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In 2021 there were 47,646 suicides (CDC provisional data)

~Half of all suicides (55%) were firearm suicides (26,328)

CFR Firearms ~90%; CFR pills and cutting <2% 

Most firearms used in suicides:

ü come from the victim’s home
ü not recently acquired (e.g., Kellerman=3%)
ü 75% HG (90% among women; 50% rural male 

adolescents) 

Most suicides on first attempt

Background

1.Conner A, Azrael D, Miller M. Suicide Case Fatality Rates in the United States, 2007 to 2014: A Nationwide Population-Based Study. Ann Intern Med. 2019. doi:10.7326/M19-1324
2.Thomas N, Barber C, Miller M. A cohort study of initial self-harm events: method-specific case fatality of index events, predictors of fatal and nonfatal repetition, and frequency of method-switching. International Review of 
Psych. 2021
3..Barber C, Azrael D, Miller M, Hemenway D. Who Owned the Gun in Firearm Suicides of Men, Women, and Youth. Who owned the gun in firearm suicides of men, women, and youth in five US states? Preventive 
Medicine. 2022. 
4. Hanlon T, Barber C, Azrael D, Miller M. Type of firearm used in suicides: findings from 13 states in the National Violent Death Reporting System. Journal of Adolescent Health. 2019



In 2021, 40% of adults (overall, and with children) live in households with 
firearms (2021 NFS)

• 29% personally own (~75 million)
• Additional 11% live w GO but don’t own

In HH w guns and children: less than half store all HHG locked and 
unloaded (safest); 15% store >1 gun loaded and unlocked (least safe)

• HH w guns and kids w suicide risk factors ~1/3 all guns locked and unloaded (same as HH w 
kids and no suicide RF, 2015 NFS); 12% at least one gun loaded and unlocked 

>80% men in HH w guns personally own; but fewer than half of the women 
personally own

• ~ 85% of the adults who live in households with guns but do not own firearms themselves 
are women

Personal vs. household-level exposure to guns in US

~20 million US women (and 4 million US men) currently living in HHG+ but are nonowners
~31 million children live in HH w guns (~5 m in HH with >1 that is both loaded and unlocked)

Miller M, Zhang W, Azrael D. Firearm Purchasing During the COVID-19 Pandemic: Results From the 2021 National Firearms Survey. Ann Intern Med. 2022. 
Miller M and Azrael D. Firearm storage practices in households with children: findings from the 2021 NFS. JAMA Netw Open. 2022
Scott J, Azrael D, Miller M. Firearm storage in homes with children with self-harm risk factors. Pediatrics. 2018; 



SR 2018-2021
Same pattern 
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MDD
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What We Know From Ecologic Data



Miller M, Barber C, Azrael D, White R.  Firearms and suicide in the United States: is risk independent of underlying suicidal behavior? Am J Epidemiol 2013

Firearms and suicide: is risk independent of underlying suicidal behavior?



Firearms and suicide: 
is risk independent of underlying suicidal behavior?

BRFSS 2004



Prior individual-level studies: More than a Dozen US Case-Control studies *:

● Gun in home is a risk 
factor for suicide for 
gun owner, spouse, 
and children

● Factors held 
constant:
○ Age
○ Gender
○ Community
○ Living alone
○ Education
○ Alcohol
○ Depression 

medication
○ Illicit drug use
○ Psychiatric diagnosis Anglemyer et al .The Accessibility of Firearms and Risk for Suicide and Homicide Victimization Among Household Members: A 

Systematic Review and Meta-analysis. Ann Intern Med. 2014;160(2):101-110. doi:10.7326/M13-1301

However, household do not own guns, people do –and nearly all studies that have 
assessed household-level risk report only aggregate risk, which is a weighted mean 
of the risks for firearm owners and nonowners residing in the same home.



• Critics: these associations (from observational studies) 
can be explained by unmeasured confounding
• Best à RCT, but that is not feasible

• Can try to understand the extent to which confounding 
matters
• Survey studies
• Bias analyses



Sorenson, 2008; Ilgen, 2008; Miller 2009; Betz 2011; Valenstein 2018 (Si/SA in VHA in mental health clinics)

Are people in HH with guns more suicidal?



Miller M, Swanson S, Azrael D. Epidemiol Rev, 2016.

Bias analyses
üMiller et al. took this to the extreme with a hypothetical 

binary confounder that might "explain away” i.e., nullify 
results

A nullifying unmeasured confounder would need to possess an untenable combination 
of characteristics: 1) as potent a suicide risk factor as (e.g., major depressive and 
substance use disorders), and also 2) an order of magnitude more imbalanced than is 
any known risk factor

üSwanson et al. asked how estimates would change, in 
magnitude and direction, if further adjusted for RF not 
available in the original study 

Few differences by HHG status: Biggest --> substance use disorder (2.3% vs 0.8%, 
ETOH dep). 

Updated relative risks >4.0 across most sensitivity analyses and at least 3.1 in even the 
most conservative estimates

Swanson S et al Injury Prevention. 2020. 



Personal and household-level exposure

The LongShot Cohort



The LongSHOT cohort
• 28,866,022 adults (>21 yrs) followed for up to 12.2 years

• 1,196,382 cohort members purchased >1 handguns during follow-up

• 1,655,639 cohort members died
Ø 13,868 from gunshot wounds

Ø Information on cohort members: 
Ø Age, sex, race
Ø Geocoded place of residence (time varying)
Ø Dates of all lawful handgun (+ some long gun) acquisitions during 

study period (running tally)
Ø Prior handgun acquisitions (back to 1985)
Ø Area level measures of SES and crime (time varying)



Two published studies about acquiring handguns
(exposure in CC studies = living in HH w guns)

• How does my risk of suicide change if I become a handgun owner?

• What effect would my becoming a new handgun owner have on the 
suicide risk of a woman with whom I am currently living in a home 
without handguns?

One about divestment (AFSP funded, Swanson PI)
(about which, even descriptively, almost nothing is known)

• What is the effect of my divesting and remaining divested versus never 
divesting on my risk of suicide?

These studies pose well-defined research questions of direct practical relevance, 
and use falsification strategies to more rigorously assess underlying assumptions 
(about exchangeability). These will now be discussed in more detail by my 
wonderful colleague Sonja Swanson… 



Handgun divestment and suicide risk:
A case study in informing suicide prevention strategies using observational data 
when randomized trials are not feasible

Sonja Swanson
University of Pittsburgh School of Public Health



Part II. The Safety Study: LMC 
intervention in Colorado EDs to prevent 

adolescent suicide

Matthew Miller, MD, MPH, ScD

Northeastern University



Does intervening to affect availability of methods affect 
suicide rates?

ü Population level restrictions:
ü Coal Gas: England
ü Pesticides: Sri Lanka
ü Firearms: Israel

LMC in clinical practice
ü Are we doing enough? Not yet!

Adolescent Access to HH firearms
ü >30% w/in 5 mins

Belief in preventing suicide by restricting firearm access
ü Most do not think MR prevents suicide

Safety Study

Is in home storage associated with lower risk of suicide?
ü For youth, yes (Grossman 1995)



THE COAL GAS STORY  
(Kreitman, 1976)
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The profound fall in suicide rates in Sri Lanka occurred without 
any psychosocial intervention.



Firearms – Israeli Military
• Virtually all 18-21 year-olds in Israel serve in the Israeli Defense Force

• Early 2000s, IDF focused on preventing suicides, most of which were 
by firearm, many occurring on weekends while soldiers were on leave

• In 2006, IDF required soldiers to leave their weapons on base during 
weekend leaves

• The suicide rate decreased by 40%. 
• Weekend suicides dropped significantly
• Weekday suicides did not

Lubin 2010, Suic & Life-Threat Behavior.



ARE WE ACTING ON WHAT WE 
ALREADY KNOW?

Not Yet …



When Providers Ask about Gun Access

► Anonymous survey completed by nurses 
and physicians at eight emergency 
departments, 2010–11

► Item prompt says, “I ask if there are 
firearms at home … ” and poses patient 
scenarios

► Response categories are “almost always,” 
“often,” “sometimes,” “hardly ever”

Percent reporting they almost always ask

16%

Source: Betz, Miller, Barber et al. (2013). Lethal means restriction for suicide prevention: beliefs and behaviors of emergency 
department providers. Depression and Anxiety, https://doi.org/10.1002/da.22075 4

22% 21%

64%

Pt suicidal in 
past mo., not  

now

Suicidal 
today, no  

plan

Suicidal 
today, non-

gun plan

Suicidal 
today, gun  

plan



What Health Providers Think and Do about Means Restriction

► 67% of nurses, 43% of attending 
physicians, and 44% of resident 
physicians said that “most” or 
“all” firearm suicide decedents 
would have died by another 
method had a firearm been 
unavailable

Source: Betz, Miller, Barber et al. (2013). Lethal means restriction for suicide prevention: beliefs and behaviors of emergency 
department providers. Depression and Anxiety, https://doi.org/10.1002/da.22075 3

“Each month in the United States, over 1,000 people die by suicide using firearms. Had a firearm not been accessible to 
them, how many do you think would have found another way to die by suicide?”



Discussions Regarding Firearm Safety Between Clinicians and U.S. 
Adults Living In Households With Firearms

Results From a National Survey

Conner A, Azrael D, Miller M. Discussions Regarding Firearm Safety Between Clinicians and U.S. Adults Living in Households 
with Firearms: Results from a National Survey. Annal Internal Medicine. 2020. https://doi.org/10.7326/M20-6314

7.5% (CI: 6.6% to 8.6%) of adults in homes with firearms had ever 
discussed firearm safety with a provider

• With children in HH: 12.0% (CI: 9.9% to 14.6%) 

• Without children: 5.3% (CI: 4.4% to 6.3%)

No significant variation by sex, race/ethnicity, marital status, education 
level, region, MSA status, or personal firearm ownership status



Brent et al OR=4.8, but what about storage?



Adolescent Access to HH Firearms

• 4,030 adults who lived in households with firearms completed the survey, of whom 
2,950 personally owned firearms

• Gun owners and parents of 13-17 year olds were over-sampled

• Parent or legal guardians of a child between 13 to 17 years of age in their household 
were invited to have their child participate in a separate survey

• Parents who agreed completed an additional survey module that focused on
their participating child

• If more than one 13-17 old child, parent asked to have the child with the
most recent birthday participate

Salhi et al JAMA Network Open 2021



Adolescent Report of Access to a Loaded Household Firearm

Sex and age	did	not	 have	much	 affect	on	 reported	 access



Dis/con-cordance

Parent report of adolescent access to a household gun

No (n=227)95% CI Yes (n=89) 95% CI

Adolescent report of how long to

get a gun and load it

<5 min 21.8% (13.8% 29.7%) 63.3% (50.4% 76.2%)

>5 min, <1 hr 14.9% (8.9% 20.9%) 22.2% (11.6% 32.7%)

>1 hr, <2 hr 4.6% (1.9% 7.3%) 3.6% (0.0% 9.5%)

Can't in <2 hrs 58.7% (50.0% 67.4%) 10.9% (2.7% 19.2%)

Based on parent question, “As far as you know, can your child access any of the guns in your home
independently,	 that is without you	or another	adult in	your house accessing	it for him/her?”



Suicide Risk: Does a Gun in the Home Increase the Risk of Suicide?

All Gun owner
Non-gun
owner in

gun  home
Non-
gun  

owner
Disagree 48% 68% 64% 37%
Neither agree nor disagree 37% 26% 27% 43%
Agree 15% 6% 9% 20%

Conner A, Azrael D, Miller M. (2017). Beliefs about the relationship between firearm availability and suicide: results from a national 
survey. Ann Intern Med, https://doi.org/10.7326/M17-2348



Clinical Trial of 
Lethal Means Counseling

• Will implementing a new “lethal means counseling” 
protocol in hospital EDs result in safer household 
firearm and medication storage by parents of 
adolescents seen in the ED for a behavioral health 
problem?

• Intervention: hospital level

• Outcome measurement: parent-level

The SAFETY study was the first controlled study to examine whether a 
LMC intervention could improve how caregivers of youth at risk for 
suicide store household firearms and medications. 



THE SAFETY STUDY

Matthew Miller Northeastern Univ.
Carmel Salhi (Northeastern Univ)
John Berrigan (Northeastern Univ)
Catherine Barber, Harvard Univ.

Deborah Azrael  (Harvard)
Carol Runyan, Colorado SPH

Sara Brandspigel (Colorado SPH)
Marian Betz (U of Colorado)

Funding: American Foundation for Suicide Prevention



)

• Modified stepped wedge design (2 stages) 

• Four hospitals in CO (7 EDs), agreeing to change protocol

• SUBJECTS:  Adults accompanying  patients age 10-17 seen 
for mental health crisis or screened in

Study design



Study Design
• Stepped wedge design; usual care vs. intervention (August 2017-

August 2019)

Usual Care
2 wk Training 
Period Intervention



Intervention
• ED behavioral health clinicians trained in:

– Lethal means counseling (1 hour online course)
– SAFETY Protocol (counseling, locking devices, literature)

• Supplied hospitals with free locking devices and family 
handouts

• $10K incentive for hospitals ($5K start, $5K end)

The one-hour online trainingà medications and firearms should be made inaccessible, overview 
LMC protocol, rationale for why means restriction works and why we emphasize firearms and 
medications, video enactment of a clinical encounter, information on out-of-home firearm storage 
options.



SAFETY Protocol
Advise all parents/caregivers of youth experiencing psych crisis to:

• Remove guns from home (second best: otherwise make guns inaccessible to 
the youth at min. triple safe storage) 

• Lock up medications (priority lock up all but rescue medications if possible and, 
if not, to prioritize locking/removing prescription analgesics (including opioids), 
other prescription medications, over-the counter analgesics, and sleeping 
medication.

Supply free locking devices for guns (to gun-owning families) and medication 
lockboxes (all families)

Distribute and discuss literature with all families:
• Brochure about safe storage of guns and medications and supporting youth in 

crisis
• Listing of local offsite gun storage options
• Link to info about medication disposal locations





Outcome Measurement
Follow-up interviews
• WHO: Parents (or caregivers in parent role) who accompanied child 

ages 10-17 evaluated in ED for behavioral health problem
• HOW:  Telephone or online survey
• WHEN: ~2 weeks post-ED visit 
• WHAT: Questions re 

– Counseling received
– Storage behaviors (before ED visit & “today”)
– Satisfaction with services





Clinician Behavior (per parent)
Usual Care Intervention

Gun counseling (all) 19% 57%

Gun counseling (gun owners) 29% 71%

Medication storage counseling 32% 80%

Offered medication lockbox n/a 75%

Offered gun safe (gun owners) n/a 59%

Counseling about firearm safety and medication safety were more often reported by 
caregivers during the intervention phase

However, not all caregivers recalled receiving the counseling, suggesting some 
gaps in counseling practices

Particular gap noted in counseling ALL families about firearm safety vs. only gun 
owners



Parent Behavior (safer storage now vs before ED visit)

22%

12%

20%

45%

21%

31%

Safer Meds Safer Guns A Safer Guns B

Usual Care
 Intervention

A – Stored all guns offsite or locked unlocked guns or unloaded previously loaded guns
B – Same as A, or locked all ammo, changed locks, changed combo, disassembled guns, 

removed ammo from home, etc.



A more granular accounting…



Examining Period Effect





Limitations

• Outcomes based on self-report

• 34% response rate

• Cannot disentangle effect of LMC vs. handouts (locking devices)

• Many parents did not improve storage

• No power to examine firearm outcomes by presenting complaint 

or other factors



• “I noticed when I did the training with you guys that there were so many 
good statistics there and it made me feel more confident …it's easier for 
me to have those conversations [now].”

• being able to give them something, a parting gift [firearm and medication 
lock boxes] ... I've liked that part of it. I feel like it has made me be more 
mindful and more thorough in my assessment.”

• “I think it's important that we keep it up. What's going to be really important 
is passing this on …to explain to [new hires] how important it is to talk 
about gun safety and medicines”

• “My hope is that the entire team would continue to engage in these 
conversations at the level that we are at this point. I think it'd be great if we 
continued to have medication boxes available and lock boxes for guns 
available, and locks for the rifles…. when we give them something, it's a 
message... It's a concrete example of how serious the concerns are.”

Clinician Comments
(23 semi-structured interviews)

Salhi C, Berrigan J, Azrael D, Beatriz E, Barber C, Runyan C, Miller M. It's changed how we have these conversations: Emergency 
Department Clinicians’ Experiences Implementing a New Lethal Means Counseling Protocol for Caregivers of Adolescents. 2021. 
International Review of Psych. 



21 semi-structured interviews with primary caregivers (almost always parents) of 
adolescents who came into the ED. Recruited at the end of the primary survey. All 
had guns in the home prior to their ED visit.

All caregivers expressed how important they felt it was to talk 
about firearms and medications in an acute pediatric setting

No caregiver in our sample expressed generalized concerns 
about counseling about firearms or medications in a pediatric 
ED setting.

Caregiver comments



Caregivers who felt clinician tried to explain the reasoning behind LMC and understand their
particular situation tried to reduce firearm access at home

"No one ever provides any counseling...It's always been in the hands of the parents 
to deal with it. This time, it was definitely a conversation that was really good to 
have…It forced me to rethink and consider the setup we have at our home."

Caregivers who felt clinicians were going off rote scripts/giving generic advice (e.g., "Lock all 
medications, get all guns out of the home") were generally unsure of how LMC applied to their 
household and felt alone in creating a safety plan for their home

"I just was told to lock them up, which is a pretty hard thing to do...And how do 
you lock up all that stuff? We got clever, but it is a little bit inconvenient. We didn't 
have any other information about how to do it, or how long to do it"

Lockboxes played a helpful, supplemental role: supported caregivers' sense of agency in 
positive conversations but added to caregivers' sense of uncertainty in rotely delivered advice

"The fact that she handed [the lockbox] to me, and I walked out the door with it, was 
really nice...It was just really helpful to actually have something to physically put 
them in and get this problem immediately dealt with."

Salhi et al. SSM. 2023. R&R. “Your son needs help…and we’re gonna help him”: A Qualitative Study of the Experiences of Gun-owning Caregivers of Adolescents Receiving 
Lethal Means Counseling in the Emergency Department
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