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AFFIDAVIT

Court File No. T-577-20
FEDERAL COURT

BETWEEN:

CANADIAN COALITION FOR FIREARM RIGHTS, RODNEY GILTACA, LAURENCE
KNOWLES, RYAN STEACY, MACCABEE DEFENSE INC., WOLVERINE SUPPLIES
LTD., AND MAGNUM MACHINE LTD.
Applicants

and

ATTORNEY GENERAL OF CANADA and CANADA (ROYAL CANADIAN MOUNTED
POLICE)
Respondents

APPLICATION UNDER sections 18 and 18.1 of the Federal Courts Act, RSC 1985, ¢ F-7.

AFFIDAVIT

I, Caillin Langmann, Doctor, of the City of Hamilton, in the Province of Ontario, SWEAR or
AFFIRM THAT:

L. I am a medical doctor with an appointment as an Assistant Clinical Professor of Medicine
in the Department of Medicine, Division of Emergency Medicine at McMaster University.
I am also an Emergency Physician at St Joseph’s Hospital and Hamilton Health Science,

both in Hamilton, Ontario.

2. I am aware of the Application filed in Court File No. T-577-20 (“Application”) regarding
the May 1, 2020 Order in Council SOR/2020-96 (the “Order in Council”) which made
the Regulations Amending the Regulations Prescribing Certain Firearms and Other
Weapons, Components and Parts of Weapons, Accessories, Cartridge Magazines,
Ammunition and Projectiles as Prohibited, Restricted or Non-Restricted, SOR/2020-96
(the “Regulation”), and regarding certain things done by the Royal Canadian Mounted
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Police (“RCMP”), including through the Speéialized Firearms Supports Services Unit
(“RCMP SFSS”), in relation to the Firearms Reference Table (“FRT”) as described in the
Application. I am also aware of the Order Declaring an Amnesty Period (2020),
SOR/2020-97 (the “Amnesty Order”) with respect to the Regulation.

I understand that my duty is to assist the Court, and I am not an advocate for any particular
party. My opinion is independent and unbiased. It is based upon my own observations and

expertise.

Education and Experience

4.

From 1992 to 1999 I attended undergraduate studies at Simon Fraser University in
Burnaby, British Columbia (“SFU”). In 1999, I graduated with a Bachelor of Science with
a double major in Biochemistry and Molecular Biology and Economics. That same year I
commenced my post-graduate studies at SFU. I received my Ph.D. in Biochemistry and

Molecular Biology from SFU in 2004.

Following my matriculation from SFU, I attended Queen’s University School of Medicine

in Kingston, Ontario, where I obtained my Medical Doctorate degree with honours in 2008.

After graduating from medical school, I pursued my residency in emergency medicine and
furthered my studies in the speciality of emergency medicine at McMaster University from
2008 to 2013 as a Fellow Royal College of Physicians Canada, Specialist in Emergency
Medicine. During this time, I was the Chief Trauma Fellow in 2011 and received the
Original Research Award in Emergency Medicine in 2013 for research on Canadian

firearms legislation and homicide.

In 2011, I started working as a Critical Care Clinical Assistant with Hamilton Health
Science. I held this position until 2013.

I was certified as a Diplomate American Board of Emergency Medicine in October 2014.

Since completing my studies in 2013, I have been working as an Emergency Physician at
St. Joseph’s Hospital and Hamilton Health Science, as well as an Assistant Clinical

Professor of Medicine at McMaster University and the Director of the Clinical Teaching
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Unit at St. Joseph’s Hospital. My curriculum vitae is attached as Exhibit “A” to this my
Affidavit, which lists my credentials, employment history, memberships and certificates,

publications and abstracts, presentations, and scholarships.

Publications on Firearm Violence and Legislation

10.

11.

12.

13.

14.

While doing my residency in emergency medicine, 1 became interested in firearm
legislation and the pursuit of reduced harm by firearms. As an emergency physician, I am
called upon to medically respond to the effects of firearms violence, including injuries and
death caused by firearm. As a result of my education and practice, I have had the
opportunity to study the causes of firearms violence and possible ways to mitigate and

reduce firearms violence in Canada and elsewhere.

In 2011, I published a research paper entitled “Canadian Firearms Legislation and Effects
on Homicide 1974 to 2008”. This research paper is attached as Exhibit “B” to this my
Affidavit. This paper was a statistical study on the rates of homicide (and, as a subcategory,
spousal homicide) in response to legislative changes enacted by Bill C-51 (1977), C-17
(1991) and C-68 (1995).

I recently published a sequent research paper entitled “Effect of firearms legislation on
suicide and homicide in Canada from 1981 to 2016”. I have attached this research paper as
Exhibit “C” to this my Affidavit.

Both of the foregoing research papers conclude that Canadian legislation to regulate and
control firearm possession and acquisition does not have a corresponding effect on
homicide and suicide rates. What appears to occur is that either there is a substitution effect
(i.e., the homicide or suicide is carried out in a different method), or the firearms were

obtained illegally and hence unaffected by the legislation.

In 2013, I published an article entitled the “Criticism of Firearms Legislation and Firearms-
Related Fatalities in the United States”. I have attached this article as Exhibit “D” to this
my Affidavit. This article is a criticism of the paper “Firearms Legislation and Firearms-
Related Fatalities in the United States” which had concluded a higher number of firearm

laws were associated to a lower rate of firearm fatalities. The authors self-report being
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15.

unable to define the nature of this association. As stated in my criticism of the paper, the
paper does not show causation between the existence of laws and reduced rates of firearm
fatalities. It does demonstrate that so-called assault weapon bans have no associated

reduction in homicide rates.

As described in my curriculum vitae 1 have also published many other research papers.

Past Testimony

16.

17.

I testified to the House of Commons Committee hearing in respect to proposed changes to
firearms legislation on November 24, 2011. Attached as Exhibit “E” to this my Affidavit

is my brief from that testimony.

I also testified to the Standing Committee on Public Safety and National Security in respect
to Bill C-71, An Act to amend certain Acts and Regulations in relation to firearms. My
brief was submitted in April 2018, and I testified to this Committee on February 25, 2019.
Attached as Exhibit “F” to this my Affidavit is my brief. Attached as Exhibit “G” to this

my Affidavit are my presentation materials from my testimony.

The Regulation

18.

19.

20.

It is my understanding from the Regulatory Impact Analysis Statement contained in the
Order in Council, that the Regulation’s purpose and intent is to reduce incidents of gun
violence and mass shootings in Canada. Generally, the Regulation hopes to improve public
safety by prohibiting firearms that were, previous to May 1, 2020, legal to possess and

acquire in Canada.

My research papers on this topic show that previous legislative changes which prohibit the
possession and acquisition of certain firearms have made no discernable impact on the rates
of homicide or suicide in Canada or elsewhere. Increased legislation has had no

demonstrable beneficial effect on homicide or suicide rates in Canada.

For example, the following findings have been made in the academic literature on the

subject of firearm legislation and firearm violence:
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(a) There was no demonstrable, beneficial association between firearms legislation and
firearm homicide rates between 1974 and 2008 in Canada. The introduction of the
Canadian firearms legislation of 1977 did not have a significant associated effect
on homicide rates. The rates of homicides carried out with legal registered firearms
(firearms associated to restricted or prohibited authorizations under the Firearms
Act, SC 1995, ¢ 39) have not responded to the introduction of firearm laws in
Canada. There is little evidence to suggest that increased firearms legislation in
Canada has a significant impact on pre-existing trends in lethal firearm violence
against women. The results do not support the view that increasing firearms
legislation is associated with a reduced incidence of firearm-related domestic

homicide victimization.!

(b) The buyback of firearms from legal owners implemented by governments in
connection with legislation prohibiting the ownership, and use of certain firearms,
including semi-automatic firearms, had no statistically observable impact on
suicide or assault mortality attributed to firearms in Australia. The buyback
program in that case did not have any large effects on reducing firearm homicide

or suicide rates in Australia.?

(c) It was also found that the so-called assault weapon ban of 1994 did not significantly
affect murder rates at the state level in the United States. No evidence was found to

show reductions in multiple-victim gun homicides or multiple gunshot wound

! Langmann C. Effect of firearms legislation on suicide and homicide in Canada from 1981 to 2016. PLoS One.
2020;15(6):¢0234457.

Langmann C. Canadian firearms legislation and effects on homicide 1974 to 2008. J Interpers Violence.
2012;27(12):2303-2321.

Leenaars A, Lester D. The impact of gun control, Journal of Criminal Justice. 2001;29(4): 287-294.

2 Gilmour S, Wattanakamolkul K, Sugai M. The Effect of the Australian National Firearms. American Journal of
Public Health. 2018;108(11):1511-1516.

Chapman S, Alpers P, Jones M. Association Between Gun Law Reforms and Intentional Firearm Deaths in
Australia, 1979-2013. Journal of the American Medical Association. 2016;316(3):291-299.

Lee WS, Suardi S. The Australian Firearms Buyback and its Effect on Gun Deaths. Contemporary Economic Policy.
2008;28(1):65-79.
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victimizations in the United States following the so-called Federal assault weapons

ban in that country.?

21.  What has been shown is that legal firearms owners in Canada are less likely to engage in
firearms violence than average citizens.* There is no evidence to suggest that targeting this
group in legislating the acquisition and possession of firearms will result in reduction of

firearms violence, homicide or suicide.

22.  According to my research and analysis, there are a number of factors that may be associated
to homicide and suicide rates. None of these factors are related to whether a particular

firearm was legally accessible.

23.  There are a number of alternative actions that a government may take that have shown
promising results in reducing the rates of homicide and suicide.’> For example, by targeting
offenders through gang deterrence, intervention, and collaboration, there is a reduction in
gang violence and activity. Social programs which reduce poverty, income inequality and
unemployment rates and provide a focus on education have also been shown to reduce

firearms violence.

3 Guis M. An examination of the effects of concealed weapons laws and assault weapons bans on state-level murder
rates. Applied Economics Letters. 2014;21(4):265-267.

Koper C, Roth J. The Impact of the 1994 Federal Assault Weapon Ban on Gun Violence Outcomes: An Assessment
of Multiple Outcome Measures and Some Lessons for Policy Evaluation. Journal of Quantitative Criminology.
2001;17(1):33-74.

Fleegler E, Lee L, Monuteaux M, Hemenway D, Mannix R. Firearm Legislation and Firearm-Related Fatalities in
the United States. Journal of American Medical Association Internal Medicine. 2013;173(9):732-740.
Santaella-Tenorio J, Cerda M, Villaveces A, Galea S. What Do We Know About the Association Between Firearm
Legislation and Epidemiologic Reviews. 2016;38:140-157.

4 Langmann C. Effect of firearms legislation on suicide and homicide in Canada from 1981 to 2016. PLoS One.
2020;15(6):0234457.

Langmann C. Canadian firearms legislation and effects on homicide 1974 to 2008. J Interpers Violence.
2012;27(12):2303-2321,

Kleck G. Measures of Gun Ownership Levels for Macro-Level Crime and Violence Research. Journal of

Research in Crime and Delinquency. 2004; 41(1): p. 3-36.

Kleck G. The Impact of Gun Ownership Rates on Crime Rates: A Methodological Review of the Evidence.

Journal of Criminal Justice. 2015; 43(1): p. 40-48.

5> Langmann C. Effect of firearms legislation on suicide and homicide in Canada from 1981 to 2016, PLoS One.
2020;15(6):€0234457. Published 2020 Jun 18.

Smith-Moncrieffe D. Youth Gang Prevention. National Crime Prevention Centre, Ottawa. 2013.
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SWORN BEFORE ME at the City of
H?ilton, in the Province of Ontario, this

Q day of , 2020.

g

(
A Noétary Public or Commissioner for Dr. Caillin Langmann
Oaths in and for the Province of Ontario
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This is Exhibit “A”, referred to in the Affidavit of Dr. Caillin Langmann, sworn before me this
L day of ;f ][4 ?“ gé, 2020.

o~
«

A N6tary Public or a Commissioner of Oaths
in and for the Province of Ontario
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Caillin Langmann MD PhD ABEM FRCPC

Education

Work experience

Diplomate American Board of Emergency Medicine
Certified October 2014  #51230

Fellow Royal College of Physicians Canada

Specialist Emergency Medicine

2008 - 2013 McMaster University Hamilton, ON CANADA

v Completed rotations in ER, Critical Care, Pediatric Critical Care, Trauma,
Cardiac Critical Care, Internal Medicine, General Surgery

= Chief Trauma Fellow 2011

» Original Research Award 2013

M.D. Queen’s University School of Medicine
2004 - 2008 Queen’s University Kingston, ON CANADA
= Maintained Honors average.

Ph.D. Biochemistry and Molecular Biology

1999 - 2004 Simon Fraser University Burnaby, BC CANADA

*» Demonstrated new roles for intracellular proteins involved in Jun receptor
kinase signaling pathways using animal models.

= The gene Plenty of SH3 (POSH) was shown to encode a protein involved
in activation and termination of Imd-mediated immunity.

= Specific Rac associated protein 1, Sra-1, was shown to be important in
neuron path-finding during development.

= Funded by National Sciences and Engineering Research Council Canada
(NSERC) Post Graduate Scholarship.

BSc. Biochemistry and Molecular Biology, Economics

1992 ~ 1999 Simon Fraser University Burnaby, BC CANADA

Assistant Clinical Professor of Medicine McMaster University

2013 — Present Department of Medicine McMaster University, ON
CANADA

» Member Hamilton Integrated Ethics Review Board

» Director Clinical Teaching Unit St. Joseph Hospital

Emergency Physician

2013 - Present St Joseph Hospital Hamilton, ON CANADA
» Staff Emergency Physician

Emergency Physician

2013 - Present Hamilton Health Science Hamilton, ON CANADA
» Staff Emergency Physician

Emergency Physician Emergency Physician

2013 - 2017 William Osler Brampton, ON CANADA

= Staff Emergency Physician

Critical Care Clinical Assistant

2011 - 2013 Hamilton Health Science Hamilton, ON CANADA
= Physician providing critical care medicine for multi-bed intensive care facility
= Contact: Joanne Hordienko 905 521-2100 X44697 hordienk@HHSC.CA



Memberships and
Certificates

Publications and
Abstracts

Advanced Trauma and Life Support Instructor

2010 Hamilton Health Science Hamilton, ON CANADA

» Instruction and certification of physicians in Advanced Trauma and Life
Support

Residency Emergency Medicine

2008 - 2013 McMaster University Hamilton, ON CANADA

= As described above under FRCP Program

» Contact: Teresa Vallera 905 521-2100 X76207 vallera@mcmaster.ca

Research Semester

Summer 2005, 2006  Queens University Kingston, ON CANADA

» Conducted research on Acetaminophen toxicity.

» Constructed computerized and statistical algorithms to analyze a subset of
3500 patients from the Canadian Acetaminophen Overdose Study
database.

= Characterized time-course of biochemical markers.

Constructed clinical prognostic tool for predicting survival or death in acute
and chronic overdose

Sessional Instructor

Sept. 2002 Simon Fraser University Burnaby, BC CANADA

= Instructed classroom lectures of upper division course in Biochemistry and
Molecular Biology, Intermediary Metabolism MBB 321.

= Supervised teaching assistants.

» Designed and directed the application of educational material.

Teaching Assistant

Jan. 2000 — May 2002 Simon Fraser University Burnaby, BC CANADA

» Instructed upper division classes in Biochemistry and Molecular Biology.

= Assisted in the evaluation of students, graded exams, and other course
work.

» Provided one on one supplementary teaching for students requiring
additional instruction.

= Mentored undergraduate students .

» Received excellent student and instructor evaluations

Fellow Royal College of Physicians and Surgeons Canada
Diplomate American Board of Emergency Medicine
Licentiate Medical Council of Canada

College of Physicians and Surgeons Ontario

Canadian Medical Protective Association

Canadian Medical Association

Advanced Trauma and Life Support

Advanced Cardiac Life Support

Neonatal Resuscitation Program

Publications:

1. Langmann C. (2020) Effect of firearms legislation on suicide and
homicide in Canada from 1981 to 2016. PLoS ONE 15(6):
0234457 https://doi.org/10.1371/journal.pone.0234457

2. Langmann C. Canadian firearms legislation and effects on
homicide 1974 to 2008. J Interpers Violence. 2012;27(12):2303-
2321.

3. Sivilotti ML, Green TJ, Langmann C, Yarema M, Juurlink D,
Johnson D. Multiplying the serum aminotransferase by the
acetaminophen concentration to predict toxicity following
overdose. Clin Toxicol (Phila). 2010 Oct;48(8):793-9.

4. Green TJ, Sivilotti ML, Langmann C, Yarema M, Juurlink D,
Burns MJ, Johnson DW. When do the aminotransferases rise



after acute acetaminophen overdose? Clin Toxicol (Phila). 2010
Oct;48(8):787-92.

Sanny J., Chui V., Langmann C., Pereira C., Zahedi B., Harden
N. “Drosophila RhoGAPS8F is a putative GTPase activating
protein for RhoA participating in gastrulation.” Dev Genes Evol.
2008 Sep;216(9):543-50.

Tsuda, M., Langmann, C., Harden, N., Aigaki, T. “The RING-
finger scaffold protein Plenty of SH3s targets TAK1 to control
immunity signalling in Drosophila.” Embo. Rep. 2005
Nov;6(11):1082-7.

Schenck, A., Bardoni, B., Langmann, C., Harden, N., Mandel,
J.L., Giangrande, A. “CYFIP/Sra-1 controls neuronal connectivity
in Drosophila and links the Rac1 GTPase pathway to the fragile
X protein.” Neuron 2003 Jun 19;38(6):887-98.

Harden, N., Ricos, M., Yee, K., Sanny, J., Langmann, C., Hong,
Y., Chia, W., and Louis, L. “Drac1 and Crumbs participate in
amnioserosa morphology during dorsal closure in Drosophila.” J
Cell Sci 2002 May;115(10):2119-29.

Verheyen, E.M., Mirkovic, I. I., MacLean, S.J., Langmann, C.,
Andrews, B.C., and MacKinnon, C. “The tissue polarity gene
nemo carries out multiple roles in patterning during Drosophila
development.” Mech Dev 2001 Mar;101(1-2):119-132.

Presentations:

1.

Trotter B, Chan TM, Langmann C, Sennik S, Worster A,
Welsford M. Communication in the Emergency Department
between Physicians and Paramedics: A pilot quantitative study
to determine Emergency Physician’s accuracy, awareness and
satisfaction with Paramedic handover. Submitted for
consideration as abstract at Canadian Association of Emergency
Physicians Conference 2012.

Langmann C. Witness to House of Commons of Canada:
Committee of Public Safety for the Bill C-391 An Act to Amend
the Long Gun Registry. 2011.

Adams CL, Langmann C, Welsford, M (2011) Prehospital
induction of therapeutic hypothermia: A meta-analysis. Prehosp
Emerg Care. 15(1):121; (poster presentation, PEC 2011)
Sivilotti MLA, Langmann C, Yarema MC, Juurlink DN, Johnson
DW, Spyker DA, Thompson M, Green TJ, Dart RC, Rumack BH:
Which N-acetylcysteine protocol is associated with better
outcomes? Clin Toxicol 2010; (oral platform NACCT 2010).
Langmann C, Sivilotti M.L.A., Green, T.J., Yarema, M.C.,
Johnson, D.W. for CAOS Study Group. “The Serum
Acetaminophen Multiplied by the Aminotransferase is an Early
Predictor of Mortality Following Acetaminophen Overdose.”;
45(5) (poster presentation, North American Congress of Clinical
Toxicology, New Orleans 2007)

Langmann, C., Sivilotti, M.L.A., Green, T.J., Yarema, M.C.,
Johnson, D.W. for CAOS Study Group. “Multiplying the Serum
Acetaminophen by the Aminotransferase to Risk-stratify Patients
Following Acetaminophen Overdose.”; Can J Emerg Med 2007,
9(3): 193 (oral presentation, Canadian Association of
Emergency Physicians Annual Scientific Assembly, Victoria BC,
June 2007).

Langmann, C., Sivilotti, M.L.A., Green, T.J., Yarema, M.C,,
Johnson, D.W. for CAOS Study Group. “Multiplying the Serum
Acetaminophen by the Aminotransferase to Risk-stratify Patients
Following Acetaminophen Overdose.” Acad Emerg Med 2007,



Scholarships

14(5 supp 1):$197 (poster presentation, Society for Academic
Emergency Medicine Annual Meeting, Chicago IL, May 2007).

8. Langmann, C., Sivilotti, M.L.A., Green, T.J., Yarema, M.C.,
Johnson, D.W. for CAQOS Study Group. “Using Serum
Acetaminophen and Aminotransferase Concentrations to Predict
Death Following Acetaminophen Overdose.” KGH Residents
Research Day 2006. Recipient Best Medical Student
Presentation.

9. Langmann, C., McKenzie, J., Ryz, K., Arsenijevic, A., and
Harden, N. “Characterization of Drosophila Specific Rac1-
associated (DSra-1) protein function during development.” 43rd
Annual Drosophila Research Conference, April, 2002.

10. Langmann, C., and Harden, N. “Characterization of Drosophila
Specific Rac-associated (DSra-1) protein function during dorsal
closure.” 6" Canadian Drosophila Research Conference, May
2001.

11. Langmann, C., and Harden, N. “Characterization of specific Rac
associated protein (Sra-1) function during dorsal closure in
Drosophila melanogaster.” Northwest Regional Developmental
Biology Conference, March 2001.

12. Maroofi, A., Langmann. C., and Harden, N. “Characterization of
Putative Rac-specific Effector Proteins in Drosophila.” Genes
and Development 10t Annual CSBMCB/CBBMC Winternational
Symposium, March 2000.

Name of Award Value Type Location | Period
of Tenure | Held

Emergency - Institutional | McMaster | 2018

Physician University

Mentorship Award

Original Research | $500 Institutional | McMaster | 2013

Award Emergency University

Medicine 2013

Quality Assurance | $250 Institutional | McMaster | 2012

Award Hamilton University

Health Sciences

2012

St. Joseph Hospital | $500 Institutional | McMaster | 2010

Resident University

Appreciation Award

PMAC Summer $4,252 National Queens 2006

Research Program University

J.F. Sparks $1,748 Institutional | Queens 2006

Scholarship University

McLaughlin $6,000 Institutional | Queens 2005

Medical Education University

2002 National $19,100 | National Simon May

Sciences and Iyr Fraser 2002 -

Engineering duration University | May

Research Council . 2 years 2004

Canada (NSERC)

PGSB

2001 MacMillan-~ $5,000 Institutional | Simon Jan. 1

Bloedel Graduate Fraser 2002 ~

Scholarship University | April 30

2002




President's $10,000 | Institutional | Simon Sep. 1
Entrance Fraser 1992 ~
Scholarship University | Sep.1
1993
BC Provincial $800 Provincial Simon Sep. 1
Government Fraser 1992
Scholarship University




91 day of ; , 2020.

oy

A Nbtary Public or a Commissioner of Oaths
in and for the Province of Ontario

This is Exhiﬁit “B” referred to in the Affidavit of Dr. Caillin Langmann, sworn before me this
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Abstract

Canada has implemented legislation covering all firearms since 1977 and
presents a model to examine incremental firearms control. The effect of
legislation on homicide by firearm and the subcategory, spousal homicide,
is controversial and has not been well studied to date. Legislative effects
on homicide and spousal homicide were analyzed using data obtained from
Statistics Canada from 1974 to 2008.Three statistical methods were applied
to search for any associated effects of firearms legislation. Interrupted time
series regression, ARIMA, and Joinpoint analysis were performed. Neither
were any significant beneficial associations between firearms legislation and
homicide or spousal homicide rates found after the passage of three Acts by
the Canadian Parliament—aBill C-51 (1977),C-17 (1991),and C-68 (1995)—
nor were effects found after the implementation of licensing in 2001 and
the registration of rifles and shotguns in 2003. After the passage of C-68,a
decrease in the rate of the decline of homicide by firearm was found by in-
terrupted regression. Joinpoint analysis also found an increasing trend in ho-
micide by firearm rate post the enactment of the licensing portion of C-68.
Other factors found to be associated with homicide rates were median age,
unemployment, immigration rates, percentage of population in low-income
bracket, Gini index of income equality, population per police officer, and in-
carceration rate. This study failed to demonstrate a beneficial association
between legislation and firearm homicide rates between 1974 and 2008.

'McMaster University, Hamilton, Ontario, Canada

Corresponding Author:

Caillin Langmann, McMaster University, Division of Emergency Medicine, HHSC, Hamilton
General Hospital Site, McMaster Clinic 2nd Floor, Hamilton, Ontario L8L 2X2, Canada
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Keywords
community violence, criminology, domestic violence, homicide, legal intervention

Introduction

As in many first world and emerging nations, homicide and spousal homi-
cide by firearm is an important and controversial public health issue in
Canada. The Canadian homicide rate by firearms is approximately 0.6 per
100,000, representing roughly 200 deaths a year. It is the means of death in
more than 30% of all homicides (Statistics Canada). Firearms account for
only 0.05% of the 1.2 million presentations to Emergency Departments in
Canada’s most populous province, Ontario; however, they usually result in
hospitalization (Macpherson & Schull, 2007). Homicide by firearm peaked
dramatically in 1974 and has been gradually declining prior to the implemen-
tation of legislation (Mauser & Holmes, 1992).

Spousal violence in Canada rarely involves firearms, in the range of 0.2%;
however, when homicides occur, 30% involve a firearm, specifically a rifle or
shotgun (Ogrodnik, 2008). Spousal homicide by firearm has declined in
Canada since 1974, from 3.2 to 0.6 per million.

With the recent close defeat of Bill C-391, a bill to abolish the long-gun
registry, firearms legislation is once again a contentious issue in Canada
(Hoeppner, 2010). There currently exists a range of studies regarding fire-
arms legislation as a public health issue. Some studies suggest that the control
of availability of firearms has a preventative or opportunistic effect on homi-
cide (Bridges, 2004; Bridges & Kunselman, 2004; Cook, 1983). Others dem-
onstrate that the control of firearms has no significant effect (Kleck, 1993;
Maki & Mauser, 2003; Mauser & Holmes, 1992). Some research even reveals
that legislation may increase violent crime rates possibly by limiting a
resource for defense or deterrence (Kleck & McElrath, 1991; Lott & Whitley,
2001). Recently, the National Academies of Science published an extensive
review of existing firearms studies, but the results were equivocal and sug-
gestive that more research in this area was needed (Wellford, Pepper, &
Petrie, 2004).

Canada has adopted an incremental series of three firearms laws over the
past 40 years providing a model to study the effects of each particular legal
intervention on homicide rates (Royal Canadian Mounted Police, 2009).
Previous studies of Canadian firearms legislation have been contradictory,
have not included current data, and have not examined all legislations
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(Bridges, 2004; Leenars & Lester, 1994; Mauser & Holmes, 1992; Sproule &
Kennett, 1988). Moreover, a report for the Department of Justice of Canada
has called for evaluation of the Canadian legislation on homicide and spousal
homicide, in particular legislations enacted in 1991 and 1995 (Dandurand,
1998).

Bill C-51, passed by Canada’s House of Commons in 1977, required all
firearms purchasers to undergo a criminal record check and obtain a firearms
acquisition certificate (FAC). Mandatory minimum sentences and increased
penalties were enacted, search and seizure powers granted, new definitions
for prohibited and restricted firearms were given, and individuals were no
longer allowed to register handguns at commercial addresses. C-17, passed in
1991, added two reference checks as well as spousal endorsement, photo
identification, safety training involving written and practical testing, and a
mandatory waiting period prior to obtaining an FAC. Safe storage laws,
transportation laws, magazine capacity restrictions, prohibition of fully auto-
matic firearms, restrictions on military-appearing firearms, and new criminal
code offences and minimum sentences were also added. Finally in 1995, Bill
C-68 introduced two types of licenses in place of the FAC, possession only
(POL) and possession and acquisition (PAL), and added further screening of
licensees, made license mandatory to purchase ammunition, dealt with the
requirements of authorization to transport restricted firearms, and enacted
harsher sentences for serious crimes involving firearms.

It should be noted that portions of Canadian legislation are implemented
over subsequent years after their passage; for example, the FAC came into
effect in 1979 and the PAL/POL in 2001. As part of C-68, the registration of
all rifles and shotguns was mandatory by 2003, known as the “long-gun reg-
istry,” whereas handguns have been registered since 1934 (Royal Canadian
Mounted Police, 2009).

Method
Data Sources

Data from 1974 to 2008, including population, crime rates, economic infor-
mation, numbers of police, and homicide, were obtained from Statistics
Canada Juristat Database 85-002-XIE, and CANSIM 051-0001, 051-0011,
251-0001, 253-0002, 253-0003, 254-0001, 254-0002, 202-0708, 202-0709
(accessed March 2011). Spousal homicide rates for same-sex couples were
not obtainable.
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Statistical Analysis

To test for factors effecting homicide rates, regression analysis was per-
formed on the time frame 1974-2008, using variables suggested in the litera-
ture to be associated with criminality that could be obtained from available
- data: the median age of population, population attributed to immigration,
population per police officers, the rate of prison incarceration, the rate of
unemployment, the percentage of 15-to-24-year-old population in the low-
income bracket, percentage of the total population in the low-income bracket
(defined as spending 63% of after tax income on food, shelter, and clothing),
and the Gini index of equality (Lee & Slack, 2008; Marvell & Moody, 1996;
Mauser & Holmes, 1992; Nadanovsky & Cunha-Cruz, 2009; Ouimet, 1999).
Three methods of statistical analysis to search for legislative effects were
performed on the data. Method A used an interrupted time series Poisson
regression analysis on a selected point pre- and postfirearms legislation to
search for immediate impacts (defined as a “step” change) or changes in the
trend of homicide rates due to legislation effects. Negative binomial regres-
sion was chosen over Poisson regression when the data contained evidence of
overdispersion (Klieve, Barnes, & De Leo, 2009). The following mathemati-
cal model was designed:

Log (homicide/population) = a. +p T+ B, L + B,TxL

where T represents time, L is a dummy variable coded 0 for prelegislation
and 1 for postlegislation and T x L represents the interaction. A change in the
rate of homicide is determined by the postlegislation slope, B,, while an
immediate change, defined as a step change, in the homicide rate is indicated
by B, (Supplementary Figure A).

Regression was performed using GENLIN in SPSS version 19 with the
log of the Canadian population used as the offset.

Analysis was performed on pre-post firearms legislation at points prior to
each of the following years, 1978, 1992, 1996, and 2002 or with all years in
a combined model. Total homicide due to firearms, long guns, and handguns
were tested to examine for any specific effect of firearms legislation. The
model was also tested against nonfirearms homicide as a test of internal
validity to check for potential external factors effecting homicide rates at pre-
post time points confounding the results. To search for delayed effects due to
the duration involved in the application of legislation and the fact that provi-
sions of the firearms legislation are implemented in subsequent years, pre-
post points were advanced up to 4 years after passage of C-51 and C-17 and
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up to 8 years after passage of C-68 with a focus on the dates of enactment of
portions of legislation. C-17 (1991) introduced and C-68 (1995) added addi-
tional background and spousal reference checks, and therefore spousal homi-
cide by firearm type was also examined as above.

Method B used autoregressive integrated moving average (ARIMA) anal-
ysis in SPSS 19 (SPSS Inc., 1999) and ARIMA procedure using SAS 9.1.3
software (SAS Institute Inc., 1998). Parsimony was adhered to using the
Schwarz’s Bayesian Criteria for selection of p, d, and ¢ values, and a station-
ary process was obtained prior to choosing best p and g terms using an
Augmented Dickey-Fuller test (McCleary & Hay, 1980).

Method C was carried out with Joinpoint regression software version 3.4.3
(http://srab.cancer.gov/joinpoint/) to search for changes caused by imple-
mentation of firearms legislation. Joinpoint is a statistical tool designed to
locate a point or “joinpoint” in a time series where a change in magnitude and
direction of a linear trend occurs. Although primarily developed to study can-
cer data, it has also been used to detect changes in suicide rates (Gagne,
Robitaille, Hamel, & St. Laurent, 2010). Joinpoint regression involves per-
mutation tests on a Monte Carlo data set to select a final model that includes
a Bonferroni adjustment to control for error probability arising from multiple
tests (Kim, Fay, Feuer, & Midthune, 2000). An analysis begins with no join-
points and then tests whether an addition of a joinpoint provides a statistically
significant improvement on the model. The benefit of the Joinpoint analysis
is that it can detect a specific time where a change occurs that the prior meth-
ods may miss.

Joinpoint analysis was performed with the following parameters: a maxi-
mum of 4 joinpoints and a minimum of 4 years between joinpoint. Random
errors were assumed to be heteroscedastic between rate variances.

Results

Regression analysis was performed on the variables described above and
significant results are reported in Table 1. The median age of the population
was associated with homicide rates in all categories other than homicides
from both handgun and nonfirearm causes. However, an alternative model
for nonfirearm homicide can be constructed using median age (B = —0.03,
p <.001) and unemployment rate (B = 0.22, p = .003) with slightly less good-
ness of fit (Bayesian Information Criterion = 360.80 vs. 342.22). When
homicide data were adjusted for the effects of median population age, a more
stable rate over time of homicide can be appreciated graphically (Figure 1).
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Table I. Results of Multivariate Regression Analysis

Homicide Type B N p (Significance)
All homicide
Median age -0.019 12.035 .001*
Population per police -0.003 18.926 <.000*
Unemployment rate 0.017 8.033 .005%*
Nonfirearm homicide
Median age -0.010 2.981 .084
Population per police -0.004 109.237 <.001*
Unemployment rate 0.030 21.688 < 00| *
Firearm homicide
Median age -0.091 21.571 <.001*
Percent population immigrants 0.771 10.924 .001*
Population per police -0.004 13.956 <.00*
Incarceration rate 0.012 9.572 .002*
GINI Index 10.132 11.309 .001*
Long gun homicide
Median age -0.148 346.429 <.001*
Incarceration rate 0.007 4.725 .030%*
Handgun homicide
Median age 0.034 1.983 159
Percent population immigrants 1.783 37.796 <.001*
Population per police —-0.008 37.763 <.001*
Unemployment rate 0.082 22.388 <.001*
Percent low-income population 0.046 5.268 022%*
GINI Index 20.161 58.311 <.001*
Spousal homicide by firearm
Median age -0.135 347.849 <.001*
Percent population immigrants 0.906 8.669 .003*
Unemployment rate 0.035 5.873 015*
Spousal homicide by long gun
Median age -0.134 270.793 <.001*

“Represents results considered to be significant, having a statistical p value less than 0.05.

Interrupted time-series regression analysis produced no statistically sig-
nificant associations in terms of reduced immediate impact or long-term
trend in the overall firearm homicide rate, long-gun, and handgun homicide
rate immediately and within 4 years after the passage of C-51 and C-17
(Table 2).

Downloaded from jiv.sagepub.com at MCMASTER UNIV LIBRARY on February 14, 2012



Langmann 4
3.5 4 45
o
o
S o
=) #
o ©
5 2
o 1.5 4¢
Q. ‘/y-/»y" L 4 . "/~,/¢~ ) »
§ MM\& M REATSE S/
1 #, . " - 20 %
[} \H - \,ﬁ 314
3 = TNAAY N : 3
2 05 MMW’}W 15
0
) —e— All Homicide —#=—Firearm Homicide
0.5 -4= Non Firearm Homicide -~ Firearm Homicide Variation 5
—s= Non Firearm Homicide Variation (Age Adjusted)
1 (Age Adjusted) —ir=- Median Age 0

1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008
Year

Figure 1. Homicide rates in Canada 1974 to 2008

Note: All homicide rates are decreasing over time following a dramatic peak in 1974.The
median age of the Canadian population is also increasing over time.When the effect of median
age is removed, the rate of nonfirearm- and firearm-related homicide appears to follow a
steady state.

Statistically significant effects were not immediately appreciated after the
introduction of C-68 in 1996. However, when pre-post points are advanced to
1998, a statistically significant step effect, or reduction, in overall firearm and
subcategory long-gun homicides was found (Table 2). During this time frame
and prior to C-68, a statistically significant step effect for nonfirearms homi-
cides was also occurring each year. This suggests an external factor contribut-
ing to the reduction of all homicides during those years. There was also an
increasing trend in firearms homicides as well as long-gun homicides post
C-68 suggesting the step effect may be due to the presence of a confounding
variable.

To control for associated factors, median age was applied to the regression
model. There was no longer a significant step effect in 1998 for homicide by
firearm (year 1998: B, =-0.19,p=.06; B__ = 0. 04, p = .005); however,
the trend of i 1ncreas1ng *homicide by firearm compared with prelegislation
was maintained. When all significant variables were included in the regres-
sion, no significant effects were found (Table 2).
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Figure 2. Interrupted regression analysis, all legislation included
Note: Breakpoints in trend lines indicate years pre- and postlegislation. The decrease in the
declining trend of all firearms homicide following C-68 is the only significant change.

ARIMA was performed as a separate method to verify the regression
model. No statistically significant associations with C-68 was found in 1998
(firearm homicide: ARIMA[1,1,0] 29.21% reduction, B=-0.15, p =.15; long
gun: ARIMA[1,1,0] 18.72% reduction, B =-0.09, p = .18). ARIMA analysis
also did not demonstrate a beneficial associative effect with the other legisla-
tions in all homicide categories over all years of interest with and without
median age and other significant variables. ARIMA analysis also failed to
find gradual permanent effects that might have occurred after 1998 with the
replacement of the FAC by the PAL/POL and the implementation of the long-
gun registry (firearm homicide: ARIMA[1,1,0] 86.21% increase, B = 0.27,
p=.94; long gun: ARIMA[1,1,0] 77.61% reduction, B =-0.65, p = .60).

To adjust for the effects of previous legislation on subsequent legislation, a
model combining all legislation was produced (Figure 2, Supplementary
Figures B and C). A trend of increasing firearms homicide was noted post C-68
(year 1998: Bm;n 4= 10.06, p=.05, % change = +14.8%) but no significant step
effects were discovered suggesting the step noted in 1998 is not significant.
Late effects of C-68 coming into effect in 2001, such as the PAL/POL, was also
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tested with this model, and no statistically significant effects of the legislation
were noted (year 2001: BStep =-0.06,p=.70,B__ .= 0.079, p=.07).

Spousal homicide by firearm was also examined using interrupted regres-
sion and ARIMA. No associations were found after C-17 was passed and up
to 4 years afterward (Figure 2; Table 2; Spousal Firearm Homicide:
ARIMA]J0,1,1] 2.1% reduction, B = -.009, p = .75). C-68 also produced no
association either immediately after passage or after the implementation of
the PAL/POL (2001) or long-gun registry (2003; Figure 2; Table 2; Spousal
Firearm Homicide: ARIMA[0,1,1], 1996, 0.9% reduction, B = —0.004, p =
.89; 2001, 2.5% reduction, B =-0.01, p =.72; 2003, 2.8% increase, 5 =0.01,
p = .69; spousal long-gun homicide, ARIMA[2,1,0], 1996, 1.1% reduction,

=-0.005, p =.82; 2003, 1.9% increase, B =0.01, p =.74).

Joinpoint analysis was performed on homicide due to firearms, long guns,
and handguns as well as spousal homicide by firearms and long guns.
Joinpoint failed to detect any point in time where a change in trend occurred
that would support legislation causing a decrease in the rate of any type of
homicide. A joinpoint was generated at 2002 (C-68), where an increase in the
baseline rate of firearm homicide occurred from an annual percentage change
(APC) of -2.7% (95% CI [-3.2,-2.1]) to an increased APC 0f 2.3% (95% CI
[4.2, 9.2]; Figure 3). Interestingly, in 1991 (C-17), the rate of handgun
homicide increased from an APC of —3.6% (95% CI [-6.0, —1.1]) to an APC
of —0.3% (95% CI [-1.7, —1.2]). All joinpoint changes in trend are statisti-
cally significant (p =.01).

Discussion

This study demonstrated an association between increasing median age of
the population and a decline in both homicide and firearms homicide, in
agreement with previous work over an earlier timeframe (Table 1; Mauser &
Holmes, 1992). Research in other countries have also associated decreased
criminality with an older population (Gartner & Parker, 1990; McCall,
Parker, & MacDonald, 2007). It is interesting that once the effects of median
age are taken into account, the trend of homicide and homicide by firearm
remains at a relatively steady rate suggesting the gradual decline in homicide
is in part due to the increasing median age of the population over the time
frame studied (Figure 1).

Socioeconomic factors found to have a correlation with homicide rates
were the percentage of population attributed to immigrants, the unemploy-
ment rate, the percentage of population in low-income bracket, and the Gini
index of income equality (Table 1). Immigration and unemployment were
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Figure 3. Joinpoint graphical depiction of firearm homicide
A point of inflection in 2002 is noted. Just at that time the final portion of C-68, the long-gun
registry, came into effect.

previously found by Mauser and Holmes (1992) to be related to homicide by
firearm, and economic factors have also been shown to be associated with
criminality, so this is not unexpected (Lee & Slack, 2008; Mauser & Holmes,
1992; Nadanovsky & Cunha-Cruz, 2009). What is interesting to note is that
the subcategory of firearm homicide by handgun is associated with most of
these variables, suggesting an area of further study for risk reduction.

An increase in the number of police officers per population and incarcera-
tion rate was found to have an associated increase in homicide rates, possibly
reflecting a response to increased crime rates (Table 1). However, the poten-
tial for error exists with the use of proxy variables. For example, an increase
in the number of police could be tempered by concurrent decreases in effi-
ciency and effective use of manpower unaccounted for in analysis.

No statistically significant step effects or increasing decline of firearms
homicide was associated with C-51. This is in agreement with previous
research which used different methodology and examined the data for 1968
to 1991 (Mauser & Holmes, 1992). Neither were any significant effects
shown due to C-17, which contradicts the conclusions of Bridges who used a
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7-year duration pre-post legislation sample and a simple linear regression
model (Bridges, 2004). This study differs in that a longer duration was used
to control for error and random short trends. In addition, contributing factors
such as median age were included in the model, overdispersion and autocor-
relation were taken into account, and potential effects of prior legislation,
C-51, were studied.

Regarding C-68, a beneficial effect on homicide by firearm was only
found in one year, 1998. This effect is unlikely to be explained by legislation
as the effects were lost when median age was accounted for. In addition,
ARIMA and joinpoint analysis failed to indicate an association. During the
same time frame, step effects were found with nonfirearm homicide, possibly
suggesting the occurrence of an unknown factor. Moreover, a trend toward an
increase in the rate of firearms homicide occurred in the years following 1998
negating a step drop. Further lending credence to this is that the implementa-
tion of portions of C-68 only came into effect in 1999 with little occurring in
1997 and 1998 (Royal Canadian Mounted Police, 2009). Finally, the rate of
criminal conviction for “discharging a firearm with intent” (R.S., 1985, c.
C-46, s. 244) was analyzed and C-68 was found to have had no association.

No beneficial immediate reduction was seen on homicide by firearm in
2001 after full implementation of the PAL/POL licensing system or on homi-
cide by long gun in 2003 after the long-gun registry became mandatory in
both interrupted regression and ARIMA analysis. It is possible that an imme-
diate effects model would miss a significant effect due to the gradual phasing
in of these interventions starting late 1998. However, as reported by Canada’s
Auditor General, most firearms owners waited until the deadline to comply
(Office of the Auditor General of Canada, 2002). Still ARIMA analysis of
gradual permanent effects was conducted and failed to demonstrate a benefit
supporting the prior models. ,

Both C-51 and C-17 had nonsignificant effects on the long-term trend of
the overall firearm homicide rate. However, after the implementation of
C-68, there was a statistically significant increase in the firearm homicide
rate over time in both interrupted time series and Joinpoint analysis (Figures
2 and 3). Interestingly, the joinpoint occurred right after the implementation
of the POL/PAL. What this represents is unclear. The addition of median age
to the model alone does not account for the increase, though adding further
variables does suggesting rather an effect due to contributing factors. Or this
could simply be a return to the mean. Further research is required to deter-
mine whether this increase is related to the deterrent effect of firearms, as
some authors have suggested (Kleck, 1993; Lott & Whitley, 2001).

Downloaded from jiv.sagepub.com at MCMASTER UNIV LIBRARY on February 14, 2012



Langmann 15

The inability to find a consistent association between legislation and
homicide by firearms in this study is not entirely unusual. A Canadian study
by Mauser and Holmes (1992) failed to find a significant effect of C-51 on
homicide, and a second study by Maki and Mauser (2003) found no benefi-
cial effect of C-51 on robbery involving the use of firearms and may have
even contributed to an increase in rate of armed robbery (Maki & Mauser,
2003; Mauser & Holmes, 1992). Australia instituted strict legislation in 1996,
and a number of conflicting studies have been published since (Baker &
McPhedran, 2007; Neill & Leigh, 2007). Recently, a rigorous study using
ARIMA analysis demonstrated no measureable effect on homicide (Lee &
Suardi, 2008). Finally two systematic reviews in the United States concluded
that there was insufficient evidence supporting firearms legislation (Hahn et
al., 2003; Wellford et al., 2004).

The author has no definitive explanation as to why legislation was not
found to have a measureable effect in this study. Some researchers have
maintained that a number of regulations target legal firearms owners, a group
of people who were already low-risk individuals and were unlikely to con-
tribute to criminality (Mauser, 2001). Others state that in regard to the crimi-
nal use of firearms, studies of minimum sentencing, a part of the Canadian
legislation, have suggested it has not had the positive intended effect (Tonry,
2009). Other work has revealed that criminals tend to purchase, and often
lend firearms, between intimate contacts and prefer not to purchase through
legitimate sources; nor are firearms particularly difficult for them to obtain
(Morselli, 2002; Wellford et al., 2004).

Limitations

This quasi-experimental study is limited by potential internal validity errors
and lacks a control group. For example, some confounding force not
included in the study may have occurred at the time point of legislation caus-
ing an effect error. An attempt has been made to control for population,
social, criminal, and economic factors related to criminal rates and homicide
in this study, but as Canadian firearms laws are applied at the federal level,
geographical controls and cross-sectional studies were not possible. Pure
time series, as opposed to panel data, usually make it difficult to disentangle
various factors that might change crime rates. One advantage of the time-
series data used in this article is that the new statistical techniques provided
here better make use of the multiple changes in Canadian gun-control laws.
In some cases, pure time-series data are the only data that are available and
that the approach used here can hopefully be generalized to other issues.
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Recently in 2008, Quebec enacted provincial legislation pertaining to fire-
arms creating a future opportunity for these types of studies (Quebec, 2007).

Statistics Canada official sources were used, but all data are susceptible to
input error and validity. Finally though the suggested minimum of 25 data
points for ARIMA analysis have been exceeded, the time since legislation is
still relatively recent, and longer term trends may develop (McCleary & Hay,
1980). Hence, a continued examination of the longer term effects of firearms
legislation in Canada is encouraged.

Conclusions

Three different methods of analysis failed to definitively demonstrate an
association between firearms legislation and homicide between 1974 and
2008 in Canada. Although further study using future data may clarify the
issue, this analysis adds important information in an area where there exists
a paucity of studies.
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Abstract

Canada implemented a series of laws regulating firearms including background and psycho-
logical screening, licensing, and training in the years 1991, 1994, and 2001. The effects of
this legislation on suicide and homicide rates were examined over the years 1981 to 2016.
Models were constructed using difference-in-difference analysis of firearms and non fire-
arms death rates from 1981 to 2016. In addition, negative binomial regression was used to
test for an association between rates of suicide by Canadian Province and firearms preva-
lence, using licensing rates as a proxy for prevalence. No associated benefit from firearms
legislation on aggregate rates of male suicide was found. In men aged 45 to 59 an associ-
ated shift from firearms suicide after 1991 and 1994 to an increase in hanging resulted in
overall rate ratios of 0.994 (95%Cl, 0.978,1.010) and 0.993 (95%Cl, 0.980,1.005) respec-
tively. In men 60 and older a similar effect was seen after 1991, 1994, and 2001, that
resulted in rate ratios of 0.989 (95%Cl, 0.971,1.008), 0.994 (95%Cl, 0.979,1.010), and
1.010 (95%Cl, 0.998,1.022) respectively. In females a similar effect was only seen after
1991, rate ratio 0.983 (95%Cl, 0.956,1.010). No beneficial association was found between
legislation and female or male homicide rates. There was no association found with firearm
prevalence rates per province and provincial suicide rates, but an increased association
with suicide rates was found with rates of low income, increased unemployment, and the
percentage of aboriginals in the population. In conclusion, firearms legislation had no asso-
ciated beneficial effect on overall suicide and homicide rates. Prevalence of firearms owner-
ship was not associated with suicide rates. Multifaceted strategies to reduce mortality
associated with firearms may be required such as steps to reduce youth gang membership
and violence, community-based suicide prevention programs, and outreach to groups for
which access to care may be a particular issue, such as Aboriginals.

Introduction

Civilian firearms ownership is relatively common in Canada at an estimated rate of 34.7 fire-
arms per 100 people placing it at seventh highest in the list of 230 countries surveyed in the
Small Arms Survey 2017, and death caused by the use of firearms is an important and contro-
versial public health issue [1]. Suicide and homicide predominantly account for the causes of
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death associated with firearms in Canada [2]. In 2017 there were 266 firearm related homicides
in Canada with 52% of firearms homicides related to gang activity and this percentage is grad-
ually increasing [3]. Additionally, the majority of homicide victims (74% or 485 victims) and
those accused (87% or 459 accused) were male.

Suicide accounts for approximately 4,000 deaths a year in Canada, a rate of 11 to 12 deaths
per 100,000 [4]. Hanging is the most common method of death by suicide accounting for 44%
of deaths, whereas 16% of suicides are the result of the use of firearms, Males are much more
likely to use firearms in 20% of suicides while females only use firearms in 3%.

The regulation and control of firearms in Canada is primarily the responsibility of the Fed-
eral government and as such represents an interesting model to study the effects of gun control
legislation as the regulations are applied homogenously across the country. Some exceptions to
federal control do exist, however, such as the Province of Quebec, having implemented long
gun registration in 2019 [5]. Bill C-51, passed by Canada’s House of Commons in 1977, for the
purpose of reducing homicide associated with violent crime, required all firearms purchasers
to undergo a criminal record check and obtain a Firearms Acquisition Certificate (FAC) prior
to purchasing a firearm. Mandatory minimum sentences and increased penalties were enacted,
search and seizure powers granted, new definitions for prohibited and restricted firearms, and
individuals were no longer allowed to register handguns at commercial addresses.

The controls enacted under Bill C-51 remained in place for a decade until mounting pres-
sure after a mass homicide at the Polytechnique Institute in Quebec caused Parliament to
completely redesign Canadian gun control. In the attempt to reduce all deaths associated with
firearms, Canada enacted significant legislation in 1991 (C-17) and 1995 (C-68). C-17, passed
in 1991 added two personal reference checks from people familiar with the applicant as well as
required spousal endorsement, photo identification, safety training involving written and
practical testing, psychological questionnaires, and a mandatory waiting period prior to
obtaining a FAC. The psychological questionnaire was designed to screen applicants for a past
history of mental health diagnosis associated with an increase risk of suicide or violence. Safe
storage laws, transportation laws, magazine capacity restrictions, prohibition of fully automatic
firearms, restrictions on military appearing firearms, and new criminal code offences and min-
imum sentences were also added. Furthermore in 1995, Bill C-68 introduced two types of
licenses to replace the FAC, Possession-Only (POL) and Possession and Acquisition (PAL)
and added further screening of licensees, a license needed to purchase ammunition, regulated
the requirements of authorization to transport restricted firearms such as handguns, and
enacted harsher sentences for serious crimes involving firearms. The difference between the
previous FAC vs. the PAL/POL is important to note. The FAC was only required at initial time
of purchase of a firearm, whereas after the PAL/POL was implemented, possession of a firearm
required a valid license, licenses required renewal every 5 years, and holders of PAL/POLs are
checked daily to ensure that the holder is not subject to court orders prohibiting the possession
of weapons as well as any new criminal charge(s). In this way licenses can be revoked, and fire-
arms confiscated should such issues occur.

It should be noted that portions of Canadian legislation are implemented years after their
passage, for example the FAC came into effect in 1979 and the PAL/POL in 2001. The psycho-
logical questionnaire was first implemented in 1994. As part of C-68, the registration of all
rifles and shotguns was mandatory by 2003, known as the “long gun registry”, while handguns
have been registered since 1934. However, in 2012 the Government of Canada repealed the

Previous studies have looked at the effects of legislation in Canada and its effects on suicide
using 1991 as the point of intervention. Caron examined suicide rates on a native reservation
in northern Quebec, Canada, between 1986 to 1996 and found that while legislation enacted in
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1991 was associated with a reduction suicide by firearm, hanging and suffocation appeared to
replace it as a method, and overall suicide rates increased [6]. Specifically, the rate of suicide by
firearm decreased from an average rate of 12.7/100,000 between 1986 to 1991, to a rate of 10.0/
100,000 between 1992 to 1996 while the rate by other methods increased from 11.8/100,000 to
16.8/100,000 between the same time periods. Amongst men there was a 31% decrease in sui-
cide by firearm while hanging increased by 53.3%. For women, suicide by firearm dropped by
64% while suicide by hanging increased by 26.9% and suicide by poisoning doubled, from
17.9% to 35.5%.

Another study examined suicide rates in youth between ages 15-19 over the years 1979 to
1999 and found, associated with legislation enacted in 1991, a reduction from 60% to 22% in
the percentage of death by suicide by firearm with a compensatory increase in the percentage
of suicide by hanging from 20% to 60% [7]. This result suggested a substitution effect had
occurred, where suicide by firearm was replaced by suicide by hanging. Additionally, a study
on males in Quebec from the years 1981 to 2006 using Joinpoint analysis found that there was
a decrease in suicide by firearm that occurred at the same time as firearms legislation was
enacted in 1991 [8].

These studies may be subject to error as they examined post legislation trends over only a 5
and 8 year time span or did not control for any potential confounding variables that have
shown to be associated with suicide in previous studies, such as poverty rates, percentage of
Native American population, unemployment rates, and alcohol use [9,10]. In addition, no pre-
vious studies have examined the implementation of psychological screening that was intro-
duced in 1994, and firearms licensing implemented in 2001 in Canada.

The association between firearm legislation and homicide by firearms in Canada has also
been examined. The most recent study on overall homicide examined the years 1974 to 2008
and found no associated relationship between homicide rates and firearms legislation enacted
in 1977, 1991, and 1995 [11]. Another study looked specifically at homicide of female spouses
by firearms and also found no associated benefit with the 1995 legislation, however it did not
include any potential explanatory variables such as poverty and unemployment rates [11,12].
A third study examined the legislation enacted in 1991 and found some associated reduction
in firearms homicide but this study only examined 7 years pre and post legislation and did not
include potential confounders [13].

In this study, trends and levels of firearms homicide and suicide were examined in Canada
over the years 1981 to 2016. Since many studies of legislative intervention potentially suffer
from errors due to confounding variables, the impact of Canadian legislation was assessed
using a difference-in-difference (DiD) approach, a method that can mitigate the potential
effects of confounders. This is the first study to look at specific points of firearms legislation
implemented after 1991 and the effects on suicide by firearm in Canada as well as the first
study to examine homicide in Canada by firearm using a DiD approach.

Since all firearms owners in Canada have been required to hold a license since 2001, it is
possible to use that data as a proxy for the availability of firearms per person. It has been
hypothesized that increased availability of firearms increases the rate of firearms suicide and
therefore overall suicide due to the high lethality of that method [14]. This is the first study to
examine the prevalence of firearms and suicide in Canada using licensing as a proxy for avail-
ability. A regression model was created to test that relationship.

Materials and methods

Mortality data was obtained from Statistics Canada [15]. Homicide statistics from the years
1981 to 2016 were obtained from the Canadian Socio-Economic Information Management
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System (CANSIM) table 35-10-0072-01, 102-0551, 13-10-0156-01, and table 35-10-0069-01.
Homicide was defined based on International Classification of Diseases (ICD) codes appropri-
ate to the era (ICD-9 1981-1999: All Assault Homicide E960-E969, Firearms E965; ICD-10
2000-2016: Assault X85-Y09, Y87.1, Firearms X93-X95). Due to confidentiality reasons and
internal regulations at Statistics Canada, gender breakdown of homicide data was not obtain-
able per Province. .

Suicide was defined based on International Classification of Diseases codes appropriate to
the era (ICD-9 1981-1999: Suicide and Self Inflicted Injury E950-E959, Suicide and Self
Inflicted Injury by Hanging, Strangulation and Suffocation E953, Suicide and Self Inflicted
Injury by Jumping from a High Place E957, Suicide and Self Inflicted Injury by Firearms
E955.0-E955.4; ICD-10 2000-2016: Intentional Self Harm X60-X84, Intentional Self-Harm by
Hanging, Strangulation, and Suffocation X70, Intentional Self-Harm by Jumping From a High
Place X80, Intentional Self-Harm by Handgun Discharge, Rifle, Shotgun, and Larger Firearm
Discharge, and Other and Unspecified Firearm Discharge X72-X74). Population data from the
years 1981 to 2016 were obtained from Statistics Canada CANSIM table 051-0001.

Unemployment data was obtained from Statistics Canada table 14-10-0090-01. -Alcohol-
volume-purchased-per-capita obtained from Statistics Canada table 10-10-0010-01. Aboriginal
population obtained from the Canadian Census 2011 and 2016. Low-income-persons-per-
province were obtained from Statistics Canada table 11-10-0018-01. Data for the number of
firearms licenses in Canada by region was obtained from the Canadian Firearms Program
annual reports [16].

Statistical analysis

The study was constructed with the null hypothesis that firearms regulations implemented in
1991, 1994, and 2001 were not associated with reductions in the rate of suicide and homicide
by firearms. A Difference in differences (DiD) technique was used to construct a quasi experi-
mental time series analysis to compare a control group to a treatment group exposed to the
effects of firearms legislation. The benefits of using this model is that it mitigates the effects of
external confounders and potential selection bias involved in choosing independent variables
to include in regression. Two dependent variables were investigated, suicide and homicide. In
the study of suicide, suicide by hanging was used as the control group as it was not expected to
be directly affected by firearms legislation, while the treatment group consisted of suicide by
firearm. Suicide by hanging was also chosen as the control group, as it is reported to be almost
as likely to result in death as suicide by gunshot, and is the most frequent method used by
males [14]. Sensitivity tests were performed using all non-firearm and firearm suicide data in
the model in order to ensure that a switch from methods other than hanging into hanging,
e.g.: a switch from use of poisoning to hanging, was not responsible for any substitution effects.
Sensitivity tests were also performed using non-firearm-non-hanging suicide data for men,
and suicide by jumping from a high place for women, to test whether any changes in suicide
by firearm were independent of changes in hanging. In the study of homicide, the control
group consisted of non firearms homicide while the treatment group consisted of homicide by
firearms. (Non firearm homicide was calculated as per the ICD era as follows: ICD-9 1981~
1999: All Assault Homicide E960-E969 minus Firearms E965; ICD-10 2000-2016: Assault
X85-Y09, Y87.1 minus Firearms X93-X95).

A Generalized DiD models was constructed to allow for the relaxation of the parallel trends
assumption, in this study a model was constructed including terms to account for differing
trends prior to legislation in the control and treatment group as well as changes in trends after
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control for crossover from one group to another, in this case while it was expected that fire-
arms legislation would not directly have an effect on suicide by hanging or non firearm homi-
cide, it would potentially be the case that people who were unable to use firearms for suicide or
homicide would be forced to choose another method and thus “crossover” into the respective
non firearms groups. Constructing a model that includes all pre and post trends can allow for
an accounting of the crossover.

The Generalized DiD model was constructed with variables for year (x;,), cause of death:
firearms or hanging for the analysis of suicide or firearm and non firearm for the analysis of
homicide (x;,), and a variable to account for whether legislation was in effect (x;3). The model
utilized the variable “year (x;;)” as a term to construct a linear time trend, with interaction
terms to allow for different time trends by the cause of death. To account for whether there is a
variation in changes in each suicide or homicide category, an interaction between the step
term, legislation in effect, and cause of death was included. To allow for a common effect on
the trend, an interaction between year and the step term was included. Finally, a 3-way interac-
tion between year, cause of death, and legislation was included and is the difference in differ-
ence term that represented the additional effect of legislation. The population of each cohort at
that year, n;, was used in the model as an offset to ensure changes in population were
accounted for. The equation is written as follows:

In(Death rate)
=a+In(n) + Bix, + BoXp + Byxis + BXy Xy + BsXiXig + BoXXis + BrXuXipXis

The intercept term is indicated by o.. The coefficient B; measures the time trend in non fire-
arm mortality before the implementation of legislation, B, measures the rate ratio of mortali in
firearm vs. non firearm mortality at the starting year (1981), B; measures the level change in
non firearm mortality after the implementation of legislation, B, measures the difference in
trend for firearms relative to non firearms before the implementation of legislation, and s
measures the level change in firearm mortality after the implementation of legislation relative
to non firearm mortality. The coefficient, Bs, measures the change in trend in non firearm
mortality after the implementation of legislation. Finally, the 3-way interaction coefficient, B,
measures the additional change in trend in firearm mortality relative to non firearm mortality
after legislation, is known as the difference in difference coefficient, and if significant it indi-
cates that the effect of legislation on time trends differed between the non firearm and firearm
categories. This 3-way term, B, is the specific measure of the impact of the intervention.

The results were then interpreted as follows, if B; was significant and less than 0 then the
firearm mortality trend decreased after the implementation of legislation, while conversely if it
is greater than 0 it increased after legislation. If B and B; were both significant and less than 0
then the non firearm mortality trend decreased after the implementation of legislation, but the
firearm mortality trend decreased by a greater amount. If B¢ and B, were both significant but
Ps was less than 0 and B, was greater than 0 then the non firearm mortality trend decreased
after legislation, but the firearm mortality trend decreased by less or even increased. If B¢ and
B, were both significant and greater than 0, then both non firearm and firearm mortality
trends increased after legislation with the firearm mortality trend increasing by a greater
amount. If B and B, were both significant but Bs was greater than 0 and B, was less than 0,
then the non firearm mortality trend increased after legislation, but the firearm mortality
trend decreased or increased by less than the non firearm trend.

Linear combinations of the coefficients were calculated to give an estimate of the annual
change in the mortality rate before and after legislation was implemented, and in the case of
the DiD coefficient, this was expressed as a rate ratio of the additional rate of firearm mortality
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post legislation [18]. In addition, the comparisons of post effect trends to account for substitu-
tion effects were performed using linear combinations and expressed as rate ratios.

Analysis was conducted over the years 1981 to 2016. 1981 was chosen as a start year as prior
legislation came into effect in 1980 and prior years were excluded in order to avoid any effect
of these laws. Impacts were set at years 1991, 1994, and 2001 in order to test for the effects of
the implementation of each legislation and to conduct sensitivity analysis to account for grad-
ual implementation, Years prior to impacts were coded as 0 and years post impact were coded
as 1. The year 1991 was chosen as the implementation of background and reference checks,
safe storage regulations, magazine capacity restrictions, mandatory training and the prohibi-
tion of a number of firearm types were all implemented at that time. The year 1994 was
selected as it was the first year the implementation of the psychological questionnaire was
added to background checks. Finally, 2001 was chosen as it was the year that all firearms own-
ers were required to have a firearms license rather than just a certificate to acquire firearms.

A second categorical model was constructed to determine if an association existed between
the percentage of the population holding firearms licenses in each Canadian Province or Terri-
tory and the rates of suicide by all methods, firearms, and non-firearms methods using nega-
tive binomial regression. Suicide rates were examined over the years 2011 to 2016. While
licensing in Canada was implemented in 2001, it is estimated that there would be a period of
time after implementation where firearms owners would not have obtained a license and that
gradual increases in licensing rates would simply be people who already own firearms who
have finally obtained a license[19]. Moreover, data on license holders was only sporadically
reported by the Canadian Firearms Program and reported during the years up to 2011.

Model 1 was constructed containing a factorial dummy variable for each province or terri-
tory to account for intra-provincial effects, a dummy variable for each year, and then a variable
for percent license holders. Model 2 contained the variables in Model 1 plus variables for alco-
hol consumption, unemployment rates, percent aboriginal population, and percentage of low
income persons. These variables were examined as they have been included in regression mod-
els in previous studies as potentially associated with suicide rates [9,10,20]. The procedure of
principal components was used to create a single variable containing the three variables as
there existed a high degree of collinearity between variables. The equation is written as follows
with population, n;, used in the model as an offset to ensure changes in population were
accounted, and the intercept term is indicated by o.

In(suicide) = o + In(n,) + B, Year + f,Province 4 f,Percent_Licence + 8, Variable

Negative Binomial Regression with standard errors estimated by bootstrapping in Stata/IC
version 14 (StataCorp LP, College Station, Texas) was used for statistical analysis. The accep-
tance level of statistical significance used in the analysis was a p value ss than 0.05 and 95%
confidence intervals (CI). False discovery rates were calculated using the Benjamini-Hochberg
procedure[21].

Results

numbers and rates from 1981 to 2016 by gender and age brackets). There has been a gradual
trend of an increase in suicide by hanging from 1981 onwards with a decrease in suicide by
firearm in both sexes. In 1981 the male suicide rate by hanging and firearms were 5.12 per
100,000 and 8.74 per 100,000 respectively, while in 2016 the rates were 8.22 per 100,000 and
3.04 per 100,000 respectively. In females the rates are substantially lower than in males. In
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Fig 1. A-D: Suicide Rate by Year per 100,000.

https://doi.org/10.1371/journal. pone.0234457.g001

1981 the rates by hanging and firearms were 1.32 per 100,000 and 0.74 per 100,000 respec-
tively, while in 2016 the rates were 2.53 per 100,000 and 0.14 per 100,000 respectively.

Fig 2A and 2B show the homicide rates over 1981 to 2016 for male and female homicide vic-
tims. (See S2 Table for numbers and rates of homicide by year and gender from 1981 to 2016).
Both homicide rates by firearm and non-firearm have been declining over time for males and
females. In 1981 in males the rate of homicide by firearm and non-firearm were 1.02 per
100,000 and 1.78 per 100,000 respectively, while in 2016 the rates were 0.68 per 100,000 and
1.02 per 100,000 respectively. In 1981 in females the rate of homicide by firearm and non-fire-
arm were 0.46 per 100,000 and 1.26 per 100,000 respectively, while in 2016 the rates were 0.09
per 100,000 and 0.42 per 100,000 respectively. Males are more often the victim of homicide
than females.

To examine for associated effects of firearms legislation on suicide the DiD regression anal-
ysis was applied to male and female suicide data separately. In addition, male suicide rates
were examined in separate age cohorts as it is possible that gun control may affect different age
groups, e.g.: younger males may be prevented from acquiring firearms whereas older males
may already have firearms and thus be unaffected by certain legislative changes that prevent
acquisition. Female suicide rates were not separated into cohorts as many years had cohorts
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Fig 2. Homicide rate by year per 100,000.
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