Applied Health Economics and Health Policy (2020) 18:189-201
https://doi.org/10.1007/540258-019-00511-5

ORIGINAL RESEARCH ARTICLE q

Check for
updates

Evaluating the Cost Effectiveness of a Suicide Prevention Campaign
Implemented in Ontario, Canada

Michael Lebenbaum’ - Joyce Cheng'2 - Claire de Oliveira'?3 . Paul Kurdyak'>*. Juveria Zaheer?*® -
Rebecca Hancock-Howard' - Peter C. Coyte'

Published online: 18 September 2019
© Springer Nature Switzerland AG 2019

Abstract

Background Although suicide-prevention campaigns have been implemented in numerous countries, Canada has yet to
implement a strategy nationally. This is the first study to examine the cost utility of the implementation of a multidimensional
suicide-prevention program that combines several interventions over a 50-year time horizon.

Methods We used Markov modeling to capture the dynamic changes to health status and estimate the incremental cost per
quality-adjusted life-year gained over a 50-year period for Ontario residents for a suicide-prevention strategy compared to
no intervention. The strategy consisted of a package of interventions geared towards preventing suicide including a public
health awareness campaign, increased identification of individuals at risk, increased training of primary-care physicians,
and increased treatment post-suicide attempt. Four health states were captured by the Markov model: (1) alive and no recent
suicide attempt; (2) suicide attempt; (3) death by suicide; (4) death (other than suicide). Analyses were from a societal per-
spective where all costs, irrespective of payer, were included. We used a probabilistic analysis to test the robustness of the
model results to both variation and uncertainty in model parameters.

Results Over the 50-year period, the suicide-prevention campaign had an incremental cost-effectiveness ratio (ICER) of
$18,853 (values are in Canadian dollars) per QALY gained. In all one-way sensitivity analyses, the ICER remained under
$50,000/QALY. In the probabilistic analysis, there was a probability of 94.8% that the campaign was cost effective at a
willingness-to-pay of $50,000/QALY (95% confidence interval of ICER probabilistic distribution: 2650-62,375). Among
the current population, the intervention was predicted to result in the prevention of 4454 suicides after 50 years (1033 by
year 10; 2803 by year 25). A healthcare payer perspective sensitivity analysis showed an ICER of $21,096.14/QALY.
Interpretation These findings demonstrate that a suicide-prevention campaign in Ontario is very likely a cost-effective
intervention to reduce the incidence of suicide and suggest suicide-prevention campaigns are likely to be cost effective for
some other Canadian provinces and potentially other countries.

1 Introduction

The global burden of suicide and suicide attempts is con-
siderable, with 3.2 million incident-treated intentional
self-harm injuries, an estimated 842,000 suicides annually,
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Key Points for Decision Makers

This is the first study to examine the cost utility of the
implementation of a multidimensional suicide-preven-
tion program that combines several strategies finding an
ICER of $18,853 per QALY gained over a 50-year time
horizon.

These findings demonstrate that suicide-prevention
campaigns in Ontario are a cost-effective intervention
to reduce the incidence of suicide and along with other
evidence suggest similar suicide-prevention campaigns
are likely to be cost effective for all Canadian provinces
and potentially other countries.

younger age groups but rates of suicide are highest among
those aged 40-59 years [2], likely due to greater lethality
of the chosen methods. In Canada, the burden of suicide is
high and it is the ninth leading cause of death, responsible
for 3926 deaths per year [3]. However, in part due to low
non-suicide-related mortality, suicide is the second or third
leading cause of death for individuals 10-44 years of age
[2]. Self-harm is also very costly, with $2.95 billion in total
costs due to productivity losses and medical care each year
in the USA [4].

Suicide prevention campaigns were initiated in 11
Organisation for Economic Co-operation and Development
(OECD) countries between 1992 and 2005, including the
UK and USA [5]. These national campaigns have varied
slightly, but have often included components similar to those
investigated in the European Nuremberg Alliance against
Depression (NAD) trial [6]. This trial investigated the use of
community-based suicide-prevention strategies that involve
training of family physicians to detect and treat depression,
population campaigns aimed at increasing awareness of
depression and suicide, and clinical follow-up of high-risk
patients who have attempted suicide [6]. Despite the large
humanistic and economic burden and numerous calls to
action by medical journals and the media, Canada has yet to
implement a national suicide campaign, although numerous
elements have been incorporated into a Quebec campaign
that began in 1999 [4, 7, 8].

Therefore, our primary objective was to assess from a
societal perspective the incremental cost-effectiveness of
a suicide-prevention campaign targeting the entire popula-
tion of Ontario, which is the largest province in Canada, to
inform the broader implementation of such a policy across
Canada.
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2 Methods
2.1 Study Setting and Intervention

We developed a Markov model to estimate the costs and
effects of a suicide-prevention campaign in Ontario, Canada,
compared to no intervention (Fig. 1). This intervention was
modeled after suicide campaigns that have been previously
implemented in Quebec and at the national level in other
OECD countries and have been shown to be effective at
reducing the rate of suicide [5, 8, 9]. The overall aim of
these suicide-prevention programs was to improve treatment
for patients with depression and lower suicidal behaviour.
These programs were generally composed of four main com-
ponents. First, there was an annual public health campaign
to spread awareness and reduce stigma towards treatment.
Second, training to assist in the identification of individuals
at risk for suicide was provided to volunteers or community
workers, such as police officers and teachers. Third, training
on detection and treatment of depression and suicidal behav-
iour was provided to primary-care physicians. Additionally,
health professionals were trained to effectively assess the
suicidal intentions of individuals. Fourth, a high-risk psy-
chosocial intervention was established that targeted those
who attempted suicide and were treated in a hospital setting.

There were 11,478,804 adults age 16+ years in Ontario
in 2016, with an average age of 46 years [10, 11]. We cre-
ated a hypothetical cohort matching the size and average
age of this population. We projected their costs and out-
comes, and estimated the incremental cost-effectiveness
ratio (ICER) over a life-time horizon of 50 years, to capture
the long-term dynamics of suicide attempts, suicides, and
suicide-prevention.

2.2 Model Design

We used a four-state Markov model (Fig. 1): (1) alive and
no recent suicide attempt (ANRSA); (2) suicide attempt
(i.e. also referred to as “suicide attempt and survive”); (3)
suicide; and (4) death (other than suicide) consistent with
states included in another suicide model [12]. All individu-
als started in the ANRSA state. If an individual attempts
suicide and survives, they enter the “suicide attempt” state.
This is a tunnel state in which individuals must remain
for 5 years, after which they return to the ANRSA state.
Risks of “re-attempting suicide and surviving” and “re-
attempting suicide and dying” are elevated in the tunnel
state for 5 years given the available evidence, given the
lack of availability of most parameters beyond 5 years, and
plateauing rates [13]. Death from other causes is elevated
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given the excess risk of accidental, undetermined, and other
non-suicide deaths post attempt [14]. If individuals in the
tunnel state re-attempt suicide and survive, they return to
year one of the “suicide attempt” tunnel state. Two psychia-
trists (J.Z. and P.K.) provided guidance on the development
and clinical face validation of the model structure. The
model does not assume that self-harm necessarily leads
to suicide but does capture the fact that self-harm greatly
elevates the risk of eventual suicide even if the initial self-
harm was not of suicidal intent. Furthermore, the model
allows individuals to die by suicide without first entering
the attempted suicide and survived state. Our model did not
include a depression state due to the lack of data on transi-
tion parameters. Each state was associated with a cost and
utility weight obtained from the literature described in the
following paragraphs.
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Fig.1 a Markov model including all states and state transitions. b
Five-year tunnel state for individuals who survive a suicide attempt
including transitions in absence of another attempt (“No re-attempt”)
and in presence of a non-fatal repetition

2.3 Model Parameters

Model parameters for each state (i.e., including transition
rates, costs, and utilities) were gathered from administrative
databases, literature, and government reports. The “suicide
attempt” tunnel state enabled year-specific utilities, costs,
and transition rates following a suicide attempt. The model
parameters were highest in year one of the tunnel [13]. We
used age-specific values for costs, utilities, employment
rates, and transition probabilities where available using the
Ontario population.

2.3.1 Transition Probabilities

Our model had six transition probabilities: (1) ANRSA to
“suicide attempt and survive”; (2) ANRSA to “suicide”;
(3) ANRSA to “other death”; (4) “suicide attempt” to “sui-
cide re-attempt and survive” (non-fatal re-attempts); (5)
“suicide attempt” to “suicide re-attempt and suicide” (fatal
re-attempt); and (6) “suicide attempt” to “other death”
(Table 1). Transition probabilities were derived using
data from existing literature, ICES, and Statistics Canada
[13—-15]. Rate values for suicide and suicide attempts were
derived for the year 2012. We converted rates to probabilities
using the formula p=1—¢~"" and probabilities to rates using
r= —} x In(1 — p)[16].

Given the availability of data, we proxied the transition
rate from the ANRSA to “suicide attempt and survive” with
the rate of individuals with an emergency department visit
for intentional self-harm. Although using emergency depart-
ment visits for intentional self-harm may underestimate the
true suicide attempt rate, many self-harm interventions
including the interventions examined in this study target
individuals with self-harm who present to hospital [17].

The probability of fatal (“suicide re-attempt and sui-
cide”) and non-fatal re-attempts (“suicide re-attempt and
survive”) was derived from a published systematic review
and meta-analysis [13]. Given that cumulative probabilities
for non-fatal and fatal re-attempts were available only for
1 and 5 years, year-specific probabilities between years 2
and 5 were calculated [13]. These year-specific probabili-
ties were calculated by starting with the year 1 cumulative
probability [13] [non-fatal (NF)=0.163, fatal (F)=0.016]
and converting it into a rate. Then a recovery rate (R) for all
years was applied to the rate and these rates were converted
back to probabilities (i.e., Fy, s=0.016XRY™!, R=0.64;
NF=0.1630xRY ™!, R=0.3). R was chosen such that the
year-specific probabilities applied to a population would
result in the same year five cumulative probability from the
review (suicide attempts calculated: 22.4, review: 22.4; sui-
cide calculated: 3.9, review: 3.9) [13]. These year-specific
probabilities were used for the time-dependent probabilities
of the tunnel.
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Table 1 Transition probabilities

Transition probabilities variables Base case Low High References
Starting state Ending state
Alive and no recent Suicide 0.000049 0.000034 0.000064 Administrative Databases Ontario

suicide attempt

[18]

(ANRSA)
ANRSA Suicide attempt (SA) 0.00128 0.00086  0.00170  Administrative Databases Ontario
[18]
ANRSA Other death Ranges are presented here but age-specific probabilities Statistics Canada Life Tables [15]
were applied in the model
16-24 0.0001-0.0004 -30% +30%
25-44 0.0004-0.0013 -30% +30%
45-54 0.0014-0.0033 -30% +30%
55-64 0.0036-0.0082 -30% +30%
65-74 0.0091-0.0221 -30% +30%
75-84 0.0245-0.0634 -30% +30%
85-94 0.0707-0.1887 -30% +30%
95-100 0.2117-0.3185 -30% +30%
SA SA (non-fatal repeat) Carroll R et al. PLoS One [13]
Year 1 0.1630 0.1171 0.2065
Year 2 0.0520 0.0367 0.0670
Year 3 0.0159 0.0111 0.0206
Year 4 0.0048 0.0034 0.0062
Year 5 0.0014 0.0010 0.0019
SA Suicide (fatal repeat)
Year 1 0.0160 0.0112 0.0207
Year 2 0.0103 0.0072 0.0133
Year 3 0.0066 0.0046 0.0086
Year 4 0.0042 0.0030 0.0055
Year 5 0.0027 0.0019 0.0035
SA Other death Life table*3.6 - - Finkelstein et al. JAMA Psychiatry

[14]

For probabilistic sensitivity analysis of suicide and suicide-attempt probabilities we used a Beta distribution where Alpha =

(1=P)X((1=P)xP)
(Px0.3372-1
Pr() probability, y year

Lamda =

Rates of deaths due to other causes were obtained from
Statistics Canada for 2011-2013 [15]. The rate of other
death among individuals in the “suicide attempt and sur-
vive” state was multiplied by 3.6, estimated based the excess
risk of non-suicide death among individuals with an emer-
gency department visit for self-harm in Ontario [14].

The overall population suicide rate was available from
ICES for 2012 [18]. Although official suicide rates are an
underestimate, prior Canadian research suggests these
underestimates are not substantial (male:12%; female:
17.5%) and do not influence most epidemiologic conclusions
[19]. The overall population rate includes suicides from both
the ANRSA and the “Suicide attempt and survive” state.
Given no estimates of the transition rate from ANRSA to
suicide and the overall population rate would overestimate
this rate, we used the model to estimate an adjustment to the
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P2x(1-P)

———2 and
(Px0.33)2-P

overall population rate such that the model-generated num-
ber of suicides is less than 1% off of expected number of
suicides (~43 K) (i.e. Adjustment = 25w —#sulcidess 5.

#suicides ’
#suicides,,, = population alive at all cycles X overall popula-

tion suicide rate).
2.3.2 Costs

Costs were divided into three types: healthcare sector costs,
non-medical costs, and costs of productivity losses estimated
using the friction cost method [20] and were derived or esti-
mated based on past studies and reports [9, 21-23] (Table 2).
Healthcare sector costs included visits to the hospital, emer-
gency department, and family physicians that are covered
by the Ontario provincial government [9, 21, 23]. Age-
specific mean healthcare costs were available for the overall
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Table 2 Costs used in the model (CAD 2016)

Cost variables Base case Low

High References Currency, year

Annual medical cost: alive and no recent

Average costs for age ranges are presented here but costs for individual years were applied in the

suicide attempt (excluding costs of death) model
16-24 $1541 $1079  $2003  CIHI report [21] CAD, 2014
2544 $2213 $1549  §2877  GoneoPuo el da;'[ll)g]o S One. [23]
45-54 $2686 $ 1880 $3492 Costs = [total healthcare cost—probability of dyingxcost of death]
. . probability of not dying
55-64 $3837 $2686  $4988  All costs age-specific
65-74 $6814 $4769  $8858
75-84 $11,704 $8192  $15,215
85-94 $21,234 $14,864 $27,604
95+ $20,166 $14,116 $26,215
Annual incremental medical cost: suicide $11,570 $8099  $15,041 Vasiliadis et al. ] Ment Health Policy Econ. CAD, 2010
attempt and survive year 1 [9]
Annual incremental medical cost: suicide $5605 $3924  $7287  Vasiliadis et al. ] Ment Health Policy Econ. CAD, 2010
[91
Annual incremental medical cost: other Only average costs for age ranges were available
death
1-18 $46,659 $32,661 $60,657 Tanuseputro et al. PLoS One. [23] CAD, 2013
19-44 $47,575 $33,303 $61,848 CIHIreport[21]
45-54 $54,326 $38,028 $70,623
55-64 $57,025 $39,917 $74,132
65-74 $55,309 $38,717 $71,902
75-84 $46,530 $32,572  $60,490
85-94 $30,692 $21,484 $39,900
95+ $28,603 $20,022 $37,185
Non-medical costs (state is given in parentheses)
Autopsy (suicide) $3622 $2536  $4709  Vasiliadis et al. ] Ment Health Policy Econ. CAD, 2010
[91
Police investigation (suicide) $4413 $3089  $5736  Vasiliadis et al. ] Ment Health Policy Econ. CAD, 2010
[91
Funeral services (suicide + other death) $11,511 $8058  $14,965 Vasiliadis et al. ] Ment Health Policy Econ. CAD, 2010
[91
Loss of productivity
Suicide (friction method; adjusted wage ($50,625*Age- —30% +30%  Statistics Canada [24] CAD, 2016
loss for 3 months) specific
employment
rate)/4
Suicide attempt (hospitalized and non- $4817.69%*Age- —30% +30%  Corso et al. American journal of preventive USD, 2000
hospitalized) specific medicine [4]
employment Statistics Canada [24]
rate
For all non—agze—speciﬁc costs we used a gamma distribution in probabilistic sensitivity analysis where Alpha = % and
Lamda = (Cogi#w

population [21] and for the last year of life [23]. The overall
population healthcare costs are a weighted average where
overall = (probability of death X cost of death)+ (probabil-
ity of not death X cost of not death). Therefore, age-specific
healthcare costs for the ANRSA were calculated as follows:
(overall cost — (probability of death X cost of death))/prob-
ability of not death. Non-health-care sector costs included
autopsy, police investigation, and funeral services [9]. Costs

due to productivity losses due to premature death were cal-
culated using a friction cost method with an average replace-
ment value of 3 months [20]. The friction cost method takes
the employer’s perspective and captures only the lost hours
of work until a replacement employee is hired [20]. We chose
the friction method over the human-capital method, which
captures the lost hours of work for entire life of the patient, to
provide a more conservative and realistic cost estimate given
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significant unemployment [20]. Productivity loss per suicide
or death was calculated as one-fourth of the annual wage
(i.e., $50,625.12), adjusted for age-specific employment rates
from 2016 from Statistics Canada [22, 24]. We also included
estimated productivity losses due to suicide attempts that
resulted in admission ($9726) or not ($1015) in 2000 US
currency from a prior study calculated based on probabilities
of short- or long-term disability [4]. Although their inclusion
introduces additional uncertainty, societal costs (i.e., non-
medical costs and productivity losses) were included given
that most countries recommend societal costs as a primary
analysis or to be included as a secondary analysis and to
avoid underestimating potential cost-offsets due to averted
attempts and deaths given the high productivity losses due
to these events [25]. There is trade-off that a societal per-
spective may be less relevant to the health payer who will be
covering most of the costs of the intervention. Therefore, we
included a sensitivity analysis conducted from the healthcare
perspective only including intervention and medical costs.
Each of the U.S. costs were converted to Canadian dollars
using the Purchasing Power Parity (PPP) (i.e. $1.00 USD
= $1.23 CAD) [26]. All costs in our model were inflated to
2016 CAN dollars using the appropriate component of the
Consumer Price Index (CPI) [27].

2.3.3 Utilities
Utilities among the general population were age-specific

estimates based on EQ-5D values from the US Medical
Expenditure Panel Survey (Table 3) [28]. Using the person

trade-off method, the utility for the suicide attempt state was
estimated as 0.54 (i.e. disability weight=0.46) by 16 Dutch
medical practitioners familiar with suicidality as the utility
weight for being in a state related to a suicide attempt for
1 year and converted to age-specific values by Pil et al. [12,
29]. Disability weights for another study were very similar
(0.447) [30]. Given the utility values were available for the
first year post-suicide attempt, we assumed that the individu-
als recovered to full utility after the first year. Any additional
utility decrements beyond year 1 missed would result in the
model findings becoming more conservative.

2.3.4 Intervention Model Parameters

We used two estimates to capture the effect of the interven-
tion (Table 4). First, we used the estimated mean effect of
a suicide campaign implemented at the national level from
a study of 21 Organisation for Economic Co-operation and
Development (OECD) countries, 11 of which implemented
a suicide campaign [5]. The estimated mean effect from the
study used fixed effects panel regression methods, which
eliminate time-invariant heterogeneity and also controlled
for a number of time-variant characteristics reflecting the
political features of the country (e.g., welfare generosity),
economic characteristics (e.g., unemployment rate), and
socio-demographic variables (e.g., level of development).
Given Canada and other OECD countries were included in
the control group, and the countries most similar to Canada
including the USA, UK, and Australia (i.e., British or for-
mer British colonies from the OECD) were included in the

Table 3 Utilities used in the

Utility variables Base case Low (%) High (%) References
model

Annual utility: alive and no recent suicide attempt
16-24 0.9 -30 +30 Fleishman JA. [28]
25-34 0.88 -30 +30
3544 0.85 -30 +30
45-54 0.81 -30 +30
55-64 0.79 -30 +30
65-74 0.76 -30 +0
75 and over 0.66 -30 +30
All ages 0.8 -30 +30

Annual utility: suicide attempt
16-17 0.578 -30 +30
18-29 0.559 -30 +30 van Spijker et al. Journal
30-39 0.540 ~30 +30 of affective disorders
40-49 0.539 —30 +30 Pi[lzft]al. J Telemed Tel-
50-59 0.519 -30 +30 ecare [12]
60-69 0.509 -30 +30
70-79 0.457 -30 +30
>80 0.454 -30 +30

Annual utility: suicide 0 - -

Annual utility: other death 0 - -
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Table 4 Costs and effect of interventions

Intervention costs Base case One-way sensi-  Probabilistic parameters ~ Reference
tivity parameters
Low High Alpha Lambda
Per person $3.21 1 10 9.183 2.861 Vasiliadis et al. J Ment Health Policy Econ [9]

Base-case %
risk reduction

Intervention effects One-way sensi-

tivity parameters

Probabilistic parameters

References

Low High LN Mean LN SD
Transition 20 2 35 -0.223 0.105 Hawton et al. Lancet Psychiatry. [17]
Non-fatal repetition (year 1)
SA year 1 — SA year 2
Transitions 6.6 1.9 11.3 —0.069 0.026 Matsubayashi et al. Soc Sci Med [5]
1. A — Suicide
2.A—SA

3. SA — Suicide

SA suicide attempt, A alive and no recent suicide attempt

intervention group, this effect estimate is likely generalizable
to Canada. We have also varied the effect of this intervention
in sensitivity analyses to explore possible violations of this
assumption. We converted the absolute reduction in suicide
rates to a relative rate reduction, which we applied to the
transition from ANRSA to “suicide”. We also applied the
same relative reduction to the transition from ANRSA to
“suicide attempt and survive”.

Second, the suicide-prevention campaign we modeled
included a psychosocial intervention targeting individuals
who attempted suicide. Given available evidence from a sys-
tematic review and meta-analysis, we applied this interven-
tion effect as a relative risk reduction in the transition rate
from “suicide attempt” to “suicide re-attempt” [17]. Since
there is only evidence of effectiveness at 1 year post-suicide
attempt, we assumed the effect lasted 1 year and afterwards
there were no effects from years 2-5 of the tunnel [17].

2.4 Base-Case Analysis

We conducted a cost-utility analysis using the societal per-
spective. Outcomes included quality-adjusted life-years
(QALYSs) and costs. The costs and QALY are incurred as
individuals transition between the different health states of
the model. The 50-year time horizon was chosen to capture
a life-time perspective and given that the mean age of the
Ontario adult population was 46 years old. In our proba-
bilistic simulations, cohort members moved between health
states in yearly cycles, due to a lack of data on parameters
less than 1 year and requirement of additional assumptions
to incorporate shorter cycles. Future costs and health ben-
efits were discounted at 1.5% annually in accordance with
Canadian Agency for Drugs and Technologies in Health
(CADTH) guidelines [31].

2.5 Sensitivity Analysis

We conducted one-way sensitivity analyses setting the
ranges of the confidence intervals where available or other-
wise used +30%, given prior studies have often used a range
of 10-30% when confidence intervals were not available or
used [32-34]. The results of the deterministic one-way sen-
sitivity analyses are presented as a Tornado diagram (Fig. 2),
which shows the value of the incremental cost-effectiveness
ratio (ICER) based on the ranges of the input parameters
and ranks the variables based on the degree of uncertainty
in impacting the resulting ICER. We conducted additional
sensitivity analyses using a discount rate of 0% and 3% as
recommended by CADTH [31] and with 5% given common
use internationally [35]. We also analyzed the model with
a time horizon of 10 and 25 years, and using the healthcare
payer perspective without loss of productivity costs or other
non-medical costs (i.e., autopsy, funeral, police, etc.).

We conducted a probabilistic analysis by re-running the
model 100,000 times to examine the impact of uncertainty in
all parameters on our conclusions and to estimate the prob-
ability of being cost effective at different societal willing-
ness to pay (WTP) thresholds (i.e., for an additional unit of
effect). The 95% interval was assessed from the 2.5% and
97.5% percentiles of the distribution of the ICER estimates.
We used beta distributions for probabilities, log-normal dis-
tributions for intervention effects, and gamma distributions
for costs, and used established formulas (Tables 1, 2, 3, 4)
[36]. Where the standard deviation was unknown, we esti-
mated it as 0.33 times the mean in accordance with other
Canadian research; prior studies have used between 0.1
and one times the mean as the standard deviation [37-40].
Although we simulated random draws from an age distri-
bution (mean=46, SD 20% mean), probabilistic sensitivity
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Fig.2 Tornado diagram of the one-way sensitivity analyses. All variables without an interval shown are +30%. ANRSA alive and no-recent sui-

cide attempt

analysis was conducted only for non-age-specific variables
due to the limitation of TreeAge [41]. One-way sensitiv-
ity analyses were conducted for all age-specific variables
instead. We presented the results as an ICER scatterplot with
the 95% confidence interval (CI) ellipse and WTP threshold
and as a cost-effectiveness acceptability curve, which plots
the proportion of the simulations with an ICER below each
WTP threshold. Due to dense clustering of individual simu-
lation estimates, we have reduced the ICER scatter plot to
only 1000 simulations. All analyses were conducted with a
half-cycle correction in TreeAge Pro 2016 software [42].

3 Results
3.1 Base Case

Our model showed that the introduction of a suicide cam-
paign had discounted incremental costs and QALYs per
capita of $144 and 0.008, respectively. This resulted in an
ICER of $18,853 per QALY (Table 5). After 10 years, there
would be 9379 suicides in the intervention arm and 10,412
suicides in the non-intervention arm, resulting in 1033 pre-
vented suicides (9.9% decrease). Over 50 years, the model
estimated that the campaign would have resulted in 4454
suicides prevented (10.3% decrease) (Table 6).
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Table 5 Costs, effects, and ICERs discounted at various discount
rates

Cost Effect ICER
(CAD 2016%) (QALY)
Mean SD Mean SD
5%
Intervention 94,541.01 21,732.23 12.715 1.582
No interven- 94,492.27 21,717.16 12.712 1.582
tion
Change 48.75 0.003 14,808.77
3%
Intervention 142,323.83 25,196.62 16.588 2.550
No interven- 142,235.34 25,172.80 16.582 2.550
tion
Change 88.49 0.005 17,009.81
Base case 1.5%
Intervention 202,944.04 28,023.38 20.986 3.826
No interven- 202,799.83 27,988.73 20.978 3.825
tion
Change 144.21 0.008 18,853.05
0%
Intervention 302,145.86 33,817.59 27.532 5.981
No interven- 301,902.90 33,767.80 27.520 5.979
tion
Change 242.96 0.012 20,801.71
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Table 6 Cumulative number of suicides over time

No. of suicides prevented Cumulative number of suicides

(base-case scenario)

(n=11,478,804%

Year 10 Year 25 Year 50
Intervention 9379 24,401 38,671
No intervention 10,412 27,204 43,125
Change 1033 2803 4454

Size of adult population 16+

3.2 Sensitivity Analyses

Figure 2 shows a tornado diagram displaying the impact of a
range of values for each variable on the ICER. The variables
having the largest impact on the ICER were the intervention
cost and the effect of the intervention on suicide rates. Other
key variables were the utility of the suicide attempt state, the
probability of suicide attempt from the ANRSA state, and
the cost of medical care in the ANRSA state. However, in
all one-way sensitivity analyses, the ICER remained under
$50,000/QALY. The ICER scatterplot demonstrating the
clustering of simulation estimates is presented in Fig. 3a.
The probabilistic sensitivity analyses show that 94.8% of the
simulation trials were found to be cost effective at a WTP of
$50,000 per QALY, and this percentage increased to 99.2%
at a WTP threshold of $100,000 per QALY (Fig. 3b). We
found an ICER of $20,802, $17,010 and $14,809 at a dis-
count rate of 0, 3, and 5%, respectively (Table 5). The ICER
was $8623 at 10 years and $8784 at 25 years (Table 7). We
found that the ICER was $21,096.14 from the healthcare
payer perspective.

4 Discussion

This is the first study examining the cost utility of the
implementation of a multidimensional suicide-prevention
program. We found a cost-effectiveness ratio of $18,853
per QALY, with a 94.8% chance of being cost effective at
a WTP threshold of $50,000 per QALY and resulting in a
large number of suicides (4454; 10.3% decrease) prevented
over a 50-year period. The cost and effect of the intervention
were the most important parameters; however, in all one-
way sensitivity analyses the ICER was less than $50,000
per QALY.

Our base-case results show that the differences in the
costs and effects were relatively small across the two groups.
The small difference in costs reflects the relatively small
cost of implementation (i.e., ~$3 per capita) [9], while the

difference in effects reflects the rarity of the events under
consideration (i.e., suicide rate and intentional self-harm
rate are 11 and 128 per 100,000 person-years, respectively).
Changes to these rates would result in relatively small
changes in the QALYs when examined among all individu-
als in a population rather than only those at high risk for
suicide.

To our knowledge, there are only four published studies to
date that have performed an economic evaluation of suicide-
prevention programs or policies for the general population
[9, 12, 43, 44]. These studies modeled the effects of a tel-
ephone hotline [12], multi-dimensional suicide campaign
[9], bridge barrier [43], or several different interventions
including media regulations, gun legislation and buybacks,
and follow-up of patients who attempted suicide with cog-
nitive behavioral therapy [44]. With the exception of gun
legislation and buybacks, all interventions were considered
cost effective at conventional benchmarks and demonstrate
that there are other cost-effective interventions to be consid-
ered in future policy discussions of multidimensional suicide
campaigns [9, 12, 43, 44]. More recently, two studies have
published results focusing exclusively on the cost effective-
ness of interventions targeting similar high-risk populations
in the emergency department [45, 46]. These studies have
found these interventions to be highly cost effective or cost
saving, which suggests that this component of the campaign
will be particularly important to implement.

Vasiliadis et al. examined the cost effectiveness of a mul-
tidimensional suicide-prevention program implemented
in Quebec similar to the one we modeled, and found an
ICER of $3979 per life-year saved [9]. We have extended
the work of Vasiliadis et al. [9] in several ways. Key differ-
ences in methods included the use of a 1-year study period
in comparison to the use of Markov models with a 50-year
time horizon in this study, examination of cost effectiveness
(i.e., $ per life year saved) rather than cost utility (i.e., $
per QALY). Furthermore, this study used a more conserva-
tive estimate of the effects of the intervention on suicides
and suicide attempts based on econometric evidence from
numerous countries that implemented suicide campaigns
compared to the 27% for suicide attempts and 16% for
suicides that were previously used as estimated from the
Nuremberg Alliance against Depression (NAD) trial [5, 6,
9]. These differences in methodology may have led to the
higher ICER estimate in our study [9]. However, regardless
of the methodological differences, both studies demonstrated
these interventions to be cost effective in Canada’s largest
provinces.

4.1 Policy Implications

Although suicide-prevention strategies have been imple-
mented in Quebec and in some jurisdictions as pilot projects,
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Fig.3 a Incremental cost-effectiveness ratio scatter-plot with 1000
simulations—base case (50 years, 1.5% discount rate, societal per-
spective). b Cost-effectiveness acceptability curve—base case. Due

such as the Zero suicide campaign in London, Ontario, no
national suicide-prevention strategy has been implemented
in Canada. This paper is a response to calls for the imple-
mentation of a national suicide-prevention strategy in an
editorial in Canada’s Leading Medical Journal (CMAJ)
[7] and articles in several Canadian newspapers. Our study
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to dense clustering of estimates, the scatter-plot shows the first 1000
simulations; campaign intervention vs. no-intervention

adds to a growing literature examining the effectiveness
and cost effectiveness of suicide-prevention interventions.
In 1999, Quebec implemented a campaign that was similar
to the campaign modelled in our study. It included starting
a provincial hotline and opening suicide-prevention centres,
initiating better mental health treatment for those attempting
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Table 7 Sensitivity analyses including healthcare perspective and
varying the time horizon for societal perspective

Cost* Effect® ICER?
(CAD 2016%) (QALY)
Mean SD Mean SD
Healthcare payer perspective 50 years
Intervention 196,059.50 26,117.71 20.986 3.826
No interven- 195,898.14 26,088.86 20.978 3.825
tion
Change 161.37 0.008 21,096.14
Societal 10 years
Intervention 31,725.48  12,302.21 7.429 0.357
No interven- 31,719.38  12,301.21 7.428 0.357
tion
Change 6.10 0.001 8623.39
Societal 25 years
Intervention 95,477.93 36,216.30 15.530 1.431
No interven- 95,449.45 36,199.83 15.527 1.431
tion
Change 28.48 0.003 8784.39

2All analyses conducted at a discount rate of 1.5%

suicide, installing bridge and railway barriers, and improv-
ing staff training at youth protection agencies. This strategy
was followed by a 45% reduction in the rate of suicides in
the following decade from 26.5 per 100,000 people to 14.6
per 100,000 people in 2009 [8]. However, to our awareness
there have not been any formal reviews of this intervention
published, and this estimate does not make use of a control
group or account for pre-existing time trends [8]. Although
this Canadian measure of effectiveness is a before-after
comparison without reference to a control group, evidence
across 21 OECD countries also demonstrated decreasing
suicide rates post-implementation of suicide campaigns
with considerably more robust methods including panel
econometric methods [5]. Given evidence from our Ontario
study and Vasiliadis et al.’s [9] study in Quebec, suggest-
ing multidimensional suicide-prevention campaigns are cost
effective in Canada’s largest provinces, the current evidence
base suggests that the introduction of a suicide-prevention
campaign across Canada is likely to be both effective and
cost effective. Greater resources should be allocated towards
suicide-prevention in order to prevent a considerable number
of deaths for a minimal cost per-capita.

4.2 Strengths and Limitations

A strength of this study was the design and use of a Markov
model, tunnel states, and a 50-year time horizon. We were
able to take into account the long-term dynamics of suicide
attempts and time-dependent probabilities, and account for

the greater healthcare costs among individuals who do not
commit suicide. Furthermore, this study used high-quality
inputs including estimates of the effect of suicide-preven-
tion campaigns and psychosocial interventions [5, 17] and
several transitions rates derived from high-quality govern-
ment-collected administrative and statistical data. Lastly, we
made use of both deterministic and probabilistic sensitivity
analyses to examine the role of variability and uncertainty
in model parameters, thereby testing the robustness and
enhancing the generalizability of our study findings.

Our study had several limitations. The model was con-
structed for the general adult population and does not take
into account the high variability of suicide rates known to
exist regionally and among individuals of different ethnic
origins or ancestries (e.g., indigenous populations). Assump-
tions about the cost or effects of interventions might not
apply universally to all aspects of Canada’s population.
Future work should explore this heterogeneity and exam-
ine cost effectiveness of suicide prevention for these key
subpopulations.

Second, there were limitations to the states and parame-
ters used in the model. The model used intentional self-harm
presenting to emergency departments (EDs) as the estimate
of suicide attempts. These events are less common and more
severe than suicide attempts that do not present to hospitals
and may be non-suicidal. However, most parameters for re-
attempts and intervention effects were for intentional self-
harm that presented to hospital [13, 29], and individuals who
self-harm without suicidal intent presenting to healthcare are
similar to those with suicidal intent, including the eventual
risk of suicide [47]. Furthermore, we did not include costs
associated with caregiver burden. Given the lack of data
on transition parameters, we were not able to model sui-
cide attempts that did not require hospital care and did not
include a depression state. It has been previously assumed
that the intervention would have identified and treated an
additional 7% individuals with depression [9]. Although we
may have missed some of the increased costs of treating self-
harm and depression in primary care, we did not account
for the effects of the intervention on productivity costs or
utility among these patient groups. Although we cannot
be certain, we believe that the exclusion of self-harm not
requiring hospital care and a depression state would largely
not have altered our results and would likely result in more
conservative findings. Furthermore, any potential underes-
timation of treatment costs would have been covered in our
one-way sensitivity analyses, which varied intervention costs
to a much greater extent. Additionally, the utility parameters
for the self-harm state was estimated by Dutch healthcare
professionals rather than patients or the general population,
given the unavailability of patient reported utilities.

Third, the model was for a closed population, which grad-
ually lost members over time to suicide and other deaths.
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Furthermore, this model reflects the population as is and did
not incorporate future changes in population structure (i.e.,
migration) or economic conditions (i.e., GDP, unemploy-
ment). Future work should consider open populations that
that take into account new population members and factor
in potential demographic and economic changes.

Lastly, given many of these inputs were from Ontario or
Quebec and there are differences in the levels of suicide and
in mental healthcare systems across countries, the results
may not be generalizable beyond a single-payer healthcare
setting. Given that suicide-prevention campaigns have been
shown to be effective across countries [5], the cost-effective-
ness in other jurisdictions will depend greatly on the ability
of jurisdictions to implement these interventions at a low
cost per capita.

5 Conclusion

We found that the introduction of a suicide-prevention cam-
paign may be cost effective in Ontario. Given parameters
reflecting the cost and effects of the policy were the most
important in sensitivity analyses, this suggests the need to
learn from existing suicide campaigns implemented else-
where. Cost-effectiveness modeling of suicide prevention is
feasible and may help inform policy discussions of suicide
prevention in Canada.
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