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ARTICLE INFO ABSTRACT

Background: We seek to identify conditions under which a plan by the Toronto District School Board (TDSB) to
equip high schools with naloxone kits would be cost-effective.

Methods: We developed a decision-analytic model to evaluate the costs, benefits, and cost-effectiveness of a
school-based naloxone program. We estimated model inputs from the medical literature and used Toronto-
specific sources whenever available. We present our results varying both the expected total number of opioid
overdoses per year across all 112 TDSB high schools and the effectiveness of a school-based naloxone program in
reducing mortality.

Results: A school naloxone program likely costs less than CAD$50,000 per quality-adjusted life-year gained if the
overdose frequency is at least once each year and it reduces opioid poisoning mortality by at least 40% (from
10% to < 6.0%) or if the overdose frequency is at least two per year and the program reduces mortality by at
least 20% (from 10% to < 8.0%). The results are sensitive to the intensity and cost of staff training, the lifetime
costs and life-expectancy of overdose survivors, and the probability of an overdose being fatal in the absence of a
school naloxone program.

Conclusions: School naloxone programs are relatively inexpensive, but that does not ensure that they are a cost-
effective use of resources. While potentially cost-effective, if the risk of an overdose in a Toronto high school is
low, then other programs aimed at improving the health and wellbeing of students may be better use of limited
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resources.

1. Introduction

Opioid poisoning can occur as a medical accident with commonly
prescribed pain medications, through the use illicit opioids, or through
the use of other non-opioid drugs (e.g., MDMA and cocaine) that have
been contaminated with opioids (Howlett, 2017). From 2007-2015,
hospitalizations for opioid poisoning increased by more than 30% for
all Canadians and by 62% among 15 to 24-year-olds (Canadian Centre
on Substance Abuse, 2016). Similarly, in the U.S., since 2004, the
number of opioid-related hospital admissions among 12 to 17-year-olds
has increased by approximately 8.7% each year (Kane et al., 2018). In
2017, 10.6% of Ontario students in grades 7-12 reported past-year use
of opioid pain relievers to get high and not for medical purposes and 1%
of students, approximately 5800 students, used fentanyl in the last year
(Boak et al., 2017). News reports of high school aged children dying of
opioid poisoning are uncomfortably common across North America
(Craig, 2017; D’Amato, 2017; Hudes and Powell, 2017; Larsen, 2017;
Luetzen, 2017; Postmedia News, 2017; Salvian, 2018; Smart, 2018;
Tomassoni et al., 2017; Zussman and McArthur, 2018) and overdoses

have been reported at U.S. schools (Bennett, 2018; Lake, 2014).

In response to the opioid crisis, naloxone is widely available to
laypersons through pharmacies and public health departments
(Canadian Pharmacists Association, 2017; Ontario Ministry of Health
and Long-Term Care, 2017). Police officers in many Ontario cities as
well as the Ontario Provincial Police carry naloxone (Howlett, 2017).
The U.S. National Association of School Nurses recommends naloxone
be incorporated into school emergency preparedness and response
plans (King and Embrey, 2016). High schools in Connecticut, Delaware,
Kentucky, Massachusetts, New York, New Mexico, and Pennsylvania
have school-based naloxone programs (King, 2016; Pennsylvania
Department of Health, 2018; The Recovery Village, 2018).

On February 8, 2018, several news outlets reported that the Toronto
District School Board (TDSB) was planning to put naloxone nasal spray
kits into all of its secondary schools (112 schools in total serving ap-
proximately 74,000 students (Toronto District School Board, 2018)) as
part of a plan to combat the opioid crisis (Hamadi, 2018; Rizza, 2018).
The total cost of the kits was estimated at $16,000-$20,000, which is
small relative to the TDSB annual budget of approximately $3.1 billion
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Table 1
Parameter values and sources.
Parameter Estimate Range Source
Population
Student age 16 13-18 Assumed
% Male 50% 24 - 76% Boak et al. (2017); Special Advisory Committee on the Epidemic of

Opioid Overdoses (2018)

Program effectiveness and patient outcomes

Number of overdoses per year Unknown  0.1-5.0
Probability that an opioid overdose is fatal, status quo 10.1%" 1.8%-22% Belz et al. (2006); City of Toronto (2018); Milloy et al. (2008)
Reduction in mortality from school-based programs: 4 Scenarios 15% Rando et al. (2015)
considered 27% Walley et al., (2013)
46% Walley et al. (2013)
97% Doe-Simkins et al. (2014)
Hospital admission 54.7% 30-70% Yokell et al. (2014)®

School-based Naloxone Program Costs
Program set-up costs

Number of schools 112 Rizza (2018)
Initial Naloxone Inventory $18,000 $16,000-$20,000 Rizza (2018)
Number of teachers or staff trained per school 3 2-4 Rizza (2018)
Training the trainers (seven 4-hour sessions)
Training program cost $1,123 Calculated®
Teacher/staff attendance $26,651 Calculated?
Training additional staff (1-hour sessions for 3 staff in each school)  $19,988
Total initial program costs $65,762 50,000-100,000 Calculated®
Annual amortized cost of initial program set-up $7,379 5,610-11,220 Calculated"
Program maintenance costs
Annual naloxone inventory replacement $9,000 7,000-10,000 North Carolina Harm Reduction Coalition, (2018)
Annual ongoing training costs $20,697 16,000-24,000 Calculated®
Medical Care Costs
Ambulance cost” $929 750- 1500 City of Toronto (2017)
Hospital costs'
Emergency department $396 250- 750 CIHI (2016); Hsu et al. (2017); Yokell et al. (2014)
Inpatient care, survivors $3,364 2,500-4500 CIHI (2016); Hsu et al. (2017); Yokell et al. (2014)
Inpatient care, fatality $7,717 6,500-9000 CIHI (2016); Hsu et al. (2017); Yokell et al. (2014)
Physician costs
Emergency department $76.90 Ontario MOHLTC (2016)
Inpatient care, survivors $354.96 Ontario MOHLTC (2016)
Inpatient care, fatality $375.56 Ontario MOHLTC (2016)
Long-term outcomes
One-year mortality after opioid overdose, incremental over age- 9.95% 7.5%-12.5% Weiner et al. (2017)
specific mortality
Chronic substance use disorder (SUD) in survivors 100% 0-100% Assumed
Long-term, relative risk on age-specific mortality, SUD 14.68 3.6-18.8 Mathers et al. (2013)
Multiplier on baseline age-specific health care costs, SUD 1.64 1.3-2.4 Clark et al. (2009)
Multiplier on baseline age-specific utilities, SUD 0.80 0.73-0.90 Coffin and Sullivan (2013a)
Multiplicative modifiers for individual in drug treatment
Mortality 0.42 0.32-0.56 Degenhardt et al. (2011)
Health care costs 0.71 0.60-1.20 Baser et al. (2011)
Utilities 1.07 1.0-1.20 Coffin and Sullivan (2013a)

Life-expectancy and health care costs for survivors
100% SUD with 23% in drug-use treatment

Lifetime discounted costs 96,679 Calculated

Discounted life years 26.18 Calculated’

Discounted quality-adjusted life-years 19.90 Calculated’
Average-values for Canadian population (after year 1)

Lifetime discounted costs 157,726 Calculated

Discounted life years 37.53 Calculated’

(continued on next page)



L.E. Cipriano, G.S. Zaric Drug and Alcohol Dependence 192 (2018) 352-361

Table 1 (continued)

Parameter Estimate Range Source
Discounted quality-adjusted life-years 34.63 Calculated’
Discount rate 1.5% 0-5% CADTH (2017)

@ 1504 non-fatal overdoses and 111 fatal overdoses between August 7, 2017 and February 4, 2018 (26 weeks) with 518 naloxone administrations by either
community members or paramedics (City of Toronto, 2018). We calculate the probability of death from overdose, when naloxone is not administered, given Toronto’s
current emergency response system services as 111/(1504 + 111-518) = 0.1012.

> yokell et al. (2014) report that 45.3% are discharged from the emergency department directly. We assume all fatalities occur after admission.

¢ Hourly wage for a nurse in Toronto was $38.50 in 2016 (Living in Canada, 2018). We adjusted for inflation to get $40.10/hour and calculate the total as
$40.10 per hour X 7 session X 4 h per session = $1123.

4 The annual salary of a teacher in Toronto with 10-years of experience is about $92,327 with 192 8-hour work days (Statistics Canada, 2017; Ontario Secondary
School Teachers’ Federation, 2014). This results in an hourly wage of $59.49 [$92,327/(192 x 8) = 59.49]. We calculated the total as = $59.49 per hour X 4 h per
session X 112 teachers = $26,651.

¢ Calculated as the sum of the training program cost (4-hour training led by a nurse, $1123) including the opportunity cost of 1 teacher per school attending the
training to become a trainer ($26,651) plus the opportunity cost of 2 additional teachers (and the teacher-trainer) to participate in the 1-hour training within each
school ($19,988).

f Calculated using 2.15% Ontario savings bond rate (Ontario Ministry of Finance, 2017) assuming a 10-year amortization period (Toronto District School Board, 2017).

8 We assumed that all staff would require retraining every three years, consistent with Red Cross general first aid certification requirements (Canadian Red Cross,
2018) and an additional 10% of staff would need to be trained per year to account for retirements and staff turnover.

b Based on 220,667 patients transported in 2016 and total expenditures of $204,912,700; average cost per patient = 204,912,700/220,667 = $928.61 (City of
Toronto, 2017).

i Among patients admitted to the hospital, we estimated the relative cost of fatal vs. non-fatal overdose using a US study of hospital costs (Hsu et al., 2017). We
estimated the relative cost of patients discharged directly from the emergency department (compared to those admitted) from a report of US hospital charges (Yokell
et al., 2014), applying cost-to-charge ratios. We assumed the proportion of emergency department discharges consistent with the latter US study (Yokell et al., 2014)
and otherwise scaled the costs to be consistent with the average cost of CMG 778 (Poisoning/Toxic Effect of Drug) in a Canadian hospital.(Canadian Institute for
Health Information, 2016).

I Calculated using Canadian life tables (Statistics Canada, 2015), the average age-specific costs of health care in Canada (Canadian Institute for Health Information,
2016), and median age-specific quality-of-life weights in Canada (Guertin et al., 2018). Incorporates one-year higher mortality after surviving opioid overdose
(Weiner et al., 2017). After one-year, in individuals with SUD, increases in long-term mortality, costs, and decreases in quality-of-life were incorporated to account

for life with untreated and treated SUD (Baser et al., 2011; Clark et al., 2009; Coffin and Sullivan, 2013a; Degenhardt et al., 2011; Mathers et al., 2013).

(Toronto District School Board, 2017). However, other treatment and
harm reduction plans are in place in Toronto (Toronto Public Health,
2017) and the value of the investment by the TDSB depends on the
incremental benefit of the school-based naloxone plan on top of existing
services.

Although there have been no public reports of overdoses at Toronto
or other Canadian schools, general concern regarding the opioid epi-
demic and reports of fatal overdoses in high school students have led to
the implementation of school-based naloxone policies in other Ontario
school districts as well as in at least some schools in British Columbia
and Alberta (Campbell, 2017; Dangerfield, 2017; Ferguson, 2018;
Michaels, 2018; Wells, 2017). Some Canadian school districts have
decided against it (Outhit, 2018). The purpose of this article is to use
the principles of cost-effectiveness analysis to understand the condi-
tions under which a school-based naloxone program is a cost-effective
use of resources not because the program is costly, but because tar-
geting overdose fatality prevention at such a low-risk population has
unclear value.

2. Materials and methods

We constructed a decision-analytic model to estimate the incre-
mental costs, health effects, and cost-effectiveness ratio, of placing
naloxone in high schools, relative to relying on existing emergency and
public health resources. Costs are expressed in 2017 Canadian dollars
(CAD); when necessary, costs were adjusted for inflation using the
Canadian Consumer Price Index (Statistics Canada, 2018). We consider
a societal perspective and a lifetime horizon for evaluating costs and
benefits. Future costs and health benefits discounted at 1.5% consistent
with the 2017 Canadian Guidelines for the Economic Evaluation of
Health Technologies (Canadian Agency for Drugs and Technologies in
Health (CADTH), 2017). Base case parameter values are shown in
Table 1. Model documentation follows CHEERS' recommendations
(Husereau et al., 2013). Cost-effectiveness was measured in incremental

costs per quality-adjusted life-year (QALY) gained and we compare
results to the common benchmark threshold of $50,000 per QALY-
gained (Griffiths and Vadlamudi, 2016). We performed deterministic
and probabilistic sensitivity analysis (probability distributions pre-
sented in Supplemental Table 1). We implemented the model in Mi-
crosoft Excel 2016 and we make the model available as online Sup-
plemental Material. Institutional ethics review was not required for this
study.

2.1. Program costs

Startup costs for the program include training and purchasing the
initial supply of naloxone. We assumed that Toronto Public Health
would train one staff member per school in four-hour group sessions
consisting of 18 TDSB staff per session, consistent with descriptions of
group training elsewhere (Devries et al., 2017). All subsequent training
would be done by those TDSB staff to others at their schools in a
“trainee-becomes-the-trainer” approach (Devries et al., 2017; Rizza,
2018). The cost of training was based on annual teacher salaries to
reflect the opportunity cost of time devoted to training. We assumed
that the initial cost of naloxone was $18,000, which was the mid-point
of a published estimated cost range (Rizza, 2018). We assumed startup
costs would be amortized over 10 years, consistent with the amortiza-
tion duration the TDSB applies to the first-time equipping of schools
(Toronto District School Board, 2017).

We assumed that all staff would require retraining every three years,
consistent with Red Cross general first-aid certification requirements
(Canadian Red Cross, 2018), and an additional 10% of staff would need
to be trained per year to account for retirements and staff turnover. We
assumed that naloxone kits would need to be replaced every two years
(North Carolina Harm Reduction Coalition, 2018).
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Fig. 1. Incremental cost-effectiveness ratio (ICER) as a function of number of
overdoses per year (across all 112 TDSB high-schools) and program effective-
ness. (A) Training costs based on a “trainee-becomes-the-trainer” model. (B)
Training costs based on a half-day nurse-led training program.

2.2. Number of opioid poisonings in the school environment

The expected number of opioid overdoses per year that take place on
or near school property is not known so model results are expressed in
terms of this parameter. We varied this number from 0.1 (representing
one overdose every 10 years across the entire school system) to 5.

2.3. Probability of fatal opioid overdose

There is uncertainty in the probability that an opioid overdose would
be fatal in the absence of naloxone in high schools. One study of the
number of overdose deaths potentially avoided by the Vancouver
Supervised Injection Facility estimated, based on prior literature, a ratio
of non-fatal to fatal overdoses ranging from 8.9 to 53.8 (Milloy et al.,
2008), corresponding to probabilities of fatal overdose of 1.8% to 10.1%.
Over a 26-week period from August 7, 2017 to February 4, 2018, the
Toronto Overdose Information System reports that paramedics have re-
sponded to 1504 non-fatal and 111 fatal opioid overdoses (City of
Toronto, 2018). Among non-fatal overdoses, 284 people received na-
loxone by a community member prior to Emergency Medical Services
(EMS) arrival and approximately 234 received naloxone by EMS (City of
Toronto, 2018). We used these numbers to estimate a probability of death
given overdose of 10.1% [111/(1504 + 111-(284 + 234)) = 0.1012] in
the base case and varied this in sensitivity analysis.

2.4. Effectiveness of a school-based naloxone program to reduce mortality

Naloxone is highly efficacious at reversing opioid poisoning and
returning breathing (Doyon et al., 2014; Kim et al., 2009; Wermeling,
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2015). Studies of community naloxone programs demonstrate that na-
loxone can be used effectively by laypersons and non-medical emer-
gency personnel (Clark et al., 2014; Davis et al., 2014; Doyon et al.,
2014; Lewis et al., 2016). For example, studies of naloxone programs
targeting people who inject drugs achieve greater than 90% effective-
ness when naloxone is administered (Doe-Simkins et al., 2014; Enteen
et al., 2010). However, challenges in identifying a situation as one in
which naloxone may help could result in missed opportunities and
hence reduced effectiveness at reducing mortality from opioid poi-
soning (Fisher et al., 2016; Sumner et al., 2016). Despite these chal-
lenges, the introduction of programs to make naloxone broadly avail-
able to laypersons and non-medical first responders have demonstrated
substantial impacts on the overall opioid overdose mortality rate ran-
ging from 15% to 46% (Rando et al., 2015; Walley et al., 2013). We
used this information to construct four scenarios representing the po-
tential incremental effectiveness of a school-based program relative to
existing services.

2.5. Survival and future healthcare costs

We assumed an average age of 16 and that half of all individuals
suffering an opioid overdose were male consistent with equal rates of
prescription opioid misuse by gender in Canadian youth (Boak et al.,
2017). We assumed that all individuals experiencing opioid poisoning
would be transported by ambulance to the emergency department as
part of the first aid protocol used by schools. In the model, all overdose
survivors have an elevated one-year mortality rate of 9.95% consistent
with mortality rate observed in Massachusetts for individuals treated
with naloxone (Weiner et al., 2017).

Canadian average age-specific future costs, life years, and quality-
of-life weights were estimated from Statistics Canada, the Canadian
Institute for Health Information (CIHI), and the Canadian Community
Health Survey (Canadian Institute for Health Information, 2016;
Guertin et al., 2018; Statistics Canada, 2015). In the base case, we as-
sumed all overdose survivors have the higher-than-average mortality,
higher-than-average costs, and lower-than-average quality-of-life asso-
ciated with untreated and treated chronic substance use disorder (SUD).

Specifically, in the model, individuals with a history of overdose
face a lifetime of higher mortality risk consistent with the standardized
mortality ratios associated with opiate addiction (Mathers et al., 2013).
We lowered these rates for individuals who participated in addiction
treatment (risk ratio of 0.42) (Degenhardt et al., 2011). Baseline health
care costs were increased by a factor of 1.64 consistent with multiplier
observed in state Medicaid program for individuals with substance use
disorders compared to those without a substance use disorder (Clark
et al., 2009). We assumed 29% lower costs for individuals who parti-
cipated in addiction treatment, resulting in a multiplier of 1.16 on
baseline health care costs, as the substantial incremental costs asso-
ciated with mediation-assisted addiction treatment are off-set by re-
ductions in hospitalizations and emergency department visits (Baser
et al., 2011). We assumed a multiplier on age-specific utilities of 0.8 in
overdose survivors consistent with estimates associated with opioid
addiction and a 7% improvement in quality of life for individuals who
participate in addiction treatment (Coffin and Sullivan, 2013a). In
sensitivity analysis, we varied these values significantly, including
scenario analysis in which overdose survivors have the same future
costs and benefits as the general population.

In the base case, we assumed that 23% of opioid poisoning survivors
with SUD participate in drug-use related treatment, and going forward
individuals transition between untreated and treated SUD health states
maintaining 23% of the population in treatment consistent with the rate
observed in the 2005-2013 National Surveys on Drug Use and Health
(Wu et al., 2016).
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Table 2
Minimum reduction in overdose mortality required for the school-based na-

loxone program to be cost-effective given the willingness-to-pay (WTP)
threshold.

Across all TDSB
high schools, on-

Training costs based on a
“trainee-becomes-the-trainer”

Training costs based on a half-
day nurse-led training

campus opioid model program

overdose occurs

once every... $50,000 $100,000 $50,000 $100,000
/QALY- /QALY- /QALY- /QALY-
gained gained gained gained

10 years Not Not Not Not
achievable achievable achievable achievable

5 years Not 97% Not Not
achievable achievable achievable

3 years Not 57% Not 87%
achievable achievable

2 years 82% 39% Not 59%

achievable

1 years 41% 20% 62% 30%

0.5 years 21% 10% 31% 15%

0.25 years 11% 5% 16% 8%

3. Results

3.1. Base case analysis

We varied the expected number of overdoses per year and the ef-
fectiveness of school-based naloxone in preventing mortality (Fig. 1a).
The incremental cost-effectiveness ratio (ICER) is decreasing in the
expected annual number of overdoses and decreasing in the effective-
ness of the program in reducing mortality from overdose. When the
total expected number of overdoses annually across all 112 high-school
in the TDSB is more than two per year, then the program would cost less
than $50,000 per QALY-gained if the program reduces opioid poisoning
mortality by at least 20% (Table 2). However, at a lower frequency of
overdose, the ICER becomes sensitive to program effectiveness. If there
is less than one overdose every year, it is unlikely that a school-based
naloxone program will be cost-effective unless the program reduces the
mortality rate by at least 40% (from 10% to less than 6%).

This analysis highlights the range of assumptions under which a
school-based naloxone program could be cost-effective (Table 3). In the
most optimistic case, where a school-based program would nearly
eliminate overdose mortality, the program would have an ICER of less
than $50,000 per QALY-gained if the overdose frequency was 0.4 per
year (approximately once every 2.5 years). In the least optimistic case,
in which we assumed a 15% reduction in the mortality rate, as was seen
after naloxone was provided to police services in one community

Table 3
Annual number of overdoses required for the school-based naloxone program to
be cost-effective given the willingness-to-pay (WTP) threshold.

Naloxone Effectiveness in Reducing Mortality

WTP threshold 15% 27% 46% 97%

Training costs based on a “trainee-becomes-the-trainer”

model
$50,000 per QALY- 2.71 1.51 0.89 0.42
gained
$100,000 per QALY- 1.29 0.72 0.42 0.20
gained
Training costs based on a half-day nurse-led training
program
$50,000 per QALY- 4.11 2.29 1.35 0.64
gained
$100,000 per QALY- 1.96 1.09 0.64 0.31
gained
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Fig. 2. Incremental cost-effectiveness ratio (ICER) as a function of number of
overdoses per year (across all 112 TDSB high schools) and the proportion of
overdose survivors with a chronic substance use disorder at various levels of
program effectiveness: (A) 15% mortality reduction; (B) 27% mortality reduc-
tion; and (C) 46% mortality reduction compared to the status quo (10.1%
mortality).

(Rando et al., 2015), the program would achieve an ICER of $50,000
per QALY-gained if there were approximately 2.7 overdoses per year
and an ICER of $100,000 per QALY-gained if there were approximately
1.3 overdoses per year.

3.2. Sensitivity analysis

The cost-effectiveness of a school-based naloxone program is sen-
sitive to the intensity, and hence cost, and the training programs
(Table 3). Individuals suffering from opioid poisoning may require and
benefit from rescue breathing and cardiopulmonary resuscitation
(American Heart Association, 2015). We considered the possibility of
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Table 4
Deterministic Sensitivity Analysis. Incremental cost-effectiveness ratio ($/QALY gained) varying the effectiveness of a school naloxone program to reduce mortality
and the expected number of overdoses (OD) per year for different values of other model inputs.

Mortality reduction = 15% Mortality reduction = 27% Mortality reduction = 46%

Parameter 0.5 OD/year 1 OD/year 2 OD/year 0.5 OD/year 1 OD/year 2 OD/year 0.5 OD/year 1 OD/year 2 OD/year
Base case 250,200 127,400 66,000 141,000 72,800 38,700 84,700 44,700 24,700
Student age (base case = 16)

13 years 238,100 121,300 62,900 134,300 69,400 36,900 80,700 42,600 23,500

18 years 258,400 131,600 68,200 145,700 75,200 40,000 87,500 46,100 25,400
Overdose mortality rate (base case = 10.1%)

Very low (1.8%) 1,385,000 694,800 349,700 771,500 388,100 196,400 454,700 229,700 117,200

Low (5%) 501,600 253,100 128,900 280,700 142,700 73,700 166,700 85,700 45,100

High (15%) 170,300 87,500 46,000 96,700 50,700 27,600 58,700 31,600 18,100

Very high (22%) 117,600 61,100 32,900 67,400 36,000 20,300 41,500 23,100 13,800

Long-term survival, costs, and quality-of-life
1-year mortdlity after initial survival (base case = 9.95%)

5% 237,600 121,100 62,900 134,000 69,400 37,000 80,600 42,600 23,600

7.5% 243,800 124,200 64,400 137,500 71,100 37,900 82,600 43,600 24,100

20% 280,400 142,500 73,600 157,900 81,200 42,900 94,600 49,600 27,100
Long-term hazard ratio on mortality (base case = 14.68)

3.6x 201,300 103,700 55,000 114,600 60,400 33,300 69,800 38,000 22,100

8x 224,200 114,700 59,900 126,900 66,000 35,600 76,600 40,900 23,000

16x 254,700 129,600 67,100 143,500 74,000 39,300 86,100 45,300 25,000
Long-term multiplier on health care costs (base case = 1.64)

1.3x 249,100 126,400 65,000 140,000 71,800 37,700 83,700 43,700 23,600

2.4x 252,400 129,600 68,300 143,300 75,100 41,000 86,900 46,900 26,900
Long-term quality-of-life weight (base case = 0.8)

0.73 222,400 113,200 58,700 125,400 64,700 34,400 75,300 39,700 21,900

0.90 274,100 139,600 72,300 154,600 79,800 42,500 92,800 49,000 27,000
Combination scenarios

Overdose survivors have Canadian average 131,700 68,000 36,200 75,100 39,800 22,100 45,900 25,200 14,800

mortality, health-care costs, and utilities
immediately (no elevated mortality even in year 1)
Overdose survivors have Canadian average 145,500 75,000 39,700 82,800 43,600 24,000 50,400 27,400 15,900
mortality, health-care costs, and utilities after year
1
Overdose survivors have ‘low-intensity’ substance 173,300 88,800 46,600 98,200 51,300 27,900 59,500 31,900 18,200
use disorder effects (7.5% one-year mortality, 3.6x
long-term mortality, 1.3x long-term costs, 0.9x
effect on utilities)
Drug treatment
Uptake of drug treatment (base case = 23%)

0% 262,300 133,600 69,300 147,900 76,400 40,700 88,900 46,900 25,900
50% 235,800 120,000 62,200 132,900 68,600 36,400 79,800 42,000 23,200
100% 207,800 105,800 54,800 117,100 60,500 32,100 70,300 37,100 20,400
Impact of drug treatment on long-term outcomes

Low mortality benefit (0.56) 252,000 128,300 66,500 142,100 73,300 39,000 85,300 45,000 24,800
High mortality benefit (0.32) 248,800 126,700 65,700 140,300 72,500 38,600 84,300 44,500 24,600
Decreases net costs (0.6) 250,000 127,300 65,900 140,900 72,700 38,600 84,600 44,500 24,500
Cost neutral 250,500 127,700 66,400 141,400 73,200 39,100 85,000 45,000 25,000
Increases costs (1.2) 250,700 128,000 66,600 141,600 73,400 39,300 85,300 45,300 25,200
No impact on utilities (1.0) 254,200 129,400 67,100 143,300 74,000 39,400 86,100 45,400 25,100
High impact on utilities (1.2) 243,000 123,800 64,100 137,000 70,800 37,600 82,300 43,400 23,900
Combination scenario: Best-case drug treatment 241,600 123,000 63,700 136,100 70,300 37,300 81,700 43,100 23,700
(low-cost, high-benefit)

Combination scenario: Worst-case drug treatment 256,700 131,000 68,100 144,900 75,100 40,200 87,300 46,300 25,800

(high-cost, low-benefit)
Teachers trained per school (base case = 3)

Fewer teachers trained per school (2) 226,100 115,400 60,000 127,700 66,200 35,400 76,800 40,700 22,700

More teachers trained per school (4) 274,200 139,400 72,000 154,400 79,500 42,100 92,500 48,600 26,600

Many more teachers trained per school (6) 322,400 163,500 84,100 181,200 92,900 48,800 108,200 56,400 30,500
Length of initial “train-the-trainer” session (base case = 4 h)

Shorter initial training (2 h) 200,000 102,300 53,500 113,200 58,900 31,800 68,300 36,500 20,600

Longer initial training (8 h) 350,500 177,600 91,100 196,800 100,700 52,700 117,400 61,000 32,800
Re-training frequency (base case: complete re-training every 3 years; 10% of teachers re-trained annually)

Lower re-training needs (5-years and 5%) 192,200 98,400 51,500 108,800 56,700 30,700 65,800 35,200 19,900

Higher re-training needs (2-years and 15%) 318,700 161,700 83,100 179,100 91,900 48,300 107,000 55,800 30,200
Initial naloxone inventory cost (base case = $18,000)

$16,000 242,000 123,300 64,000 136,500 70,600 37,600 82,100 43,300 24,000

$20,000 258,300 131,400 68,000 145,500 75,100 39,900 87,300 46,000 25,300

$30,000; equivalent to 3 doses per school 298,800 151,700 78,200 168,100 86,400 45,500 100,600 52,600 28,600
Hospital costs (emergency and inpatient)

Lower 250,200 127,400 66,000 141,100 72,900 38,800 84,700 44,700 24,700

Higher 250,100 127,400 66,000 141,000 72,800 38,700 84,700 44,700 24,600
Discount rate (base case = 1.5%)

0% 185,700 95,400 50,200 105,400 55,300 30,200 64,000 34,500 19,800

(continued on next page)
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Table 4 (continued)
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Mortality reduction = 15%

Mortality reduction = 27% Mortality reduction = 46%

Parameter 0.5 OD/year 1OD/year 2 OD/year 0.5 0D/year 1 OD/year 2 OD/year 0.5 OD/year 1 OD/year 2 OD/year
3% 323,600 163,900 84,100 181,700 93,000 48,600 108,400 56,300 30,300
5% 432,100 217,900 110,900 241,700 122,800 63,300 143,500 73,700 38,800

Amortization period for training and naloxone inventory costs (base case = 10 years)

1 year 646,100 325,400 165,000 361,000 182,800 93,700 213,800 109,200 56,900
5 years 294,100 149,400 77,000 165,400 85,000 44,800 99,000 51,800 28,200
25 years 224,000 114,300 59,500 126,500 65,600 35,100 76,200 40,400 22,500

all staff participating in a four-hour session led by a nurse (similar to the
training session provided to the to-be “trainers”) to ensure confidence
in their preparation which significantly increased the incremental cost-
effectiveness ratios (Fig. 1b). At these higher costs, the program is only
cost-effective at a willingness-to-pay of $50,000 per QALY-gained if
there are more than two overdoses per year and the program reduces
overall overdose mortality by at least 31%.

In our base case analysis, we assumed that all overdose survivors
would experience long-term health care costs, life expectancy, and
quality-of-life consistent with a chronic substance use disorder (SUD).
Our results are sensitive to this assumption (Fig. 2). In a scenario in
which we assumed overdose survivors have ‘low-intensity’ SUD (mod-
elled using the low values from the sensitivity analysis range for one-
year mortality, long-term mortality, and cost and the high value for
quality-of-life), the ICER of a school-based naloxone program decreased
by approximately 30% (Table 4). In a scenario in which we assumed
survivors immediately had Canadian average health care costs, life-
expectancy, and quality-of-life resulted in ICERs that were nearly half
those in the base case analysis. For example, if there is one overdose per
year and a school-based naloxone program reduces mortality by 27%,
then the ICER is $72,800 per QALY-gained if overdose survivors have
chronic SUD, $51,300 per QALY-gained if overdose survivors have a
‘low-intensity’ SUD, and $39,800 per QALY-gained if overdose survi-
vors go on to have average Canadian life outcomes (Table 4).

Our results are also sensitive to the status quo mortality rate. If the
current mortality rate from opioid overdose is higher than in our base
case (22%, as observed in Belz et al., 2006), then a school naloxone
program appears dramatically more cost-effective. However, if current
care in response to an overdose at a Toronto high school results in a
mortality rate less than 5%, then it is unlikely a school naloxone pro-
gram will reduce mortality enough to be cost-effective even if there are
more than two overdoses per year.

Probabilistic sensitivity analysis indicated that at a willingness-to-
pay of $50,000 per QALY-gained, the probability that a school-based
naloxone program is cost-effective only exceeds 50% if there are more
than two overdoses per year and the program reduces mortality by
more than 27% or if there is more than one overdose per year and the
program reduces mortality by more than 46% (Fig. 3). Even at a higher
willingness-to-pay of $100,000 per QALY-gained, the probability that a
school-based naloxone program is cost-effective is highly dependent on
the expected number of overdoses per year and the program’s effec-
tiveness. If there is only one overdose every other year, the probability
that the program is cost-effective is 0.1%, 2.9%, and 16.7% if the
program reduces the probability of a fatal overdose by 15%, 27%, and
46%, respectively. If there is greater than one overdose per year, then
the probability that a school-based naloxone program is cost-effective is
23%, even if the program only reduces mortality by 27%; the prob-
ability of being cost-effective increases to over 50% if the program re-
duces mortality by 46% or if the number of overdoses per year is
greater than 2.

4. Discussion

We constructed a model to evaluate the cost-effectiveness of a

school-based naloxone program in Toronto secondary schools.
Distributing naloxone to individuals who are likely to be present at the
time of the overdose (as with laypersons who are family or friends of a
person with a known addiction to opioids) or whose response time can
be extremely short because of relative ubiquity (as with police and fire
services—and, in a school environment, teachers—compared to ad-
vanced life support paramedic services) aims to reduce the time from
opioid exposure to naloxone administration, which increases the
chances of survival. High schools present a comparably low-risk setting
and so we performed our cost-effectiveness analysis not because the
program is costly, but because it has unclear value.

We find that a school-based naloxone program is cost-effective at a
willingness-to-pay of $50,000 per QALY-gained under the following
conditions: if it reduces opioid poisoning mortality by at least 40% and
there is at least one overdose per year; or, if it reduces mortality by at
least 20% and there are at least two overdoses per year. A program with
a modest effect on the mortality rate of 15%, as was seen in the first
year after naloxone was provided to police services in one community
(Rando et al., 2015), has an ICER less than $50,000 per QALY-gained
only if there are, on average, 2.7 opioid overdoses across all 112 high
schools in the TDSB each year. If the frequency of overdose is less than
once every 2 years, then the program is not likely to be cost-effective
(the mortality reduction needs to exceed 82%). While relatively low-
cost on a per-school basis and relative to the total budget of the school
board, low-cost alone does not make a program such as this a good use
of resources. Several school-based prevention and harm reduction
programs have been estimated to be cost-saving (e.g., sexually trans-
mitted infections and pregnancy prevention programs (Wang et al.,
2000); tobacco-use prevention program (Wang et al., 2001); and an
asthma treatment program (Noyes et al., 2013)) and others appear to be
more cost effective than a school-based naloxone program (e.g., child-
hood obesity prevention program (Ekwaru et al., 2017); an eating
disorder screening program (Wright et al., 2014); and a cannabis-use
prevention program (Deogan et al., 2015)).

Despite decreasing non-medical opioid drug use (Boak et al., 2017),
the risk of overdose among young people is increasing due to an in-
crease in fentanyl use, fentanyl contamination, and counterfeit drugs
(Coroners Service of British Columbia, 2018a, b; Salvian, 2018; Special
Advisory Committee on the Epidemic of Opioid Overdoses, 2018).
However, the frequency of overdose in a school setting is unknown and
the ability of teachers to recognize the appropriate signs and symptoms
is uncertain. It is known that response time is critical to survival and
programs that have equipped non-medical first responders and lay-
people with naloxone improve survival outcomes (Giglio et al., 2015).
In Toronto, approximately 10% of overdoses that emergency medical
services responded to resulted in death when naloxone had not been
administered (City of Toronto, 2018). For a school-based naloxone
program to be cost-effective, the expected number of opioid poisonings
occurring within Toronto high-schools needs to exceed one each year
and trained staff need to effectively recognize and respond to opioid
poisoning rapidly in order to reduce overdose mortality by more than
40% (from 10% to < 6%).

Naloxone is safe, even when administered to an individual who has
not been exposed to opioids, with few, extremely rare adverse effects
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Fig. 3. Probabilistic sensitivity analysis. The probability that a school-based
naloxone program is cost effective for different expected number of opioid
poisonings per year for a program with (A) 15% mortality reduction; (B) 27%
mortality reduction; and (C) 46% mortality reduction compared to the status
quo (10.1% mortality). All input parameters were varied simultaneously with
5000 replications using distributions described in Supplemental Table 1.

(Cressman et al., 2017; Doyon et al., 2014; Kerensky and Walley, 2017;
Wheeler et al., 2015). However, uncertainty in the nature of a medical
emergency or the stress of an emergency situation may cause a by-
stander to hesitate, as has been observed with bystander resuscitation
and AEDs in public spaces (Chan et al., 2014; Swor et al., 2013, 2006).
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For individuals with prior exposure to overdose, training may take as
little as five minutes to one hour (Devries et al., 2017) but with in-
dividuals who have less exposure, training may be longer in duration to
ensure confidence in preparedness (Panther et al., 2017). If higher in-
tensity training is required to ensure high school staff are prepared and
ready to use naloxone when a situation arises, then our analysis in-
dicates that the frequency of overdose will need to be at least two per
year for the program to be cost-effective.

Previous cost-effectiveness analyses, two based on US data, one on
UK data, and one on Russian data, have evaluated the costs and benefits
of distributing naloxone to individuals at high risk of opioid overdose
via illicit injection drug use (Coffin and Sullivan, 2013a, b; Langham
et al., 2018; Uyei et al., 2017). These analyses find that distributing
intramuscular naloxone kits to individuals with an annual risk of
overdose ranging from 7% to 20%, results in reducing the overall
number of overdose deaths by about 6% (13% in the highest risk po-
pulation) and is highly cost-effective with an incremental cost-effec-
tiveness ratio below $2000 per QALY gained (USD). As these studies
focused on distributing naloxone to populations at high risk of over-
dose, the results may not be immediately transferable to a secondary
school setting where the frequency of overdose is expected to be low.

Our analysis has limitations including many simplifications.
However, extensive sensitivity analysis reveals that our results are ro-
bust to uncertainty in most model parameters. Our model only con-
siders whether or not naloxone in high schools is cost-effective com-
pared to the status quo—it does not consider increasing access to drug
use education (Golonka et al., 2017), harm reduction programs tar-
geting youths (Toumbourou et al., 2007), or other social programs
which may effectively prevent unsafe drug use, overdose, or overdose
mortality. Youths are often especially at risk because they experiment
with mixing drugs and increasing doses but are often not tied into harm
reduction programs in which they may learn safer use practices in-
cluding naloxone programs for drug users (Jenkins et al., 2017;
Marshall et al., 2016; Toumbourou et al., 2007).

5. Conclusions

If the risk of an overdose in a Toronto high school is low, then other
programs aimed at improving the health and wellbeing of students may
be better use of limited resources. However, our analysis demonstrates
that making naloxone available in TDSB secondary schools is likely to
be cost-effective if there are at least two overdoses every year. High
school students have relatively lower rates of opioid use for medical
purposes than the general population, but have relatively high rates of
non-medical use resulting in increasing rates of hospitalization (Boak
et al.,, 2017; Canadian Centre on Substance Abuse, 2016; Canadian
Centre on Substance Use and Addiction, 2017). If it is not yet cost-
effective to equip high school staff with naloxone, it may be in the
future. Naloxone can reverse opioid poisoning, but not the opioid crisis.
Additional programs are necessary to reduce the number of opioid
overdoses among Canadians overall and in youth specifically.
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