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ABSTRACT
Introduction  Opioid dependence is a global health 
priority, currently making the biggest contribution to 
drug-related deaths. The chronic, long-term persistence 
of heroin dependence over the life course requires 
investigation in prospective longitudinal studies, to better 
understand patterns and predictors of remission and 
relapse, as well as the impact of changes in substance 
use on a range of physical and mental health outcomes. 
Such knowledge is critical in order to identify modifiable 
risk factors that can be targeted for intervention. Crucial 
unanswered questions include the following: What are 
the long-term rates of mortality? What are the long-
term patterns and predictors of heroin use, remission, 
psychiatric health and health service use? What are the 
long-term physical health consequences of heroin use?
Methods and analysis  The 18–20-year follow-up of the 
Australian Treatment Outcome Study (ATOS) cohort will 
examine the natural history of heroin dependence of an 
existing cohort of 615 people with heroin dependence, 
who were recruited into the study in 2001–2002. Five 
waves of follow-up interviews have since been completed, 
at 3-month, 1-year, 2-year, 3-year and 10–11-year post-
baseline. At the 18–20-year follow-up, the ATOS cohort 
is (on average) approaching their 50s and an average of 
30 years have passed since they first used heroin. The 
18–20-year follow-up will consist of: (1) a structured 
interview; (2) physical health assessment; and (3) data 
linkage. The results of this follow-up will improve our 
understanding and management of age-related disorders 
in this population, which if not addressed in the immediate 
future, has the capacity to overwhelm treatment centres 
and aged care facilities.
Ethics and dissemination  Ethical approval has been 
granted for the study (Sydney Local Health District Royal 
Prince Alfred Zone, Human Research Ethics Committee 
X18-0512 & HREC/18/RPAH/733). The results of the study 
will be disseminated through published manuscripts, 

bulletins and technical reports, as well as conference, 
seminars, webinar and workshop presentations.

INTRODUCTION
Opioid dependence is associated with exceed-
ingly high levels of morbidity and mortality, 
and a greater burden of disease than any other 
illicit drug class.1–5 Despite recent concern 
surrounding increased use of methamphet-
amine and new psychoactive substances, 
opioids remain the biggest contributor to drug-
related deaths worldwide,2 with people who 
use heroin dying at a rate 15 times that of their 
non-using peers.5 Moreover, the global burden 
associated with heroin dependence continues 
to rise, increasing by 74% between 1990–2010,1 
of which only 28% was attributable to popula-
tion growth.6 An estimated 29.2 million people 

Strengths and limitations of this study

►► A strength of this study is that we will be able to 
capture the dynamic long-term patterns of heroin 
use, remission, psychiatric health and health service 
use over 18–20 years, and associated risk factors.

►► For the first time, we will be able to investigate the 
physical health consequences associated with long-
term heroin dependence.

►► A further strength is that we will be able to investi-
gate whether static and dynamic risk factors affect 
the developmental course of each outcome.

►► While attrition bias represents a major threat to the 
validity of cohort studies, the study has achieved ex-
cellent retention rates to date.
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worldwide used heroin in 2017,2 and of those, almost one 
in two (45%) will have developed an opioid use disorder.7

Heroin dependence is commonly conceptualised as a 
chronic relapsing condition.4 Surprisingly, little is known, 
however, about its long-term course and natural history, 
largely due to the absence of prospective longitudinal cohort 
studies beyond 10 years. In contrast with acute conditions, 
which may be relatively brief and severe, chronic diseases 
have typically been defined as persistent, long-lasting condi-
tions, often with recurrent episodes of relapse or remis-
sion over a number of years, which can differ in duration 
and intensity, and impact the person’s quality of life.8–10 As 
argued by Fleury et al, if heroin dependence falls within this 
definition of chronicity, it follows that treatment for heroin 
dependence should also be long-term, continuous and 
varying in intensity, with longitudinal treatment outcome 
studies used to assess key findings.10

Of the few longitudinal studies that do exist, long-term 
outcomes among people with heroin dependence have 
been demonstrated to be overwhelmingly poor, with most 
following a chronic disabling trajectory leading to prema-
ture death.11–13 Heroin dependence has been associated 
with poorer physical5 14 and psychological health,15–18 
particularly among those who are older.15 19 The general 
pattern appears to be one of accelerated ageing, whereby 
young to middle-aged heroin users present with physical 
health problems (eg, hypertension, arthritis, osteoporosis 
and other age-related degenerative diseases) more typical 
of the elderly.15 20

While longitudinal cohort studies provide a unique oppor-
tunity to examine patterns and predictors of remission and 
relapse as well as the impact of changes in substance use on 
a range of physical and mental health outcomes, few cohort 
studies of heroin dependence exist beyond 10 years, and 
few have examined other health outcomes.3 11 21–31 The very 
high mortality rates observed in international cohorts (typi-
cally 25%–50% deceased 20 years after baseline),4 coupled 
with high rates of attrition (typically 20%–30% excluding 
mortality),4 make comparisons between studies and over 
time even more complex.

Recent research has highlighted that the mortality rates 
of Australians with heroin dependence are lower than 
observed in other international cohorts, meaning that an 
increasing number of Australians with a history of heroin 
dependence are living longer. Little is known about their 
physical health and disease profile as they age, with research 
largely limited to cross-sectional studies.4 20 It is unclear how 
patterns of heroin use across the lifespan impact on long-
term physical health, especially into later adulthood, when 
there is a greater risk of disease, disability and mortality.

An Australian data linkage study examining mortality 
between 1980 and 2006 among people who received meth-
adone between 1980 and 1985 found that while the leading 
causes of death were initially related to drug use, physical 
illnesses such as cirrhosis and cancer became increasingly 
more dominant over time.32 Long-term opiate use has 
also been associated with a range of cardiovascular risk 
factors, which may be exacerbated by the consumption 

of medications typically prescribed to people with heroin 
dependence (eg, methadone, antidepressants, antipsy-
chotics and antibiotics).33–35

The 18–20-year follow-up of the Australian Treatment 
Outcome Study (ATOS), a prospective longitudinal study 
of people with heroin dependence, responds to the urgent 
need for high-quality studies to better understand the 
natural history of heroin dependence over the long term. 
Several key findings have emerged from ATOS to date, 
including (1) The annual mortality rate of Australians with 
heroin dependence (<1%) is less than observed among 
cohorts in other parts of the world (highest rates are in Asia 
(3%), followed by Western Europe (2%–3%) and North 
America (1%–2%)).4 36 (2) Trajectories of heroin use and 
remission may be more heterogeneous than previously 
thought, with six distinctive trajectories of heroin use iden-
tified over 10–11 years37, compared with three or four found 
in other studies.11–13 (3) Long-term stable retention in treat-
ment is key to achieving positive outcomes.16 ATOS has 
collected comprehensive data from participants regarding 
treatment exposure over the course of the study allowing 
us to examine movement in and out, and between, treat-
ment modalities. (4) Major depression was a robust and 
enduring predictor of poorer outcome for every indicator 
examined across the 10–11 years, highlighting the need for 
targeted interventions.4 (5) High rates of trauma exposure 
(92%), particularly childhood trauma, and post-traumatic 
stress disorder (PTSD; 41%) were observed,17 highlighting 
trauma and PTSD to be a major, but largely hidden, clinical 
issue for Australians with heroin dependence.

However, critical questions remain, including What are 
the long-term rates of mortality? What are the long-term 
patterns and predictors of heroin use, remission, psychiatric 
health and health service use? What are the long-term phys-
ical health consequences of heroin use? The 18–20-year 
follow-up of ATOS will address these critical unanswered 
questions at a time in a global climate when many countries 
are in the grip of an opioid epidemic.

METHODS AND ANALYSIS
The original ATOS cohort of 615 was initially recruited into 
the study in 2001–2002; 535 (87%) of whom were entering 
treatment for heroin dependence (201 maintenance ther-
apies, 201 detoxification and 133 residential rehabilita-
tion), and 80 of whom were not in treatment (recruited 
from needle and syringe programmes). At the time of 
recruitment, participants were on average, 29 years of age 
(range: 18–56), and two-thirds (66.2%) male. The cohort 
has been followed up on five occasions with exceptional 
follow-up rates (3 months: 89%, n=549; 1 year: 80%, n=495; 
2 years: 76%, n=469; 3 years: 70%, n=429 and 10–11 years: 
70%, n=431)16; over 96% of the cohort has completed at 
least one follow-up interview. The 18–20-year follow-up is 
currently underway (as of September 2019).

The ATOS 18–20-year follow-up comprises a structured 
follow-up interview, a physical health assessment and a data 
linkage component. Attempts to locate and follow-up the 
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ATOS cohort began in September 2019, when participants 
were on average 47 years of age. We will continue to use our 
robust methods for locating participants.38 Systematic steps 
will be undertaken by the research team to contact partici-
pants using comprehensive locator information collected at 
baseline and updated at each follow-up interview. To locate 
hard-to-find participants, targeted placement of advertise-
ments in drug treatment services and other locations that 
may be accessed by the cohort will be undertaken as well 
as searches of publicly available sources of information. We 
anticipate that a follow-up rate of at least 60% (n=369) will 
be achieved at 18–20 years.

Outcomes and assessments
Eighteen-year to twenty-year outcomes will be assessed using 
a combination of: (1) a structured interview; (2) physical 
assessment; and (3) data linkage. Separate consents will be 
obtained for the structured interview, physical health assess-
ments and data linkage components.

Structured interview
Interviews will be conducted in person at a time and place 
convenient to participants or over the phone. The study’s 
research assistants will administer a survey of approximately 
90 min duration, consisting of standardised measures with 
established psychometric properties. These measures have 
been previously used in earlier follow-ups of the ATOS 
cohort. In order to maximise participant recall, interviews 
will be administered with the use of the life chart approach,39 
based on the well-validated timeline followback (TLFB) 
method.40 TLFB anchors interview questions to significant 
events in participants’ lives (eg, marriage, divorce, births, 
deaths and incarceration).

Demographic data, including participants’ age, sex, main 
source of income and accommodation, will be collected, 
consistent with previous ATOS interviews.16 Heroin and 
other substance use, injection-related health, needle 
sharing and criminality will be measured using the Opiate 
Treatment Index.41 Periods of abstinence will be assessed 
using the TLFB approach.39 There is a vast literature which 
supports the validity and reliability of self-reported drug 
use.42 The self-report of heroin use among the ATOS cohort 
was previously validated against hair analysis conducted at 
the 3-month follow-up on a random sample of 10% (n=61). 
Overall agreement between any self-reported heroin use 
in the preceding month and the presence of morphine in 
hair was 75% (kappa=0.51). In 15% of cases, heroin use was 
reported by participants, but morphine was not detected in 
their hair.43

Diagnoses of heroin dependence and psychiatric disor-
ders, including major depression and PTSD, will be assessed 
using the Composite International Diagnostic Interview and 
Diagnostic Interview Schedule v2.1.44 Complex PTSD will be 
assessed using the International Trauma Questionnaire.45 
General physical and mental health will be measured using 
the Short Form 12.46 Pain will be assessed using the Brief 
Pain Inventory,46 and a Healthy Eating Index will assess 
patterns of healthy eating. The health services utilisation 

form, developed by the Centre for Health Economics 
Research and Evaluation (University of Sydney) for ATOS, 
will be used to measure prescribed medications, ambulance 
use, hospital services, general practitioner visits and dental, 
specialist and psychological services in the preceding 
month. Participants interviewed in person will be adminis-
tered the Mini-Addenbrooke’s Cognitive Examination47 to 
assess for cognitive impairment.

Physical health assessment
In addition to the structured interview, consenting partici-
pants living in greater Sydney will be invited to undergo a 
comprehensive structured medical assessment and physical 
examination with an advanced trainee physician at Royal 
Prince Alfred Hospital, Sydney. We conservatively estimate 
that approximately 150 participants (40%) who complete 
the structured interview will consent to undergo the 
medical assessment. Investigations will be conducted in line 
with current guidelines to screen for blood-borne viruses 
(hepatitis B surface antigen, HIV and hepatitis C virus 
antibodies), liver disease (liver function tests and fibro-
scan), kidney disease (urea and electrolytes, and dip-stick 
urinalysis), endocrine abnormalities, including hypogo-
nadism, metabolic syndrome and osteopenia (testosterone, 
sex hormone binding globulin, oestrogen, luteinising 
hormone, follicle-stimulating hormone, prolactin, thyroid-
stimulating hormone, free thyroxine, osteocalcin, fasting 
glucose, 25-hydroxy vitamin D, insulin and C-peptide 
level, haemoglobin A1c, cortisol, adrenocorticotropic 
hormone, dihydroepiandrosterone and insulin-like growth 
factor-1), respiratory disease (pre-bronchodilator and 
post-bronchodilator spirometry, oximetry and %carboxy-
haemoglobin by Smokerlyzer), cardiac risks and dysfunc-
tion (triglycerides, cholesterol ECG and cardiac CT for 
coronary artery calcium scoring) and immune and inflam-
matory markers (C-reactive protein, erythrocyte sedimenta-
tion rate and total lymphocyte count).

Data linkage
Probabilistic matching for the entire cohort (n=615) will be 
undertaken to collect data on (1) mortality and cause of 
death from the Australian Institute of Health and Welfare 
(AIHW) National Death Index and (2) health service util-
isation (rates, reasons for attendance/admission using 
International Classification of Diseases, 9th revision (ICD-9) 
and International Classification of Diseases, 10th revision, 
Australian Modification (ICD-10-AM) codes, length of stay 
and reason for discharge) from multiple databases held by 
the New South Wales’ Centre for Health Record Linkage, 
including pharmaceutical drugs of addiction system, 
admitted patient data collection, emergency department 
data collection, mental health ambulatory data collection 
and NSW ambulance, as well as the AIHW Medicare Bene-
fits Scheme and Pharmaceutical Benefits Scheme.

Analysis
The analytical approaches to be used to answer each 
research question are described below.
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What are the long-term rates of mortality?
Crude mortality rates per 1000 person years and stan-
dardised mortality ratios will be calculated with 95% CIs, 
with reference to age-specific death rates in the Australian 
population. Years of potential life lost will be calculated 
using two criteria: years lost prior to age 65 (Centre for 
Disease Control and Prevention criteria) and years lost prior 
to average life expectancy (specified for gender and the 
year in which the death occurred). Cox regression models 
will be fitted to the data in order to identify predictors of 
mortality. Based on mortality rates between 2001 and 2015, 
we expect 96 deaths to have occurred at 20 years (which is 
equivalent to an anticipated event rate of 0.15).

What are the long-term patterns and predictors of heroin use, 
remission, psychiatric health and health service use?
Group-based trajectory modelling (GBTM) will be used 
to capture the dynamic longitudinal trajectories of heroin 
use, remission, psychiatric health and health service 
use (modelled separately) across the 18–20 years. This 
approach will enable us to examine the heterogeneity of 
trajectory patterns, and risk factors for group membership, 
associated with heroin use, remission, psychiatric health 
and health service use over the long term. GBTM will also 
allow us to examine whether events that occur during the 
course of a trajectory (dynamic or time-variant, and poten-
tially modifiable, risk factors) alter the trajectory itself. A 
GBTM approach also allows for examination of dual trajec-
tories of related behaviours, which develop simultaneously, 
such as heroin use and psychiatric health. These analyses 
will provide critical information to help identify those at 
greater risk of poor outcomes, and guide the development 
of targeted interventions that can be delivered at crucial 
time points.12

What are the long-term physical health consequences of heroin 
use?
Cross-sectional analyses, including linear and logistic 
regression, will be undertaken to examine associations 
between static and dynamic risk factors across follow-up 
on physical health assessments undertaken at 18–20 years. 
In particular, we will be examining associations between 
participants’ long-term drug use and trajectory patterns 
with later pathology.

Ethics and dissemination
Ethical approval has been obtained for the study (Sydney 
LHD RPA Zone HREC X18-0512 & HREC/18/RPAH/733). 
We will disseminate study results through published 
manuscripts, bulletins and technical reports, conference, 
seminar, webinar and workshop presentations. The data 
contributing to this study come from a third party and are 
not publicly available, even in de-identified format. Further 
inquiries can be submitted to the corresponding author.

DISCUSSION
The extension of the ATOS study to 18–20 years will provide 
the opportunity to gain a greater understanding of the 

natural history of heroin use in terms of mortality, remis-
sion, psychiatric and physical health, and health service 
utilisation. Findings will highlight critical windows for iden-
tifying periods when risk may be elevated for some people. 
The wealth of data collected allows for: (1) a detailed longi-
tudinal examination of the complex relationships between 
substance use, mental health and physical health outcomes; 
(2) defining long-term unmet treatment needs of those 
disabled by heroin dependence with respect to mental and 
physical health and (3) identification of potential inter-
vening variables that may modify illness course to guide 
public health and treatment responses.

The ageing ATOS cohort provides a rare opportunity to 
advance knowledge across these domains. Participants are 
approaching their 50s, and on average, 30 years have passed 
since they first used heroin. In answering critical questions, 
the 18–20-year follow-up of ATOS aims to improve under-
standing and management of age-related disorders in this 
population, which if not addressed in the immediate future, 
has the capacity to overwhelm treatment centres and aged 
care facilities. Self-report combined with physical health 
assessments and sophisticated data linkage will allow us to 
address significant gaps in knowledge, guide more effective 
interventions and public health responses internationally, 
and ultimately reduce the considerable burden attributable 
to heroin dependence for the individual, their families and 
the broader community.
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