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Abstract Firearm-related deaths are a leading cause
of death in the USA. Webster et al. (2014) found an
association between Missouri’s repeal of a permit-to-
purchase handgun licensing law and an increase in
firearm-related homicides. The evidence for causality
of this association would be strengthened by finding
that the increase occurred through the hypothesized
mechanism of increasing the ease with which those
with violent intent could obtain guns. This study
examines two measures: (1) proportion of guns recov-
ered and purchased in-state and (2) time between
firearm purchase and recovery by police following
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criminal use. The repeal was associated from 2008
to 2019 with a 0.05 increase in the proportion own-
state gun trace (p<0.0001, 95% confidence inter-
val: 0.08,0.13) and a 0.10 increase in the propor-
tion of guns recovered prior to 1 year after purchase
(»p=0.01, 95% confidence interval: 1.20, 1.90). Our
study provides supportive evidence for the repeal
increasing firearm-related homicides.

Background

The USA faces a disproportionately large number of
firearm related homicides every year, ranking second
only behind Mexico in 2019 [1]. Among the 37,038
gun-deaths in America that year, 37% were homi-
cides, up from less than 25% in 2018 [2]. More recent
data from 2020 exhibits another staggering increase
in both gun deaths and firearm homicide rate: CDC
information revealed that 45,222 died from firearm-
related causes, and of those deaths, 43% were homi-
cides [2, 3]. Currently, this is the highest level of gun
violence ever recorded in the USA.

This new level of gun violence has significantly
affected American youth. In 2020, firearms became
the leading cause of death among US children aged 1
to 19, surpassing motor vehicle crashes [4]. Gun vio-
lence victims are additionally five times more likely
to be male than female. Young Black males specifi-
cally from ages 15 to 34, are even more dramatically
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impacted, accounting for 38% of homicide victims
while only accounting for 2% of the population [2].

Gun homicide risk is also distributed dispropor-
tionately across the USA. While the adjusted firearm
death rate for rural and urban counties are relatively
similar with around a 3% increase in deaths for urban
versus rural counties, the urban firearm homicide rate
was 1.90 times the rural firearm homicide rate [2].

Because gun availability is commonly considered a
significant risk factor for homicide, policymakers have
long debated the costs and benefits of stricter gun pol-
icy. Policy discussion over limiting gun accessibility
has recently increased in response to the growing rate
of mass shootings and gun homicides. One policy of
interest is handgun purchaser licensing, which has had
differing levels of support in the USA [5]. In this paper,
we consider the effects of the repeal of Missouri’s Per-
mit-to-Purchase (PTP) gun licensing law in 2007.

The motivation for this study is to expand on
research conducted on Missouri’s PTP gun licensing
law by Webster et al. in 2014 [6]. Webster et al. esti-
mated the impact of the policy by using data through
2010 and a difference-in-difference approach. Results
determined that the repeal of Missouri’s PTP law
was associated with a 23% increase (95% confidence
interval: (17%, 30%) increase) in gun homicide rates.
Causal inference from an observational study approach
such as difference-in-difference is strengthened if
there is evidence supporting the proposed causal chain
between the intervention, mediators, and outcomes
under study [7, 8]. PTP and other background check
laws are hypothesized to affect gun homicide rates by
reducing gun diversions to criminals and other pro-
hibited groups [6]. Thus, Missouri’s repeal of its PTP
law is hypothesized to increase gun diversions to
criminals and other prohibited groups. If an increase
is observed, we would expect more guns involved in
crimes in Missouri to have been purchased in Missouri
(since the repeal of the PTP law makes it easier for
diverted guns to be bought in Missouri) and more guns
involved in crimes that were purchased within a year
(such purchases are suggestive of a straw purchase in
which one person buys a firearm at another’s request).
Webster et al. [6] examined the evidence for these two
hypotheses informally but not through rigorous statisti-
cal analysis. The goal of this brief report is to examine
these hypotheses through rigorous statistical analysis
using a difference-in-difference approach and to pro-
vide updated evidence about the effect of the repeal of
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Missouri’s PTP law on gun homicides through 2019
(Webster et al. (2014) only considered data through
2010).

Design

We hypothesized that the policy change expedited the
gun obtention process for those with violent intent.
The design of the study is a quasi-experimental dif-
ference-in-difference design using states that are most
like Missouri in terms of baseline covariates as a con-
trol group.

Data and Measures

There are three primary outcome measures: time to
recovery for in-state firearm purchases, the proportion
of own-state gun traces, and age-adjusted gun homicide
rate. We predicted that both the proportion of own-state
gun traces and proportion of guns recovered in less
than a year would increase, given the comparative ease
of access to firearms. The datasets for both proportion
measures were sourced from the Bureau for Alcohol,
Tobacco, and Firearms (ATF) [9], and the homicide
dataset was obtained from the CDC [2]. Because there
was only firearms trace data on the site from 2006 to
2019 at the time of data collection for our two measures,
we defined the pre-treatment period as 2006. Given that
there was a significant landmark shooting in Ferguson,
Missouri, in 2014, we defined two post-treatment peri-
ods: 2008-2013 and 2008-2019. We eliminated the data
from 2007 because the policy was enacted in August of
2007 [6].

To account for other changes to the environment that
may have affected the outcome measures, we obtained
datasets on unemployment, poverty, incarceration, bur-
glary, officers per capita, and four other gun control
policies: Stand Your Ground (SYG) laws, right-to-carry
(RTC) laws, Saturday Night Special (SNS) bans, and
young adult firearm prohibition (YA)s. These factors
were taken from Webster et al. (2014) [6].

To determine the best control states for our study,
we calculated the Mahalanobis distance [10] between
Missouri and the other 49 states and the District of
Columbia. The covariate variables we used included
those previously listed: SYG, RTC, YA, Unemploy-
ment, Poverty, Incarceration, Burglary, and Officers
variables in the year 2006, the earliest year we had
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data for two of our variables. We used as controls the
eight states (CO, GA, IL, IN, KY, OH, SC, TX) with
the lowest Mahalanobis distance values from Mis-
souri in 2006.

Analytic Methods

We then fitted linear regression models for three
outcomes: proportion of guns recovered from crime
scenes within 1 year after purchase, the proportion of
own state gun traces, and gun homicides. The models
adjust for state- and year-fixed effects, and an indica-
tor variable for Missouri in the post-treatment years.

Standard errors for the difference-in-differences
estimators were adjusted to account for clustering by
state and for heteroskedasticity [11, 12], using the
clubSandwich R package (version 0.5.3) with small
sample corrections (option “CR2”).

In the original WISQARS dataset, there was data
labeled as missing or unreliable [2]. Therefore, in our
Mahalanobis calculations, we omitted these points. In our
regression analysis, we averaged the data from the previ-
ous and subsequent years for any missing datapoints.

Results

Controlling for baseline differences across states and
year effects, the repeal of Missouri’s PTP law was
found to have a statistically significant effect and
estimated to be associated with an increase in annual
firearm homicide rate of 1.55 per 100,000 (»p=0.01,
95% confidence interval from 1.20 to 1.90) during
2008-2019 (Fig 1). The results were less significant
from 2008 to 2013. The repeal of the PTP law was
not found to not have a statistically significant effect
at a 0.05 level of significance, though it was signifi-
cant at the 0.1 level of significance with an estimated
increase of 0.70 firearm homicides per 100,000 peo-
ple (p=0.07; 95% confidence interval — 0.04 to 1.45).

For the proportion time-to-recovery variable, after
controlling for baseline differences across states and
year effects, the repeal of Missouri’s PTP law was
associated with a 0.10 increase in the proportion of
guns recovered less than a year after purchase using
data from 2008 to 2019 (p <0.0001, 95% confidence
interval from 0.08 to 0.13). From 2008 to 2013, we
found that the law repeal is also associated with a
0.10 increase in the proportion of guns recovered less

than a year after purchase (p<0.0001, 95% confi-
dence interval from 0.08 to 0.13).

For the proportion own-state recovery variable, after
controlling for baseline differences across states and
year effects, the repeal of Missouri’s PTP law was esti-
mated to increase the proportion of guns recovered that
were from Missouri by 0.05 from 2008 to 2019 but the
result was not statistically significant (p=0.35, 95% con-
fidence interval from —0.06 to 0.16). From 2008 to 2013,
we found that the law repeal was significantly associated
with an increase in proportion of guns recovered from
Missouri with an estimated increase of 0.11 (p=0.04,
95% confidence interval from 0.01 to 0.21).

Discussion

Our study aimed to determine whether the repeal of
the PTP law in Missouri could be associated with two
variables hypothesized to be on the causal chain to an
effect of the law on gun homicide rates: proportion
own-state gun trace and proportion time-to-recovery.
This study provides mostly supportive evidence on
the hypothesized causal chain between the repeal of
the Missouri PTP law and an increase rate of gun
homicides although not all evidence is supportive.

Our estimates indicate that the law repeal had a
significant impact on reducing the time between a
gun’s purchase and recovery from a crime. The 95%
confidence interval for the law’s association with an
increase in the proportion of crime guns recovered in
less than a year is 0.08 to 0.13. Contextualized, 10%
of Missouri gun recoveries would be between 616
and 1000 guns a year. This reinforces previous find-
ings that show increases in crime gun purchases from
Missouri gun dealers following the repeal [13].

The proportion own-state gun trace variable test
showed significance during the period from 2008 to
2013 following the repeal compared to before the
repeal. However, our estimates were inconclusive for
the period for the repeal period from 2008 to 2019
compared to before the repeal. This difference in the
2008-2013 results compared to in 2008-2019 may be
attributed to how the proportion own-state gun trace
variable showed consistent growth until meeting an
unexplained and persistent drop in Missouri 2014 that
was not apparent in control state trends. We hypoth-
esize that after the landmark shooting in Ferguson, a
major police department may have stopped sending
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trace requests to ATF. Additional research into the
reasons behind this drop is necessary.

In contrast to the Webster et al. study, we used 8
covariate-selected states rather than 43 as our control.
We aimed to find states that with economic and politi-
cal conditions that were most like Missouri. We found
evidence of a significant increase in homicides in the
repeal period from 2008 to 2019 compared to before
the repeal when using covariate-selected states. We
did not find a significant increase in the repeal period
from 2008 to 2013 compared to before the repeal.

There are a couple of factors that could have
affected our results in comparison to Webster et al.
(2014)’s results. The gun repeal could have contrib-
uted to gun trafficking to neighboring states, as stated
in prior studies [6, 14]. When we conducted a differ-
ence in difference test comparing Missouri to its border
states, homicide increases were much less significant
(p=0.08; 95% confidence interval from —0.18 to 4.26)
though the results did. Hence, using some border states
as covariates may understate the homicide effect in
Missouri because of the potential overflow effect.

A limitation of our study is that we lacked reliable data
prior to 2006, which limited our pre-intervention period
to 1 year. Another limitation is that Missouri’s repeal of
its PTP law in 2007 was confounded by the adoption of a
modest expansion of its self-defense law in 2007 enabling
more places where Stand Your Ground (SYG) applied
and then more significant expansions in 2010 and 2016.
However, we controlled for SYG laws in other states in
the analysis. Additionally, Webster et al. (2014) had found
from an analysis of justifiable homicide data from the
FBI’s Uniform Crime Reports that there were approxi-
mately three additional justifiable homicides per year
in Missouri in 2008-2010 following the adoption of the
state’s SYG law above pre-SYG-law levels—less than 1%
of the total number of gun homicides from 2008 to 2010
[6]. Also, this study focuses on the mechanisms in which
the Missouri PTP law repeal may have led to increased
homicides that are unrelated to the SYG law.

Overall, we found mostly supportive evidence for
the repeal of Missouri’s PTP law increasing gun homi-
cides by the hypothesized mechanism of expediting the
gun obtention process for those with violent intent.

Nevertheless, more longitudinal studies on other
forms of gun policy are necessary to help inform gov-
ernment policy decisions. While this study provides evi-
dence that the PTP law increased homicides, reinstating

the law may not cause an immediate effect [6], as it may
take time before guns are again cycled out of the system.
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