with historically high levels of

street-based drug use across Melbourne and Greater Geelong,

through a combination of respondent-driven sampling, snowball sam-

pling and outreach. Baseline data were collected through three

recruitment periods between 2008 and 2010, 2011 and 2017–19,

with 40% of participants recruited between July 2017–July 2019.

Further details on SuperMIX recruitment can be found elsewhere

[12]. Participants were interviewed at baseline using a structured

questionnaire that includes questions on socio-demographic, drug

use, health service use and general health and wellbeing, with follow-

up surveys completed annually using a modified version of the ques-

tionnaire. Outcome data were collected through data linkage.

Participants

Eligible participants were aged 18 years and over, reported injecting

at least monthly for at least 6 months at baseline and had a valid

Medicare card (available to all Australian citizens and permanent resi-

dents, enabling access to Australia’s universal health-care system).

Measures

Linkage and outcome measurement

The National Death Index (NDI) contains records of all deaths

occurring in Australia since 1980 [20]. Either a medical practitioner

or a coroner is required to certify a cause of death, which is classi-

fied according to ICD-10 codes on death certificates. Probabilistic

linkage of self-report questionnaire data to participant data from

the NDI was undertaken by the Australian Institute of Health and

Welfare (AIHW). A fully identified SuperMIX data file was created

with identifier data and study identification number (SID) for each

participant, which was sent to the AIHW where probabilistic link-

age with the NDI was performed by the AIHW. Deaths were cap-

tured between the beginning of the study, 18 April 2008, to

31 May 2019 across all states and territories of Australia. Cause of

death codes are reported, where available, up to 19 October 2017,

with such codes sometimes delayed for 2–3 years due to ongoing

coroner investigations. The linked data file was subsequently

merged with self-report databases on the basis of SID and housed

at the secure data laboratory of the Australian Institute of Family

Studies, and was then later securely transferred to a remote access

secure environment at the AIHW for analysis.

Exposures

We examined a range of exposures drawn from socio-demographic,

drug use and other risk factor variables drawn from self-report

data collected as part of annual participant interviews. Variable

selection was based on previous literature, including previous ana-

lyses of the SuperMIX cohort [8]. These variables included baseline

socio-demographic variables, including sex (male/female), education
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level completed (≤ 9 years of education/10–11 years of education/

≥ 12 years of education/tertiary education/trade qualification); and

time-varying exposures, including: current employment (yes/no),

current accommodation (stable/unstable), current income (< AU

$400/≥ AU$400 per week), and number of times previously incar-

cerated (never/one to three times/≥ four times). Drug use and

other risk factor exposures were time-varying and included time

since first injection (less than 3 years, 3–9 years, ≥ 10 years),

experiencing an opioid overdose since last interview (yes/no) and

heroin injecting in past week (none/less than weekly/weekly or

more). A variant of the alcohol use disorders identification

test–consumption (AUDIT-C) scale was used to assess past

month alcohol consumption [categorized as abstinent/less than

8 (moderate)/8+ (high risk)] [13]. Recent use of health service vari-

ables were also examined as time-varying exposures, including past

month use of an emergency department (yes/no), ambulance ser-

vices (yes/no), a general practitioner (GP) for non-mental health or

OAT reasons (yes/no) and mental health services (yes/no), which

included seeing a GP, a psychologist or a psychiatrist for

mental health reasons, together with current enrolment in OAT

(yes/no). The SuperMIX questionnaire is described in more detail

elsewhere [12].

Analyses

PY were calculated as the time from baseline interview until death or

censorship at 31 May 2019. Mortality rates were calculated using the

person–time method and disaggregated by age [8, 14]. SMRs were

calculated to observe age- and sex-specific mortality rates of the

cohort with age- and calendar-year-matched Australian population

estimates from the Australian Bureau of Statistics (accessed

31 August 2019) using indirect standardization [15]. Five-year age

groups were assigned; 95% CIs were calculated using the Poisson dis-

tribution. Participants with missing baseline data were excluded case-

wise from analyses.

Semi-parametric survival analysis using Cox regression [16] was

used to estimate associations between fixed and time-varying expo-

sures and mortality. Variables were considered significant at P < 0.05

and included in the final model if P < 0.05 in unadjusted analysis.

Associations are reported using unadjusted and adjusted hazards

ratios (HR and aHR). In the Cox regression, we assessed the propor-

tional hazards assumption using Kaplan–Meier curves and Schoenfeld

residuals. We found no violation of proportionality in the Cox model.

The low number of accidental drug-induced deaths precluded cause-

specific analysis of exposure effects.

Analyses were conducted using Stata version 15.1 (Statacorp

LP, College Station, TX, USA). The Strengthening the Reporting of

Observational Studies in Epidemiology (collaboration) (STROBE)

checklist for observational studies was utilized for this paper, pre-

sented as Supporting information, Table S2. We did not pre-

register our analysis plan and results should be considered

exploratory.

Ethics statement

The study was approved by the Human Research Ethics Committee of

the Victorian Department of Health and Human Services and the

Australian Institute of Health and Welfare.

RESULTS

Cohort characteristics

Following exclusion of participants without complete exposure data

(n = 35, 3%), 1209 participants were included in the current analy-

sis. SuperMIX participants had a median age of 31 years [interquar-

tile range (IQR) = 26–35 years] at baseline, were predominantly

male (67.1%), unemployed (87.0%) and in stable accommodation

(80.7%). Most participants had been injecting for a median of

13 years with more than one-third receiving OAT (36.0%) at base-

line. Rates of self-reported recent general and emergency health

service use were high, with almost two-thirds (63.4%) reporting

recent visits to general practitioners (GP), one-fifth (19.2%) to men-

tal health practitioners, 12.7% to emergency departments and 8.5%

receiving care from an ambulance prior to their last interview.

Rates of incarceration in the cohort were also high, with only

34.6% of participants having not been incarcerated previously, and

13.0% being incarcerated four or more times.

Mortality rates and causes of mortality

All included SuperMIX participants at 31 May 2019 (n = 1209) had

contributed 6913.17 PY with a mean of 5.73 PY per participant

(IQR = 0.89–9.86). Due to a complete case approach, 35 (3%) Super-

MIX participants were excluded from the original cohort (n = 1244)

for this analysis due to missing follow-up data. The median age of the

cohort was 34.5 (IQR = 29.6–39.4), and there were 76 (6.3%) deaths

in the study period; the median age at death was 30.3 years

(IQR = 26.9–24.7). The all-cause mortality rate was 1.1 per 100 PY

(95% = CI = 0.88–1.37). The estimated SMR was 16.64 (95%

CI = 13.29–20.83).

Cause of mortality was available for 68 of the 76 cases: 35 (51%)

were classified as accidental drug-induced deaths, 14 (21%) as occur-

ring by other means (including physical assault, traffic-related inci-

dents and undetermined intent), 13 (19%) as occurring from other

medical conditions and six (9%) were classified as suicide intentional

deaths (drug-induced and non-drug induced suicides). Further detail

on ICD-10 codes related to these subgroups is provided in Supporting

information, Table S1. Fewer than five deaths were classified as due

to hepatitis C or causes related to HIV. Drug-induced mortality was

0.5 per 100 PY (95% CI = 0.36–0.71).

Of the 35 accidental drug-induced deaths, most (n = 29, 83%)

involved two or more drug types, as shown in Table 1. Drug types

were classified as: heroin, methadone, opioids other than heroin or
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methadone (including codeine, morphine and pethidine), benzodiaze-

pines, stimulants, other psychoactive substances and antipsychotics.

The most common combination for the ‘two drug types involved’
group was a combination of heroin and benzodiazepines, but due to

conditions put in place to reduce re-identification, the combinations

involved in these groups cannot be reported (with most combinations

experienced by fewer than five participants). Thirty-two of the acci-

dental drug-induced deaths (91%) involved opioids including heroin,

methadone, morphine, codeine and pethidine, as determined through

ICD-10 codes. Benzodiazepines were involved in 21 (60%) of acciden-

tal drug-induced deaths, stimulants were involved in 11 (34%) and

fewer than five deaths involved antipsychotics or other psychoactive

substances.

Associations between exposures and mortality

Associations between exposures and all-cause mortality are presented

in Table 2. In unadjusted analyses, increased mortality risk was associ-

ated with recent attendance (in past month) of an emergency depart-

ment (HR = 2.23, 95% CI = 1.28–3.88), recent utilization (past month)

of ambulance services (HR = 3.98, 95% CI = 2.29–3.88), recent atten-

dance of mental health services (past month) (HR = 1.70, 95%

CI = 1.00–2.89) and experiencing four or more incarcerations

(HR = 2.97, 95% CI = 1.66–5.32). Decreased mortality risk was associ-

ated with current employment (HR = 0.42, 95% CI = 0.19–0.91). After

adjustment, reports of recent utilization of ambulance services

(aHR = 3.77, 95% CI = 1.78–7.97) and four or more incarcerations

(aHR = 2.78, 95% CI = 1.55–4.99) were associated with increased

mortality risk.

DISCUSSION

In this sample of Melbourne-based community-recruited people who

inject drugs, 6% of participants died, with participants enrolled into

the study for an average of 6 years at the time of record linkage. Acci-

dental drug-induced death was the reported cause of mortality in

approximately half the cases. All-cause mortality was associated with

recent utilization of ambulance services and experiencing four or more

terms of incarceration.

Our mortality rate is consistent with studies of mortality among

other Australian people who inject drugs, which range between 0.50

and 1.27 deaths per 100 PY [11], but is low on a global scale. The

overall mortality rate of 1.1 per 100 PY is consistent with previous

estimates [8] in the SuperMIX cohort (2008–12), but was higher than

previous estimates of Australian people who inject drugs of 0.72 and

0.83 [7, 17] and opioid treatment-related cohorts of 0.65–0.92

[18–20]. With an SMR of 16.64, mortality was similar to global stan-

dardized mortality rates for people who use opioids [3]. However, this

rate was greatly elevated compared to the general Australian popula-

tion, and higher than other recent Australian estimates for people

who inject drugs (11.09, 95% CI = 6.68–18.39) [17], although lower

than previous MIX estimates from 2012 (17.3, 95% CI = 11.6–25.8)

[8]. Proportions of cause-specific deaths remained similar to other

Australian studies of people who inject drugs [7, 17] and previous

MIX estimates [8]. However, in 2012, heroin and benzodiazepines

were detected in 83 and 67% of these deaths, respectively, compared

to 60 and 60% in 2019 estimates, indicating a shift in drugs associated

with mortality.

Previous research findings, including those from the SuperMIX

cohort [21], indicate frequent use of health services among people

who inject drugs [22]. Recent self-reported ambulance and/or emer-

gency department utilization was associated with mortality risk in our

study, which accentuates the need to scale up interventions involving

these emergency services that aim to reduce future mortality events—

such as making take-home naloxone (THN) available from ambulance

services, similar to recent efforts to make THN available through

emergency departments [23], potentially with referrals to community

THN providers for follow-up. Research among broader populations of

frequent ambulance attendees [24] or people who inject drugs who

use emergency departments [21] indicates that reasons for calling

emergency services for non-urgent issues are complex and often mis-

understood, and impacted by socio-economic deprivation and lower

income [28]. Further work should be conducted to investigate reasons

for frequent utilization of these services by people who inject drugs

and the opportunities for overdose prevention and other mortality

that they present. Similar to some of these emergency services, visits

to mental health professionals were significantly associated with all-

cause mortality in unadjusted analyses, indicating another potential

intervention point for overdose and other mortality prevention.

GP attendance at baseline was high for the overall cohort, having

increased from previous estimates from the initial round of recruit-

ment for SuperMIX [29], but was not significantly associated with

increased or decreased risk of mortality. Nevertheless, this high rate

of attendance suggests willingness to attend primary and community

health facilities and GP visits as important potential intervention

points for broad harm reduction intervention. Finally, we found that

current employment was associated with reduced mortality risk,

highlighting the potential for employment and training programmes to

not only address some of the social deprivation experienced by peo-

ple who inject drugs, but also to potentially reduced mortality among

these people. A stabilizing effect of employment has been reported in

other cohorts of people who inject drugs, with strong calls to address

barriers to employment among this population [30].

Incarceration-related exposures, including length of incarceration,

have been associated with overdose and drug-related mortality in

other longitudinal cohorts of people who use drugs [9, 31, 32], and

we found a significant association between the frequency of

T AB L E 1 Drug types involved in accidental drug-induced deaths
(n = 35)

One drug type involved in death 6 (17%)

Two drug types involved in death 16 (46%)

Three or more drug types involved in death 13 (37%)
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incarcerations over time and all-cause mortality in the SuperMIX

cohort. These findings have been used to indicate the need for over-

dose prevention (including provision of OAT) among people being

released from prison with a history of injecting drug use. However,

half the SuperMIX mortality cases were not accidental drug-induced

deaths, meaning that interventions to prevent other mortality causes,

including injury and other medical conditions, are also necessary.

Our study is limited by the use of self-reported behavioural data

and short recall periods for health service utilization [33]. However,

self-report is often utilized in injecting drug use research and there is

evidence of its reliability [34]. There is currently no opportunity to link

to administrative data on OAT use in Victoria, critical to further inves-

tigation of the impact of OAT on mortality risk in this population. Fur-

ther work is also needed to disambiguate the causes of ambulance

attendances, which will be further investigated in this cohort when

approved access to ambulance system data is received. Left trunca-

tion may be present in this sample, highlighted by our finding of lon-

ger duration of injecting career resulting in a reduction in risk, as

those at higher risk may not have joined the study, potentially as a

result of premature death. Cause-specific analysis was not possible

for this cohort due to low rates of overall mortality. Delays in assign-

ing causes of death to mortality data in Australia meant that with 11%

of deaths recorded did not yet have a cause of death specified at the

time of linkage.

Our analysis provides recent mortality estimates in a cohort of

community-recruited people who inject drugs in Australia, with

findings comparable to previous Australian estimates. Our results

highlight the need to prioritize all-cause mortality prevention pro-

grammes to people who inject drugs, especially those frequently

using ambulance services and those who are or have been

incarcerated.
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