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Where is our lane when it comes to 
firearm injury prevention?

******



Maybe we 
could 

focus on 
the 

science!

Goal: Disengage from the culture war - Focus on the Science of Firearm Safety



Firearms as a Public Health Disease



Firearms as a Public Health Disease

“If it’s not a health issue, 
why are people dying from it?”

Former Surgeon General 
David Satcher, MD, PhD
1993



Firearms are the second leading 
cause of death among children

WONDER (2019); Cunningham, Walton, & Carter NEJM (2018)

33,577 Motor-Vehicle Crashes

20,719

17,111

Fatalities, 2008-2017, 1-18 years old

Mechanism of Firearm Injuries 
among Children (1-18 y/o)

Malignant Neoplasm

Firearm-related Injuries

Homicides/Assaults
55.3%

Unintentional/Accidental
3.9%

Self-inflicted/Suicide
38.4%

WONDER (2019)

Pediatric Firearm Injury

*2.4% Undetermined Intent



Pediatric Injury Trends Over Time (1981-2017)
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• Pediatric firearm fatality rates have been stable for past decade
• Increased 44% since 2013
• In 12+ states, firearm fatality rates > MVC fatality rates
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Michigan Firearm Injury Trends



U.S. is average among OECD nations in 
the following: 

• Non-firearm homicide rates
• Urban crime rates
• Adolescent fighting and bullying
• Overall completed suicide rates 
• Mental Illness
• Teen alcohol abuse/dependence
• Use of violent media

How does the U.S. Compare Globally?

Grinshteyn & Hemenway, 2015



For firearms, we are above average…
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• 91% of all 0-14 y/o killed by a firearm are killed in the US
• 92% of all 15-24 y/o killed by a firearm are killed in the US

Grinshteyn & Hemenway, 2015

33.8X
14.2X

22.5X (49.0X)



High-Risk Subgroups of Children

Adolescents (15-19 y/o) are at the 
highest risk for firearm death

Firearm injuries are responsible for 1 out of 
every 5 deaths that occur among older 
adolescent youth (age 15-19)

WONDER (2018)

Firearm Injury Mechanism Varies by 
Age in Children and Adolescents
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Males > Females
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1.5X
3.4X

7.5X

WISQARS (2018)

High-Risk Subgroups (2006-2016)
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Rural-Urban Disparities (2006-2016)
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Robers, Zhang & Truman, 2012; Modzelenski et al 2008; CDC 2012

School Shootings
• <1 % of pediatric homicides & suicides occur in schools
• Among on-site school homicides/suicides:

• 27% Suicides; 69% Homicides; 4% Homicide & Suicide
• 68% acquired the weapon from their home or that of a relative
• Weapon type: 61% handgun; 49% rifle/shotgun

• 2000-2017: 52 active shooter incidents at elementary, 
secondary and post-secondary institutions

• 67 fatalities & 86 non-fatal firearm injuries
• 2/3 involved single firearm (60% handguns)
• Perpetrators were all male, majority prior or current students



• Firearm Injuries costs the U.S. ~229 billion annually*
• Direct costs (i.e. medical costs) - ~$8.6 billion*
• Majority of costs are indirect costs due to lost work/productivity, 

lost quality of life, and criminal justice/jail time
Ted Miller PhD, Principal Research Scientist, Pacific Institute Research and Evaluation (PIRE); Atlantic 2015 *Not pediatric specific

Societal Costs of Firearm Injuries



Non-fatal Firearm Injuries

• ~12,000 children/adolescents injured seriously enough to require ED 
treatment in 2016

• Majority of non-fatal firearm injuries occur among adolescents
• Mechanisms of Injury

• < 10 years old = Unintentional; >10 years old = Assault-type Injuries
• Suicide smallest number (case fatality rate = 90%)

• Types of Injuries                                          Rate of Admission = 48.3%
• 75% involve injuries to Upper/Lower Extremities
• 20% head, neck or spinal injuries; 20% poly-traumatic injuries

• Long-term morbidity is substantial after pediatric firearm injuries
• >50% require long-term disability care
• ~3,200 children unable to independently perform age-specific ADLs annually

WISQARS 2016; Carter, Alpern, Cunningham et al 2016; Discala & Sege 2004; Arslan 2002; Leventhal 2014 



Trends in GSW Injury Severity Score (ISS) among 
Hospitalized Trauma Patients (1993-2014)

Kalesan et al., Trauma Surg & Acute Care Open, 2018

Firearm ISS among hospitalized trauma patients 
have increased annually 1.4% (95% CI=1.3-1.6).

• Increases primarily from 
young (age 16-45) and 
older adults (age > 45).

• Among children (age < 16), 
increases occurred 
between 1992-1995 and 
1998-2014, with plateau 
between 1995-1998.

• Increases similar by sex 
and intent.

• Overall findings reflect 
increasing injury severity for 
hospitalized firearm injuries 
& changing patterns of 
injury management.



Estimated of Number of U.S. Firearms
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Estimated 265 million firearms throughout the United States (2015)
22% of U.S. adults owned firearms
42% of U.S. firearms are handguns/53% long guns
Mean # firearms = 4.9 per owner
50% of firearms owned by 14% of population

Azrael, Hepburn, Hemenway, and Miller. Russel Sage Foundation Journal of Social Science. 2017



Domestic U.S. Firearm Production
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s) 1996-2004:  Production Slightly Decreased
2004-2013: Steady increase until 2013 when >10 million produced
Increases in firearm production driven largely by pistols and rifles

Smith et al. AJPM. 2017



U.S. Firearm Pistol Production by Caliber
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Increased pistol production attributable to 0.38 and higher caliber pistols

Crime trace data:  
Increase in pistols recovered between 2006-2015
Little change in revolvers/shotguns
Pistols: Decline in small caliber/increase in large caliber recoveries

Smith et al. AJPM. 2017

2004-2015: 
12-fold increase in 0.38
7-fold increase in 9 mm
2.5-fold increase in pistols > 9mm



GSW Injuries by Firearm Caliber, Level-1 
Trauma Center, Memphis, Tennessee
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Increase in the % of non-fatal firearm injuries due to large caliber GSW wounds

Manley et al. JACS. 2019



Case Fatality by Firearm Assault Injuries and 
Caliber of Weapon

Braga and Cook, JAMA Network Open, 2018

•Small caliber: .22, .25, .32;          Medium caliber: .38, 9 mm;          Large caliber: .357, .40, .44, .45, 10mm

Medium Caliber vs. Small Caliber Weapon
Relative Risk of Death

RR = 2.25

Large Caliber vs. Small Caliber Weapon
Relative Risk of Death

RR = 4.54
(1.37-3.70) (2.37-8.70)



Effects of Small vs. Large Caliber for Injury

Courtesy of Steve Hargarten; Medical College of Wisconsin; Department of Biomedical Engineering; Crime Lab

.25  Caliber Pistol      .40  Caliber Pistol      



Effects of Small vs. Large Caliber for Injury

Courtesy of Steve Hargarten; Medical College of Wisconsin; Department of Biomedical Engineering; Crime Lab

5.56 NATO

High Velocity
High Pressure 
Rifle



Where do firearm injuries occur among 
children and adolescents? 

• Children are more likely to be killed by a gun in a 
home than anywhere else.

• Most common locations for fatal firearm injuries 
among all children (0-19 years old):

• Home or surrounding area (60%)
• Street/Highway (19%)
• Motor Vehicle/Parking Lot/Public Garage (7%)

Home
87%

Other
13%

Ages
0-9

Home
82%

Other
18%

Ages
10-14 Home

55%

Other
45% Ages

15-19

Source: “The Truth About Kids and Guns”, Brady Center to Prevent Gun Violence, 2011



Firearm Access among Children and 
Adolescents

• The single most modifiable risk factor for 
pediatric firearm injuries is firearm access

• Loaded, unlocked firearms in the home
• Illegal diversion of firearms from legal owners

• Firearm Access at home
• 1/3 of homes with children have firearms

• 40% have a firearm that not stored safely
• 75% of suicides firearm came from home of the victim 

or a close relative
• Diversion of firearms from legal channels

• ED-based study of firearm possession among assault-
injured youth

• 80% obtained the firearm from illegal channels
• ~40% reported obtaining a firearm for protection

Schuster 2000; Okoro CA 2005; Carter 2013



How do Adolescents Acquire Firearms?

Social Networks
Family member/Home

Friends or Peers

Diversionary Sources
Street dealer

Drug Dealer/Addict
Only 20% of firearms acquired by youth are through traditional legal channels (i.e., 

purchased from department, sporting goods store or pawnshop)
(Webster 2002; Carter 2013)



Take Home Points

• Firearm injuries are 2nd leading cause of death for U.S. children and 
adolescents and have been increasing since 2013

• High-school students are now more likely to die from a firearm injury than any 
other cause of death

• While intent patterns and underlying risk factors differ among different 
populations, firearm injuries affect all children/adolescents

• Injury severity is increasing, partly resulting from shifts towards more 
firearm injuries and higher caliber firearm availability

• Patterns of injury for children/adolescents differs from adults and require 
their own field of study on prevention and reducing injury

• The single most modifiable risk factor for pediatric firearm injuries is 
firearm access/availability

• Physicians have a role in preventing firearm injuries precisely because 
so many children/adolescents are dying



Addressing the Public Health Disease of 
Firearm Violence

A Framework For 
Developing 
Solutions



Public Health Approach

Define the Problem

Identify Risk and 
Protective Factors

Develop and Test 
Prevention/Intervention 

Strategies

Implement 
Prevention/Intervention 

Initiatives

Monitor and Evaluate 
Effectiveness



An Injury Prevention Success…….



Not an accident......a pathway forward

• Crash Avoidance = Adaptive Headlamps, Reflectors, Signals, Mirrors, Anti-
lock brakes, Lane departure warning systems, Electronic Stability Control

• Crashworthiness Improvements = Seatbelts, Airbags, Tempered Glass, 
Crumple Zones, Collapsible Steering Columns, Instrument Panel padding

• Behavioral Modifications = Alcohol Impaired Driving 
o Per Se Laws (i.e. .08 BAC Limit), Alcohol Interlocks, Min Drinking Age 

Laws
o Zero Tolerance Laws

• Road Safety Interventions
o Divided Roadways, Signage, Streetlights, Reflective barriers, Curved rails 

• Trauma System Development

• Increased Measures for High-risk Populations
o Children = Car Seats, Graduated Drivers Licensing Laws
o Elderly = Physician Review/Intervention for elderly drivers



Haddon Matrix

• Created by William Haddon, Jr., M.D.
• Father of Modern Injury Epidemiology
• First Head of NHTSA & IIHS
• Developed Haddon Matrix in 1950s
• Broadened view of prevention to more 

than driver behavior



Haddon Matrix – Motor Vehicle Crashes



Haddon Matrix – Firearm Violence

Firearm and Injury Center at Penn. 2011. “Firearm Injury in the United States.”



Within Your Scope of Practice and 
Definitely in your Lane

• Understand the epidemiology and risk 
factors for firearm injury

• Become knowledgeable about the basics of 
firearms

• Develop skills for screening and counseling 
of patients & families

• Universal Screening
• High risk populations

• Teens and Depression
• Adolescents at risk for Non-partner and Partner 

violence
• Know what to do with answers
• Safe Storage Counseling
• Lethal Means Counseling

• Support evidence-based public health 
research and practices

Respect firearm ownership…
counsel on safety
meet people where they are at   
and focus on harm reduction



State of the Science



Healthcare-based Safe Storage 
Interventions

• Healthcare-based Safe Storage Intervention studies
• Decreasing risk for unintentional injury
• Restricting lethal means access 
• Healthcare provider training 

• Screening and Education/Counseling around firearm safety and 
lethal means access, particularly when paired with providing free 
gun locks, increases safe firearm storage in homes with children

• Educational interventions for healthcare providers can improve self-
efficacy and attitudes regarding screening and counseling, but 
unknown whether this translates to improved behavioral outcomes 
(i.e., counseling of at-risk families/patients)

Kruesi et al 1999; Oatis et al 1999; Grossman et al 2000; Stevens et al 2002; Albright and Burge 2003; 
Carbone 2005; Barkin et al 2008; Runyan et al 2016; Dingeldein et al 2012  



Get Educated….Training in Skills

www.childfirearmsafety.org

http://www.childfirearmsafety.org/


Get Educated….Resources

www.childfirearmsafety.org

http://www.childfirearmsafety.org/


Know what doesn’t work

• Programs designed to teach firearm safety 
and avoidance to children

• Eddie Eagle Program (NRA)
• Straight talk about Risks (STAR)

• Pre-kindergarten – 12th grade
• Only effective teaching kids to remember 

gun safety messages and skills for 
supervised role play

• NONE effective outside the context of 
the training session 

• i.e. real life scenarios



Interpersonal Violence Prevention in 
Emergency Department Settings



EDs Provide Access to At-Risk Youth

• ED visit provides a “teachable moment”
• School-based prevention programs miss an at-

risk population as attendance may be sporadic 
• Inpatient hospital-based programs miss a large 

portion of youth who are treated and released
• 90.0% of all youth are discharged from ED
• 84.0% of assault-injured youth
• 51.7% of firearm injuries

• Most inner city youth lack a primary care 
physician

• Emerging adults not yet connected to adult care



Violence as a Recurrent Disease

Assault-injury types
20% Firearm (ISS=7.2)
15% Cut/Pierced (ISS=2.2)
64% Struck by/Against (ISS=2.0)

• 36.7% repeat violent injury
• 65% higher risk than non-AI

• 59.0% firearm violence
• 40% higher risk than non-AI

• 47.2% arrest/CJ involvement
• 30% higher risk than non-AI

• Drug and/or Alcohol Use Disorders
• PTSD
• Retaliatory Attitudes
• Firearm Possession

• 57%  drug use disorder
• 22.3% alcohol use disorder
• 20% used alcohol/drugs 

before fight
• 25% indicated intention to 

retaliate
• 23% report having firearms

• 80% illegally acquired
• Elevated rates of ED visits for 

assault and mental health

Carter 2013; Cunningham 2014; Carter 2015; Carter 2018



SaFETy Score - Risk of Future Firearm Violence

Goldstick, Carter, Walton, Dahlberg, Sumner, Zimmerman, Cunningham 
Annals of Internal Medicine 2017
R01 # 024646 NIDA/NIH (Cunningham)

S (Serious Fighting)
In the past 6 months, including today, how often did you get 
into a serious physical fight?

F (Friend Weapon Carrying)
How many of your friends have carried a knife, razor, or gun?

E (Community Environment)
In the past 6 months, how often have you heard guns being 
shot in your neighborhood?

T (Firearm Threats)
How often, in the past 6 months, including today, has 
someone pulled a gun on you?



SaFETy Risk Gradient

Goldstick, Carter, Walton, Dahlberg, Sumner, Zimmerman, Cunningham Annals of Internal Medicine 2017
R01 # 024646 NIDA/NIH (Cunningham)



Screen and Intervention Violence Prevention
Youth 14-18 seeking ED care

www.saferteens.org

http://www.saferteens.org/


Project IntERact
• Pairs Multi-session Remote 

Behavioral Therapy with a 
Smartphone-based APP

• 1 ED session + 5 post-ED sessions
• MI+CBT+CM
• Smartphone APP

• Daily surveys
• Positive Tailored MI+CBT Messaging
• GPS tracking-high-risk location alerts
• One-touch Social Support
• Personalized Feedback
• Strengths-based CM Resources



IndividualSocialCommunity

Multi-faceted youth violence prevention program testing six 
interventions focused at multiple ecological levels in an intervention 
neighborhood as compared to a comparison neighborhood

• Community Policing
• Clean & Green 

Initiatives

• Father & Sons
• Targeted Outreach 

Mentoring

• Sync (ED-based BI)
• Youth Empowerment 

Solutions (YES)



Outside Your Practice….but within your lane

• Advocate for additional research 
funding commensurate with the 
burden of disease

• Support the work your professional 
societies are doing on firearm safety

• Help frame the issue as one of 
health and safety, not political debate

• Support on-going community 
organizations working on firearm 
injury prevention



FACTS Consortium



FACTS Consortium
• Funded 9/2017 by NICHD-most substantial NIH investment in firearm 

research in over 20 years
• 25 content experts across disciplines
• Mixture of junior and senior to grow field

• Aim #1: define a pediatric-specific firearm injury research agenda
• Aim #2: core studies to provide preliminary data that informs large-scale 

studies and fills early data needs
• Aim #3: Establishing web-based searchable data archive for childhood firearm 

injury
• Aim #4: Build a cadre of national research scholars that will serve as an 

emerging pipeline for future research. 





Stakeholder Panel

Suicide

Homicide

Unintentional

Mass 
Shootings

Gun Owners

James R. Anderson, BG Veteran MI National Guard
James Berlin, Police Chief, City of Roseville, MI, Firearm Safety Trainer
Tom O’Connor, Gun Owners for Responsible Ownership, OR
Geraldine Hills, Arizonans for Gun Safety
Chris Harris, Pastor, Bright Star Community Outreach, IL
Joneigh Khaldun, Public Health Commissioner Detroit 
Adelyn Allchin & Vicka Chaplin, Educational Fund to Stop Gun Violence
Joe Erardi Executive Board, AASA (School Superintendent Assoc.), Former Superintendent, Newtown, CT
Ben Hoffman, AAP Violence Prevention Group
Rochelle Dicker, Trauma Surgeon, LA County Dept of Health
LokMan Sung, Medical examiner, Detroit
Dorman, Greg Supervising Attorney, Gang & Gun Prosecution Section LA

Religious Military Schools/
Education

Law 
Enforcement

Public Health/
Medical



AIM#1: Research Agenda



Pilot Projects

National Adolescent/Parent Dyad Survey (Gallup Organization)
Agent-based Modeling Simulation Study for Violence (Flint, MI)

Primary Prevention Counseling for Safe Storage (Focus Groups, UP, MI)
Implementation study using Firearm Safety Check Intervention in Primary Care

PECARN Data Collection Improvement on Non-Fatal Injuries
Observational Study of Social Media Responses after Mass Shootings

Evaluation of Extreme Risk Protection Orders (in Oregon)
State laws (Restrictiveness/Permissiveness) and their association with K-12 school shootings

Dose-Response Analysis and Firearm-specific Outcomes for the Busy Streets Intervention



www.childfirearmsafety.org

http://www.childfirearmsafety.org/


Data Repository 

DATA
ICPSR Website with searchable data
One stop FACTS info and resources

Leverage Relationships with PECARN and other large 
consortiums to enhance data collection/analysis/trials

DATA KNOWLEDGE ACTION



Creating Research Resources

PhD

MPH
MPP

BSMD

Pipeline



Questions?

 Patrick M. Carter, MD
 UM Injury Prevention Center
 Department of Emergency 

Medicine
 University of Michigan
 cartpatr@med.umich.edu 



Critical to Reframe as Injury Prevention 
and Safety Issue not Gun “Control”



A Quick Historical Detour to the 1990s



A Quick Historical Detour to the 1990s
Excerpts from a 1995 letter to Senator Arlen Specter, Chair of HHS Appropriations Committee



The Dickey Amendment

Branas 2005; WHO 2015; Ladapo 2013; MAIG 2013



What has this meant for Pediatric Firearm 
Injury Prevention?

Federal research dollars focused on leading U.S. causes of death among children and adolescents ranged from 
$597 per death for firearm injury to $25 million per death for HIV.

Cunningham, Ranney, Goldstick, Kamat; Roche, & Carter, Health Affairs, 2019



What has this meant for Pediatric Firearm 
Injury Prevention?



What has this meant for Pediatric Firearm 
Injury Prevention?

The model suggests that research on firearm injury prevention is 96.7% underfunded, or funded at roughly 1/13 
of the predicted amount — given the typical U.S. research funding response to disease and injury epidemics.

Cunningham, Ranney, Goldstick, Kamat; Roche, & Carter, Health Affairs, 2019



What has this meant for Pediatric Firearm 
Injury Prevention?

Firearm injuries were more than 1.5 standard deviations below the predicted level for both funding and 
publication, based on mortality levels.

To decrease death rates among U.S. 
children and adolescents, a substantial 
increase in research funding for firearm 
injury prevention is required.

About $37 million per year over the next 
decade is needed to realize a reduction in 
pediatric firearm mortality that is 
comparable to that observed for other 
pediatric causes of death.

Cunningham, Ranney, Goldstick, Kamat; Roche, & Carter, Health Affairs, 2019
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