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Introduction: Firearm injury is a major U.S. public health concern. This study aims to evaluate
whether the relationship between state firearm laws and state firearm deaths are affected by com-
paratively lenient firearm laws in neighboring states.

Methods: This observational study used 2000‒2017 data on firearm deaths and firearm laws of the
48 contiguous states of the U.S. (Alaska, Hawaii, and the District of Columbia excluded). The asso-
ciations among state firearm deaths, state firearm laws, and presence of neighboring states with
more lenient laws were analyzed using negative binomial regression models with state- and year-
fixed effects. Analyses were conducted in 2019‒2020.
Results: There were 578,022 firearm deaths of all intents during the study period or 11.1 firearm
deaths (IQR=8.5�14.0) per 100,000 population. The presence of more state firearm laws was associ-
ated with decreased firearm deaths (incident rate ratio=0.991, 95% CI=0.987, 0.996). However,
weaker firearm laws in neighboring states correlated with more firearm deaths within a state (inci-
dent rate ratio=1.016, 95% CI=1.004, 1.028). Failing to account for weaker laws in neighboring
states led to the underestimation of the impact of 1 additional law on state’s own firearm deaths
(incident rate ratio=0.994, 95% CI=0.989, 0.998 vs 0.991, 95% CI=0.987, 0.996) by approximately
20%.

Conclusions: Weaker firearm laws in neighboring states may undermine the effectiveness of a
state’s own firearm laws in curbing firearm deaths. Coordinated legislative action across neighbor-
ing states may be more effective than an individual state taking legislative action.
Am J Prev Med 2020;000(000):1−10. © 2020 American Journal of Preventive Medicine. Published by Elsevier
Inc. All rights reserved.
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F irearm injury and mortality are major public
health concerns for the U.S. By 2017, the number
of firearm-related deaths increased to 39,773 per

year, representing an annual increase of 11,110 since
2000.1 Stronger regulations over the selling, buying, and
ownership of firearms have been associated with lower
rates of firearm-related deaths.2−8 However, skeptics of
the effectiveness of stronger firearm regulations often
cite examples of states that have high firearm deaths
despite having strong firearm regulations. A recent
example was a social media dispute between Texas U.S.
Senator Ted Cruz and Chicago Mayor Lori Lightfoot.
The former contended that Chicago’s high gun homicide
numbers, despite Illinois’s strict gun laws, were evidence
that “gun control doesn’t work,” and the latter retorted
that “60%9 of illegal firearms recovered in Chicago come
from outside Illinois,”10 essentially implying that the
more lax laws of neighboring Indiana were undermining
the effectiveness of Illinois’s laws. It is feasible that a
/10.1016/j.amepre.2020.06.022
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discrepancy between firearm-related policies between
neighboring states can lead to guns crossing borders and
contribute to higher firearm deaths in states with stricter
regulations.11,12 Hence, this is an important public
health and public policy question, for which the scien-
tific literature remains relatively small.
Recent studies show evidence that between-state law

differences are linked to firearm deaths and injuries.
Matthay et al.13 reported that gun shows in neighboring
Nevada, not in California, were associated with short-
term increases in firearm injuries in California. Kaufman
et al.14 showed that counties with less restrictive inter-
state policy had a higher rate of firearm-related homicide
than counties with more restrictive interstate policy,
suggesting that less restrictive interstate policy has a det-
rimental spillover effect on adjacent counties of neigh-
boring states. Olson et al.15 found that, for the 10 most
restrictive firearm legislation states, the correlation
between the number of state laws and state firearm
homicide rate was stronger after accounting for the
strength of gun laws in nearby states.
This observational study adds to the literature by eval-

uating all the 48 contiguous states over multiple years for
the impact of the between-state difference of background
checks, dealer regulations, buyer regulations, and gun-
trafficking laws, which have been associated with fire-
arm-related mortality in previous studies.3,16−19 Specifi-
cally, this study hypothesizes that the risk of firearm
deaths of a state will be higher if the neighboring states
have more lenient firearm laws and that failing to
account for such neighboring states’ regulation can lead
to underestimating the impact of states’ laws on curbing
firearm deaths.
METHODS

Study Sample
All the states of the U.S. were included except Alaska and Hawaii
because they are noncontiguous with other U.S. states. The Dis-
trict of Columbia was excluded because it has no applicable state
laws in the State Firearm Law Database. The final analysis
included 48 states. The study period was from 2000 to 2017.

Measures
The total numbers of firearm-related deaths by state from 2000 to
2017 were extracted from the Web-based Injury Statistics Query
and Reporting System (WISQARS) of the Centers for Disease
Control and Prevention20 as main outcome variables, including
deaths from all intent (total count and count by sex), homicide
excluding legal intervention, and suicide. WISQARS is a public-
access, free online database that provides fatal and nonfatal injury,
violent death, and cost of injury data from a variety of trusted
sources. The WISQARS system suppressed the number of deaths
if the counts were <10, which led to missing values. Among the
outcome variables, firearm-related all-intent female deaths and
homicide excluding legal intervention had missing values—8.7%
and 9.0%, respectively.

Information on state firearm law was obtained from the State
Firearm Law Database21 developed by Siegel et al.22 This database
tracks the presence of 134 provisions in 14 categories across all
the 50 states for the period 1991 to the present. Examples of the
categories are buyer regulations, dealer regulations, background
checks, prohibiters for gun purchase and possession, domestic
violence−related gun laws, stand your ground laws, concealed
carry‒permitting laws, assault weapons regulations, gun-traffick-
ing laws, and restrictions on places where guns may be carried.
Each of the 134 provisions was coded as being either present (1)
or absent (0) for each state during each year. Laws were coded on
the basis of their year of implementation. The total number of
state firearm-related laws in each year was included to represent
the overall strictness of firearm control in each state. The scale
ranged from 0 to 134.

The following categories of laws were identified as having the
potential to impact the interstate movement of firearms and fire-
arm-related mortality3,14−19: (1) background checks, (2) dealer
regulations, (3) buyer regulations, and (4) gun-trafficking laws
(Appendix Table 1, available online). With these laws, this study
aimed to examine whether a state that is more lenient in firearm
regulation in those fields (i.e., has fewer of such provisions) would
affect the firearm-related deaths of the contiguous states that have
more laws but not vice versa. First, the total numbers of laws of all
these categories were calculated for each state in each year. Then,
a method was developed to evaluate the difference in the strictness
of firearm regulation by calculating the mean difference between
the numbers of these laws of each state and adjacent states that
had equal or fewer laws. For example, in 2017, North Carolina
had a total of 7 provisions in those 4 categories. Its neighboring
states—Virginia, Tennessee, Georgia, and South Carolina—had 2,
5, 0, and 0 provisions in those categories, respectively. The respec-
tive differences in the number of laws in North Carolina com-
pared with those of the neighboring states were 5, 2, 7, and 7
(totaling 21). Therefore, for North Carolina, the between-state law
difference for 2017 was 5.25 (21 divided by 4). The mean differen-
ces between the number of laws in each state and all adjacent
states and the adjacent states that had more laws were used for
sensitivity analyses.

State-level, potentially time-varying variables that may conceiv-
ably impact the number of violent deaths were controlled on the
basis of previous literature.2,3,14 Population size, proportion aged
≥65 years, race, unemployment rate, poverty rate, and proportion
aged ≥25 years without a high school diploma were obtained
from the U.S. Census Bureau for 2000−2017.23 Property crime
rates were obtained from the Federal Bureau of Investigation’s
summary reporting system through Crime Data Explore24 as a
proxy for the propensity for crimes in the state. The per capita
number of licensed gun dealers, obtained from U.S. Bureau of
Alcohol, Tobacco, Firearms and Explosives,25 and the percentage
of the hunting license holder of the state’s population, obtained
from the National Survey of Fishing, Hunting, and Wildlife-Asso-
ciated Recreation,26 were included as proxy controls for household
gun ownership.3,27,28 As a further proxy measure for state senti-
ment toward firearm control, the vote share differences between
the Republican and Democratic presidential candidates in each
presidential election year within the study period29 were included
and extrapolated for years between presidential elections.
www.ajpmonline.org
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Statistical Analysis
Continuous variables were presented as medians and IQRs. Rank
sums test for trend was used to test the trend of each variable dur-
ing the study period.

The 2-way fixed-effects models (with state- and year-fixed effects)
using negative binomial regression were employed to evaluate the
association between the policy discrepancy and the outcomes. Con-
tinuous variables were tested for linearity and monotonicity by com-
paring models using the original variables with their quintiles. The
overall difference of the provisions of all the 4 categories of provi-
sions was used to estimate the overall effect of the policy discrepancy
on mortality. The aforementioned covariates were controlled as well
as the state- and year-fixed effects. SEs were clustered within each
state. Model fit was assessed using the Akaike information criterion.
Models were compared using the likelihood ratio test.

Incident rate ratios (IRRs) with 95% CIs and p-values are reported.
A 2-sided p<0.05 was considered statistically significant; p<0.10 but
p>0.05 was considered marginally significant. Stata, version 15.1, was
used for all analyses, which were conducted over 2019−2020.
RESULTS

Descriptive analyses for each variable are listed in
Table 1. There were 578,022 firearm deaths of all intents
Table 1. State Characteristics Included in This Analysis From 20

Characteristic Pooled

Total number of deaths (in thousands)b

Total firearm-related death 578.0 (414.2, 7

Firearm-related homicide 213.8 (143.4, 2

Firearm-related suicide 341.3 (252.9, 4

Firearm-related death, male 497.2 (35.6, 6

Firearm-related death, female 80.4 (58.3, 10

Deaths, annual rate per 100,000 populationb

Total firearm-related death 11.1 (8.5, 14

Firearm-related homicide 3.6 (1.9, 5.0

Firearm-related suicide 7.3 (5.6, 9.1

Firearm-related death, male 19.8 (15.4, 24

Firearm-related death, female 3.3 (2.1, 4.5

Mean between-state law differencec 2.0 (0.0, 5.7

Total number of state firearm laws 15.0 (10.0, 26

Population aged ≥65 years, % 13.3 (12.3, 14

White, % 0.9 (0.8, 0.9

Poverty rate, % 0.1 (0.1, 0.2

Unemployment rate, % 6.3 (5.1, 7.7

Population aged ≥25 years without high school
diploma, %

13.0 (10.5, 16

Property crime (per 100 population) 2.9 (2.4, 3.6

Hunting license holder, % 6.5 (3.2, 10.

Licensed gun dealer (per 100,000 residents) 22.1 (14.8, 33

Note: Boldface indicates statistical significance (p<0.05). List pooled statisti
whole study period.
aRank sums test for trend.
bAll variables listed in this table are shown as median (IQR) except for the tot
cLaws for calculating the between-state law difference include (1) backgroun
ficking laws.

& 2020
or 11.1 firearm deaths (IQR=8.5�14.0) per 100,000 pop-
ulation during the study period. There was a statistically
significant increase in firearm-related deaths from 2000
to 2017 for all categories except for firearm-related
homicide. For all firearm-related policies, the median
number of implemented laws was 15 (range=2�106).
There was no evidence of a statistically significant trend
in the overall change in the numbers of the state firearm
laws for 2000−2017. For policies of interest, the mean
between-state difference is shown in Figure 1. This illus-
trates the relative change of these laws between a state
and its neighboring states during the study period. There
is an indication of widened gaps in firearm laws between
some states.
Adjusted IRRs and 95% CIs estimated from multivari-

able negative binomial models are shown in Table 2. In
all models, despite the small effect sizes, a higher count
of state’s firearm laws was associated with fewer total
firearm deaths (IRR=0.991, p<0.001), female firearm
deaths (IRR=0.990, p<0.001), male firearm deaths
(IRR=0.992, p<0.001), firearm homicide (IRR=0.990,
p=0.024), and firearm suicide (IRR=0.994, p<0.001).
00 to 2017

2000 2017
p-value

for trenda

41.8) 28.3 (20.1, 36.6) 39.4 (28.8, 50.1) 0.004

84.2) 10.6 (7.0, 14.2) 14.4 (10.0, 18.8) 0.69

29.7) 16.4 (12.1, 20.8) 23.7 (17.6, 29.8) <0.001
3.8) 24.3 (17.2, 31.4) 33.8 (24.7, 42.9) 0.005

2.4) 4.0 (2.9, 5.1) 5.7 (4.1, 7.2) 0.041

.0) 10.4 (7.9, 13.2) 12.8 (11.1, 16.9) <0.001
) 3.4 (1.9, 5.1) 4.6 (2.2, 6.2) 0.44

) 6.9 (5.3, 8.6) 9.2 (6.5, 10.6) <0.001
.3) 18.5 (14.6, 23.2) 22.6 (19.3, 28.3) <0.001
) 3.2 (2.3, 4.4) 3.9 (2.7, 5.1) <0.001
) 2.0 (0.0, 4.7) 2.0 (0.0, 5.7) 0.52

.0) 15.0 (10.5, 24.0) 17.0 (9.0, 36.0) 0.84

.4) 12.8 (11.6, 13.6) 15.3 (14.5, 16.1) <0.001
) 0.9 (0.8, 0.9) 0.8 (0.8, 0.9) <0.001
) 0.1 (0.1, 0.1) 0.1 (0.1, 0.2) <0.001
) 3.9 (3.1, 4.4) 6.3 (5.0, 7.2) <0.001
.0) 14.1 (11.9, 17.6) 10.7 (9.0, 13.6) <0.001

) 3.6 (2.9, 4.1) 2.4 (1.8, 2.8) <0.001
7) 7.0 (3.7, 10.9) 6.7 (3.1, 10.8) 0.13

.8) 28.9 (20.8, 41.7) 21.1 (15.2, 32.6) <0.001

c for all years, 2000, and 2017 statistics. The test was performed for the

al number of deaths shown as totals (95% CI).
d checks, (2) dealer regulations, (3) buyer regulations, and (4) gun traf-



Figure 1. Heatmap of mean between-state law difference of the 48 contiguous states of the U.S. for 2000 and 2017.
Note: Legends showed the quartiles. Deeper red indicates greater difference in the numbers of firearm lawa between a state and its neighboring
states that are more lenient in gun control. (A: Year 2000; B: Year 2017)
aLaws including (1) background checks, (2) dealer regulations, (3) buyer regulations, and (4) gun trafficking laws.
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Furthermore, having adjacent states with fewer laws
appeared to increase firearm deaths of the state. On
average, for each increase of 1 in the between-state pol-
icy differences (indicating more lax policies in neighbor-
ing states), the incidence rate (IR) increased by 1.6%
(p=0.007) for total firearm-related deaths, 1.7% for
female firearm deaths (p=0.013), 1.6% for male firearm
deaths (p=0.008), 2.5% for firearm homicide (p=0.045),
and 0.6% for firearm suicide (p=0.028). Results of fire-
arm homicide and female firearm deaths were robust to
alternate ways of addressing the missing values
(Appendix Table 2, available online). Results for other
covariates (Appendix Table 3, available online) indicated
that not having a high school diploma, property crimes,
percentage of the White population being in the third
and fourth quartile of poverty (compared with the first),
and Republican-leaning voting in presidential elections
were associated with more firearm deaths. Higher state
unemployment was associated with fewer firearm
deaths. The percentage of hunting license holders and
licensed gun dealers were not significantly associated
with firearm deaths.
Sensitivity analyses were performed by controlling for

the state-specific time trends (Table 2) and including
law difference measures for neighboring states with
stricter regulations (Table 2). When adding time trends,
www.ajpmonline.org



Table 2. IRRs and 95% CIs of Mean Between-State Firearm-Related Law Difference from the Multivariable Negative Binom l Regression for Firearm-Related Deathsa

Variable

State's firearm-related
laws,

IRR (95% CI)

Mean between-state law
difference for adjacent
states that had equal

or fewer laws,
IRR (95% CI)

Mean etween-state
law fference for
ad ent states

that d more laws,
IR (95% CI)`

Mean between-state
law difference for

all adjacent states,b

IRR (95% CI)

A: Adjusted for covariates and state and year fixed effects

Total firearm-related death 0.991 (0.987, 0.996)
p<0.001

1.016 (1.004, 1.028)
p<0.007

— —

Firearm-related death, female 0.990 (0.985, 0.995)
p<0.001

1.017 (1.003, 1.030)
p=0.013

— —

Firearm-related death, male 0.992 (0.988, 0.996)
p<0.001

1.016 (1.004, 1.028)
p=0.008

— —

Firearm-related homicide 0.990 (0.981, 0.999)
p=0.024

1.025 (1.001, 1.050)
p=0.045

— —

Firearm-related suicide 0.994 (0.992, 0.996)
p<0.001

1.006 (1.001, 1.012)
p=0.028

— —

B: Adjusted for covariates, state and year fixed effects, and state specific time trends

Total firearm-related death 0.995 (0.991, 0.999)
p=0.007

1.009 (1.001, 1.016)
p=0.018

— —

Firearm-related death, female 0.996 (0.990, 1.002)
p=0.211

1.006 (0.992, 1.020)
p=0.384

— —

Firearm-related death, male 0.995 (0.991, 0.998)
p=0.005

1.008 (1.001, 1.015)
p=0.022

— —

Firearm-related homicide 0.994 (0.986, 1.002)
p=0.126

1.012 (0.998, 1.026)
p=0.097

— —

Firearm-related suicide 0.996 (0.994, 0.999)
p=0.006

1.006 (1.000, 1.012)
p=0.063

— —

C: Models using alternate forms of between-state law difference, adjusted for covariates and state and year fixed effects

Total firearm-related death 0.993 (0.988, 0.998)
p=0.004

— 1.00 0.996, 1.011)
=0.352

—

0.992 (0.987, 0.996)
p<0.001

1.016 (1.004, 1.028)
p=0.009

1.00 0.994, 1.008)
=0.760

—

0.992 (0.987, 0.997)
p=0.001

— — 1.006 (1.000, 1.013)
p=0.046

Firearm-related death, female 0.992 (0.987, 0.998)
p=0.006

— 1.00 0.988, 1.013)
=0.951

—

0.990 (0.985, 0.995)
p<0.001

1.017 (1.004, 1.031)
p=0.010

0.99 0.987, 1.007)
=0.606

—

0.992 (0.985, 0.997)
p=0.003

— — 1.004 (0.995, 1.014)
p=0.365

(continued on next page)
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Table 2. IRRs and 95% CIs of Mean Between-State Firearm-Related Law Difference from the Multivariable Negative Binomial Regression for Firearm-Related Deaths
a

(continued)

Variable

State's firearm-related
laws,

IRR (95% CI)

Mean between-state law
difference for adjacent
states that had equal

or fewer laws,
IRR (95% CI)

Mean between-state
law difference for
adjacent states

that had more laws,
IRR (95% CI)`

Mean between-state
law difference for

all adjacent states,b

IRR (95% CI)

Firearm-related death, male 0.993 (0.989, 0.998)
p=0.004

— 1.004 (0.997, 1.012)
p=0.223

—

0.992 (0.987, 0.996)
p<0.001

1.016 (1.003, 1.028)
p=0.013

1.002 (0.995, 1.009)
p=0.574

—

0.992 (0.987, 0.997)
p=0.001

— — 1.007 (1.001, 1.013)
p=0.033

Firearm-related homicide 0.992 (0.984, 1.000)
p=0.065

— 1.005 (0.992, 1.019)
p=0.454

—

0.990 (0.982, 0.998)
p=0.018

1.024 (1.000, 1.050)
p=0.052

1.001 (0.989, 1.014)
p=0.827

—

0.991 (0.982, 0.999)
p=0.037

— — 1.008 (0.996, 1.020)
p=0.179

Firearm-related suicide 0.995 (0.992, 0.997)
p<0.001

— 1.002 (0.996, 1.007)
p=0.579

—

0.994 (0.991, 0.996)
p<0.001

1.006 (1.001, 1.012)
p=0.030

1.001 (0.995, 1.006)
p=0.841

—

0.994 (0.991, 0.997)
p<0.001

— — 1.003 (0.997, 1.009)
p=0.289

Note: Boldface indicates statistical significance (p<0.05).
aThe following state-level time-varying variables—population size, proportion aged ≥65 years, race, unemployment rate, poverty rate, the proportion aged ≥25 years without a high school diploma, the
rates of crime against property, the percentage of the hunting license holder of the state's population, licensed gun dealer per 100,000 residents, and the vote share difference between the Republican
and Democratic candidates in the presidential election (linear interpolated)—were adjusted in the year- and state-fixed effect multivariable negative binomial regression models.
bHigher values of this variable indicate that the neighboring states are overall more permissive than that state.
IRR, incident rate ratio.
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Figure 2. The impact of between-state law difference on the effects of state’s gun policies on firearm-related deaths.
Note: The percentages of IR decrease were adjusted for all covariates listed in Table 2 (*p<0.01; **p<0.05; ***p<0.10). The AIC increased after
removing the between-state law difference from the models, indicating a decrease in the model fit, and the likelihood ratio test (Appendix Table 4,
available online) indicated that the change in model fit was significant in all cases. Details are in Appendix Tables 4 and 5 (available online).
AIC, Akaike information criterion; IR, incidence rate.
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interstate law difference became marginally significant
for firearm suicide (p=0.063) and homicide (0.097) and
nonsignificant for female firearm deaths (p=0.384). For
states’ firearm laws, the difference levels lost significance
for firearm homicide (p=0.211) and female firearm
deaths (p=0.126). The law difference measure for neigh-
boring states with stricter regulations was not statisti-
cally significant, supporting the study hypothesis, and
the inclusion did not change the key results, although
the interstate and state law differences became margin-
ally significant in models for firearm homicide. Includ-
ing an interaction term of states’ law and interstate law
differences or the sociopolitical characteristics of neigh-
boring states continued to support the main findings
(Appendix Text 1, available online).
Finally, the models with and without between-state

law differences were compared (Appendix Tables 4 and
5, available online). The Akaike information criterion
increased after removing the between-state law differ-
ence from the model, indicating a decrease in model fit,
and the likelihood ratio tests indicated that the changes
in model fit were significant. Thereafter, how the associ-
ation between a state’s policies and firearm mortality
appeared to change across models with and without
between-state law differences was examined (Figure 2).
& 2020
An increase in state firearm laws by 1 reduced the IR by
0.9% (p<0.001) for total firearm deaths. However, this
same increase appeared to reduce the IR of firearm
deaths by only 0.6% (p=0.007) when omitting the
between-state law difference, essentially a >20% decline
in estimated mean effectiveness. Similar results were
found for the other outcomes. The differences in the
estimated IRs were statistically significant for all models
except for firearm-related suicide. Moreover, state laws
only showed a marginally significant impact on reducing
firearm-related homicide (IRR=0.993, p=0.081) when
the between-state law difference was omitted.
DISCUSSION

A substantial literature finds that more restrictive state
firearm regulations are associated with fewer firearm
deaths in those states,2,3,8,30,31 although the associations
can differ for homicides and suicides.2,3,32 However, fire-
arm control policies vary greatly across states,33 and
guns can cross state borders with relative ease—a rela-
tively new but growing body of literature is starting to
explore whether there is a neighbor effect, whereby
weaker regulations in neighboring states dilute the
impact of strict in-state regulations. This study analyzed
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in-state gun policy, neighboring states with weaker gun
policies, and firearm-related mortality data for 2000
−2017, including all provisions of background checks,
dealer regulations, buyer regulations, and gun-trafficking
laws in the State Firearm Law Database. The number of
laws of these categories was used to measure how rela-
tively permissive the surrounding states were. Although
stronger state gun policies were associated with
decreased firearm deaths, the presence of permissive
neighboring states undermined this protective effect.
Specifically, higher policy differences across states were
associated with increased rates of total firearm deaths,
suicides, and homicides, although results were statisti-
cally stronger for suicide than for homicide. Predictive
analyses indicated that for a state with the median num-
ber of firearm laws, a 1-unit increase in the mean policy
differences would increase a state’s firearm deaths by 13
per year (Appendix Table 6, available online). Further-
more, failing to account for the presence of weaker laws
in neighboring states led to a statistically significant
underestimation of the effectiveness of additional in-
state regulations by >20%.
There is support in the literature for the hypothesis

that guns may move from states with weaker to states
with stronger firearm regulations. Brauer et al.34 showed
that states with relatively permissive laws host more fire-
arms-manufacturing establishments than states with rel-
atively restrictive laws. Strengthened regulation on
formal gun marketing and increased price can lead
potential consumers to purchase firearms in proximal,
relatively unregulated markets,35,36 which are a frequent
source of guns used in crimes.37 Webster et al.11 found
that for states with licensing and permit regulation, the
majority of the recovered crime-related guns were of
out-of-state origin. Furthermore, empirical models show
that states with weak gun laws were likely to be exporters
to states with strict gun laws, but the trafficking flows
were more significant between 2 nearby states than
between 2 distant states.38,39 These findings support the
approach of this study of using between-state law differ-
ences but focusing primarily on guns moving across bor-
ders of neighboring states.
Results for other covariates appeared concordant with

existing literature, such as a higher state unemployment
rate being associated with fewer violent deaths40 and
positive associations between other crimes and firearm
deaths.41 There are media reports of Republican-leaning
states having higher gun deaths,42 although this is rela-
tively unexplored by researchers. However, Appalachian
and southeastern states—traditionally Republican lean-
ing—have higher unintentional firearm deaths,43 and
states with Republican-controlled legislatures often
loosen firearm restrictions after mass shootings.44
The impact of between-state policy discrepancy on
firearm violence is a growing area of research. Kaufman
et al.14 found that strong state policies were associated
with lower county suicide rates regardless of interstate
policies, whereas strong interstate policies were associ-
ated with lower county homicide rates where home-state
policies were permissive. This suggests that a state with
the permissive policy may have detrimental impacts on
neighboring states that are also permissive, although a
strong home-state policy is protective. Olson et al.15

used states’ Brady score (which ranks and categorizes
states using a weighted summary of approximately 30
firearm policies8,15) to measure the strictness of gun
laws, developed a Border Adjustment score for the 10
most restrictive states, and showed that after adjusting
for the Border score, the correlation between the state’s
Brady score and firearm-related homicide significantly
improved. These results broadly support the findings of
this study with all states. Specifically, when the between-
state law difference was removed from the model, the
effect size of states’ laws appeared to decrease along with
a corresponding decrease in statistical significance.
Ignoring the presence of neighboring states with weaker
firearm policies can make it appear like the state’s fire-
arm regulations have weaker effects than they actually
do. This implies that strengthening firearm regulations
in a state can reduce firearm deaths within that state and
also reduce the adverse spillover impact on firearm
deaths on neighboring states.

Limitations
This study has several limitations. First, although the
assumptions in calculating the between-state law dis-
crepancy were supported by literature, the impacts from
distant states were omitted. Because of the state-fixed
effects that subsume the effect of being a border state,
the impact of sharing a border with Canada and Mexico
cannot be inspected separately. Second, the number of
laws per se may not perfectly measure strictness, and
states may vary in how diligently firearm regulations are
enforced. The use of the state-fixed effects, state-specific
trends, number of hunting licenses, and voting patterns
can help control for such unobserved between-state var-
iations; however, none of these are perfect controls. Pre-
vious literature18,31 shows that the number of firearm
provisions is associated with firearm mortality and the
interstate firearm movement. Although not yet vali-
dated, this approach is a novel way to address the grow-
ing acknowledgment of the importance of accounting
for the between-state effects of firearm laws on firearm
deaths. Further studies focusing on the impact of firearm
regulations in the interstate context are needed to
strengthen this research area. Third, the WISQARS
www.ajpmonline.org
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system suppressed the number of deaths for counts
fewer than 10. Although the results were robust to alter-
nate approaches to this problem, there still may be some
measurement error. Fourth, results could be sensitive to
alternate approaches of measuring or grouping firearm
policies or calculating between-state differences—some-
thing that further studies should explore. Finally, this
study is ecologic; although the empirical approach helps
minimize omitted variable bias, caution is nonetheless
recommended when making causal inferences between
state firearm policies and firearm-related mortality.
CONCLUSIONS

This study adds to the growing literature emphasizing
the role played by neighboring states’ firearm regulations
in addition to own-state firearm regulations in firearm
deaths. Failing to account for neighboring states with
weaker laws, in some instances, canmake a state’s own
regulations appear less effective in reducing firearm
deaths. Further research that uses alternate approaches
to measure strictness of laws or focuses on specific cate-
gories of laws in their own and neighboring states and
explores law differentials with more distant states are
called for.
This study suggests that without cooperative legisla-

tive actions in neighboring states, efforts in 1 state to
strengthen firearm legislation and prevent firearm
deaths may be undermined. It also suggests that federal
gun regulations may be particularly useful because they
affect all states, and legislation such as the Bipartisan
Background Checks Act of 2019 passed by the House in
February 2019 permits cautious optimism on that front.
ACKNOWLEDGMENTS
No financial disclosures were reported by the authors of this
paper.
SUPPLEMENTAL MATERIAL
Supplemental materials associated with this article can be
found in the online version at https://doi.org/10.1016/j.
amepre.2020.06.022.
REFERENCES
1. WISQARS: fatal injury reports, national, regional and state, 1981‒

2018. Centers for Disease Control and Prevention, National Center
for Injury Prevention and Control. https://webappa.cdc.gov/sasweb/
ncipc/mortrate.html. Updated June 8, 2019. Accessed June 8, 2019.

2. Kalesan B, Mobily ME, Keiser O, Fagan JA, Galea S. Firearm legisla-
tion and firearm mortality in the USA: a cross-sectional, state-level
study. Lancet. 2016;387(10030):1847–1855. https://doi.org/10.1016/
S0140-6736(15)01026-0.
& 2020
3. Sen B, Panjamapirom A. State background checks for gun purchase
and firearm deaths: an exploratory study. Prev Med. 2012;55(4):346–
350. https://doi.org/10.1016/j.ypmed.2012.07.019.

4. Bangalore S, Messerli FH. Gun ownership and firearm-related deaths. Am J
Med. 2013;126(10):873–876. https://doi.org/10.1016/j.amjmed.2013.04.012.

5. Sumner SA, Layde PM, Guse CE. Firearm death rates and association
with level of firearm purchase background check [published correc-
tion appears in Am J Prev Med. 2008;35(6):611]. Am J Prev Med.
2008;35(1):1–6. https://doi.org/10.1016/j.amepre.2008.03.023.

6. Cummings P, Koepsell TD, Grossman DC, Savarino J, Thompson RS.
The association between the purchase of a handgun and homicide or
suicide. Am J Public Health. 1997;87(6):974–978. https://doi.org/
10.2105/ajph.87.6.974.

7. Loftin C, McDowall D, Wiersema B, Cottey TJ. Effects of restrictive
licensing of handguns on homicide and suicide in the District of
Columbia. N Engl J Med. 1991;325(23):1615–1620. https://doi.org/
10.1056/NEJM199112053252305.

8. Alban RF, Nu~no M, Ko A, Barmparas G, Lewis AV, Margulies DR.
Weaker gun state laws are associated with higher rates of suicide sec-
ondary to firearms. J Surg Res. 2018;221:135–142. https://doi.org/
10.1016/j.jss.2017.08.027.

9. Cook PJ, Harris RJ, Ludwig J, Pollack HA. Some sources of crime guns
in Chicago: dirty dealers, straw purchasers, and traffickers. J Crim Law
Criminol. 2014;104(4):717. https://scholarlycommons.law.northwest-
ern.edu/jclc/vol104/iss4/2. Accessed October 6, 2019.

10. Cheney-Rice Z. Ted Cruz’s dishonest rhetoric about Chicago. New
York Intelligencer. September 6, 2019. http://nymag.com/intelligencer/
2019/09/ted-cruz-lori-lightfoot-argue-over-gun-control-in-chicago.
html. Accessed October 6, 2019.

11. Webster DW, Vernick JS, Hepburn LM. Relationship between licens-
ing, registration, and other gun sales laws and the source state of crime
guns. Inj Prev. 2001;7(3):184–189. https://doi.org/10.1136/ip.7.3.184.

12. Wright MA, Wintemute GJ, Webster DW. Factors affecting a recently
purchased handgun’s risk for use in crime under circumstances that
suggest gun trafficking [published correction appears in J Urban
Health. 2010;87(5):898]. J Urban Health. 2010;87(3):352–364. https://
doi.org/10.1007/s11524-010-9437-5.

13. Matthay EC, Galin J, Rudolph KE, Farkas K, Wintemute GJ, Ahern J.
In-state and interstate associations between gun shows and firearm
deaths and injuries: a quasi-experimental study. Ann Intern Med.
2017;167(12):837–844. https://doi.org/10.7326/M17-1792.

14. Kaufman EJ, Morrison CN, Branas CC, Wiebe DJ. State firearm
laws and interstate firearm deaths from homicide and suicide in
the United States: a cross-sectional analysis of data by county.
JAMA Intern Med. 2018;178(5):692–700. https://doi.org/10.1001/
jamainternmed.2018.0190.

15. Olson EJ, Hoofnagle M, Kaufman EJ, Schwab CW, Reilly PM, Seamon
MJ. American firearm homicides: the impact of your neighbors. J
Trauma Acute Care Surg. 2019;86(5):797–802. https://doi.org/
10.1097/TA.0000000000002212.

16. Irvin N, Rhodes K, Cheney R,Wiebe D. Evaluating the effect of state regula-
tion of federally licensed firearm dealers on firearm homicide. Am J Public
Health. 2014;104(8):1384–1386. https://doi.org/10.2105/AJPH.2014.301999.

17. Rudolph KE, Stuart EA, Vernick JS, Webster DW. Association
between Connecticut’s permit-to-purchase handgun law and homi-
cides. Am J Public Health. 2015;105(8):e49–e54. https://doi.org/
10.2105/AJPH.2015.302703.

18. Collins T, Greenberg R, Siegel M, et al. State firearm laws and inter-
state transfer of guns in the USA, 2006-2016. J Urban Health. 2018;95
(3):322–336. https://doi.org/10.1007/s11524-018-0251-9.

19. Lee LK, Fleegler EW, Farrell C, et al. Firearm laws and firearm homi-
cides: a systematic review. JAMA Intern Med. 2017;177(1):106–119.
https://doi.org/10.1001/jamainternmed.2016.7051.

20. Injury prevention & control: data & statistics (WISQARS):
WISQARSTM — Web-based Injury Statistics Query and Reporting

https://doi.org/10.1016/j.amepre.2020.06.022
https://doi.org/10.1016/j.amepre.2020.06.022
https://webappa.cdc.gov/sasweb/ncipc/mortrate.html
https://webappa.cdc.gov/sasweb/ncipc/mortrate.html
https://doi.org/10.1016/S0140-6736(15)01026-0
https://doi.org/10.1016/S0140-6736(15)01026-0
https://doi.org/10.1016/j.ypmed.2012.07.019
https://doi.org/10.1016/j.amjmed.2013.04.012
https://doi.org/10.1016/j.amepre.2008.03.023
https://doi.org/10.2105/ajph.87.6.974
https://doi.org/10.2105/ajph.87.6.974
https://doi.org/10.1056/NEJM199112053252305
https://doi.org/10.1056/NEJM199112053252305
https://doi.org/10.1016/j.jss.2017.08.027
https://doi.org/10.1016/j.jss.2017.08.027
https://scholarlycommons.law.northwestern.edu/jclc/vol104/iss4/2
https://scholarlycommons.law.northwestern.edu/jclc/vol104/iss4/2
http://nymag.com/intelligencer/2019/09/ted-cruz-lori-lightfoot-argue-over-gun-control-in-chicago.html
http://nymag.com/intelligencer/2019/09/ted-cruz-lori-lightfoot-argue-over-gun-control-in-chicago.html
http://nymag.com/intelligencer/2019/09/ted-cruz-lori-lightfoot-argue-over-gun-control-in-chicago.html
https://doi.org/10.1136/ip.7.3.184
https://doi.org/10.1007/s11524-010-9437-5
https://doi.org/10.1007/s11524-010-9437-5
https://doi.org/10.7326/M17-1792
https://doi.org/10.1001/jamainternmed.2018.0190
https://doi.org/10.1001/jamainternmed.2018.0190
https://doi.org/10.1097/TA.0000000000002212
https://doi.org/10.1097/TA.0000000000002212
https://doi.org/10.2105/AJPH.2014.301999
https://doi.org/10.2105/AJPH.2015.302703
https://doi.org/10.2105/AJPH.2015.302703
https://doi.org/10.1007/s11524-018-0251-9
https://doi.org/10.1001/jamainternmed.2016.7051


10 Liu et al / Am J Prev Med 2020;000(000):1−10

ARTICLE IN PRESS
System.Centers for Disease Control and Prevention, National Center
for Injury Prevention and Control. https://www.cdc.gov/injury/wis-
qars/index.html. Updated June 8, 2019. Accessed June 6, 2019.

21. About the State Firearms Laws Database, 1991-2020. State Firearm
Laws. http://statefirearmlaws.org/. Updated June 8, 2019. Accessed
April 16, 2019.

22. Siegel M, Pahn M, Xuan Z, et al. Firearm-related laws in all 50 U.S.
states, 1991-2016. Am J Public Health. 2017;107(7):1122–1129.
https://doi.org/10.2105/AJPH.2017.303701.

23. U.S. Census Bureau. https://www.census.gov/. Accessed June 8, 2019.
24. Crime Data Explorer. Federal Bureau of Investigation. https://crime-

data-explorer.fr.cloud.gov/. Accessed June 8, 2019.
25. Federal firearms listings. Bureau of Alcohol, Tobacco, Firearms and

Explosives. https://www.atf.gov/firearms/listing-federal-firearms-
licensees. Updated October 6, 2019. Accessed September 10, 2019.

26. Historical hunting license data for 2013‒2017. U.S. Fish &Wildlife
Service, Wildlife & Sport Fish Restoration Program. https://wsfrpro-
grams.fws.gov/subpages/LicenseInfo/Hunting.htm. Updated October
6, 2019. Accessed June 18, 2019.

27. Chao SD, Kastenberg ZJ, Madhavan S, Staudenmayer K. Impact of
licensed federal firearm suppliers on firearm-related mortality.
J Trauma Acute Care Surg. 2019;86(1):123–127. https://doi.org/
10.1097/TA.0000000000002067.

28. Siegel M, Ross CS, King C 3rd. A new proxy measure for state-level
gun ownership in studies of firearm injury prevention. Inj Prev.
2014;20(3):204–207. https://doi.org/10.1136/injuryprev-2013-040853.

29. Election and voting information. Federal Election Commission,
United States of America. https://www.fec.gov/introduction-cam-
paign-finance/election-and-voting-information/. Updated October 6,
2019. Accessed March 15, 2020.

30. Siegel M, Pahn M, Xuan Z, Fleegler E, Hemenway D. The
impact of state firearm laws on homicide and suicide
deaths in the USA, 1991-2016: a panel study. J Gen Intern
Med. 2019;34(10):2021–2028. https://doi.org/10.1007/s11606-019-
04922-x.

31. Fleegler EW, Lee LK, Monuteaux MC, Hemenway D, Mannix R. Fire-
arm legislation and firearm-related fatalities in the United States.
JAMA Intern Med. 2013;173(9):732–740. https://doi.org/10.1001/
jamainternmed.2013.1286.

32. Edwards G, Nesson E, Robinson JJ, Vars F. Looking down the barrel
of a loaded gun: the effect of mandatory handgun purchase delays on
homicide and suicide. Econ J. 2018;128(616):3117–3140. https://doi.
org/10.1111/ecoj.12567.

33. Vernick JS, Webster DW, Bulzacchelli MT, Mair JS. Regulation of fire-
arm dealers in the United States: an analysis of state law and opportu-
nities for improvement. J Law Med Ethics. 2006;34(4):765–775.
https://doi.org/10.1111/j.1748-720X.2006.00097.x.

34. Brauer J, Montolio D, Trujillo-Baute E. How do U.S. state firearms
laws affect firearms manufacturing location? An empirical investiga-
tion, 1986-2010. J Econ Geogr. 2016;17(4):753–790. https://doi.org/
10.1093/jeg/lbw016.

35. Wintemute G. Inside gun shows: what goes on when everybody thinks
nobody’s watching. Sacramento, CA: Violence Prevention Research
Program, Department of Emergency Medicine, UC Davis School of
Medicine. https://health.ucdavis.edu/vprp/pdf/IGS/IGScoverprefweb.
pdf. Published September 2009. Accessed July 9, 2020.

36. Ludwig J, Cook PJ. Homicide and suicide rates associated with imple-
mentation of the Brady Handgun Violence Prevention Act. JAMA.
2000;284(5):585–591. https://doi.org/10.1001/jama.284.5.585.

37. Wintemute GJ, Braga AA, Kennedy DM. Private-party gun sales, reg-
ulation, and public safety. N Engl J Med. 2010;363(6):508–511. https://
doi.org/10.1056/NEJMp1006326.

38. Knight BG. State gun policy and cross-state externalities: evidence
from crime gun tracing. Am Econ J Econ Policy. 2013;5(4):200–229.
https://doi.org/10.1257/pol.5.4.200.

39. Kahane LH. Understanding the interstate export of crime guns: a
gravity model approach. Contemp Econ Policy. 2013;31(3):618–634.
https://doi.org/10.1111/j.1465-7287.2012.00324.x.

40. Ruhm CJ. Are recessions good for your health. Q J Econ. 2000;115
(2):617–650. https://doi.org/10.1162/003355300554872.

41. Kivisto AJ, Ray B, Phalen PL. Firearm legislation and fatal police
shootings in the United States. Am J Public Health. 2017;107(7):1068–
1075. https://doi.org/10.2105/AJPH.2017.303770.

42. Florida R. The geography of gun deaths. The Atlantic. January 13,
2011. https://www.theatlantic.com/national/archive/2011/01/the-
geography-of-gun-deaths/69354/. Accessed July 9, 2020.

43. Heins SE, Crifasi CK. Distinctive injury deaths: the role of environ-
ment, policy and measurement across states. Inj Prev. 2016;22(4):247–
252. https://doi.org/10.1136/injuryprev-2015-041833.

44. Luca M, Malhotra D, Poliquin C. The impact of mass shootings on
gun policy. J Public Econ. 2020;181:104083. https://doi.org/10.1016/j.
jpubeco.2019.104083.
www.ajpmonline.org

https://www.cdc.gov/injury/wisqars/index.html
https://www.cdc.gov/injury/wisqars/index.html
http://statefirearmlaws.org/
https://doi.org/10.2105/AJPH.2017.303701
https://www.census.gov/
https://crime-data-explorer.fr.cloud.gov/
https://crime-data-explorer.fr.cloud.gov/
https://www.atf.gov/firearms/listing-federal-firearms-licensees
https://www.atf.gov/firearms/listing-federal-firearms-licensees
https://wsfrprograms.fws.gov/subpages/LicenseInfo/Hunting.htm
https://wsfrprograms.fws.gov/subpages/LicenseInfo/Hunting.htm
https://doi.org/10.1097/TA.0000000000002067
https://doi.org/10.1097/TA.0000000000002067
https://doi.org/10.1136/injuryprev-2013-040853
https://www.fec.gov/introduction-campaign-finance/election-and-voting-information/
https://www.fec.gov/introduction-campaign-finance/election-and-voting-information/
https://doi.org/10.1007/s11606-019-04922-x
https://doi.org/10.1007/s11606-019-04922-x
https://doi.org/10.1001/jamainternmed.2013.1286
https://doi.org/10.1001/jamainternmed.2013.1286
https://doi.org/10.1111/ecoj.12567
https://doi.org/10.1111/ecoj.12567
https://doi.org/10.1111/j.1748-720X.2006.00097.x
https://doi.org/10.1093/jeg/lbw016
https://doi.org/10.1093/jeg/lbw016
https://health.ucdavis.edu/vprp/pdf/IGS/IGScoverprefweb.pdf
https://health.ucdavis.edu/vprp/pdf/IGS/IGScoverprefweb.pdf
https://doi.org/10.1001/jama.284.5.585
https://doi.org/10.1056/NEJMp1006326
https://doi.org/10.1056/NEJMp1006326
https://doi.org/10.1257/pol.5.4.200
https://doi.org/10.1111/j.1465-7287.2012.00324.x
https://doi.org/10.1162/003355300554872
https://doi.org/10.2105/AJPH.2017.303770
https://www.theatlantic.com/national/archive/2011/01/the-geography-of-gun-deaths/69354/
https://www.theatlantic.com/national/archive/2011/01/the-geography-of-gun-deaths/69354/
https://doi.org/10.1136/injuryprev-2015-041833
https://doi.org/10.1016/j.jpubeco.2019.104083
https://doi.org/10.1016/j.jpubeco.2019.104083

	Neighbors Do Matter: Between-State Firearm Laws and State Firearm-Related Deaths in the U.S., 2000-2017
	INTRODUCTION
	METHODS
	Study Sample
	Measures
	Statistical Analysis

	RESULTS
	DISCUSSION
	Limitations

	CONCLUSIONS
	ACKNOWLEDGMENTS
	SUPPLEMENTAL MATERIAL
	REFERENCES



