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Abstract

Research on firearm purchaser licensing laws has found population level
reductions in firearm-related mortality. Limited research has been conducted
specifically examining the impact of these laws among adolescents and
emerging adults. We obtained death data from the National Center for
Health Statistics from 1990 to 2019. We generated state-year rates of
homicide and suicide, stratified by firearm involvement, for decedents aged
I5 to 24. We stratified by race and ethnicity (white, Black, and Hispanic)
to assess for differential policy effects. We used stacked difference-in-
difference and augmented synthetic control modeling to estimate law repeal
or adoption. Repeal of firearm purchaser licensing laws was associated with
significantly higher rates of firearm homicide and suicide among those age
I5 to 24. The adoption of these laws was associated with significantly lower
rates of firearm homicide and suicide among this group. These laws are a
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promising supply-side intervention to reduce firearm mortality among those
with elevated violence vulnerability.
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Introduction

The burden of firearm death disproportionately impacts young people in the
United States (US). According to provisional death certificate data for 2022
from the Centers for Disease Control and Prevention, there were 9,363 fatal
firearm injuries among those ages 15 to 24 in the US: 5,814 firearm homi-
cides and 3,246 firearm suicides (CDC, 2023b). This age group accounted for
more than 19% of firearm fatalities in 2022 despite comprising only 13% of
the US population (CDC, 2023b). But this burden is not distributed equally
across adolescents and emerging adults due to issues such as structural rac-
ism, economic marginalization, residential segregation, and concentrated dis-
advantage (Sampson et al., 2002; Semenza et al., 2021). Black adolescents
and emerging adults comprise only 15% of those age 15 to 24 in the US but
account for 50% of fatal firearm injuries in this age group (CDC, 2023b).
Comparatively, white adolescents and emerging adults comprise 73% of
those age 15 to 24 but only 47% of fatal firearm injuries and Hispanic adoles-
cents and emerging adults are 25% of the population and 18% of fatal firearm
injuries in this age group (CDC, 2023b). While the number of firearm deaths
among those age 15 to 24 in 2022 appears to be down slightly from the high
in 2021, this burden has been increasing steadily since 2014 (Davis et al.,
2023). Firecarms were the leading cause of death among this age group—far
surpassing the next leading causes of death: poisoning (6,955 deaths) and
motor vehicle traffic (6,842 deaths) (CDC, 2023b).

Despite being a demographic group with high rates of firearm-related mor-
tality, many adolescents cannot legally purchase firearms because of age
restrictions for purchase or possession. Those who might be otherwise prohib-
ited from buying firearms may get them through various mechanisms such as
sales by private individuals, licensed dealers engaged in risky sales practices,
or straw purchasing where a non-prohibited individual buys a gun on behalf of
someone else (Braga & Kennedy, 2001). Even among emerging adults, who
can often legally buy firearms, the concept of delaying impulsive firearm pur-
chasing could lower firearm mortality. For example, research examining fire-
arm acquisition in California found the risk of suicide peaked immediately
after individuals acquired their first firearm (Studdert et al., 2020).
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Fatal firearm injuries are a complex issue that require multifaceted pre-
vention strategies at the individual, community, and societal levels (Fowler
et al., 2015; Goldstick et al., 2019; Schmidt et al., 2022). Policy is one impor-
tant tool to address this issue (Bugeja et al., 2011; Hawe & Potvin, 2009).
Effective firearm policies can impact the availability of firearms among those
who may be too risky to lawfully own them (RAND, 2023). Firearm pur-
chaser licensing laws (also sometimes referred to as permit-to-purchase) are
one state-level policy that have shown particular promise. These laws sepa-
rate the screening and eligibility determination from the process of purchas-
ing a firearm, particularly for first time gun purchasers, and go beyond federal
background check requirements (JHCGVS, 2022). Firearm purchaser licens-
ing laws complement the federal background check system by requiring pro-
spective purchasers to apply for and obtain a firearm purchaser license from
state or local law enforcement. The process varies across states, but generally
consists of the following components: (1) a more thorough background check
that involves local, state, and federal records, often facilitated by a finger-
print; (2) more time to complete the background check; and (3) a requirement
that sellers, both licensed and private, can only sell to someone with a valid
license (JHCGVS, 2022). Some laws also require first time firearm purchas-
ers to undergo safety training. This system addresses several gaps in federal
law by accessing records that might not yet have been reported into the fed-
eral system, affording more than the three business days allowed under fed-
eral law to complete a background check before selling a gun, and closing the
background check exemption for private sales.

Prior research has documented robust public safety benefits associated
with firearm purchaser licensing laws. States with these laws see lower
rates of diversion of guns for use in crime (Crifasi et al., 2017; Li et al.,
2023; D. Webster et al., 2013). These laws are also associated with lower
rates of firearm homicide (Crifasi et al., 2018; Hasegawa et al., 2019;
Rudolph et al., 2015; D. Webster et al., 2014), including mass shootings
(D. W. Webster et al., 2020), firearm suicide (Crifasi et al., 2015; McCourt
et al., 2020), and shootings by police (Crifasi et al., 2023). Less attention
has been paid to the effectiveness of firearm purchaser licensing laws
among specific populations or demographic subgroups such as adolescents
and emerging adults who may be more vulnerable to violence involvement
(Zeoli et al., 2019). However, firearm purchaser licensing laws may be
particularly relevant for young people, some of whom cannot lawfully
acquire firearms on their own, as more robust background check require-
ments might interrupt the pathways to unlawful firearm access. For exam-
ple, prior research suggests minimum age laws for handgun purchase is
associated with lower rates of adolescent suicide (Raifman et al., 2020);
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and adolescents in states with comprehensive background checks had
lower rates of self-reported gun carrying than those living in states without
these laws. As firearm purchaser licensing laws ensure more robust back-
ground check processes to identify and screen out those prohibited from
legally buying guns, a more thorough analysis of the impact of these laws
on firearm mortality among adolescents and emerging adults is warranted.
Additionally, limited prior research has examined whether policies have
different effects across race and ethnicity. Identifying differential policy
effects, whether beneficial or harmful, is a key step in understanding pol-
icy effects (Jones, 2001). Not simply because of disparities in firearm mor-
tality, but also because policies might have heterogeneous effects across
demographic groups based on social determinants of health and structural
racism that influence vulnerability for violence involvement (Sampson
et al., 2002; Semenza et al., 2021). Adjusting or controlling for race and
ethnicity in statistical models is insufficient. To advance the field, we need
to stratify across outcomes to understand if and how policies are affecting
different groups to mitigate potential health inequities that might result
from policy choices. Given the burden of firearm mortality among those
age 15 to 24 in the US and prior research on the effectiveness of firearm
purchaser licensing laws at the broader population level, this study sought
to examine whether these laws were associated with firearm mortality out-
comes among adolescents and emerging adults. Additionally, we sought to
understand whether there were differential policy effects across race and
ethnicity among this age group. To that end, we sought to answer three
specific research questions:

1. What effect do firearm purchaser licensing laws have on firearm
homicide among adolescents and emerging adults?

2. What effect do firearm purchaser licensing laws have on firearm sui-
cide among adolescents and emerging adults?

3. Do the effects of firearm purchaser licensing laws differ when firearm
mortality is stratified by race and ethnicity?

Methods

We conducted a quasi-experimental longitudinal study using two compara-
tive interrupted time series designs—stacked difference-in-difference (DiD)
and augmented synthetic control method (ASCM)—to assess the impact of
adopting or repealing a firearm purchaser licensing law on homicide and sui-
cide among those aged 15 to 24. Because of a lack of systematic nonfatal
firearm injury data, this analysis was restricted to mortality.
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Data and Measures

We obtained restricted access mortality data from the National Center for
Health Statistics compiled from death certificate information across all 50
states from 1990 through 2019. Given the change in how race is coded that
began in 2020, we could not extend the dataset beyond 2019 (CDC, 2023a).
Because of missing data for Hispanic decedents, Oklahoma and New
Hampshire were excluded from the analysis and data was interpolated for
Louisiana for 1990. We generated rates of homicide and suicide which
were stratified by firearm involvement (firearm vs. non-firearm) and
indexed by state and year for those aged 15 to 24. Additionally, we gener-
ated outcome rates stratified by decedent race and ethnicity (white, Black,
and Hispanic). We utilized non-firearm homicides and suicides as negative
controls to test for unmeasured confounding in our models that might bias
our estimates of effect.

Four states made changes to their firearm purchaser licensing policies dur-
ing the study period. Two states adopted these laws: Connecticut (1995) and
Maryland (2013). One state fully repealed: Missouri (2007). And one state
partially repealed: Michigan (2012—In 2012, Michigan removed the require-
ment to get a firearm purchaser license when buying a firearm from a licensed
dealer. Effective March 2024 those wanting to purchase a firearm in Michigan
must obtain a firearm purchaser license for all firearm sellers). Recognizing
that states may have implemented other laws that could impact our outcome
of interest, we include other potentially relevant firearm laws in our stacked
DiD models. In addition to firearm purchaser licensing, we included con-
cealed carry weapons laws (i.e., May, Shall, Permitless), stand your ground,
violent misdemeanor firearm prohibitions, final domestic violence restrain-
ing order firearm prohibitions, domestic violence misdemeanor firearm pro-
hibitions, and child access prevention laws. Based on prior legal research
(Doucette et al., 2022), we coded our policy variables as 1 in the first year in
which the law was in effect for at least 6 months and each subsequent year
that a state had a policy, and 0 otherwise.

We also adjusted for several state-level demographic characteristics
that could influence whether states might have other protective policies in
place and baseline rates of violence. Indexed by state-year, we included
the following covariates: law enforcement officers per capita, gini coef-
ficient, percent population living in a metropolitan statistical area, rob-
bery rate, poverty rate, per capita income, unemployment rate, educational
attainment (percentage of the population age 25 or older with a high
school degree or equivalent), overdose rate, percent male, percent mar-
ried, and percent veteran.
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Analytic Methods

For both the stacked DiD and ASCM, we ran separate models for each of our
outcomes, homicide and suicide by firearm, and our negative controls—
homicide and suicide by other means. To assess whether there may be dif-
ferential policy effects across groups, we also ran separate models for the
stratified outcomes by race and ethnicity as noted above. To account for some
states in the sample adopting firearm purchaser licensing laws (“Adopters”—
Connecticut [1995] and Maryland [2013]) and others repealing PTP laws
(“Repealers”—Missouri [2007]), we ran separate models estimating the
effects of adoption and repeal. This resulted in eight firearm mortality models
and eight negative control (non-firearm mortality) models for each in the
stacked DiD and ASCM. Because Michigan partially repealed its PTP law
(2012), we only included Missouri in the Repealer models for the stacked
DiD presented in this paper. We estimated state-specific effects of Michigan’s
partial repeal in the ASCM.

Stacked Difference-in-Difference (DiD). To avoid potential bias from compar-
ing late to early adopters among Repealers and Adopters (Cengiz et al.,
2019), we employed the stacked DiD approach. This method, illustrated in
Cengiz et al (Cengiz et al., 2019), generates robust estimators for staggered
treatment timing. Stacked DiD builds g number of stacks, or bundles, where
g=the number of Adopter/Repealer groups. As an example, the Adopter
models in this paper had two groups, 1995 (CT) and 2013 (MD). For each
stack, the group is compared to the untreated group (D, =0), excluding data
from the other treatment groups by reconstructing the dataset into time rela-
tive to treatment centered on the first year of adoption. The method then
appends all the treatment cohorts and their controls and estimates a conven-
tional two-way fixed effects model controlling for group and time fixed
effects, and included covariates, to produce an average treatment effect on the
treated (ATT). To stabilize the variance and account for zero counts in some
of the outcomes, we transformed the outcome variable by taking the natural
logarithm of the rate plus one. Models were run using log + 1 rates per
100,000 population for overall and stratified outcomes. Results are initially
reported using these transformed rates for precision. Results are presented as
ATTs—the rate per 100,000 in the treated group compared to the counterfac-
tual. ATTs greater than 0 indicate a higher rate in the “treated” group (i.e., the
states experiencing the policy change). ATTs less than 0 indicate a lower rate
in the treated group.

To facilitate interpretation, we also provided back-transformed results to
approximate the additive differences in the actual rates. These are presented
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as rates per 100,000 population. Analyses were conducted in Stata 16.1 using
the command stackedev.

Synthetic Control Modeling (SCM) and Augmented Synthetic Control Method
(ASCM). To understand the impact of state-specific impacts of changes to
firearm purchaser licensing laws, we used the augmented synthetic control
method (ASCM). This is an extension of the synthetic control method (SCM).
The SCM generates a weighted combination of donor (i.e., untreated) units to
minimize the pre-intervention difference between the synthetic and observed
units which is then used to forecast the outcome. Adopters were compared to
Never Treated and Repealers compared to Always Treated.

Adopters: Connecticut and Maryland

Never Treated: Alabama, Alaska, Arizona, Arkansas, California, Colorado,
Delaware, Florida, Georgia, Idaho, Indiana, Kansas, Kentucky, Louisiana,
Maine, Minnesota, Mississippi, Montana, Nevada, New Mexico, North
Dakota, Ohio, Oregon, Pennsylvania, Rhode Island, South Carolina,
South Dakota, Tennessee, Texas, Utah, Vermont, Virginia, Washington,
West Virginia, Wisconsin, and Wyoming.

Repealers: Missouri and Michigan (partial)

Always Treated: Hawaii, Illinois, lowa, Massachusetts, Nebraska, New
Jersey, New York, North Carolina.

The difference between the synthetic forecast and the trend in the inter-
vention unit (i.e., Repealer/Adopter) is the estimated policy effect. The
ASCM introduces a penalty term through a ridge regression to reduce error
and improve the pre-intervention fit between the synthetic and observed
units. ASCM then leads to a better forecast and more precise estimate of
policy effects. We used the synth and augsynth packages in R version 4.3.3
for the SCM and ASCM, respectively.

This research was reviewed and deemed not human subjects research by
the Johns Hopkins Bloomberg School of Public Health Institutional Review
Board.

Results
Stacked DiD

The estimated effects of repealing or adopting a firearm purchaser licensing
law on firearm homicide and suicide among adolescents and emerging adults
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Table 1. Stacked DiD Model Estimates of Repealing or Adopting a Firearm
Purchaser Licensing Law on Firearm Homicide and Suicide Among those Aged 15
to 24.

. Firearm homicide Firearm suicide
Outcomes Stratified
by Race and Ethnicity ATT SE ATT SE
Repeal
Overall 15-24 3.042 0.360 2.693 0.266
Black 15-24 6.686 4.156 5.390 1.423
Hispanic 15-24 2.245 2.371 3.656 1.727
White 15-24 1.224 0.564 2.025 0.412
Adoption
Overall 15-24 -1.912 0.566 -0.867 0.326
Black 15-24 -0.901 2.074 -2.653 1.416
Hispanic 15-24 —-4.870 3.523 1.861 0.949
White 15-24 -0.547 0.670 -0.637 0.281

Note. Bold indicates significance at p <.05.

(15-24) are presented in Table 1. Overall, repeal of a firearm purchaser
licensing law (i.e., Missouri) was associated with increased rates of firearm
homicide. The ATT for firearm homicide among adolescents and emerging
adults was 3.042 higher in Missouri compared to states that retained their law
(SE=0.360). This translates to a rate that was 19.95per 100,000 higher in
Missouri. Rates were significantly higher for white individuals in this age
group (ATT=1.224, SE=0.564), corresponding to an increase of 2.4per
100,000 population. Missouri’s repeal was also associated with increased rates
of firearm suicide among adolescents and emerging adults and across all demo-
graphic strata. Overall, the ATT for firearm suicide in this age group was 2.693
higher in Missouri post-repeal than states where the law remained in effect
(SE=0.260), indicating an increase of 13.78 per 100,000 population. Across
demographic strata, the ATTs for firearm suicide were significantly higher for
adolescents and emerging adults who were identified as Black (ATT=5.390,
SE=1.423), Hispanic (ATT=3.656, SE=1.727), and white (ATT=2.025,
SE=0.412). This translates to firearm suicide rates that were 218.20per
100,000, 37.71 per 100,000, and 6.58 per 100,000 higher, respectively.

The adoption of firearm purchaser licensing laws was associated with
decreased rates of firearm homicide for adolescents and emerging adults (age
15-24). The ATT for firearm homicide was 1.912 lower in adopting states
(i.e., Connecticut and Maryland) compared to states that did not implement
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Table 2. Stacked DiD Model Estimates of Repealing or Adopting a Firearm
Purchaser Licensing Law on Non-Firearm Homicide and Suicide Among those Aged
I5 to 24.

Non-firearm homicide Non-firearm suicide
Outcomes Stratified
by Race and Ethnicity ATT SE ATT SE
Repeal
Overall 15-24 -0.263 0.151 -0.714 0.601
Black 15-24 -2.586 0.514 -0.252 1.156
Hispanic 15-24 -2.938 1.152 -1.791 1.956
White 15-24 0.119 0.113 -0.081 0.643
Adoption
Overall 15-24 0.005 0.094 —-0.452 0.280
Black 15-24 -1.213 0.491 1.701 0.751
Hispanic 15-24 1.284 0.779 2.244 0.402
White 15-24 0.541 0.110 -0.931 0.211

Note. Bold indicates significance at p <.05.

firearm purchaser licensing requirements (SE=0.566). This translated to a
rate of firearm homicide that was 5.77per 100,000 lower. The adoption of
firearm purchaser licensing laws was also associated with decreased rates of
firearm suicide among adolescents and emerging adults. The ATT for firearm
suicide was 0.867 lower for states that adopted firearm purchaser licensing
compared to those that did not (SE=0.326), indicating a rate that was 1.38 per
100,000 population lower. There were significantly lower rates of firearm
suicide for white adolescents and emerging adults (ATT=-0.637, SE=0.281),
translating to a rate that was 0.89 per 100,000 population lower.

Table 2 provides estimates of repealing or adopting a firearm purchaser
licensing law on non-firearm homicide and suicide among adolescents and
emerging adults (age 15-24) as a negative control. Overall, there was no
effect on non-firearm homicide among this age group in Missouri post-repeal.
However, the rate of non-firearm homicide was significantly lower among
Black and Hispanic Americans adolescents and emerging adults. Missouri’s
repeal was not significantly associated with non-firearm suicide among ado-
lescents and emerging adults.

Overall, the adoption of firearm purchaser licensing did not significantly
affect the rate of non-firearm suicide among adolescents and emerging adults.
However, there were higher rates of non-firecarm suicide for Black and
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Hispanic adolescents and emerging adults and a lower rate for white adoles-
cents and emerging adults.

SCM and ASCM

Output from the SCM analyses was not substantively different from the
ASCM,; therefore, only results from the ASCM models are presented.

The ASCM estimated effects of repealing or adopting a firearm purchaser
licensing law on firearm homicide and suicide among adolescents and emerg-
ing adults (15-24) are presented in Table 3.

Repeal: Overall, rates of firearm homicide increased in Missouri follow-
ing the repeal of the state’s firearm purchasing law (ATT=0.458, SE=0.068;
an increase of 0.58 per 100,000 population). This was driven by significant
increases in firearm homicide among adolescents and emerging adults who
were identified as white (ATT=0.460, SE=0.072; 0.584 per 100,000 higher)
and Hispanic (0.644, SE=0.285; 0.904 per 100,000 higher). There were no
significant impacts of Michigan’s partial repeal on firearm homicide. Overall,
rates of firearm suicide increased in Missouri following its repeal (ATT=0.308,
SE=0.030; 0.36per 100,000 higher); rates increased significantly among
white adolescents and emerging adults (ATT=0.274, SE=0.037; 0.32per
100,000 higher). Rates of firearm suicide also increased significantly in
Michigan after its partial repeal (ATT=0.215, SE=0.038; 0.24 per 100,000
higher). Across demographic strata, rates of firearm suicide were signifi-
cantly higher for adolescents and emerging adults who were identified as
white (ATT=0.212, SE=0.038; 0.24 per 100,000 higher), Black (ATT=0.239,
SE=0.043; 0.27 per 100,000 higher), and Hispanic (ATT=0.610, SE=0.224;
0.84 per 100,000 higher).

Adoption: Overall, rates of firearm homicide in Connecticut declined sig-
nificantly following the passage of its firearm purchase licensing law
(ATT=-0.545, SE=0.231; 0.73 per 100,000 lower). This was driven by sig-
nificant declines for adolescents and emerging adults who were identified as
white (ATT=-0.584, SE=0.120; 0.79per 100,000 lower) and Hispanic
(ATT=-0.739, SE=0.127; 1.09per 100,000 lower). There were no signifi-
cant impacts of Maryland’s passage on firearm homicide. Overall, rates of
firearm suicide significantly declined in Connecticut following its passage
(ATT=-0.445, SE=0.124; 0.56 per 100,000 lower). Rates were significantly
lower for adolescents and emerging adults who were identified as white
(ATT=-0.541, SE=0.093; 0.72per 100,000 lower) and Hispanic
(ATT=-0.654, SE=0.177; 0.92per 100,000 lower). Following Maryland’s
passage, overall rates of firearm suicide showed a non-significant decline.
Across demographic strata, rates of firearm suicide were significantly lower
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for adolescents and emerging adults who were identified as white
(ATT=-0.166, SE=0.039; 0.18 per 100,000 lower) and Black (ATT=-0.468,
SE=0.101; 0.6 per 100,000 lower); however, there was a significant increase
among those identified as Hispanic (ATT=0.290, SE=0.143; 0.34per
100,000 higher).

The ASCM estimated effects of repealing or adopting a firearm purchaser
licensing law on non-firearm homicide and suicide among adolescents and
emerging adults (15-24) are presented in Table 4.

Repeal: Overall, only Missouri’s repeal showed a significant impact on
non-firearm homicide (ATT=-0.151, SE=0.054; 0.16 per 100,000 lower).
This was driven by a significant decline in non-firearm homicide among
Black adolescents and emerging adults in the state (ATT=—0.430, SE=0.084;
0.54 per 100,000 lower). Only Michigan’s partial repeal was associated with
a significant impact on non-firearm suicide (ATT=0.093, SE=0.031; 0.1 per
100,000 higher). This was driven by a significant increase in non-firearm
suicide among white adolescents and emerging adults (ATT=0.115,
SE=0.037; 0.12per 100,000 higher).

Adoption: Overall, there were no significant associations between adop-
tion of firearm purchaser licensing and non-firearm homicide. However,
there was a small but significant increase found for non-fircarm homicide
among white adolescents and emerging adults following Connecticut’s law
passage (ATT=0.178, SE=0.193; 0.2per 100,000 higher). Overall, only
Connecticut’s adoption was associated with a decrease in non-firearm suicide
among adolescents and emerging adults (ATT=-0.168, SE=0.129; 0.18 per
100,000 lower). There were no significant differences for any sub-groups.
For Maryland, the law overall was not associated with changes in non-fire-
arm suicide. However, there was a small but significant decline in non-fire-
arm suicide among white adolescents and emerging adults (ATT=-0.042,
SE=0.070; 0.04 per 100,000 higher).

Discussion

Our study assesses the impact of firearm purchaser licensing laws on homi-
cide and suicide among adolescents and emerging adults while also examin-
ing whether differential policy effects were present across race and ethnicity.
Across both modeling strategies, for those aged 15 to 24, firearm purchaser
licensing laws were associated with lower rates of firearm homicide and sui-
cide. We found fairly consistent protective effects associated with adoption
for both firearm homicide and suicide and harmful effects associated with
repeal. The examination of state specific policy effects across different strata
of race and ethnicity revealed that, for those age 15 to 24, while there were
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overall increases in firearm homicide and suicide associated with Missouri’s
repeal, this was not experienced equally across groups. Effects among this
age group were driven by increases in firearm deaths among white adoles-
cents and emerging adults. Firearm suicide in Michigan was driven by
increases across all strata of race and ethnicity in this age group. For adopting
states, Connecticut experienced significant declines in both firearm homicide
and suicide, driven by declines among white and Hispanic adolescents and
emerging adults. In Maryland, while there were no significant effects for fire-
arm homicide or suicide overall, there were significant declines in firearm
suicide for white and Black adolescents and emerging adults.

Adolescents are a demographic subgroup with high vulnerability for
violence involvement (CDC, 2023a, 2023b); many of whom cannot legally
purchase firearms. Prior research has documented the ways that young peo-
ple might illegally obtain firearms such as through unlicensed sales, bad
actor licensed sellers, or straw purchasing (Braga & Kennedy, 2001), all of
which are pathways that are diminished or deterred by firearm purchaser
licensing (Crifasi et al., 2017; D. Webster et al., 2013). Emerging adults
also experience greater vulnerability for violence involvement (CDC,
2023a, 2023b) but most can legally acquire at least some types of firearms.
In addition to making it harder to potentially acquire a firearm through
illicit sources, the built in waiting period while an application for a firearm
purchaser license is processed, and access to additional records to ensure
any prohibiting conditions are identified, may delay impulsive acquisition
of firearms that could be used to harm self or others (JHCGVS, 2022). For
firearm suicide, we also found that firearm purchaser licensing law repeal
was associated with harmful effects and adoption with protective effects, at
least for some groups. Young people buying their first gun in a state with
firearm purchaser licensing would have a different experience—more thor-
ough screening and a wait while the application is processed—than those in
states without these policies who might be able to immediately acquire a
new gun. As discussed above, data from California found that risk of sui-
cide death among new purchasers spiked after their first firearm purchase
(Studdert et al., 2020) and law that implement purchase delays have been
associated with lower rates of firearm suicide among adults age 21 to 34
(Donohue et al., 2023). This is consistent with the concept that delaying
impulsive firearm acquisition has important implications for suicide pre-
vention. The overall findings of our work are consistent with prior research
finding lower rates of firearm mortality associated with firearm purchaser
licensing laws (Crifasi et al., 2015; McCourt et al., 2020; Rudolph et al.,
2015). The subgroup findings demonstrate that policies can affect groups
differently. It is imperative that researchers conduct stratified analyses to
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better elucidate policy effects across demographic groups to better under-
stand both protective effects and potential unintended consequences.

Our ASCM models did not find significant effects of adopting firearm
purchaser licensing on firearm homicide among adolescents and emerging
adults in Maryland. This could be impacted by an important historical con-
founder for Maryland with the in-custody death of Freddie Gray (NPR,
2020). Prior research examining Maryland’s adoption found increases in fire-
arm homicide, but sensitivity analyses that excluded Baltimore rendered that
result insignificant (McCourt et al., 2020). Finding no effect of Maryland’s
law among a high-risk age group is counter to prior research but could sug-
gest that gun access among this age group may be more sensitive to policies
that create supply-side constraints. An analysis of crime gun recoveries in
Baltimore post-adoption found declines in in-state recoveries, meaning that
more guns were being recovered in crime in Baltimore that originated in sales
outside of Maryland (Crifasi et al., 2017). This supports the need for stronger
policies that limit the flow of firearms across state lines (Andrade et al., 2020;
Collins et al., 2018).

There were some mixed effects on non-firearm mortality. Some of the race
and ethnicity strata contained small sample sizes for this outcome. There
could also be some unmeasured confounders in the model. Prior research has
largely explored overall population effects on non-firearm mortality; how-
ever, some of the traditional confounders included in these models might not
be as appropriate for assessing non-firearm mortality among adolescents and
emerging adults. Future research should explore specific risk and protective
factors for non-firearm mortality among this age group. However, taken in
aggregate these findings suggest that the adoption of firearm purchaser
licensing laws was associated with beneficial effects and repeal was associ-
ated with harmful effects among adolescents and emerging adults in the US.

These findings should be considered in the context of some limitations.
Because this is quasi-experimental research, we could not randomize states to
adopt or repeal firearm purchaser licensing. However, the use of stacked DiD
models allowed us to create more robust comparisons to estimate policy
effects by mitigating the bias present when treatment adoption occurs with
staggered timing. This method is not without limitations. Its primary limita-
tion is that it assumes a homogenous treatment effect across the g number of
stacks, which may or may not be true. We addressed this issue by comple-
menting our analyses with ASCM to elucidate whether the treatment effects
of firearm purchaser license laws were indeed homogenous across treatment
groups/states. Our ASCM models indicated this was not the case as there
were differences between states across Adopters and Repealers, and within
states across race and ethnicity strata.
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This analysis was also limited to four law changes during the study period.
There will be future opportunities to examine the effect of firearm purchaser
licensing law changes, as Iowa and North Carolina repealed their firearm
purchaser licensing laws in 2021 and 2023, respectively. Oregon passed a
ballot initiative adopting licensing in 2022, Minnesota adopted require-
ments for private handgun transfers in 2023, Michigan restored its full pur-
chaser licensing system in 2024, and Delaware passed a firearm purchaser
licensing system in 2024. This study was also limited in which race and
ethnicity groups could be included due to small sample sizes. Future
research should consider if and how firearm purchaser licensing laws are
associated with mortality in other groups, perhaps using different method-
ologies. Finally, this analysis was restricted to examining firearm mortality
as longitudinal, systematic, and comprehensive state-level non-fatal firearm
injury data is not readily available. As efforts are made to address this data
gap, future research that includes data on non-fatal firearm injuries would
strengthen these analyses.

This study found overall protective effects associated with adoption of
firearm purchaser licensing laws on firearm mortality among adolescents and
emerging adults and harmful effects associated with repeal. There were some
significant differences in effects across race and ethnicity strata suggesting
the need to evaluate additional firearm policies for differential effects.
Firearm purchaser licensing laws appear to be an effective supply-side strat-
egy associated with a lower burden of firearm-related mortality among young
people in the US.
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