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Abstract

Background: Reducing suicidal behaviour (SB) is a critical public health issue globally. The complex interplay of social
determinants, service system factors, population demographics, and behavioural dynamics makes it extraordinarily
difficult for decision makers to determine the nature and balance of investments required to have the greatest impacts
on SB. Real-world experimentation to establish the optimal targeting, timing, scale, frequency, and intensity of
investments required across the determinants is unfeasible. Therefore, this study harnesses systems modelling and
simulation to guide population-level decision making that represent best strategic allocation of limited resources.

Methods: Using a participatory approach, and informed by a range of national, state, and local datasets, a system
dynamics model was developed, tested, and validated for a regional population catchment. The model incorporated
defined pathways from social determinants of mental health to psychological distress, mental health care, and SB.
Intervention scenarios were investigated to forecast their impact on SB over a 20-year period.

Results: A combination of social connectedness programs, technology-enabled coordinated care, post-attempt
assertive aftercare, reductions in childhood adversity, and increasing youth employment projected the greatest impacts
on SB, particularly in a youth population, reducing self-harm hospitalisations (suicide attempts) by 28.5% (95% interval
26.3–30.8%) and suicide deaths by 29.3% (95% interval 27.1–31.5%). Introducing additional interventions beyond the
best performing suite of interventions produced only marginal improvement in population level impacts, highlighting
that ‘more is not necessarily better.’

Conclusion: Results indicate that targeted investments in addressing the social determinants and in mental health
services provides the best opportunity to reduce SB and suicide. Systems modelling and simulation offers a robust
approach to leveraging best available research, data, and expert knowledge in a way that helps decision makers
respond to the unique characteristics and drivers of SB in their catchments and more effectively focus limited health
resources.
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Background
Reducing suicidal behaviour (suicide attempts and
deaths) remains a critical public health issue globally.
Over the period 1990 to 2016, suicide was estimated to
be the leading cause of age-standardised years of life lost
in high-income Asia Pacific countries, and among the
top 10 leading causes in Europe, and parts of the Ameri-
cas [1, 2]. The World Health Organization’s (WHO) de-
velopment of a Comprehensive Mental Health Action
Plan [3] and the inclusion of suicide mortality as an indi-
cator for the Sustainable Development Goals (SDGs) [4]
have signalled a recognition of the role mental health,
mental capital, and suicidal behaviour (SB) play in social,
cultural, and economic participation that contributes to
the mental wealth of nations [5, 6] and in facilitating or
undermining progress towards broader international de-
velopment targets [7]. Further significant momentum
has been achieved through the World Economic Forum’s
Global Shapers Community, a grassroots network of
young people, who called on all countries to increase fi-
nancing, public mental health education, and quality sys-
tems of care at the Annual meeting in Davos in 2020
[8]. This elevation of mental health and wellbeing and
suicide prevention in the global development agenda has
led to a renewed push worldwide to strengthen mental
health systems (particularly leadership and governance,
and community-based care), increase service coverage
and responsiveness, and set targets for reductions in sui-
cide deaths [3, 9, 10].
Despite this momentum, growing evidence of effective

suicide prevention interventions, and the release of suc-
cessive action plans, current strategies are not delivering
substantial impacts [11–13]. SB has a complex aetiology
with a wide range of contributing factors, both individual
and contextual, and is rarely a result of any single cause
[14, 15]. While there is good evidence for the significant
role mental ill-health has in the aetiology of suicide [16–
18], discourse has turned to the role of social determi-
nants in the causal mechanism of mental disorder and SB
as targets for prevention [19–21]. Factors including ad-
verse childhood exposures, domestic and family violence,
substance abuse, unemployment, and other socioeco-
nomic factors that influence access to housing and mental
health services have been found to have unidirectional or
bidirectional relationships with each other and with psy-
chological distress, mental disorder, and suicide [22–27].
However, the relationship of these risk factors with mental
health and suicide outcomes are often analysed using
methods that assume they are independent and that their
relationship with key outcomes are linear and constant
through time [28], and as such, interventions to address
these risk factors are explored discretely. The complex
interplay of social determinants, service system factors,
population demographics, and behavioural dynamics

makes it extraordinarily difficult for decision makers to
determine the nature and balance of investments required
to have the greatest impacts on suicidal behaviour over
the short and long term. While there are numerous evi-
dence reviews to support the case for investments aimed
at addressing the social determinants of mental disorder,
it is unclear whether resources should be spread across
each of them or whether some are more important than
others for suicide prevention in a particular context.
Systems modelling and simulation offers an important

tool for systems analysis to support decision making for
complex problems. Systems modelling is a robust quan-
titative method of complex systems science, an interdis-
ciplinary field that studies the nature and behaviour of
complex systems underpinned by well-established math-
ematical theory of nonlinear dynamics [29–33]. It pro-
vides a robust method for mapping and quantifying the
complex causal mechanism driving mental health and
suicide outcomes [11, 34–36]. Systems modelling is
uniquely able to capture population and demographic
dynamics, changes over time in social and economic
drivers of psychological distress, mental disorders and
suicidal behaviours (including feedback loops), work-
force dynamics and the changing relationship between
service supply versus demand, and the potentially non-
additive (interdependencies and interacting) effects of
intervention combinations, factors that bedevil trad-
itional analytic approaches. Model development lever-
ages disparate datasets, research evidence, and our best
understanding of local system structure and behaviours
of system actors in a systematic and disciplined way [28,
37–42]. The process delivers an interactive decision sup-
port tool that provides a virtual environment to explore
the optimal combination, targeting, timing, scale, fre-
quency, and intensity of investments in screening, treat-
ment, population-based mental health strategies, and
social determinants required to achieve the greatest im-
pacts within the contextual, resource, and capacity con-
straints of a particular region, before implementing them
in the real world.
This study describes the application of systems model-

ling and simulation undertaken as a research-practice
partnership between a regional Primary Health Network
(PHN) in New South Wales, Australia, their stake-
holders, and several academic institutions. The study
aimed to leverage a range of national, state, and local
datasets to (i) identify the likely impact over time of a
range of locally prioritised mental health and suicide
prevention interventions being considered for invest-
ment, (ii) determine the value and balance of invest-
ments across the social determinants of mental health in
the region, and (iii) determine the best combination of
strategies to deliver the greatest impacts on suicidal
behaviour.
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Methods
Context
The North Coast PHN supports a population of 502,524
(as at 2016) [43], distributed over a geographic area of
approximately 35,570 km2 and taking in both coastal and
inland rural communities. Aboriginal and/or Torres
Strait Islander people represent approximately 5.0% of
the North Coast population, which is higher than the
proportion for both New South Wales (2.9%) and
Australia (2.6%) [44]. The region has a high proportion
of the population aged over 65 years (20.4%), and is
more socio-economically disadvantaged than the na-
tional average [44]. Unemployment is high across the
North Coast region, with some local government areas
(LGAs) reporting rates as high as 9.7% compared to the
national average of 5.9% in 2018 [44]. Domestic and
family violence rates are higher than the NSW average,
with some LGAs reporting incidence of domestic as-
saults as high as 757.1 per 100,000 population [45], as
are rates of homelessness, with some LGAs reporting
rates as high as 57.5 per 10,000 population [46]. Rates of
suicide are also well above the NSW average, with inci-
dence rising from 7.9 per 100,000 in 2006 to 16.6 per
100,000 population in 2017 [47]. As of mid-2016, young
people aged 15–24 years made up 10.4% of the north
Coast PHN population, which was lower than the pro-
portions of young people in the NSW population
(13.9%) and the Australian population (13.2%). In 2016–
2017, the rate of children and young people being in out
of home care was higher in the North Coast PHN region
(16.3 per 1000 children aged 0–17 years) compared to
11.4 per 1000 children in NSW [44]. The rate of chil-
dren and young people reported as being at risk of sig-
nificant harm was also higher in the region (79.7 per
1000 children aged 0–17 years) compared to 52.3 per
1000 children in NSW [44].

Model development
A system dynamics model was developed using a partici-
patory modelling approach that involved approximately
50 local stakeholders, including representatives from
health and social policy agencies, non-government organi-
sations, primary care providers, emergency services, re-
search institutions, community groups, and, importantly,
people with lived experience of suicide. The process
employed a broad systems perspective drawing on the
deep tacit knowledge and diverse perspectives of these
system actors. Input from stakeholders was provided
through a series of workshops, meetings, priority setting
surveys and system mapping activities conducted in 2019
(see video: http://nccforbetterlives.com.au/systems-
modelling). The participatory modelling process under-
taken for the current study followed the approach detailed
elsewhere [48–50]. In summary, workshop 1 (full day)

included discussion and prioritisation of the key outcomes
of interest, the mapping of pathways and drivers of those
outcomes, and the prioritisation of interventions to be in-
cluded in the model. Following the workshop, the map
was converted to a conceptual model which was synthe-
sised with best available research evidence and data to in-
form the development of the initial system dynamics
model. In addition, a draft structure representing the ser-
vice pathways of the local mental health system developed
from workshop 1 was disseminated to broader community
stakeholders for verification and input. Stakeholders
returned their modifications to the draft structure, and
feedback from this process was synthesised with missing
pathways subsequently integrated into the system dynam-
ics model. Several months after workshop 1, the 50 stake-
holders reunited for workshop 2 (full day) where the draft
structure, logic, and key assumptions of the model were
presented for verification, discussion, feedback, and con-
sensus. In addition, participants were supported to map
the mechanisms of effect of prioritised interventions (pri-
orities determined via survey) onto the structure of the
system dynamics model. Reviews of the literature follow-
ing workshop 2 further informed intervention mecha-
nisms and parameters, and an interactive interface was
developed. A final (half-day) workshop 3 was conducted
several months after workshop 2 where the penultimate
version of the model was presented to the stakeholders for
verification, discussion, feedback, and consensus. Stake-
holders were provided with the opportunity to interact
directly with the model interface to run scenarios, test al-
ternative assumptions, discuss and question results, and
provide feedback on interface design and functionality.
The key insights derived from the model and their impli-
cations for service planning, commissioning of programs
and services, and evaluation were presented and discussed
to ensure face validity.
Model development does not follow a linear process; it

is an iterative knowledge feedback process that entails
continuous hypothesis development, testing, and refine-
ment—a process shared with the multidisciplinary group
both through the workshops and additional out-of-session
meetings as required with stakeholder sub-groups. Model
structure, parameter estimates, and other numerical in-
puts were informed (where possible) by published re-
search or available regional, state, and national data or
were estimated via constrained optimisation (see Add-
itional file 1). Model construction and analysis were per-
formed using Stella Architect ver. 1.9.4 (www.iseesystems.
com). The model was validated by (i) testing whether the
model could replicate historic data across a range of key
indicators (namely; time series of psychological distress,
psychiatric hospitalisations, emergency department (ED)
presentations, youth and total population self-harm hospi-
talisations, and suicide deaths—see Additional file 1: Fig.
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S5, Fig. S7, Fig. S17, and Fig. S22) and (ii) ensuring face
validity of the model structure and performance among
stakeholders working in or interacting with different parts
of the system.

Model structure, outputs, and calibration
The core model structure included (1) a population com-
ponent, capturing changes over time in the size and com-
position of the population resulting from births,
migration, ageing, and mortality; (2) a psychological dis-
tress component that models flows of people to and from
states of low psychological distress (Kessler 10 [K10] score
10–15), moderate psychological distress (K10 score 16–
21), and high to very high psychological distress (K10
score 22–50); (3) a series of components capturing the
interdependent dynamics of key social determinants,
namely, early life exposures, substance abuse, domestic
violence, homelessness, and unemployment, and their in-
fluence on levels of psychological distress; (4) a mental
health services component that models the movement of
psychologically distressed people through one of several
possible service pathways involving (potentially) general
practitioners, psychiatrists and allied mental health profes-
sionals (including psychologists and mental health nurses),
emergency department and psychiatric inpatient care,

community- and hospital-based outpatient care, and on-
line services; and (5) a suicidal behaviour component that
captures self-harm hospitalisations (used as a proxy for
suicide attempts—see the “Limitations” section) and sui-
cide deaths.
Figure 1 provides a high-level overview of the causal

structure and pathways of the model, with arrows denot-
ing unidirectional or bidirectional relationships between
each component. The structure and assumptions relating
to each component and their interactions are detailed in
Additional file 1. The model captures changes over time
(dynamics) within each component and between the com-
ponents of the model. For example, within the health sys-
tem component, the proportion of the population waiting
for services, receiving services, or disengaging from ser-
vices changes over time based on service system capacity
and the rates of flow into, within, and out of the service
system. Dynamics also occur between the model compo-
nents, for example, as unemployment rises, not only does
it directly act to increase the incidence of high to very high
psychological distress in the modelled population (which
has flow-on effects on rates of substance misuse, and ad-
verse early life exposures), but it also increases rates of do-
mestic violence and homelessness, both of which further
increase the rate psychological distress. Such dynamics

Fig. 1 A high-level overview of the causal structure and pathways of the system dynamics model
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makes it difficult to anticipate what impacts might occur
across the system and on key outcomes if we intervene on
one or multiple components of the model.
Primary model outputs included total (cumulative)

numbers of self-harm hospitalisations and suicide deaths
for the youth population (15–24 years) and total popula-
tion. The model also provided estimates of the prevalence
of low, moderate, and high to very high psychological dis-
tress by age categories (15–24 years, 25–64 years, 65 years,
and above) and a range of measures of mental health ser-
vice usage (e.g. mental health-related general practice con-
sultations, psychiatric and allied mental health service
consultations, services waiting times, numbers of psycho-
logically distressed consumers that have disengaged from
services, Emergency Department (ED) presentations, and
psychiatric hospitalisations). All outputs were calculated
every 0.4375 days (i.e. one sixteenth of a week) over a
period of 30 years, starting from 1 January 2011, permit-
ting comparisons of model outputs with historic data from
2011 to 2017 (see Additional file 1) and forecasts of the
impacts of intervention scenarios described below simu-
lated from the time of implementation (2021) to the start
of 2041. This longer-term forecast horizon was deemed
necessary to allow impacts of variations in the social de-
terminants of mental health to be seen, as well as to en-
courage transition to a long-term strategic outlook in
assessing the value of investment decisions rather than the
current short-term perspective that induces more reactive
decision making.
Parameter values that could not be derived directly

from available data or published research were estimated
via constrained optimisation, using historical time series
data on a wide range of mental health and social out-
comes, including psychological distress prevalence, self-
harm hospitalisation and suicide rates, rates of mental
health services usage (general practice consultations,
specialised psychiatric services, ED and hospital in-
patient care, community-based mental health services),
substance abuse disorder prevalence, unemployment and
labour force participation rates, domestic violence inci-
dence, and the prevalence of homelessness. Powell’s
method [51] was employed to obtain the set of (optimal)
parameter values minimising the sum of the mean abso-
lute percent error calculated for each time series separ-
ately (i.e. the mean of the absolute differences between
the observed time series values and the corresponding
model outputs, where each difference is expressed as a
percentage of the observed value).

Policy testing and sensitivity analyses
We modelled the potential impacts on suicidal behav-
iour of a set of interventions identified by the PHN and
stakeholder group as most relevant to the North Coast
NSW context. Interventions were identified based on

alignment with current investment priorities and feasi-
bility of implementation and included (1) six mental
health and suicide prevention and (2) five social determi-
nants modifiers. Details of each intervention (and as-
sumptions) are provided in Additional file 1: Table S1.
Twenty-one alternative scenarios (Table 1) were com-
pared with a baseline (business as usual), in which exist-
ing policies and programs remain in place and current
per capita growth in mental health services capacity is
maintained until the end of the simulation.
Sensitivity analyses were performed to assess the impact

of uncertainty in estimates of the direct effects of each
intervention and forecasted growth in services capacity
(i.e. GP mental health services, psychiatrists and allied ser-
vices, community mental health services, psychiatric hos-
pital care, and alcohol and drug services) on the
simulation results. We used Latin hypercube sampling to
draw 100 sets of values for the selected model parameters
from a uniform joint distribution spanning ± 20% of the
default values (see Additional file 1: Table S2). Differences
in projected (cumulative) numbers of self-harm hospitali-
sations and suicide deaths between the baseline and
intervention scenarios were calculated for each set of par-
ameter values and summarised using simple descriptive
statistics. This research was approved by the University of
Sydney Human Research Ethics Committee (Project num-
ber: 2018/833).

Results
Rates of suicide are projected to slightly decrease over
the forecast period (2021–2041) with the suicide rate for
the total population decreasing from 18.7 to 15.1 per
100,000 population per year and for the youth popula-
tion decreasing from 47.8 to 42.7 per 100,000 population
per year. Under the baseline scenario, approximately 25,
360 self-harm hospitalisations and 1970 suicide deaths
were forecast over the period (1 January 2021 to the end
of 2041), which includes 6292 self-harm hospitalisations
and 489 suicide deaths in young people aged 15–24
years. Reductions in the numbers of self-harm hospitali-
sations and suicide deaths relative to these baseline esti-
mates for each intervention scenario are presented in
Figs. 2 and 3 with uncertainty intervals.

Projected impacts of a range of locally prioritised mental
health and suicide prevention interventions
Programs effective in increasing social connectedness
had the single greatest impact on suicidal behaviour
in the youth population and total population, redu-
cing the numbers of self-harm hospitalisations by
11.4% and 13.5%, respectively, and suicide deaths by
12.4% and 14.5% respectively. Relatively large reduc-
tions were also forecasted with the implementation of
technology-enabled coordinated care (reducing self-
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Table 1 Scenarios examined in the simulation analyses (additional details are provided in Additional file 1)

Intervention Description

1. Mental health and suicide prevention interventions

a. Post-attempt assertive aftercare Post-attempt assertive aftercare is an active outreach and enhanced contact
program to reduce readmission in those presenting to services after a suicide
attempt. It includes individually tailored contact, solution focused counselling,
and motivations to adherence to follow-up treatments and continuity of
contact.

b. Social connectedness programs Programs designed to increase community connectedness, reducing isolation,
and enhancing resilience and applied universally. No assumptions are made
about the details of the particular programs implemented as these are
community designed and are likely to differ across communities.

c. Community-based acute care services Responsive clinical mental health services delivered by community mental
health teams. People in suicidal crisis may call and request either a home-based
visit or a centre-based visit, depending on their level of functioning and risk.

d. Technology-enabled crisis response Responsive clinical mental health services delivered by community mental
health teams. People in suicidal crisis may call and request either a home-based
visit or a centre-based visit, depending on their level of functioning and risk.

e. Technology-enabled coordinated care Technology-enabled coordinated care involves the use of online technology to
facilitate delivery of multidisciplinary team-based care, in which medical and al-
lied health professionals consider all relevant treatment options and collabora-
tively develop an individual treatment and care plan for each patient.

f. Post-discharge peer support Post-discharge peer support is based on the Hospital to Home (H2H) program.
This intervention involves peer workers (i.e. individuals with their own lived
experience of mental illness and recovery) providing individualised practical and
emotional support to patients discharged from psychiatric hospital care.

g. Post-attempt care PLUS Social connectedness PLUS
Technology-enabled coordinated care

Interventions a, b, and e combined.

h. All mental health and suicide prevention interventions Interventions a, b, c, d, e, and f combined.

2. Social determinants

i. Reducing childhood adversity by 20% Reduces the rates at which children (aged 0–14 years) at low and moderate risk
of developing a mental disorder transition to moderate and high levels of risk
by 20%

j. Reducing childhood adversity by 50% Reduces the rates at which children (aged 0–14 years) at low and moderate risk
of developing a mental disorder transition to moderate and high levels of risk
by 50%

k. Increasing youth employment by 20% Increases the rate at which unemployed young people (aged 15–24 years)
secure employment by 20%

l. Increasing youth employment by 50% Increases the rate at which unemployed young people (aged 15–24 years)
secure employment by 50%

m. Reducing (total) unemployment by 20% Reduces the age-specific rates at which employed people (aged 15 years or
more) become unemployed by 20%.

n. Reducing (total) unemployment by 50% Reduces the age-specific rates at which employed people (aged 15 years or
more) become unemployed by 50%.

o. Reducing domestic violence by 20% Reduces domestic violence rates (incidents reported per year) among people
aged 15 years and above by 20%

p. Reducing domestic violence by 50% Reduces domestic violence rates (incidents reported per year) among people
aged 15 years and above by 50%

q. Reducing homelessness by 20% Reduces age-specific rates at which people in secure housing enter homeless-
ness by 20%

r. Reducing homelessness by 50% Reduces age-specific rates at which people in secure housing enter homeless-
ness by 50%

s. Reducing childhood adversity by 50% PLUS increasing youth
employment by 50%

Scenarios j and l combined.

t. All social determinants in combination Scenarios j, l, n, p, and r combined.

u. Best combination of mental health and suicide prevention
interventions PLUS best combination of social determinants

Scenarios g and s combined.
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harm hospitalisations and suicide deaths by 5.6%
each), and post-attempt assertive aftercare (reducing
self-harm hospitalisations and suicide deaths by 5.8%
each) in the youth population, with slightly higher re-
ductions across the total population. The combined
impact of these three interventions were forecast to
reduce self-harm hospitalisation by 21.3% and suicide
deaths by 22.2% in the youth population with rela-
tively rapid reductions over the first decade that plat-
eau over the second decade (Fig. 4). Implementing all
the specific mental health and suicide prevention in-
terventions failed to achieve substantial additional re-
ductions in suicidal behaviour across the total or
youth populations than achieved through the ‘best
combination.’

Projected impacts of combining specific mental health
and suicide prevention interventions
The model projected a substantial reduction in self-harm
hospitalisations (28.5%) and suicide deaths (29.3%) in a
youth population by combining social connectedness pro-
grams, technology-enabled coordinated care, and post-
attempt assertive aftercare with a reduction in childhood
adversity by 50% and an increase in youth employment
initiation by 50%. Similar impacts were achieved across
the total population with this combination.

Projected impacts of investments across the social
determinants of mental health in the region
Of the scenarios targeted at reducing the social determi-
nants of mental health, reducing childhood adversity by

Fig. 2 Differences in projected total (cumulative) numbers of self-harm hospitalisations between baseline and intervention scenarios (2021–2041).
Numbers of cases (i.e. hospitalisations) and cases prevented are rounded to the nearest integer and were obtained assuming the default parameter
values. Mean percentage reductions and 95% intervals reported in the rightmost column and plotted on the right were derived from the distributions of
projected outcomes calculated in the sensitivity analyses (note that the 95% intervals provide a measure of the impact of uncertainty in the assumed
intervention effects but should not be interpreted as confidence intervals)
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50% had the single greatest impact on suicidal behaviour
in the youth population, reducing the numbers of self-
harm hospitalisations and suicide deaths by 6.7% each.
Combining reductions in childhood adversity with a 50%
increase in youth employment initiation is forecast to
deliver reductions in self-harm hospitalisations and sui-
cide deaths of 9.0% each and an effect that is amplified
over time (Fig. 4). The impact of this combination on
the total population is far less reducing self-harm hospi-
talisations and suicide deaths by 2.9% each. Implement-
ing all scenarios across the social determinants of
mental health did not produce substantial additional
benefits in reducing suicidal behaviour across the total
or youth populations than achieved through the ‘best
combination.’

Discussion
This study used systems modelling and simulation to le-
verage a range of national, state, and local data sets and
best evidence and undertake a priori testing of scenarios
that explore the impact on suicide of investing across so-
cial determinants of mental health and specific mental
health and suicide prevention initiatives. Of the inter-
vention scenarios examined, improving social connect-
edness was the single most effective intervention in
reducing SB across the youth and total populations over
the long term. This finding is consistent with studies
highlighting social isolation as an important contributing
factor to suicide [52, 53]. While only the broad strategy
of community support programs aimed at increasing so-
cial connectedness and reducing social isolation was

Fig. 3 Differences in projected total (cumulative) numbers of suicides between the baseline and intervention scenarios (2021–2041). Numbers of cases
(i.e. suicides) and cases prevented are rounded to the nearest integer and were obtained assuming the default parameter values. Mean percentage
reductions and 95% intervals reported in the rightmost column and plotted on the right were derived from the distributions of projected outcomes
calculated in the sensitivity analyses (note that the 95% intervals provide a measure of the impact of uncertainty in the assumed intervention effects
but should not be interpreted as confidence intervals)
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modelled, the specific features of these programs were
not prescribed in recognition of the vital importance of
engaging local communities in their design and delivery
within a cultural framework of community development
[54, 55]. However, locally designed and implemented
programs should be evaluated to facilitate future model
refinement.
Findings of this study also demonstrated that improve-

ments to the social determinants of mental health do
not contribute equally to reductions in suicidal behav-
iour. Investments in reducing childhood adversity and
increasing youth employment initiation together repre-
sent best targets, not only for their impact over the se-
lected time horizon, but also for their ongoing
amplifying effects in reducing youth suicide over the
longer term. These findings are consistent with reviews
of the literature of individual and ecological studies
highlighting the strong associations that youth un-
employment and exposure to early life adversity (par-
ticularly sexual abuse and accumulation of adversities)

have on youth suicidal behaviour [56, 57] and point to
the importance of looking to broader social, educational
and vocational targets for the prevention of SB [58].
While these findings highlight early life exposures and
youth unemployment as important potential targets for
investments for youth suicide prevention, they do not
suggest a lack of importance for addressing adult un-
employment, domestic violence, and homelessness on
broader moral, social, and economic grounds.
While no specific programs were modelled, reducing

childhood adversity by between 20 and 50% was pro-
jected to deliver the single greatest impact on suicide
rates in young people among the social determinants,
suggesting it to be a worthwhile target for investment
and action. The scenario of a reduction in childhood ad-
versity was modelled by multiplying the rates at which
children (aged 0–14 years) at low and moderate risk of
developing a mental disorder transition to moderate and
high levels of risk. Therefore, programs to reduce child-
hood adversity may be targeted at either primary

Fig. 4 Self-harm hospitalisation and suicide rates (per 105 population per year). Projections are shown for the baseline scenario (i.e. business as usual)
and for selected combinations of mental health and suicide prevention interventions (post-attempt care plus social connectedness programs plus
technology-enabled coordinated care; scenario g in Figs. 2 and 3) and social determinants interventions (a 50% reduction in childhood adversity plus a
50% increase in youth employment initiation; scenarios in Figs. 2 and 3)
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prevention (i.e. strategies to reduce exposure to domestic
and family violence, abuse, neglect, poverty, war, and
natural disasters) [59–61] and/or at programs aimed at
harm minimisation to reduce the risk of emergence of
mental disorders among children and adolescence that
have experienced adversity. Harm minimisation may in-
clude screening, referral, and intervention carried out in
clinical settings [62] and/or the implementation of uni-
versal, school- or community-based, resilience-focused
interventions to provide more generalised fostering of
mental health [63]. Determining the feasibility and na-
ture, targeting, timing, scale, and duration of programs
needed to achieve a 20% or 50% reduction in childhood
adversity are best explored in partnership with regional
communities through extension of the existing systems
model to test alternative strategies prior to implementa-
tion, monitoring, and evaluation of programs.
Finally, there are two important insights that this sys-

tems modelling study highlights. Firstly, that the greatest
impacts on suicidal behaviour in young people are likely
to be achieved with a mix of specific mental health and
suicide prevention initiatives (with more immediate im-
pacts that plateau over time) and improvements to key
social determinants (with delayed impacts but amplifying
effects over the longer term) as highlighted in Fig. 4.
Secondly, this study highlights that more is not necessar-
ily better. The simulated impacts of implementing all
mental health and suicide prevention initiatives included
in the model were little better than the impacts of the
targeted combination of social connectedness programs,
post suicide attempt assertive aftercare, and technology-
enabled coordinated mental health care. This highlights
the importance of the advanced decision support cap-
ability provided by systems modelling to facilitate a more
strategic approach to the allocation of limited resources.

Limitations
There are a number of limitations that require consider-
ation when interpreting the findings of this study. There
is potential measurement bias in the range of secondary
data used to parameterise the model including the popu-
lation health surveys, Medicare claims data, and PHN
and Local Health District (LHD) datasets. The model ac-
knowledges these potential sources of measurement bias
and a number of commonly used strategies were
employed to address them, including the triangulation of
multiple data sources, parameter estimation via con-
strained optimisation, and local verification to identify
plausible estimates.
In addition, there is potentially an under-enumeration

of suicide cases used to calibrate the model, due to the
misclassification of suicides to ICD codes relating to un-
intentional injury and events of ‘undetermined intent’
[64]. Suicide attempts identified from hospital

admissions data likely only capture those cases serious
enough to warrant medical intervention, and instances
of self-harm where the intent was not clear may be not
coded as suicide attempts. However, this under-
enumeration is consistent across simulations of the base-
line case and intervention scenarios and as such are un-
likely to affect the forecast estimates of impact (i.e. the %
reduction in suicidal behaviour) of intervention strat-
egies or the strategic insights derived from the model.
Ongoing systematic monitoring and evaluation can de-
termine the extent to which the model forecasts are cor-
responding with real-world outcomes over time,
allowing refinement of model parameters to improve
forecasting capabilities. Finally, as the impacts of simu-
lated scenarios are subject to the population, demo-
graphic, behavioural, and service dynamics of the
modelled region, they are not necessarily generalisable
to other regions; however, depending on contextual
similarity to the modelled region, the qualitative insights
are likely to relevant.

Conclusions
The findings of this study suggest that targeted invest-
ments in addressing the social determinants and in men-
tal health services provides the best opportunity to
reduce SB and suicide. The current prioritised set of
findings are by no means intended to provide ‘the an-
swer’, but rather to demonstrate how systems models
can bring together a body of evidence and data in way
that facilitates learning among system actors regarding
system behaviour in response to the introduction of new
initiatives and ‘solutions’. This systems model is provid-
ing regional decision makers and stakeholders the cap-
acity to investigate alternative scenarios related to the
timing of implementation of interventions, their scale
and intensity, and to test alternative assumptions regard-
ing level of intervention uptake to inform strategic deci-
sion making. The potential of systems modelling and
simulation to support a more disciplined, targeted, inclu-
sive, and transparent approach to national and regional
decision-making regarding allocation of resources to re-
duce suicidal behaviour has been well described [12, 29,
34]. Importantly, such interactive systems models are be-
ing used to explore the impact of possible investment
decisions on outcomes other than suicidal behaviour to
ensure that unintended negative impacts on other parts
of the system, such as mental health ED presentations,
service wait times, and capacity, do not occur as a result
of efforts to specifically address suicidal behaviour.
Finally, it is important to note that this study focussed

on simulations of improvements to the social determi-
nants of mental health in the North Coast NSW region,
which may underestimate their importance in compari-
son to the specific mental health and suicide prevention
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interventions simulated to reducing suicidal behaviour.
Inevitable corollaries of the COVID-19 pandemic are a
deterioration in the social determinants of mental health,
which may produce greater negative impacts on suicidal
behaviour than the positive impacts of improvements to
those determinants simulated in the current study. As
shown in other applications of systems modelling in
mental health [38], important thresholds might exist
where deterioration in current levels of unemployment
in the North Coast NSW population catchment may re-
sult in greater than anticipated increases in substance
misuse and suicidal behaviour. This is the subject of fur-
ther investigation.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12916-021-01935-4.

Additional file 1. Detailed model structure, parameter estimates, and
other numerical inputs of the North Coast PHN system dynamics model
for suicide prevention and mental health services planning.

Acknowledgements
Co-lead author, Dr. Adam Skinner, had full access to all the data in the study
and takes responsibility for the integrity of the data and the accuracy of the
data analysis. This paper is part of the work of Rockefeller Foundation-Boston
University Commission on Health Determinants, Data, and Decision Making,
funded by the Rockefeller Foundation. The model was developed in partner-
ship with the North Coast Primary Health Network and intended as a contri-
bution to the North Coast Collective (NCC) which is a regional collaboration
initially between three organisations—North Coast Primary Health Network,
Northern NSW Local Health District, and Mid-North Coast Local Health Dis-
trict—and growing to include partners a range of community stakeholders
including those outside of the health sector and people with lived experi-
ence of mental ill-health and suicidal behaviour. Critically, this regional focus
seeks to deliver on regionally agreed outcomes, optimising the intervention
and investment portfolio to achieve the greatest gain (value is defined by
the quadruple aim of healthcare) in the most efficient way. This work was
made possible by generous contributions of time, local knowledge, and con-
tent area expertise by the North Coast Collective through the participatory
modelling workshops.

Authors’ contributions
Manuscript concept and drafting: JA and AS; model development: AS; data
analysis: AS and JA; critical revision of manuscript for important intellectual
content: all authors. The authors read and approved the final manuscript.

Funding
This research was funded primarily by InnoWell, a joint University of Sydney
and PwC (Australia) initiative to deliver the $30 M Australian Government-
funded Project Synergy (2017–2020). This work was also generously sup-
ported by philanthropic funding to the Brain and Mind Centre, University of
Sydney. Funders contributed to the scope and design of this study, however,
they did not influence the collation, management, analysis, and interpret-
ation of the data; preparation, review, or approval of the manuscript; or the
decision to submit the manuscript for publication.

Availability of data and materials
The datasets generated and analysed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
This research was approved by the University of Sydney Human Research
Ethics Committee (Project number: 2018/833).

Consent for publication
Not applicable.

Competing interests
Authors AS, FI, KL, JS, WB, TD, and DH declare they have no conflicts of
interest relevant to this work.
A/Professor Jo-An Occhipinti (née Atkinson) is both Head of Systems Model-
ling, Simulation & Data Science at the University of Sydney’s Brain and Mind
Centre and Managing Director of Computer Simulation & Advanced Research
Technologies (CSART). Professor Ian Hickie was an inaugural Commissioner
on Australia’s National Mental Health Commission (2012–2018). He is the Co-
Director, Health and Policy at the Brain and Mind Centre (BMC) University of
Sydney, Australia. The BMC operates an early-intervention youth services at
Camperdown under contract to headspace. Professor Hickie has previously
led community-based and pharmaceutical industry-supported (Wyeth, Eli Lily,
Servier, Pfizer, AstraZeneca) projects focused on the identification and better
management of anxiety and depression. He was a member of the Medical
Advisory Panel for Medibank Private until October 2017, a Board Member of
Psychosis Australia Trust and a member of Veterans Mental Health Clinical
Reference group. He is the Chief Scientific Advisor to, and a 5% equity share-
holder in, InnoWell Pty Ltd. InnoWell was formed by the University of Sydney
(45% equity) and PwC (Australia; 45% equity) to deliver the $30 M Australian
Government-funded Project Synergy (2017–2020; a 3-year program for the
transformation of mental health services) and to lead transformation of men-
tal health services internationally through the use of innovative technologies.

Author details
1Brain and Mind Centre, Faculty of Medicine and Health, University of
Sydney, Camperdown, Australia. 2Computer Simulation & Advanced Research
Technologies (CSART), Sydney, Australia. 3Menzies Centre for Health Policy,
University of Sydney, Sydney, Australia. 4Translational Health Research
Institute, Western Sydney University, Penrith, Australia. 5Hunter Medical
Research Institute, Newcastle, Australia. 6North Coast Primary Health Network,
Ballina, Australia.

Received: 12 September 2020 Accepted: 3 February 2021

References
1. Naghavi M. Global Burden of Disease Self-Harm C: global, regional, and

national burden of suicide mortality 1990 to 2016: systematic analysis for
the Global Burden of Disease Study 2016. BMJ. 2019;364:l94.

2. Australian Bureau of Statistics: 3303.0 Causes of death, Australia, 2019. In.
Canberra: ABS: https://www.abs.gov.au/statistics/health/causes-death/ca
uses-death-australia/latest-release#data-download; 2020.

3. Saxena S, Funk M, Chisholm D. World Health Assembly adopts
Comprehensive Mental Health Action Plan 2013-2020. Lancet. 2013;
381(9882):1970–1.

4. Izutsu T, Tsutsumi A, Minas H, Thornicroft G, Patel V, Ito A. Mental health
and wellbeing in the Sustainable Development Goals. Lancet Psychiatry.
2015;2(12):1052–4.

5. Beddington J, Cooper CL, Field J, Goswami U, Huppert FA, Jenkins R, Jones
HS, Kirkwood TB, Sahakian BJ, Thomas SM. The mental wealth of nations.
Nature. 2008;455(7216):1057–60.

6. World Bank: World Development Report 2015: Mind, society, and behaviour.
In. Washington DC: World Bank; 2015: https://www.worldbank.org/content/
dam/Worldbank/Publications/WDR/WDR%202015/WDR-2015-Full-Report.pdf.

7. Funk M, Drew N, Freeman Mea: Mental health and development: targeting
people with mental health conditions as a vulnerable group. In. Geneva:
World Health Organisation: https://www.who.int/mental_health/policy/mhta
rgeting/en/; 2010.

8. World Economic Forum, What young people can teach world leaders about
mental health in 2020. Geneva: World Economic Forum; 2020. https://www.
weforum.org/agenda/2020/01/how-to-change-the-global-mental-health-
crisis/.

9. Arensman E. Suicide prevention in an international context. Crisis. 2017;
38(1):1–6.

10. World Health Organisation: Mental Health Action Plan 2013-2020. In.
Geneva, Switzerland: WHO; 2013: https://www.who.int/mental_health/
publications/action_plan/en/

Occhipinti et al. BMC Medicine           (2021) 19:61 Page 11 of 13

https://doi.org/10.1186/s12916-021-01935-4
https://doi.org/10.1186/s12916-021-01935-4
https://www.abs.gov.au/statistics/health/causes-death/causes-death-australia/latest-release#data-download
https://www.abs.gov.au/statistics/health/causes-death/causes-death-australia/latest-release#data-download
https://www.worldbank.org/content/dam/Worldbank/Publications/WDR/WDR%202015/WDR-2015-Full-Report.pdf
https://www.worldbank.org/content/dam/Worldbank/Publications/WDR/WDR%202015/WDR-2015-Full-Report.pdf
https://www.who.int/mental_health/policy/mhtargeting/en/
https://www.who.int/mental_health/policy/mhtargeting/en/
https://www.weforum.org/agenda/2020/01/how-to-change-the-global-mental-health-crisis/
https://www.weforum.org/agenda/2020/01/how-to-change-the-global-mental-health-crisis/
https://www.weforum.org/agenda/2020/01/how-to-change-the-global-mental-health-crisis/
https://www.who.int/mental_health/publications/action_plan/en/
https://www.who.int/mental_health/publications/action_plan/en/


11. Atkinson JA, Skinner A, Hackney S, Mason L, Heffernan M, Currier D, King K,
Pirkis J. Systems modelling and simulation to inform strategic decision
making for suicide prevention in rural New South Wales (Australia). Aust N
Z J Psychiatry. 2020;4867420932639.

12. Atkinson JA, Skinner A, Lawson K, Rosenberg S, Hickie IB. Bringing new
tools, a regional focus, resource-sensitivity, local engagement and necessary
discipline to mental health policy and planning. BMC Public Health. 2020;
20(1):814.

13. Platt S, Niederkrotenthaler T. Suicide prevention programs. Crisis. 2020;
41(Suppl 1):S99–S124.

14. Gunnell D, Lewis G. Studying suicide from the life course perspective:
implications for prevention. Br J Psychiatry. 2005;187:206–8.

15. Hawton K, Pirkis J. Suicide is a complex problem that requires a range of prevention
initiatives and methods of evaluation. Brit J Psychiat. 2017;210(6):381–3.

16. Cavanagh JT, Carson AJ, Sharpe M, Lawrie SM. Psychological autopsy
studies of suicide: a systematic review. Psychol Med. 2003;33(3):395–405.

17. Cho SE, Na KS, Cho SJ, Im JS, Kang SG. Geographical and temporal
variations in the prevalence of mental disorders in suicide: systematic
review and meta-analysis. J Affect Disord. 2016;190:704–13.

18. Arsenault-Lapierre G, Kim C, Turecki G. Psychiatric diagnoses in 3275
suicides: a meta-analysis. BMC Psychiatry. 2004;4:37.

19. Lund C, Brooke-Sumner C, Baingana F, Baron EC, Breuer E, Chandra P,
Haushofer J, Herrman H, Jordans M, Kieling C, et al. Social determinants of
mental disorders and the Sustainable Development Goals: a systematic
review of reviews. Lancet Psychiatry. 2018;5(4):357–69.

20. Allen J, Balfour R, Bell R, Marmot M. Social determinants of mental health.
Int Rev Psychiatry. 2014;26(4):392–407.

21. Silva M, Loureiro A, Cardoso G. Social determinants of mental health: a
review of the evidence. Eur J Psychiat. 2016;30(4):259–92.

22. Olesen SC, Butterworth P, Leach LS, et al. Mental health affects future
employment as job loss affects mental health: findings from a longitudinal
population study. BMC Psychiatry. 2013;13:144. https://doi.org/10.1186/14
71-244X-13-144.

23. Marmorstein NR, Iacono WG, Malone SM. Longitudinal associations between
depression and substance dependence from adolescence through early
adulthood. Drug Alcohol Depen. 2010;107(2–3):154–60.

24. Weissman MM, Warner V, Wickramaratne P, Moreau D, Olfson M. Offspring
of depressed parents - 10 years later. Arch Gen Psychiat. 1997;54(10):932–40.

25. Ouellet-Morin I, Fisher HL, York-Smith M, Fincham-Campbell S, Moffitt TE,
Arseneault L. Intimate partner violence and new-onset depression: a
longitudinal study of women’s childhood and adult histories of abuse.
Depress Anxiety. 2015;32(5):316–24.

26. Devries KM, Mak JY, Bacchus LJ, Child JC, Falder G, Petzold M, Astbury J,
Watts CH: Intimate partner violence and incident depressive symptoms and
suicide attempts: a systematic review of longitudinal studies. PLoS Med.
2013;10(5):e1001439. https://doi.org/10.1371/journal.pmed.100143910(5).

27. Winkleby MA, White R. Homeless adults without apparent medical and
psychiatric impairment - onset of morbidity over time. Hosp Community
Psych. 1992;43(10):1017–23.

28. Page A, Atkinson JA, Heffernan M, McDonnell G, Prodan A, Osgood N,
Hickie I. Static metrics of impact for a dynamic problem: the need for
smarter tools to guide suicide prevention planning and investment. Aust N
Z J Psychiatry. 2018;52(7):660–7.

29. Homer JB, Hirsch GB. System dynamics modeling for public health:
background and opportunities. Am J Public Health. 2006;96(3):452–8.

30. Lin Y, Duan X, Zhao C, Xu L. Systems science: methodological approaches.
Florida: CRC Press: Taylor & Francis Group; 2013.

31. Sterman JD. Business dynamics: systems thinking and modelling for a
complex world. Boston: McGraw-Hill Companies Inc.; 2000.

32. Sterman JD. Learning from evidence in a complex world. Am J Public
Health. 2006;96(3):505–14.

33. Matthies M, Malchow H, Kriz J. Integrative systems approaches to natural
and social dynamics. Germany: Springer; 2001.

34. Atkinson JA, Page A, Wells R, Milat A, Wilson A. A modelling tool for policy
analysis to support the design of efficient and effective policy responses for
complex public health problems. Implement Sci. 2015;10:26.

35. Wolstenholme E, McKelvie D: The dynamics of care: understanding people
flows in health and social care. Switzerland: Springer Nature 2019.

36. Page A, Atkinson JA, Campos W, Heffernan M, Ferdousi S, Power A,
McDonnell G, Maranan N, Hickie I. WentWest - Western Sydney Primary
Health Network Regional Data Planning G: a decision support tool to inform

local suicide prevention activity in Greater Western Sydney (Australia). Aust
N Z J Psychiatry. 2018;4867418767315.

37. Atkinson JA, Page A, Heffernan M, McDonnell G, Prodan A, Campos W,
Meadows G, Hickie I. The impact of strengthening mental health services to
prevent suicidal behaviour. Aust N Z J Psychiatry. 2018; https://doi.org/10.11
77/0004867418817381.

38. Atkinson JA, Page A, Skinner A, Prodan A, Hickie I. The impact of reducing
psychiatric beds on suicide rates. Front Psychiatry. 2019; https://doi.org/1
0.3389/fpsyt.2019.00448.

39. Page A, Atkinson JA, Heffernan M, McDonnell G, Hickie I. A decision-support
tool to inform Australian strategies for preventing suicide and suicidal
behaviour. Public Health Res Pract. 2017;27(2):2721717. https://doi.org/10.1
7061/phrp2721717. PMID: 28474054.

40. Roberts N, Li V, Atkinson J, Heffernan M, McDonnell G, Prodan A, Freebairn
L, Lloyd B, Nieuwenhuizen S, Mitchell J, et al. Can the target set for
reducing childhood overweight and obesity be met? A system dynamics
modelling study in New South Wales, Australia. Systems Res Behavioral Sci.
2018. https://doi.org/10.1002/sres.2555.

41. Atkinson JA, Page A, Prodan A, McDonnell G, Osgood N. Systems modelling
tools to support policy and planning. Lancet. 2018;391(10126):1158–9.

42. Loyo HK, Batcher C, Wile K, Huang P, Orenstein D, Milstien B. From model
to action: using a system dynamics model of chronic disease risks to align
community action. Health Promot Pract. 2013;14(1):53–61.

43. Census of Population and Housing: Socio-Economic Indexes for Areas (SEIF
A), Australia, 2016.

44. North Coast NSW Primary Health Network: General Population Health Needs
Assessment. In. Coffs Harbour, New South Wales; 2018: Available online:
https://hnc.org.au/wp-content/uploads/2019/03/E.-General_Population_
NeedsReport_Nov18.pd. Accessed 6 Mar 2020.

45. Bureau of Crime Statistics and Research, Domestic Violence Statistics for
NSW, BOCSAR, Sydney, Australia, 2018. [Online]. Available at: http://www.
bocsar.nsw.gov.au/Pages/bocsar_pages/Domestic-Violence.aspx. Accessed 6
Mar 2020.

46. Australian Bureau of Statistics, 2033.0.55.001 - Census of Population and
Housing: Socio-Economic Indexes for Areas (SEIFA), Australia, Australian
Government, Canberra, 2016: [Online]. Available at: https://www.abs.gov.a
u/AUSSTATS/abs@.nsf/Lookup/2033.0.55.001Main+Features1201
6?OpenDocument. Accessed 6 Mar 2020.

47. Health Statistics New South Wales: Suicide, North Coast PHN, NSW 2001-
2017. In. Sydney, Australia: Centre for Epidemiology and Evidence, NSW
Ministry of Health; 2020: Available at: www.healthstats.nsw.gov.au Accessed
6 Mar 2020.

48. Freebairn L, Atkinson JA, Osgood ND, Kelly PM, McDonnell G, Rychetnik L.
Turning conceptual systems maps into dynamic simulation models: an
Australian case study for diabetes in pregnancy. PLoS One. 2019;14(6):
e0218875.

49. Atkinson J, O’Donnell E, Wiggers J, McDonnell G, Mitchell J, Freebairn L,
Indig D, Rychetnik L. Dynamic simulation modelling of policy responses to
reduce alcohol-related harms: rationale and procedure for a participatory
approach. Public Health Res Pract. 2017;27(1):e2711707.

50. Freebairn L, Rychetnik L, Atkinson JA, Kelly P, McDonnell G, Roberts N,
Whittall C, Redman S. Knowledge mobilisation for policy development:
implementing systems approaches through participatory dynamic
simulation modelling. Health Res Policy Syst. 2017;15(1):83.

51. Powell MJD. The BOBYQA algorithm for bound constrained optimization
without derivatives. Technical repot no. DAMTP 2009/NA06. In: Department
of Applied Mathematics and Theoretical Physics. Cambridge: Cambridge
University; 2009.

52. Siahpush M, Singh GK. Social integration and mortality in Australia. Aust N Z
J Public Health. 1999;23(6):571–7.

53. Dorling D, Gunnell D. Suicide: the spatial and social components of despair
in Britain 1980-2000. Trans Inst Br Geogr. 2003;28(4):442–60.

54. Wright D, Gordon R, Carr D, Craig JC, Banks E, Muthayya S, Wutzke S, Eades
SJ, Redman S, on behalf of the SEARCH collaborators. The Study of
Environment on Aboriginal Resilience and Child Health (SEARCH): a long-
term platform for closing the gap. Public Health Res Pract. 2016;26(3):
e2631635.

55. Allen J, Mohatt G, Fok CCT, Henry D. Suicide prevention as a community
development process: understanding circumpolar youth suicide prevention
through community level outcomes. Int J Circumpolar Health. 2009;68(3):
274–91.

Occhipinti et al. BMC Medicine           (2021) 19:61 Page 12 of 13

https://doi.org/10.1186/1471-244X-13-144
https://doi.org/10.1186/1471-244X-13-144
https://doi.org/10.1371/journal.pmed.100143910(5)
https://doi.org/10.1177/0004867418817381
https://doi.org/10.1177/0004867418817381
https://doi.org/10.3389/fpsyt.2019.00448
https://doi.org/10.3389/fpsyt.2019.00448
https://doi.org/10.17061/phrp2721717
https://doi.org/10.17061/phrp2721717
https://doi.org/10.1002/sres.2555
https://hnc.org.au/wp-content/uploads/2019/03/E.-General_Population_NeedsReport_Nov18.pd
https://hnc.org.au/wp-content/uploads/2019/03/E.-General_Population_NeedsReport_Nov18.pd
http://www.bocsar.nsw.gov.au/Pages/bocsar_pages/Domestic-Violence.aspx
http://www.bocsar.nsw.gov.au/Pages/bocsar_pages/Domestic-Violence.aspx
https://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/2033.0.55.001Main+Features12016?OpenDocument
https://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/2033.0.55.001Main+Features12016?OpenDocument
https://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/2033.0.55.001Main+Features12016?OpenDocument
http://www.healthstats.nsw.gov.au


56. Morrell SL, Taylor RJ, Kerr CB. Jobless. Unemployment and young people’s
health. Med J Aust. 1998;168(5):236–40.

57. Serafini G, Muzio C, Piccinini G, Flouri E, Ferrigno G, Pompili M, Girardi P,
Amore M. Life adversities and suicidal behavior in young individuals: a
systematic review. Eur Child Adolesc Psychiatry. 2015;24(12):1423–46.

58. Iorfino F, Carpenter JS, Cross SP, Davenport TA, Hermens DF, Guastella AJ,
Naismith SLea: Multidimensional outcomes in youth mental health care:
what matters and why? Med J Aust 2019, 211:S4-S11.

59. Mikton C, Butchart A. Child maltreatment prevention: a systematic review of
reviews. Bull World Health Organ. 2009;87(5):353–61.

60. Norman RE, Byambaa M, De R, Butchart A, Scott J, Vos T. The long-term
health consequences of child physical abuse, emotional abuse, and neglect:
a systematic review and meta-analysis. PLoS Med. 2012;9(11):e1001349.

61. Williams R. The psychosocial consequences for children and young people
who are exposed to terrorism, war, conflict and natural disasters. Curr Opin
Psychiatry. 2006;19(4):337–49.

62. Flynn AB, Fothergill KE, Wilcox HC, Coleclough E, Horwitz R, Ruble A, Burkey
MD, Wissow LS. Primary care interventions to prevent or treat traumatic
stress in childhood: a systematic review. Acad Pediatr. 2015;15(5):480–92.

63. Dray J, Bowman J, Campbell E, Freund M, Wolfenden L, Hodder RK,
McElwaine K, Tremain D, Bartlem K, Bailey J, et al. Systematic review of
universal resilience-focused interventions targeting child and adolescent
mental health in the school setting. J Am Acad Child Adolesc Psychiatry.
2017;56(10):813–24.

64. Harison JE, Pointer S, Elnour AA. A review of suicide statistics in Australia. In:
Injury research and statistics series no 49 Cat no INJCAT 121. Australian
Institute of Health and Welfare: Adelaide; 2009.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Occhipinti et al. BMC Medicine           (2021) 19:61 Page 13 of 13


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Context
	Model development
	Model structure, outputs, and calibration
	Policy testing and sensitivity analyses

	Results
	Projected impacts of a range of locally prioritised mental health and suicide prevention interventions
	Projected impacts of combining specific mental health and suicide prevention interventions
	Projected impacts of investments across the social determinants of mental health in the region

	Discussion
	Limitations

	Conclusions
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

