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Abstract
Little is known about the health care and economic burdens of nonfatal �rearm injuries for
children/youth beyond the initial admission. This study sought to estimate health care utilization and
total direct health care costs of nonfatal �rearm injuries one-year post-injury. Using administrative data
from 2003 to 2018 on all children/youth 0-24 years old in Ontario, Canada, a matched 1:2 cohort study
was conducted to compare children/youth who experienced a �rearm injury with those who did not. Mean
and median number of health care encounters and costs, and respective 95% con�dence intervals (CIs)
and interquartile ranges (IQR), were estimated for both groups as well as costs by weapon type and
intent. This study found that children/youth who experienced a �rearm injury had a higher number of
health care encounters per year than those who did not, particularly for medical hospitalizations (0.25
[95% CI 0.23-0.27] versus 0.01 [95% CI 0.01-0.02]) and emergency department visits (1.74 [95% CI 1.69-
1.80] versus 0.38 [95% CI 0.36-0.40]). Mean and median one-year costs for those with a �rearm injury
were $5,442 (95% CI $5,022-$5,863) and $1,464 (IQR = $600-$4,720), and $781 (95% CI $638-$925) and
$137 (IQR = $24-$401) for those without. One-year costs were highest for handgun �rearm injuries
($12,875 [95% CI $9,941-$15,808]), for intentional assault-related injuries ($11,035 [95% CI
$9,722-$12,348]) and intentional self-injuries ($9,658 [95% CI $5,509-$13,808]).

Conclusion: Firearm injuries have substantial health care and economic burdens beyond the initial injury-
related admission; this should be accounted for when examining the overall impact of �rearm injuries.

What Is Known And New
What is known:

Child/youth �rearm injuries have signi�cant health and economic burdens. 

However, existing work has mainly examined health care utilization and costs of initial admissions
and/or have been limited to single-centre studies. 

Moreover, cost estimates by weapon type and intent are lacking.

What is new:

We provide comprehensive population-based estimates of health care utilization and costs of
nonfatal �rearms injuries one-year post-injury. 

Children/youth who suffered �rearm injuries had higher health care utilization and over 6 times
higher mean costs than healthy children/youth ($5,505 versus $1,464). 

One-year costs were highest for �rearm injuries due to handguns ($12,875), for intentional assault-
related injuries ($11,035) and intentional self-injuries ($9,658).

Introduction
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Firearm injuries remain a major public health concern in high-income countries, such as Canada and the
United States (US). On average, one child or youth is injured by a �rearm each day in Ontario, while
Canada-wide estimates are almost triple that rate. 1 Furthermore, intentional and unintentional injuries,
including �rearm injuries, are among the top causes of death for young people in Canada. 2 In the US,
�rearm injuries have been reported as one of the top three causes of death among children. 3 Despite this,
most children and youth survive their injury, with many experiencing lasting repercussions post-injury and
disability, requiring additional inpatient and outpatient care. 4 Firearm injuries are also associated with
large economic burdens. In the US, �rearm injuries resulted in $17 billion (2010 USD) in annual health
care costs across all ages. 5 Average annual costs for the initial admission alone have been reported to be
around $622–$735 million (2013 USD). 6,7 However, little is known about the health care and economic
burdens of nonfatal �rearm injuries for children and youth beyond the initial admission, which are likely
to occur at least one-year post-injury, or at a population-based level, as many studies have been limited to
single-centre studies. 8–10 Moreover, no work has estimated costs by weapon type and intent. Finally,
there has been a paucity of health care utilization and cost data from health systems with universal
publicly funded health insurance. Cost-of-illness studies provide useful information for decision-makers
as they translate the adverse effects of diseases into dollars and help quantify the size of the problem.

Given these gaps in the literature, we sought to estimate the health care utilization and costs of nonfatal
�rearm injuries one-year post-injury among a population-based sample of children and youth in Ontario,
Canada, as well as estimate costs by weapon type and intent.

Materials And Methods

Setting and study design
We conducted a matched cohort study to estimate �rearms injury-related health care and economic
burdens (i.e., utilization and costs) one-year post-injury among children and youth using administrative
data available at ICES, an independent, non-pro�t research institute located in Toronto, Ontario. The use
of these data was authorized under section 45 of Ontario’s Personal Health Information Protection Act,
which does not require review by a Research Ethics Board. This observational study was done in
accordance with STROBE health data guidelines.

Data sources
We used administrative health care data and other population-based databases from Ontario, Canada’s
most populous province. Data on institution-based care are captured in the Discharge Abstract Database
(medical inpatient hospitalizations, psychiatric inpatient hospitalizations for individuals under the age of
16, and psychiatric inpatient hospitalizations for adults in non-psychiatric designated beds), the Ontario
Mental Health Reporting System (all psychiatric inpatient hospitalizations for individuals over the age of
15 in psychiatric designated beds), the Continuing Care Reporting System (continuing and long-term
care), and the National Rehabilitation Reporting System (rehabilitation); data on ambulatory care (e.g.,
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emergency department [ED] visits) are recorded in the National Ambulatory Care Reporting System. The
Ontario Health Insurance Plan claims database captures data on physician visits and laboratory and
diagnostic tests. The Ontario Drug Bene�t Program database includes information on outpatient
prescription drugs dispensed to individuals covered under the public provincial drug plan (in our analysis,
individuals under the age of 65 years living in a long-term care home, a home for special care or a
Community Home for Opportunity, receiving professional home and community care services, enrolled in
the Trillium Drug Program, or on social assistance). The Home Care Database records visits provided by
home care professionals. These databases have been validated and described in the literature,11 and
used for costing analyses.12 See Appendix Table A1 for more information.

The Registered Persons Database, a population-based registry maintained by the Ontario Ministry of
Health, was used to obtain data on individuals who contacted the health care system, such as their date
of birth and sex, eligibility for universal health care and status changes, and individuals’ postal code of
residence, which was used to obtain data on neighbourhood-level income quintile and rurality of
residence. Data on migrant status were obtained from Immigration, Refugees and Citizenship Canada’s
Permanent Resident Database. All datasets were linked using unique encoded identi�ers and analysed at
ICES.

Study population
We included all children and youth 0 to 24 years old with a valid health card number who were discharged
alive from the ED or hospital for a �rearm injury (i.e., a nonfatal �rearm injury), from April 1, 2003 to
March 31, 2018, using International Classi�cation of Diseases, 10th Revision, Clinical Modi�cation (ICD-
10-CM) codes for external causes of injury (see Appendix Table A2).13 The hospital admission date was
de�ned as the index date; individuals were followed until the earliest of one year after the index date, their
25th birthday, date of death (where applicable), or March 31st, 2019 (end of the observation period).
Individuals with an invalid health card number, missing age and/or sex, and not residing in Ontario during
the analysis period were excluded.

Analysis
To obtain a true estimate of health care and economic burdens due to a �rearm injury, over and above
typical health care utilization and costs, as done elsewhere for other conditions,14,15 children and youth
who experienced a �rearm injury were hard matched 1:2 (without replacement) to healthy children and
youth on sex (male, female), age (+/- 90 days from birth date), neighbourhood income quintile, and
geography (census metropolitan area) on the date of �rearm-related admission. Healthy children and
youth (i.e., those without complex, chronic conditions) were randomly selected from the Registered
Persons Database using the same inclusion/exclusion criteria applied to the study population.
Consequently, all children with complex chronic conditions, before and on index date, were excluded from
both groups, where complex chronic conditions were de�ned as “any medical condition that can be
reasonably expected to last at least 12 months, unless death intervenes, and involves either several
different organ systems or 1 organ system severely enough to require specialty pediatric care and
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probably some period of hospitalization in a tertiary care centre,”16 using ICD-9/ICD-10 codes de�ned
elsewhere.17,18

We produced the following socio-demographic characteristics for each group: sex, age at index date,
migrant status (non-migrant, immigrant, refugee), neighbourhood-level income expressed in quintiles (1 –
low, 2 – medium low, 3 – medium, 4 – medium high, 5 – high), and Rurality Index of Ontario (0–9: large
urban, 10–39: small urban, +40: rural/remote).19 Among those who experienced a �rearm injury, we
examined weapon type – hand gun, ri�e, non-powdered (air gun) �rearms, and undetermined/unspeci�ed
– and intent of injury – unintentional, intentional assault, intentional self-injury, legal intervention, and
undetermined – ascertained using validated ICD-10-CA codes (see codes in Appendix Table A3).20

Differences between groups were examined using standardised mean differences (SMDs), where SMDs
greater than 0.10 are considered large.21

Health care utilization
We estimated the mean and median number (and respective 95% con�dence intervals [CIs], standard
deviation [SD] and interquartile range [IQR]) of medical inpatient hospitalizations, psychiatric inpatient
hospitalizations, ED visits, outpatient physician visits, and home care visits in the one-year post-injury
(including �rearm injury admission) to examine differences between groups. We also estimated the mean
and median length of stay (and respective 95% CIs, SD and IQR) for inpatient medical and psychiatric
hospitalizations, which occurred in the one-year post-injury.

Health care costs
Health care costs were estimated from the third-party public payer perspective (i.e., the Ontario Ministries
of Health and Long-term Care) using a cost algorithm available at ICES,12 which employs a bottom-
up/micro-costing approach to cost services at the individual patient level. This approach identi�es
individual episodes of care or utilization in the health care system and attaches prices (or costs/amounts
paid) to each one. Given Ontario’s public health care insurance system, providers in a private marketplace
rarely set prices; therefore, amounts paid by the Ministries of Health and Long-term Care were used. In
cases where individual unit costs were unavailable (e.g., for institutional care settings, such as long-term
care homes), a top-down approach, which allocates corporate aggregate costs to individual visits or
episodes of care, was employed. Further details on the costing methodology can be found elsewhere.12

The costs captured by the algorithm account for > 90% of all government paid health services.22 Costs
were aggregated into medical inpatient hospitalizations, psychiatric inpatient hospitalizations, ED visits,
outpatient physician visits, home care visits, and other care (i.e., other institution-based care, other
ambulatory care, and outpatient prescription drugs). We estimated total direct mean and median health
care costs one-year post-injury (including the �rearm injury admission) for each group, overall and by
health service, as well as the mean between-group difference, and respective 95% CIs, SDs and IQRs. We
also estimated mean and between-group costs, overall and by health service, and respective 95% CIs, by
weapon type and intent. All costs were expressed in 2017 Canadian dollars.
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We estimated the between-group utilization and cost differences using generalized estimating equations,
where the outcome was utilization or cost and the predictor was �rearm injury (yes/no), to account for the
clustering effect within matched individual sets.23

Results
Nearly all (4,188/4,189) children and youth who experienced a �rearm injury had 2 controls. Children and
youth who experienced a �rearm injury were mainly comprised of males (90%) with a mean age of 18
years; 33% lived in low-income neighbourhoods (Table 1). Most (62%) lived in large urban areas (Rurality
Index of Ontario score = 0–9), with almost half of the sample living in the largest census metropolitan
areas – Toronto (37%), Ottawa-Gatineau (6%), and Hamilton (6%). Children and youth who experienced a
�rearm injury and those who did not were well matched on all socio-demographic and geographic
characteristics (SMD < 0.10) except migrant status, where the latter were more likely to be immigrants
(8% versus 11%, SMD = 0.12). Among those who experienced a �rearm injury, half were due to non-
powdered �rearms (52%), followed by undetermined/unspeci�ed �rearms (36%); the most common intent
was unintentional (69%). 

Children and youth who experienced a �rearm injury had a higher mean number of health care encounters
in the year post-injury than those who did not, especially for inpatient medical hospitalizations (0.25 [95%
CI 0.23-0.27] versus 0.01 [95% CI 0.01-0.02]) and ED visits (1.74 [95% CI 1.69-1.80] versus 0.38 [95% CI
0.36-0.40]) (Table 2) but were similar for the mean length of stay for inpatient medical hospitalizations
(5.92 [95% CI 5.34-6.49] versus 5.24 [95% CI 3.95-6.54]) and inpatient psychiatric hospitalizations (31.36
[95% CI 9.48-53.24] versus 40.77 [95% CI 10.38-71.17]) for those hospitalized.

Total direct mean and median one-year post-injury health care costs for children and youth who
experienced a �rearm injury were $5,442 (95% CI $5,022-$5,863; SD $13,893) and $1,464 (IQR
$600-$4,720), respectively; the corresponding estimates for comparable healthy children and youth were
$781 (95% CI $638-$925; SD $6,718) and $137 (IQR $24-$401), respectively (Table 3). The between-group
mean cost difference was $4,661 (95% CI $4,217-$5,105). Overall, costs were mostly due to inpatient
medical hospitalizations (34%) and outpatient physician visits (27%). 

Direct health care costs differed by weapon type (Table 4); these were highest for handguns ($12,875
[95% $9,941-$15,808]), followed by ri�es ($8,722 [95% CI $5,673-$11,771]), and lowest for non-powdered
�rearms ($2,349 [95% CI $2,118-$2,580]). Medical inpatient hospitalizations (40-42%), outpatient
physician visits (24%-27%) and other costs (10%-24%) made up most of the cost for handguns, ri�es and
unspeci�ed �rearm injuries; outpatient physician visits (32%), ED visits (20%), and other costs (16%)
made up most of the cost for to non-powdered �rearms-related injuries. 

Direct health care costs also differed by intent (Table 5); these were highest for legal intervention �rearms
($15,262 [95% CI $1,135-$29,389]) (though this group only included 26 individuals), followed by
intentional assault ($11,035 [95% CI $9,722-$12,348]), and intentional self-injury ($9,658 [95% CI
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$5,509-$13,808]). Costs for unintentional and undetermined intent were lower but similar ($3,737 [95% CI
$3,354-$4,120] and $3,522 [95% CI $2,409-$4,635], respectively). Medical inpatient hospitalizations
(26%-40%) and outpatient physician visits (26%-28%) made up most costs for injuries of all intents,
except intentional self-in�icted �rearm injuries, where half of costs (52%) were due to psychiatric
inpatient hospitalizations and a quarter (26%) due to outpatient physician visits, and those from legal
intervention, where costs were mostly due to psychiatric and medical inpatient hospitalizations (56% and
17%, respectively).

Discussion
Using a population-based sample of children and youth, we found that health care utilization was higher
for all health services among those who experienced a nonfatal �rearm injury in the one-year post-injury
compared to healthy children and youth. The total mean and median cost for the former was $5,442 and
$1,464, and for the latter, $781 and $137, respectively, thus providing a mean �rearm-related cost
estimate of $4,661. One-year health care costs were highest for �rearm injuries due to handguns, and
intentional assault and self-injuries. Nonfatal �rearm injuries contribute to high utilization and costs
beyond the initial injury; this should be accounted for when examining the broader impact of these
injuries as many survivors require lasting medical care.

Our �ndings align with other research. One study, which compared youth who experienced a �rearm injury
and those who experienced a motor vehicle accident, found that the former were more likely to be
admitted to an intensive care unit (adjusted odds ratio [aOR] 6.7, 95% CI 5.9-7.7) and have longer lengths
of stays (aOR 2.2, 95% CI 1.9-2.6) than the latter.24 Moreover, children with �rearm injuries had more
return visits, and subsequent inpatient admission within 3 days (aOR 3.4, 95% CI 2.1-5.5) and 1 year (aOR
2.5, 95% CI 2.1-2.9) post-injury. Similar results were found elsewhere, where patients surviving a �rearm
injury had a substantially higher risk of subsequent hospitalizations than pedestrian or occupant motor
vehicle accident injuries.25

Regarding the economic burden, most literature has generally estimated costs of initial admissions or
readmissions. Using 2010-2014 data from the Nationwide Readmissions Database, one study estimated
a median cost of $12,619 for the initial injury-related hospitalization, while the median cost of the �rst
readmission within 30 days and 1 year post-discharge was $7,804 and $8,451, respectively. 8 Another
study using the Nationwide Emergency Department Sample 2006-2014 found that median ED visit and
inpatient charges (2018 USD) were $2,445 (IQR: $1,318-$5,191) and $44,966 (IQR: $21,156-$91,771),
respectively. 9 Other work, examining the burden of musculoskeletal �rearm injuries in children with and
without concomitant intra-cavitary injuries, found a median cost of initial hospitalization and additional
encounters and outpatient follow-up of $16,356 (IQR: $8,246-$30,972) per patient, though data were from
a single centre. 10 Our cost estimates are substantially lower than those reported elsewhere, likely because
most studies are from the US, where gun violence is more prevalent and health care is more costly. Few
studies have studied �rearm-related injury costs over longer periods of time (e.g., one year), 4 estimated
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other costs beyond those related to the initial admission (e.g., outpatient physician and home care visits
costs), or examined non-powdered �rearms injuries, which have substantial health and health care
system impacts (albeit to a lesser extent than handgun and ri�e injuries).

We found one-year costs were highest for �rearm injuries due to handguns, followed by ri�es, and lowest
for non-powdered �rearms. The costs of handgun and ri�e injuries were mainly due to medical inpatient
hospitalizations and outpatient physician visits; for non-powdered �rearm injuries, these were mainly due
to outpatient physician and ED visits. The cost difference is likely due to treatment differences –
handgun- and ri�e-related injuries typically require specialised care (e.g., surgery) and longer
hospitalizations. 10 Nonetheless, despite a lower mean cost, the total economic burden of non-powdered
�rearms was substantially higher than that for handguns and ri�es ($5,189,148.32 versus $3,430,466.80
and $1,908,906.48, respectively). Moreover, these costs are largely preventable. Costs were also greater
for assault-related injuries and those due to suicidal intent, where costs were mostly due to medical and
psychiatric inpatient hospitalizations, respectively.

Firearm-related injuries are among the top causes of death and disability for children. Furthermore, child
and youth �rearm injuries can have signi�cant health care and economic burdens with potential long-
term effects such as lifelong physical impairments and reduced quality of life. Unintentional injuries, and
related costs, could likely be prevented with the implementation of safety training, safe �rearm storage
practices, and appropriate supervision. Additionally, strong and effective legalisation around �rearms
control and awareness campaigns around their use, and policies that address mental health and self-
harm among children and youth should be considered. This is particularly relevant for non-powdered
�rearms; given the substantial health care and economic burden of these �rearms (compared to healthy
children), consideration should be given to regulating their use.

Strengths and limitations
We undertook a population-based study examining all children and youth in Ontario and were able to
estimate the economic burden due to �rearm injuries in the year post-injury, which included the majority
of direct costs covered under the public health care system and, for the �rst time, provided cost estimates
by weapon type and intent. Nonetheless, there were many cases of unknown weapon type. We were not
able to account for costs of specialised community-based drug and alcohol services. We did not estimate
�rearm-related costs incurred in other sectors (e.g., education sector). We also did not examine other
direct costs (e.g., out-of-pocket costs) or indirect costs, i.e., productivity losses due to caregiver
absenteeism associated with a child's hospitalization or productivity losses for older youth employed at
time of injury. Finally, we only estimated one-year post-injury costs; future work should seek to estimate
costs for longer periods to understand the long-term impact of �rearm injuries.

Conclusion
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Firearm injuries have substantial health care and economic burdens beyond initial injury-related
admissions. We found that children and youth had higher health care utilization and over 6 times higher
mean costs than comparable, healthy children and youth in the one-year post-injury. One-year costs were
highest for �rearm injuries due to handguns and for intentional assault and intentional self-injuries. The
implementation of legalisation around �rearms control and awareness campaigns around their use, and
policies that address child and youth mental health and self-harm behaviour may help mitigate the
burden of �rearm injuries. Future research should seek to estimate the direct out-of-pocket and indirect
costs of �rearm injuries to obtain a more comprehensive understanding of the economic burden.
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Tables
Table 1. Baseline socio-demographic characteristics of children and youth who experienced a �rearm
injury (cases) and matched healthy children and youth (controls)
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Variable Cases Controls SMD

Overall  4,189 8,377  

Sex     

Female 435 (10.4%) 870 (10.4%) 0

Male 3,754 (89.6%) 7,507 (89.6%) 0

Age, years      

0-12 502 (12.0%) 1,015 (12.1%) 0

13-17 1,291 (30.8%) 2,585 (30.9%) 0

18-24 2,396 (57.2%) 4,777 (57.0%) 0

Mean ± SD 17.69 ± 4.28 17.68 ± 4.28 0

Median (IQR) 18 (15-21) 18 (15-21)  

Neighbourhood income quintile    

1 – low 1,381 (33.0%) 2,762 (33.0%) 0

2 – medium low 895 (21.4%) 1,790 (21.4%) 0

3 – medium  763 (18.2%) 1,525 (18.2%) 0

4 – medium high 683 (16.3%) 1,366 (16.3%) 0

5 – high 467 (11.1%) 934 (11.1%) 0

Migrant status    

Non-migrant 3,705 (88.4%) 7,170 (85.6%) 0.08

Immigrant 321 (7.7%) 946 (11.3%) 0.12

Refugee 163 (3.9%) 261 (3.1%) 0.04

Rurality Index of Ontario    

0-9 – large urban  2,607 (62.2%) 5,334 (63.7%) 0.03

10-39 – small urban  1,029 (24.6%) 1,933 (23.1%) 0.04

40+ – rural/remote  434 (10.4%) 927 (11.1%) 0.02

Missing 119 (2.8%) 183 (2.2%) 0.04

 Weapon type      

 Handguns 263 (6.3%) -- --

 Ri�es 216 (5.2%) -- --
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 Non-powdered (air gun) �rearms 2,188 (52.2%) -- --

 Undetermined or unspeci�ed 1,496 (35.7%) -- --

 Intent      

 Unintentional 2,898 (69.2%) -- --

 Intentional assault 908 (21.7%) -- --

 Intentional self-injury 48 (1.1%) -- --

 Legal intervention 26 (0.6%) -- --

 Undetermined 309 (7.4%) -- --

Legend: SMD – standardized mean difference; SD – standard deviation; IQR – interquartile range 

Note: the between-group SMDs for each age group were close to 0 and thus rounded down. 

Table 2. Health care utilization in the 365 days post-injury (including index injury date) of children and
youth who experienced a �rearm injury (cases) and matched healthy children and youth (controls) and
mean between-group difference
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Health service Cases Controls SMD Between-group
difference

Inpatient medical hospitalizations

Mean, 95% CI
± SD

0.25 (0.23 - 0.27) ±
0.51

0.01 (0.01 - 0.02) ± 0.13 0.63 0.24 (0.22 - 0.25)

Median (IQR) 0 (0-0) 0 (0-0)    

Length of stay 

Mean, 95% CI
± SD

5.92 (5.34 - 6.49) ±
8.95

5.24 (3.95 - 6.54) ± 6.47 0 0.67 (-0.75 - 2.09)

Median (IQR) 4 (2-7) 3 (2-5)    

Inpatient psychiatric hospitalizations

Mean, 95% CI
± SD

0.03 (0.02 - 0.04) ±
0.24

0.01 (0.01 - 0.01) ± 0.12 0.11 0.02 (0.01 - 0.03)

Median (IQR) 0 (0-0) 0 (0-0)    

Length of stay 

Mean, 95% CI
± SD

31.36 (9.48- 53.24) ±
104.13

40.77 (10.38 - 71.17) ±
122.94

0 -9.41 (-46.85 –
28.03)

Median (IQR) 9 (4-28) 7 (4-16)    

Emergency department visits 

Mean, 95% CI
± SD

1.74 (1.69 - 1.79) ±
1.76

0.38 (0.36 - 0.40) ± 0.96 0.96 1.36 (1.30 - 1.41)

Median (IQR) 1 (1-2) 0 (0-0)    

Outpatient physician visits 

Mean, 95% CI
± SD

4.69 (4.52 - 4.86) ±
5.56

2.09 (2.01 - 2.17) ± 3.49 0.56 2.60 (2.42 - 2.78)

Median (IQR) 3 (1-6) 1 (0-3)    

Home care visits

Mean, 95% CI
± SD

1.05 (0.82 - 1.28) ±
7.56

0.11 (0.06 - 0.15) ± 2.08 0.17 0.94 (0.71 - 1.17)

Median (IQR) 0 (0-0) 0 (0-0)    

Legend: SMD – standardized mean difference; CI – con�dence interval; SD – standard deviation; IQR –
interquartile range
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Table 3. Health care costs (in 2017 CAD) in the 365 days post-injury (including index injury date) of
children and youth who experienced a �rearm injury (cases), matched healthy children and youth
(controls) and mean between-group difference
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Health
service

Cases Controls SMD Between-group
difference

Inpatient medical hospitalizations

Mean, 95%
CI ± SD

1,875.16 (1,645.98 -
2,104.35) ± 7,569.19

93.30 (56.01 - 130.60)
±1,744.25

0.32 1,781.86
(1,549.23 -
2,014.49)

Median
(IQR)

0 (0-0) 0 (0-0)  

Inpatient psychiatric hospitalizations

Mean ± SD 349.26 (214.35 - 484.16) ±
4,455.51

203.89 (78.12 - 329.65)
± 5,875.98

0.03 145.37 (-39.37 -
330.10)

Median
(IQR)

0 (0-0) 0 (0-0)  

Emergency department visits

Mean ± SD 575.65 (555.48 - 595.82) ±
666.02

85.21 (79.56 - 90.86) ±
259.56

0.97 490.44 (469.66 -
511.22)

Median
(IQR)

339 (166-742) 0 (0-0)  

Same-day surgery 

Mean ± SD 136.20 (120.69 - 151.71) ±
512.37

27.15 (22.33 - 31.97) ±
225.16

0.28 109.05 (92.79 -
125.31)

Median
(IQR)

0 (0-0) 0 (0-0)  

Outpatient physician visits

Mean ± SD 1,469.99 (1,387.52 -
1,552.46) ± 2,723.71

233.79 (219.70 -
247.87) ± 657.33

0.62 1,236.21
(1,152.90 -
1,319.51)

Median
(IQR)

549 (256-1,418) 72 (0-222)  

Home care visits

Mean ± SD 174.24 (145.96 - 202.52) ±
934.01

16.95 (12.20 - 21.69) ±
222.09

0.23 157.29 (128.61 -
185.98)

Median
(IQR)

0 (0-0) 0 (0-0)  

Other care

Mean ± SD 861.99 (729.66 - 994.31) ±
4,370.22

120.89 (106.53 -
135.25) ± 669.16

0.24 741.10 (608.01 -
874.18)
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Median
(IQR)

91 (0-519) 13 (0-7)  

Total cost 

Mean ± SD 5,442.49 (5,021.83 -
5,863.15) ± 13,892.84

781.18 (637.60 -
924.75) ± 6,717.57

0.43 4,661.31
(4,217.47 -
5,105.15)

Median
(IQR)

1,464 (600-4,720) 137 (24-401)  

Legend: SMD – standardized mean difference; CI – con�dence interval; SD – standard deviation; IQR –
interquartile range

Table 4. Health care costs (in 2017 CAD) in the 365 days post-injury (including index injury date) of
children and youth who experienced a �rearm injury (cases), matched healthy children and youth
(controls) and mean between-group difference, and respective 95% con�dence intervals, by weapon type
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Cases

Mean estimate, 95%
CI

Controls

Mean estimate,
95% CI

Between-group
difference

Mean estimate, 95% CI

Handguns

Inpatient medical
hospitalizations

5,192.79 (3,964.77 -
6,420.81)

88.10 (0 - 188.79) 5,104.68 (3,870.96 -
6,338.41)

Inpatient psychiatric
hospitalizations

174.95 (0 - 414.73) 553.49 (0 -
1,315.72)

-378.54 (-1179.35 -
422.28)

Emergency department
visits

848.80 (748.70 -
948.90)

76.52 (57.09 -
95.95)

772.28 (667.51 -
877.05)

Same-day surgery 84.31 (38.76 - 129.86) 15.83 (0 - 31.83) 68.48 (19.80 - 117.17)

Outpatient physician
visits

3,121.74 (2,646.89 -
3,596.60)

258.26 (204.76 -
311.76)

2,863.48 (2,385.15 -
3,341.81)

Home care visits 335.05 (194.49 -
475.61)

14.86 (0 - 30.01) 320.19 (178.30 -
462.08)

Other care 3,116.95 (1,661.94 -
4,571.97)

158.21 (59.55 -
256.86)

2,958.75 (1,499.60 -
4,417.89)

Total cost 12,874.59 (9,941.36 -
15807.83)

1,165.26 (371.70 -
1,958.83)

11,709.33 (8,660.55 -
14758.11)

Non-powdered (air gun) �rearms

Inpatient medical
hospitalizations

280.02 (213.40 -
346.64)

124.62 (57.62 -
191.63)

155.40 (60.71 -
250.09)

Inpatient psychiatric
hospitalizations

280.54 (144.82 -
416.27)

127.28 (9.67 -
244.88)

153.27 (-26.46 -
332.99)

Emergency department
visits

467.36 (444.43 -
490.30)

93.58 (85.25 -
101.92)

373.78 (49.85 -
397.72)

Same-day surgery 158.90 (135.17 -
182.63)

32.69 (25.21 -
40.17)

126.21 (101.26 -
151.17)

Outpatient physician
visits

744.34 (691.15 -
797.54)

228.50 (208.50 -
248.49)

515.85 (460.03 -
571.66)

Home care visits 40.33 (18.95 - 61.70) 18.54 (11.64 -
25.43)

21.79 (-0.56 - 44.14)

Other care 377.61 (340.91 -
414.32)

127.42 (105.86 -
148.98)

250.19 (208.64 -
291.74)

Total cost 2,349.11 (2,118.43 -
2,579.80)

752.62 (594.08 -
911.16)

1,596.49 (1,322.38 -
1,870.61)

Ri�es
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Inpatient medical
hospitalizations

3,696.42 (1,354.84 -
6,038.00)

33.93 (0 - 73.42) 3,662.49 (1,320.83 -
6,004.16)

Inpatient psychiatric
hospitalizations

774.72 (188.35 -
1,361.09)

627.01 (0 -
1,798.06)

147.71 (-1168.52 -
1,463.94)

Emergency department
visits

686.06 (577.66 -
794.47)

85.80 (63.99 -
107.60)

600.27 (493.58 -
706.96)

Same-day surgery 157.57 (91.20 -
223.94)

21.30 (4.99 - 37.61) 136.27 (67.06 -
205.48)

Outpatient physician
visits

2,149.56 (1,637.75 -
2,661.37)

201.90 (160.05 -
243.74)

1,947.66 (1,436.57 -
2,458.75)

Home care visits 402.65 (243.96 -
561.33)

8.63 (0 - 20.69) 394.01 (236.06 -
551.97)

Other care 854.74 (566.22 -
1,143.26)

96.39 (57.63 -
135.15)

758.35 (466.14 -
1,050.56)

Total cost 8,721.72 (5,672.61 -
11770.84)

1,074.96 (0 -
2,265.89)

7,646.76 (4,362.65 -
10930.87)

Undetermined or unspeci�ed

Inpatient medical
hospitalizations

3,350.69 (2,882.65 -
3,818.74)

58.62 (27.80 -
89.44)

3,292.08 (2,822.34 -
3,761.81)

Inpatient psychiatric
hospitalizations

277.16 (102.64 -
451.67)

194.54 (0 - 412.96) 82.62 (197.45 -
362.69)

Emergency department
visits

670.32 (633.00 -
707.65)

74.68 (65.80 -
83.55)

595.65 (557.51 -
633.78)

Same-day surgery 109.36 (86.70 -
132.01)

22.27 (15.28 -
29.25)

87.09 (63.51 - 110.68)

Outpatient physician
visits

2,136.23 (1,962.81 -
2,309.64)

242.35 (218.48 -
266.22)

1,893.88 (1,719.17 -
2,068.58)

Home care visits 310.16 (246.87 -
373.45)

15.97 (7.97 - 23.97) 294.20 (230.30 -
358.09)

Other care 1,162.12 (910.25 -
1,414.00)

109.47 (92.47 -
126.47)

1,052.65 (800.02 -
1,305.28)

Total cost 8,016.05 (7,199.07 -
8,833.02)

717.89 (475.76 -
960.01)

7,298.16 (6,445.05 -
8,151.27)

Legend: CI – con�dence interval

Table 5. Health care costs (in 2017 CAD) in the 365 days post-injury (including index injury date) of
children and youth who experienced a �rearm injury (cases), matched healthy children and youth
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(controls) and mean between-group difference, and respective 95% con�dence intervals, by intent
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Cases

Mean estimate, 95% CI

Controls

Mean estimate,
95% CI

Between-group
difference

Mean estimate, 95% CI

Unintentional

Inpatient medical
hospitalizations

1,186.05 (925.83 -
1,446.28)

101.37 (49.60 -
153.14)

1,084.69 (818.96 -
1,350.41)

Inpatient psychiatric
hospitalizations

185.38 (97.39 -
273.37)

277.98 (97.36 -
458.59)

-92.60 (-293.74 -
108.54)

Emergency department
visits

502.40 (481.96 -
522.84)

90.34 (83.20 -
97.48)

412.06 (390.65 -
433.47)

Same-day surgery 141.93 (123.27 -
160.58)

28.28 (22.34 -
34.21)

113.65 (94.04 -
133.27)

Outpatient physician visits 1,060.86 (985.90 -
1,135.82)

234.03 (216.35 -
251.71)

826.83 (750.23 -
903.42)

Home care visits 118.72 (94.07 -
143.37)

20.82 (14.42 -
27.22)

97.90 (72.51 - 123.30)

Other care 541.71 (474.51 -
608.90)

123.15 (105.48 -
140.82)

418.55 (349.28 -
487.82)

Total cost 3,737.04 (3,354.10 -
4,119.98)

875.96 (672.19 -
1,079.74)

2,861.08 (2,430.19 -
3,291.97)

Intentional assault

Inpatient medical
hospitalizations

4,465.99 (3,870.19 -
5,061.79)

71.75 (31.24 -
112.25)

4,394.24 (3,796.06 -
4,992.43)

Inpatient psychiatric
hospitalizations

365.27 (55.21 -
675.33)

13.95 (-2.11 -
30.02)

351.32 (40.78 -
661.87)

Emergency department
visits

817.21 (760.93 -
873.49)

73.55 (62.82 -
84.27)

743.66 (686.43 -
800.89)

Same-day surgery 119.13 (87.46 -
150.81)

25.29 (14.96 -
35.61)

93.84 (60.79 - 126.90)

Outpatient physician visits 2,886.49 (2,626.16 -
3,146.82)

239.03 (211.20 -
266.86)

2,647.46 (2,386.52 -
2,908.41)

Home care visits 387.29 (286.15 -
488.43)

10.07 (2.44 -
17.70)

377.22 (275.64 -
478.81)

Other care 1,993.75 (1,439.55 -
2,547.94)

117.81 (85.55 -
150.08)

1,875.94 (1,320.63 -
2,431.24)

Total cost 11,035.13 (9,721.84 -
12348.43)

551.44 (461.90 -
640.98)

10,483.70 (9,168.32 -
11799.08)

Intentional self-injury
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Inpatient medical
hospitalizations

295.96 (-2.65 - 594.56) 64.89 (-23.27 -
153.06)

231.06 (-85.23 -
547.36)

Inpatient psychiatric
hospitalizations

5,090.88 (2,596.98 -
7,584.77)

0 (0 - 0) 5,090.88 (2,596.98 -
7,584.77)

Emergency department
visits

729.25 (519.20 -
939.30)

115.34 (56.21 -
174.47)

613.91 (408.82 -
819.00)

Same-day surgery 263.52 (55.84 -
471.20)

23.61 (-10.40 -
57.62)

239.91 (27.09 -
452.73)

Outpatient physician visits 2,506.54 (1,501.92 -
3,511.17)

259.54 (119.56 -
399.52)

2,247.00 (1,218.33 -
3,275.68)

Home care visits 43.63 (-40.98 - 128.23) 6.78 (-6.37 -
19.92)

36.85 (-49.06 - 122.75)

Other care 728.54 (59.61 -
1,397.47)

179.59 (16.83 -
342.35)

548.95 (-134.87 -
1,232.77)

Total cost 9,658.35 (5,508.69 -
13808.02)

649.75 (235.47 -
1,064.03)

9,008.61 (4,815.56 -
13201.66)

Legal intervention

Inpatient medical
hospitalizations

2,523.23 (694.92 -
4,351.54)

0 (0 - 0) 2,523.23 (694.92 -
4,351.54)

Inpatient psychiatric
hospitalizations

8,508.85 (0 -
22698.22)

136.13 (0 -
397.77)

8,372.71 (-5831.13 -
22576.56)

Emergency department
visits

560.69 (378.00 -
743.38)

69.90 (8.74 -
131.07)

490.79 (304.75 -
676.83)

Same-day surgery 117.62 (0 - 281.28) 5.60 (0 - 16.35) 112.02 (-52.59 -
276.63)

Outpatient physician visits 1,848.23 (947.51 -
2,748.95)

203.62 (88.57 -
318.66)

1,644.62 (722.84 -
2,566.39)

Home care visits 98.31 (0 - 244.85) 29.73 (0 - 86.87) 68.58 (-91.44 - 228.59)

Other care 1,604.96 (496.19 -
2,713.73)

54.52 (12.38 -
96.66)

1,550.44 (436.12 -
2,664.76)

Total cost 15,261.88 (1,134.55 -
29389.22)

499.50 (0 -
1,001.78)

14,762.38 (612.30 -
28912.47)

Undetermined

Inpatient medical
hospitalizations

915.70 (378.34 -
1,453.06)

93.25 (19.29 -
167.21)

822.45 (278.07 -
1,366.84)

Inpatient psychiatric
hospitalizations

416.02 (39.25 -
792.80)

104.22 (-74.20 -
282.65)

311.80 (-106.38 -
729.98)

Emergency department
visits

530.22 (449.47 -
610.97)

68.06 (51.61 -
84.51)

462.16 (382.06 -
542.27)
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Same-day surgery 114.40 (53.73 -
175.07)

24.42 (9.41 -
39.43)

89.98 (26.93 - 153.03)

Outpatient physician visits 951.87 (746.69 -
1,157.05)

214.67 (173.53 -
255.80)

737.21 (531.75 -
942.66)

Home care visits 95.57 (43.11 - 148.03) 1.34 (-0.55 - 3.23) 94.23 (41.70 - 146.75)

Other care 498.32 (201.12 -
795.52)

105.28 (77.23 -
133.33)

393.04 (95.01 -
691.07)

Total cost 3,522.10 (2,409.09 -
4,635.11)

611.23 (373.39 -
849.07)

2,910.87 (1,774.18 -
4,047.55)

Legend: CI – con�dence interval

Appendix
Table A1. Administrative health care databases in Ontario, Canada
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Database Setting Description

Discharge
Abstract
Database

acute care
hospitalizations

The Discharge Abstract Database is a national database, which
contains demographic and clinical data on all acute care
inpatient hospitalizations. It also includes psychiatric inpatient
hospitalizations for children and adolescents and psychiatric
inpatient hospitalizations, which occur in non-psychiatric
designated beds. 

Ontario
Mental
Health
Reporting
System

psychiatric
hospitalizations

The Ontario Mental Health Reporting System collects
demographic and clinical data on all adult psychiatric inpatient
hospitalizations in Ontario. 

Continuing
Care
Reporting
System

complex
continuing care,
long-term care 

The Continuing Care Reporting System contains demographic
and clinical information on individuals receiving facility-based
continuing care. These services include medical long-term care,
rehabilitation, geriatric assessment, respite palliative care, and
nursing home care. 

National
Rehabilitation
Reporting
System

rehabilitation The National Rehabilitation Reporting System contains national
data on rehabilitation facilities and clients, collected from
participating adult inpatient rehabilitation facilities and
programs. 

National
Ambulatory
Care
Reporting
System

emergency
department
visits, same-day
surgery and
outpatient clinic
visits

The National Ambulatory Care Reporting System contains data
on all ambulatory care including emergency department visits,
day surgery and outpatient clinic visits (for example,
chemotherapy and dialysis). 

Ontario
Health
Insurance
Plan Claims
Database

physician and
outpatient
services

The Ontario Health Insurance Plan Claims Database covers all
services and procedures provided by health care providers who
can claim under the Ontario Health Insurance Plan (such as,
physician and laboratory/diagnostic services).

Ontario Drug
Bene�t
Claims
Database

outpatient
prescription
drugs 

The Ontario Drug Bene�t Claims Database includes data on all
drugs dispensed in community pharmacies and long-term
care/nursing facilities. The Ontario Drug Bene�t program covers
prescription drugs listed in the provincial formulary for all
seniors (aged 65+) as well as those under the age of 65 on
social assistance.

Home Care
Database 

home care The Home Care Database provides data on government-funded
services coordinated by Ontario’s Community Care Access
Centres for individuals requiring home care.

Table A2. ICD-10 codes used to identify �rearm injuries

W32: Handgun discharge (�rearm only)

W33: Ri�e, shotgun and larger �rearm discharge (�rearm only)
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W3400: Discharge from BB gun

W3401: Discharge from air gun

W3408: Discharge from other speci�ed �rearms

W3409: Discharge from unspeci�ed �rearm

X93: Assault by handgun discharge (�rearm only)

X94: Assault by ri�e, shotgun & larger �rearm discharge (�rearm only)

X9500: Assault by BB gun discharge 

X9501: Assault by air gun discharge

X9508: Assault by other speci�ed �rearm discharge5

X9509: Assault by unspeci�ed �rearm discharge

X72: Intentional self-harm by handgun discharge (�rearm only)

X73: Intentional self-harm by ri�e, shotgun & larger �rearm discharge (�rearm only)

X7400: Intentional self-harm BB gun discharge 

X7401: Intentional self-harm air gun discharge

X7408: Intentional self-harm other speci�ed �rearm discharge

X7409: Intentional self-harm by unspeci�ed �rearm discharge

Y22: Handgun discharge undetermined intent (�rearm only)

Y23: Ri�e shotgun & larger �rearm discharge undetermined intent (�rearm only)

Y2400: BB gun discharge, undetermined intent

Y2401: Air gun discharge, undetermined intent

Y2408: Other speci�ed �rearm discharge, undetermined intent

Y2409: Unspeci�ed �rearm discharge, undetermined intent

Y35.0 - Legal intervention involving �rearm discharge
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Table A3. ICD-10 codes to identify �rearm injuries by weapon type and intent

Weapon type

Handgun

W32: Handgun discharge (�rearm only)

X93: Assault by handgun discharge (�rearm only)

X72: Intentional self-harm by handgun discharge (�rearm only)

Y22: Handgun discharge undetermined intent (�rearm only)

 

Ri�e

W33: Ri�e, shotgun and larger �rearm discharge (�rearm only)

X94: Assault by ri�e, shotgun & larger �rearm discharge (�rearm only)

X73: Intentional self-harm by ri�e, shotgun & larger �rearm discharge (�rearm only)

Y23: Ri�e shotgun & larger �rearm discharge undetermined intent (�rearm only)

 

Non-powdered �rearm

W3400: Discharge from BB gun

W3401: Discharge from air gun

X9500: Assault by BB gun discharge 

X9501: Assault by air gun discharge

X7400: Intentional self-harm BB gun discharge 

X7401: Intentional self-harm air gun discharge

Y2400: BB gun discharge, undetermined intent

Y2401: Air gun discharge, undetermined intent
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Other and Unspeci�ed 

W3408: Discharge from other speci�ed �rearms

W3409: Discharge from unspeci�ed �rearm

X9508: Assault by other speci�ed �rearm discharge

X9509: Assault by unspeci�ed �rearm discharge

X7408: Intentional self-harm other speci�ed �rearm discharge

X7409: Intentional self-harm by unspeci�ed �rearm discharge

Y2408: Other speci�ed �rearm discharge, undetermined intent

Y2409: Unspeci�ed �rearm discharge, undetermined intent

 

Multiple weapons, the following rules apply:

BB*other = BB

Handgun*BB = First use hospitalization record, then use handgun

Handgun*other = Handgun

Handgun*ri�e = First use hospitalization and then use handgun

Ri�e*BB and Ri�e*other = Ri�e. 

 

 

Intent

Unintentional �rearm injury (Note: in the O�ce of the Registrar General-Death �le only use the �rst 3 digits
W32, W33, W34)

W32: Handgun discharge (�rearm only)

W33: Ri�e, shotgun and larger �rearm discharge (�rearm only)

W3400: Discharge from BB gun

W3401: Discharge from air gun
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W3408: Discharge from other speci�ed �rearms

W3409: Discharge from unspeci�ed �rearm 

Intentional assault from �rearm (Note: in the O�ce of the Registrar General-Death �le only use the �rst 3
digits X93, X94, X95)

X93: Assault by handgun discharge (�rearm only)

X94: Assault by ri�e, shotgun & larger �rearm discharge (�rearm only)

X9500: Assault by BB gun discharge 

X9501: Assault by air gun discharge

X9508: Assault by other speci�ed �rearm discharge

X9509: Assault by unspeci�ed �rearm discharge

 

Intentional self-harm (self-injury) from �rearm (Note: in the O�ce of the Registrar General-Death �le only
use the �rst 3 digits X72, X73, X74)

X72: Intentional self-harm by handgun discharge (�rearm only)

X73: Intentional self-harm by ri�e, shotgun & larger �rearm discharge (�rearm only)

X7400: Intentional self-harm BB gun discharge 

X7401: Intentional self-harm air gun discharge

X7408: Intentional self-harm other speci�ed �rearm discharge

X7409: Intentional self-harm by unspeci�ed �rearm discharge

 

Legal Interventions

Y35.0 - Legal intervention involving �rearm discharge
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Undetermined (unknown) intent (Note: in the O�ce of the Registrar General-Death �le only use the �rst 3
digits Y22, Y23, Y24)

Y22: Handgun discharge undetermined intent (�rearm only)

Y23: Ri�e shotgun & larger �rearm discharge undetermined intent (�rearm only)

Y2400: BB gun discharge, undetermined intent

Y2401: Air gun discharge, undetermined intent

Y2408: Other speci�ed �rearm discharge, undetermined intent

Y2409: Unspeci�ed �rearm discharge, undetermined intent

 

If have multiple intent in one injury episode then using the following rules to decide the intent

Assault*intent unknown = assault

Assault*legal intervention = assault

Legal intervention – keep as separate, do not include in any intents – we just need to enumerate this.

Self-harm*intent unknown = self-harm

Unintentional*assault – assault

Unintentional*assault*legal intervention – assault

Unintentional*intent unknown = unintentional

Unintentional*legal intervention = unintentional

Unintentional*self-harm – self-harm


