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IMPORTANCE Firearm laws in one state may be associated with increased firearm death rates
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OBJECTIVE To determine whether counties located closer to states with lenient firearm .
and CME Questions

policies have higher firearm death rates.

DESIGN, SETTING, AND PARTICIPANTS This cross-sectional study of firearm death rates by
county for January 2010 to December 2014 examined data from the US Centers for Disease
Control and Prevention for firearm suicide and homicide decedents for 3108 counties in the
48 contiguous states of the United States.

EXPOSURES Each county was assigned 2 scores, a state policy score (range, 0-12) based on
the strength of its state firearm laws, and an interstate policy score (range, -1.33 to 8.31)
based on the sum of population-weighted and distance-decayed policy scores for all other
states. Counties were divided into those with low, medium, and high home state and
interstate policy scores.

MAIN OUTCOMES AND MEASURES County-level rates of firearm, nonfirearm, and total
homicide and suicide. With multilevel Bayesian spatial Poisson models, we generated
incidence rate ratios (IRR) comparing incidence rates between each group of counties and the
reference group, counties with high home state and high interstate policy scores.

RESULTS Stronger firearm laws in a state were associated with lower firearm suicide rates and
lower overall suicide rates regardless of the strength of the other states’ laws. Counties with
low state scores had the highest rates of firearm suicide. Rates were similar across levels of
interstate policy score (low: IRR, 1.34; 95% credible interval [CI], 1.11-1.65; medium: IRR, 1.36,
(95% Cl, 1.15-1.65; and high: IRR, 1.43; 95% Cl, 1.20-1.73). Counties with low state and low or
medium interstate policy scores had the highest rates of firearm homicide. Counties with low
home state and interstate scores had higher firearm homicide rates (IRR, 1.38; 95% Cl,
1.02-1.88) and overall homicide rates (IRR, 1.32; 95% Cl, 1.03-1.67). Counties in states with low S
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irearm injuries caused 36 252 deaths in the United States
in 2015, including 22 018 (60.7%) from suicides and
12979 (35.8%) from homicides. Despite decreases in vio-
lent deaths in the 1990s, the rate of deaths from firearm inju-
ries remained steady from 1999 through 2015, with an in-
crease in the firearm suicide rate from 5.96 to 6.48 per 100 000
population in the same period."? Firearms account for over 50%
of suicides and two-thirds of homicides,® and firearm inju-
ries and deaths are an important public health issue.*1°
States regulate how firearms are bought, sold, and tracked,
as well as who may purchase them."!2 Stronger firearm policy
environments have been associated with lower rates of fire-
arm deaths,'?>"* as have specific laws, such as licensing and in-
spection of firearm dealers,'*!° licensing and background
checks for handgun sales,'®2 including private sales?*2> and
laws regulating the availability of inexpensive handguns.'®
Laws, however, vary widely among states, and evidence of their
impact is limited.”-26-27
Firearms may move across state lines, presenting a chal-
lenge to effective state policies. Evidence from Federal Bu-
reau of Investigation firearm traces indicates that in states with
strict firearm laws, many crimes are committed using fire-
arms that originated out-of-state.?®2° To investigate the ef-
fect of home state and out-of-state firearm laws on firearm death
rates, we conducted a cross-sectional study of firearm deaths
in United States counties from January 2010 to December 2014.
We hypothesized that counties located in states with more re-
strictive firearm laws would have lower rates of firearm sui-
cide and homicide, and that firearm death rates would be higher
in counties near adjoining states with more lenient laws.

Methods

Study Sample

The units of analysis for this study were United States coun-
ties. We excluded counties in Alaska and Hawaii because our
measure of interstate policy impact assumed that the effect of
distance was uniform among localities, and travel from these
noncontiguous states differs. We excluded Washington, DC,
because there are no applicable state laws. Our final sample
was 3108 counties in 48 states. This study received a waiver
of review from the Weill Cornell Medicine institutional re-
view board.

Dependent Measures

The dependent measures were counts of deaths for the years
from January 2010 to December 2014, according to Interna-
tional Statistical Classification of Diseases and Related Health
Problems, Tenth Revision (ICD-10) classification. Using Com-
pressed Mortality Data records from the Centers for Disease
Control,3° we calculated counts of firearm homicide (ICD-10
codes U014, X93-X95), nonfirearm homicide (ICD-10 codes
U011, U012, X85-X92, X96-X99, YOO-YO05, YO60-Y062, YO68-
Y073, YO78, YO79, YO8, Y09, Y871), firearm suicide (ICD-10
codes X72-X74), and nonfirearm suicide (ICD-10 codes U030,
X60-X71, X75-84, Y870). We calculated total homicides and
suicides by summing firearm and nonfirearm deaths.
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Key Points

Question Are state firearm laws associated with increases in
interstate firearm deaths from homicide and suicide?

Findings In this cross-sectional study, strong firearm laws in a
state were associated with lower firearm suicide rates and lower
overall suicide rates in the state regardless of the strength of the
laws in other states. Strong firearm laws in a state were associated
with lower rates of firearm homicide. Counties in states with weak
laws had lower rates of firearm homicide only when surrounding
states had strong laws.

Meaning Strengthening firearm policies at the state level could
help to reduce the incidence of both firearm suicide and homicide,
with benefits that extend across state lines.

Policy Metric

The Law Center to Prevent Gun Violence (LCPGV) provided de-
tailed data describing firearm laws for every state for 2010."
We reviewed the literature and identified 6 categories of laws
for which evidence best supports an association with firearm
death or interstate movement of firearms (Table 1). Dealer prac-
tices and standards may vary between and within states, and
laws mandating strict licensing requirements or increased law
enforcement oversight of dealers have been associated with up
to 50% lower rates of firearm homicide.'>'® We included laws
requiring background checks for private sales of firearms (in-
cluding gun show sales), because states with these laws have
been shown to have lower rates of firearm death.!>?42° Laws
that require individuals to obtain licenses to purchase or own
firearms have been associated with lower rates of death.”-22
Regulations setting minimum design standards for firearms
limit the availability of inexpensive handguns (“Saturday night
specials”) and have been associated with 6.8% to 11.5% fewer
firearm homicides.'®32 Two types of laws focus on preventing
diversion of legally purchased firearms to homicide and other
crimes. Laws restricting multiple purchases of guns are de-
signed to prevent “straw purchasers” from buying excess fire-
arms on behalf of those who could not legally purchase a fire-
arm. Twenty percent of firearms used in crime originate in
multiple purchases, and these laws have been shown to re-
duce diversion of firearms by up to two-thirds.?"*334 Fire-
arms used in crime may be legally purchased but then lost or
stolen. Laws requiring owners to report loss and theft have been
associated with a 30% decrease in firearms diversion.?* In-
creased rates of firearm ownership have been associated with
higher firearm suicide rates at the state level,** and presence
of firearms in the home is associated with firearm suicide risk
at the individual level,® but few studies have examined the as-
sociation of firearm policies and firearm suicide. Licensing laws,
however, have been associated with a 15% to 23% decrease in
firearm suicide.?3-*” Studies have yet to establish the efficacy
of other legal strategies for preventing suicide, such as gunre-
straining orders.*” Based on the LCPGV methodology, we rated
each state O to 2 in each of 6 areas, with stronger policies re-
ceiving 2 points and more lenient regulations receiving 1 point
(Table 1). We summed these scores to a cumulative measure,
with possible values of O to 12.
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Table 1. Firearm Control Laws Included in the State Firearm Policy Scale

Law

Description®

Scoring

Dealer

regulation®®16 keeping, security practices,

Background
checks for
private
sales®*2>

License to
purchase or
ownl7:22

Junk gun
regulation'®

Laws regulating record

and licensing for firearms
dealers

Laws requiring background
checks for firearms sales
made by individuals who
are not federally licensed
dealers

Laws that require an
individual to obtain a
license prior to purchasing
or owning a firearm

Laws that require firearms
to meet design and
manufacturing standards

1 point: Ban residential dealers,
require security measures, or
require reporting of sales, losses
and thefts to law enforcement

2 points: Require dealer license

1 point: select firearms or

only required at gun shows

2 points: required for all private
sales

1 point: Require license for
select firearms only, require
safety training or testing, limit
duration of license to <1y

2 points: Require license for
purchase or possession of all
firearms

1 point: Allow sale of only a list
of approved guns

2 points: Require specific
design and safety standards

Reporting Laws that require 2 points: Require reporting of
requirement  individuals to report the lost or stolen firearms
for lost or loss or theft of their

stolen guns?*  firearms within a specified
period of time

Laws that restrict the
number of firearms an
individual can purchase
within a given timeframe

Multiple
purchases!

2 points: restrict multiple
purchases or sales

@ The Law Center to Prevent Gun Violence (LCPGV) provided detailed data
describing firearm laws for every state for 2010. Based on the LCPGV
methodology, we rated each state O to 2 in each of 6 areas, with stronger
policies receiving 2 points and more lenient regulations receiving 1 point.
These scores were summed to a cumulative measure, with possible values of
Oto12.

For each county, we calculated an interstate policy score.
Borrowing concepts from transport geography,® we assumed
that the strength of an interstate policy association would be
greatest between places located close to one another.3%:4° For
example, a county located in New York state adjacent to the bor-
der of Pennsylvania would be more likely to be affected by Penn-
sylvania laws than Vermont laws. Therefore, the interstate
policy score includes an inverse-distance decay term. We as-
sumed a state with a larger population would have greater po-
tential to serve as a source of firearms, and so weighted the in-
terstate policy score by population, consistent with established
methods.>® We standardized the score with a mean of 0 and
standard deviation of 1, resulting in a range of scores from -1.33
to 8.31, with higher scores indicating stricter laws in nearby
states. Further details about the interstate policy score are avail-
able eMethods in the Supplement.

To understand the combined influence of home state and
interstate policy scores, we divided counties into 3 groups by
home state policy score, with counties in the low group hav-
ing O included state policies (22 states); those in the medium
group having1to 2 (15 states); and those in the high group hav-
ing 3 to 10 (11 states). No state had a score of more than 10 in-
cluded state policies. These cutoffs were chosen to create 3
groups close to equal size. However, as more than one-third
of counties had a home state policy score of O, the groups are
uneven in size. We also divided the interstate policy score for
counties into tertiles of 1036 counties each. Interstate policy
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scores in the low tertile ranged from -1.33 to -0.46. Interstate
policy scores in the medium tertile ranged from -0.46 to -0.01.
Interstate policy scores in the high tertile ranged from -0.01
to 8.31. Considered together, these variables yielded a pri-
mary exposure variable with 9 categories encompassing both
exposures (Figure).

Covariates

We used 5-year estimates from the American Community Sur-
vey for January 2010 to December 2014 to describe county
demographic characteristics,* including population size, me-
dian age, median household income, sex, and race/ethnicity.
We included 4 measures of neighborhood disadvantage re-
lated to violence: the unemployment rate, the proportion age
25 years or older without a high school diploma, households
receiving public assistance, and female-headed households.*?
We controlled for rates of crimes against persons and against
property using data from the Federal Bureau of Investigation
Uniform Crime Reporting System.*?

Statistical Analysis

Using established techniques in epidemiology, we con-
structed multilevel spatial Poisson models.*4-4® A first group
of models assessed relationships for homicides, and a second
group of models assessed relationships for suicides. For both
homicides and suicides, we conducted separate analyses for
firearm deaths, nonfirearm deaths, and all deaths.

We fitted the Poisson models using a Bayesian procedure in
WinBUGS v14 (University of Cambridge).*” To account for spa-
tial autocorrelation (the concept that places closer to one another
are likely more similar than those that are far apart), all models
included a conditional autoregressive random effect that
smoothed the effect of outliers and controlled for overdisper-
sion of the count data. In addition, this modeling strategy ac-
counted for unmeasured, spatially structured, regional charac-
teristics that may cause counties in the same region to have simi-
lar policies and similar mortality rates, without requiring us to
include a categorical variable to control for region explicitly
(southeast vs southwest, etc) (eMethods in the Supplement). 4448
Because counties in the same state may be more similar to each
other than counties in different states, models included a state-
level random effect. This approach yields an incidence rate ra-
tio (IRR), which provides an estimate of how observed death rates
in each group differ from a specified reference group, for the fire-
arm policy variable, or for a 1-unit difference in the exposure vari-
able, such as for the demographic variables. The IRR is situated
within a 95% credible interval (CI), which is analogous to a 95%
confidence interval in conventional regression analyses. We per-
formed geoprocessing using ArcGIS 10.3 (Esri Inc), and nonspa-
tial data management using Stata v14 (StataCorp).

Sensitivity Analyses

We conducted multiple tests to minimize the likelihood that
our results were artifacts of model or variable specification
(eTable 1in the Supplement). We conducted a sensitivity analy-
sis using inverse distance squared to allow geographic rela-
tionships to fall off more quickly. We reconstructed all 6 Pois-
son models, replacing the dependent variables with deaths from

JAMA Internal Medicine Published online March 5, 2018

© 2018 American Medical Association. All rights reserved.

Downloaded From: by a University of Pennsylvania User on 04/03/2018

E3


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2018.0190&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2018.0190
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2018.0190&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2018.0190
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2018.0190&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2018.0190
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2018.0190

Research Original Investigation

State Firearm Laws and Interstate Firearm Deaths

Figure. Geographic Distributions of Combined Home State and Interstate Policy Scores

@ US counties

Distribution of policy scores

Home State Policy Score

Low (22 States; Medium (15 States;

High (11 States;

Home State-Interstate (Counties)
I Low-Low (598)

[l Low-Medium (711)

I Low-High (204)

Il Medium-Low (278)

B Medium-Medium (305)

I Medium-High (434)

Il High-Low (160)

[l High-Medium (20)

[ High-High (398)

A, Map of US counties showing home
state and interstate policy scores. B,
Distribution of US counties into low,

E4

Interstate Policy Score 1513 Counties) 1017 Counties) 578 Counties)
Low (1036 counties) 598 Counties 278 Counties 160 Counties
Medium (1036 counties) 711 Counties 305 Counties 20 Counties
High (1036 counties) 204 Counties 434 Counties 398 Counties

medium, and high home state and
interstate policy scores.

2010 only, to account for possible variation in trends over time
between counties. We also replaced the 2010 home state and
interstate policy scores with similar scores calculated using: (1)
2012 policies; (2) complete scores proposed by the LCPGV, in-
cluding 35 firearm laws, rather than the 6 areas selected for our
primary analysis'; and (3) scores developed using iterative prin-
cipal components analyses. The principle components analy-
sis aimed to identify correlations among all 35 laws for which
the LCPGV collected data. We calculated Eigenvectors for these
laws, removing laws with Eigenvectors less than 0.3 (highly cor-
related with other laws), and then taking a count of laws in a
final analysis in which all laws had Eigenvectors greater than
0.3.%° We evaluated the home state and interstate policy vari-
ables separately, and tested an interaction between the home
state and interstate policy scores as continuous variables.

. |
Results

Table 2 shows descriptive statistics for the 3108 counties. The
mean (SD) county firearm suicide rate was 10.04 (6.10) per
100 000 population per year, and the mean (SD) county fire-
arm homicide rate was 2.56 (3.21). Geographic distributions
of firearm homicide and suicide rates are presented in the eFig-
ure in the Supplement. The Figure shows geographic distri-
butions of combined home state policy scores and interstate
policy scores. California had the strongest firearm control laws
(10 out of 12). However, because California is adjacent to states
with low policy scores, many California counties had low in-
terstate policy scores.

JAMA Internal Medicine Published online March 5, 2018

Table 3 shows results of the Bayesian, conditional, autore-
gressive, Poisson models for suicide deaths. Table 4 shows com-
parable results for homicide deaths. Both Table 3 and Table 4
also show analyses of suicide and homicide deaths, respec-
tively, for various demographic characteristics of the coun-
ties. The reference group for the IRR was counties with high
home state and high interstate policy scores.

As shown in Table 3, model 1A, counties with low-
strength home state policy laws had the highest rates of fire-
arm suicide. Rates were similar across levels of interstate policy
score (low: IRR, 1.35; 95% CI, 1.11-1.65; medium: IRR, 1.36; 95%
CI, 1.15-1.65; and high: IRR, 1.43; 95% CI 1.20-1.73). Counties
with medium-strength home state policy scores had slightly
lower rates of firearm suicide; counties with high-strength
home state policy scores had the lowest rates. Firearm sui-
cide rates for counties with medium-strength policy scores
were also similar across levels of interstate policy score. Coun-
ties with high home state policy scores had equivalent rates
of firearm suicide, regardless of interstate policy score level.
These relationships carried over, though attenuated, to the total
suicide rate, as shown in model 1C. There was no association
between either state or interstate policy scores and nonfire-
arm suicide, as shown in model 1B. Factors associated with
higher suicide rates in counties, firearm and otherwise, in-
cluded a higher median age of residents and a higher propor-
tion of male residents. Factors associated with lower suicide
rates included higher percentages of black or Hispanic resi-
dents. Counties with higher percentages of households headed
by women had lower firearm suicide rates but higher rates of
nonfirearm suicide rates and overall suicide.
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Table 2. Characteristics of US Counties (N = 3108) Included in the Study

Characteristic

Mean (SD) [Range]

Deaths, average annual rate per 100 000 population®
Firearm suicides
Nonfirearm suicides
All suicides
Firearm homicides
Nonfirearm homicides
All homicides
Firearm Policy Scales, 2010 data
Home state policy scale
Interstate policy scale, standardized
Census Characteristics, 2010-2014 mean
Population
Area, square miles
Male, %
Median age, y
Black, %
Hispanic, %
Annual median household income, $
Households receiving public assistance, %
Population aged 216 who are unemployed, %
Households with female heads of house, %

10.04 (6.10) [0.00 to 72.90]
6.05 (4.14) [0.00 to 63.08]
16.09 (7.59) [0.00 to 97.21]
2.56 (3.21) [0.00 to 38.10]
1.50 (1.82) [0.00 to 30.63]
4.06 (4.12) [0.00 to 42.17]

1.53 (2.30) [0.00 to 10.00]
0.00 (1.00) [-1.33 to 8.31]

100179.70 (321005.30)[89.00 to 9 974 203.00]
990.85 (1323.11) [2.00 to 20 105.40]

50.01 (2.35) [37.36 to 71.66]

40.75 (5.20) [21.60 to 64.50]
8.94 (14.46) [0.00 to 85.91]
8.69 (13.47) [0.00 to 95.68]

46 347.14 (11938.71)[19 146.00 to 123 966.00]

2.54 (1.63) [0.00 to 24.83]
4.65 (3.09) [0.00 to 100.00]

16.93 (6.52) [0.00 to 52.09]

Original Investigation Research

Population aged =25 y without high school diploma, % 15.06 (6.76) [1.27 to 53.28]

Crime per 100 population, 2010 data
Property crimes

Violent crimes

2.24 (4.84) [0.00 to 109.04]
0.26 (0.76) [0.00 to 24.11]

2 Calculated from total count of
deaths from January 2010 to
December 2014.

For homicides, as shown in Table 4, model 2A, counties
withlow home state and low or medium interstate policy scores
had the highest rates of firearm homicide. Findings for non-
homicide and overall homicide rates are shown in model 2B
and model 2C, respectively. Compared with counties with high
home state and interstate policy scores, counties with low
home state and interstate scores had higher firearm homi-
cide rates (IRR, 1.38; 95% CI, 1.02-1.88) and overall homicide
rates (IRR, 1.32; 95% CI, 1.03-1.67) but not nonfirearm homi-
cides (IRR, 1.24; 95% CI, 0.99-1.57). Counties with low home
state scores and medium interstate policy scores had higher
rates of firearm homicide (IRR, 1.33; 95% CI, 1.02-1.75), non-
firearm homicide (IRR, 1.29; 95% CI, 1.04-1.60), and overall ho-
micide (IRR, 1.28; 95% CI, 1.03-1.59). In contract, counties with
low state policy scores and high interstate policy scores did not
have higher firearm homicide rates (IRR, 1.18; 95% CI, 0.89-
1.54), nonfirearm homicide rates (IRR, 0.97; 95% CI, 0.78-
1.20), or overall homicide (IRR, 1.07; 95% CI, 0.86-1.32). For
counties with medium or high home state scores, homicide
rates (firearm, nonfirearm, and overall) were not associated
with the interstate policy score, regardless of whether it was
low, medium, or high.

Factors associated with higher firearm homicide rates in
counties included higher percentages of black or Hispanic resi-
dents, more households receiving public assistance, more
households headed by women, and higher percentages of resi-
dents without a high school diploma. Higher rates of firearm

jamainternalmedicine.com

homicides were associated with higher rates of property crimes
and violent crimes and were inversely associated with higher
median household income.

Results of the sensitivity analyses for suicide or homicide
are available in eTable 2 and eTable3 in the Supplement, re-
spectively. Results for suicide were not substantively differ-
ent from those in the main analyses. For homicide, only the
main analyses demonstrated an association between either
home state or interstate firearm policies and homicides.

|
Discussion

In a national, cross-sectional analysis of state firearm poli-
cies, we found that counties in states with high firearm policy
scores had the lowest rates of firearm suicide and overall sui-
cide, regardless of the strength of the firearm policies of other
states. We also found that counties in states with high firearm
policy scores had lower rates of firearm homicide. Countiesin
states with low firearm policy scores had lower rates of fire-
arm homicide only if the interstate firearm policy score was
high.

Prior studies have provided indirect evidence for inter-
state spillover effects of state firearm laws and firearm death
rates. In 2006, Webster et al°° found that the proportion of out-
of-state firearms recovered in crimes in US cities was associ-
ated with proximity to states with permissive firearm poli-
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Table 3. Multilevel Bayesian Conditional Autoregressive Poisson Models for Counts of Suicide by Firearms
(January 2010-December 2014) for Counties (N = 3108) Nested Within Contiguous US States (N = 48)

Description

IRR (95% CI)

Model 1A: Firearm
Suicide

Model 1B:
Nonfirearm Suicide

Model 1C: All
Suicide

Firearm Policies

Low home state, low interstate

Low home state, medium interstate
Low home state, high interstate
Medium home state, low interstate
Medium home state, medium interstate
Medium home state, high interstate
High home state, low interstate

High home state, medium interstate
High home state, high interstate

1.35(1.11-1.65)°
1.36 (1.15-1.65)"
1.43 (1.20-1.73)7
1.35 (1.07-1.71)°
1.24 (1.06-1.49)2
1.22 (1.06-1.45)7
0.91 (0.71-1.16)
1.19 (0.98-1.45)
1 [Reference]

1.02 (0.89-1.18)
1.04 (0.92-1.18)
1.06 (0.95-1.20)
0.96 (0.82-1.13)
1.05 (0.94-1.18)
1.06 (0.96-1.169)
1.00 (0.87-1.16)
0.99 (0.79-1.25)
1 [Reference]

1.19 (1.05-1.35)?
1.23 (1.10-1.39)*
1.23 (1.10-1.34)°
1.16 (1.00-1.35)7
1.17 (1.01-1.27)?
1.11 (1.01-1.23)?
0.93 (0.79-1.10)
1.11 (0.95-1.29)
1 [Reference]

Census Characteristics

Population (model offset)

Area (1000 sq miles)

Male®

Median age (for each 10y increase)
Black®

Hispanic®

Median household income (for each additional

$10000)
Households receiving public assistance®

Population aged 216 y who are unemployed®

Households with female heads of house”

1.02 (1.01-1.03)°
1.01 (1.01-1.02)°
1.31 (1.27-1.35)°
0.92 (0.90-0.94)
0.89 (0.88-0.91)°
0.92 (0.90-0.93)°

0.99 (0.89-1.10)
1.17 (1.08-1.26)7
0.92 (0.88-0.96)*

1.01 (1.00-1.02)
1.02 (1.01-1.03)
1.16 (1.12-1.20)°
0.82 (0.80-0.83)*
0.94 (0.92-0.96)°
1.01 (1.00-1.03)

1.26 (1.13-1.40)°
1.04 (0.94-1.14)
1.40 (1.33-1.47)?

1.01 (1.01-1.02)°
1.02 (1.01-1.02)°
1.24 (1.21-1.28)°
0.88 (0.86-0.89)°
0.91 (0.90-0.92)°
0.96 (0.95-0.97)°

1.12 (1.04-1.21)*
1.11 (1.04-1.17)?
1.11 (1.07-1.15)*

Abbreviations: Cl, credible interval;
IRR, incidence rate ratio.

Population aged 225 y without high school diploma® 1.01 (0.98-1.05)

0.81 (0.84-0.91)*

2 Estimates have credible intervals

0.97 (0.94-1.00) that do not include an IRR of 1.0.

Crime
Property crimes (1 per 100 population) 1.01 (1.00-1.01)?

Violent crimes (1 per 100 population) 1.03 (0.98-1.07)

1.02(1.01-1.03)?
1.00 (0.96-1.05)

Parameter estimates for county
population constrained to an IRR of
1.0.

® For each 10% of population.

1.01 (1.01-1.02)?
1.02 (0.98-1.05)

cies. Law enforcement firearm trace data has consistently
shown that states with stronger firearm control policies are the
source of proportionately fewer firearms used in crimes.?° Like-
wise, a Virginia law limiting handgun purchases to 1 per month
was associated with a decreased proportion of Virginia fire-
arms recovered in crime nationwide.®! The Federal Assault
Weapons Ban was passed in 1994, prohibiting the manufac-
ture, possession and sale of certain military-style, semiauto-
matic firearms and large-capacity ammunition magazines in
the United States. This ban expired automatically in 2004.
Dube et al*! evaluated the effect of this expiration on firearm
violence in Mexican towns, finding an increase in firearm-
related homicides near the Texas, Arizona, and New Mexico
border. California had a 1989 state assault weapons ban in place,
so there was no effective policy change in California in 2004,
and Dube et al®' found no increase in homicides near the Cali-
fornia border.

Suicides account for two-thirds of all firearm-related deaths
in the United States.?>2 We found that stronger home-state fire-
arm policies were associated with lower firearm suicide rates,
independent of the strength of the firearm policies of other
states. We identified a partial substitution effect, as nonfire-
arm suicide rates were higher in counties with higher inter-
state policy scores, but overall suicide rates remained lower,
consistent with prior studies.!”-23-53-5% Because suicidal ide-

JAMA Internal Medicine Published online March 5, 2018

ation is often transient, and because firearms are a highly le-
thal method of suicide, access to firearms is an important risk
factor for completed suicide attempts.3®>* Considered in the
context of prior studies, our findings provide evidence that
stronger state firearm laws could help to prevent firearm sui-
cides, without an equivalent increase in suicide by other
methods.”->>>¢

We found no relationship between firearm suicide rates in
counties and the strength of the firearm laws of nearby states.
This finding is consistent with prior studies showing that most
firearm suicides are committed by firearm owners or their fam-
ily members, and likely involve legally purchased firearms ob-
tained for other purposes.36->4:55-60

We found the highest rates of firearm homicide and over-
all homicide in counties with low state and interstate policy
scores. Counties with low state policy scores had lower fire-
arm homicide rates when the interstate policy scores were high.
In contrast, counties in states with high policy scores had lower
rates of firearm homicide even when the interstate policy score
was low. Prior studies have had mixed results with regard to
the relationship between state firearm laws and firearm
homicides.”!%°9:61-64 We did not identify a difference in ho-
micide rates between counties in states with medium and high
firearm policy scores. Fleegler et al,'* however, found an as-
sociation between strong state firearm laws and lower rates of
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Table 4. Multilevel Bayesian Conditional Autoregressive Poisson Models for Counts of Homicide by Firearms
(January 2010-December 2014) for Counties (N = 3108) Nested Within Contiguous US States (N = 48)

Description

IRR (95% CI)

Model 2A: Firearm
Homicide

Model 2B:
Nonfirearm
Homicide

Model 2C: All
Homicide

Firearm Policies

Low home state, low interstate

Low home state, medium interstate
Low home state, high interstate
Medium home state, low interstate
Medium home state, medium interstate
Medium home state, high interstate
High home state, low interstate

High home state, medium interstate

High home state, high interstate

1.38 (1.02-1.88)?
1.33 (1.02-1.75)?
1.18 (0.89-1.54)
1.22 (0.88-1.70)
1.22 (0.95-1.56)
1.15 (0.94-1.39)
1.13 (0.84-1.53)
1.11 (0.74-1.65)

1 [Reference]

1.24 (0.99-1.57)
1.29 (1.04-1.60)°
0.97 (0.78-1.20)
1.17 (0.90-1.53)
1.16 (0.95-1.41)
1.09 (0.91-1.29)
1.11 (0.84-1.45)
0.95 (0.64-1.39)

1 [Reference]

1.32 (1.03-1.67)°
1.28 (1.03-1.59)?
1.07 (0.86-1.32)
1.22 (1.00-1.49)
1.13 (1.01-1.27)
1.13 (0.96-1.32)
1.11 (0.95-1.29)
1.07 (0.78-1.48)

1 [Reference]

Census Characteristics

Population (model offset)

Area (1000 sq miles)

Male®

Median age (for each 10y increase)
Black®

Hispanic (for each 10% of population)

Median household income (for each additional

$10000)
Households receiving public assistance®

Population aged 216 y who are unemployed®

Households with female heads of house®

1.03 (1.01-1.06)?
0.98 (0.96-1.00)°
1.13 (1.04-1.24)°
1.20 (1.15-1.25)°
1.06 (1.01-1.11)
0.94 (0.90-0.98)°

1.75 (1.42-2.14)*
0.88 (0.72-1.08)
1.29 (1.16-1.41)*

1.35 (1.11-1.65)°
1.04 (1.02-1.05)
1.07 (1.01-1.13)
0.98 (0.95-1.02)
0.94 (0.91-0.97)?
0.97 (0.94-1.00)°

1.34 (1.15-1.66)*

1.04 (1.02-1.06)*
1.00 (0.99-1.01)
1.09 (1.03-1.16)?
1.12 (1.08-1.15)*
1.01 (0.98-1.04)
0.95 (0.92-0.98)?

1.66 (1.42-1.95)*

0.952 (0.787-1.141)0.90 (0.77-1.06)

1.57 (1.44-1.71)*

1.41 (1.29-1.52)*

Original Investigation Research

Abbreviations: Cl, credible interval;
IRR, IRR, incidence rate ratio

Population aged 225 y without high school diploma® 1.08 (1.00-1.18)?

1.11 (1.04-1.19)*

@ Estimates have credible intervals

_ a
) that do not include an IRR of 1.0.

Crime
1.04 (1.03-1.06)*
1.15 (1.06-1.26)*

Property crimes (1 per 100 population)
Violent crimes (1 per 100 population)

1.03 (1.02-1.04)*
1.14 (1.06-1.3)*

Parameter estimates for county
population constrained to an IRR of
1.0.

b For each 10% of population.

1.04 (1.02-1.05)*
1.15(1.07-1.22)*

firearm-related fatalities. Firearm laws in the United States are
generally lenient. Thus, in our geographic analysis there may
have been insufficient variation between states to discern such
an effect. Adjustment for county demographics may also have
obscured a state-level association, as found in other studies.
We did find higher rates of nonfirearm homicide in counties
with low state policy scores and medium interstate policy
scores, although not in those with low or high interstate policy
scores. Possible explanations include an increase in general vio-
lent activity associated with increases in firearm homicide, or
an unrecognized confounder that we were unable to identify.
Our sensitivity analyses did not identify an association be-
tween firearm policies and firearm homicide rates. Analyses
were consistent for suicide, likely because there is a continu-
ous effect between home state policy strength and firearm sui-
cide, with no effect from interstate policy strength. For homi-
cide, we identified a nonlinear interaction between the home
state and interstate policy scores. No other model that we tested
allowed for either a nonlinear effect or a nonlinear interac-
tion, which may explain why we did not detect a relationship
between home or interstate policy score and homicide in these
other models.

jamainternalmedicine.com

Limitations

Our analysis has limitations. First, because US state firearm laws
are generally more lenient than in the other countries, and with
only a few states with strict laws, our ability to detect an
effect of the strictest laws may have been limited.10-26-56:65:66 Sec-
ond, we used distance as a proxy for the ability of firearms to
travel from one location to another. However, Federal Bureau
of Investigation trace data indicated that firearms discovered in
crime often originate in distant states, not adjoining states, an
observation that held low weight in our analysis (based on in-
verse distance).?° Mail and internet commerce may mitigate the
barrier of distance, as may cultural affinities between locations.
Firearms may travel across state borders in specific ways, such
as on interstate highways.2%%” Further research should consider
such dynamics. Third, our cumulative policy score might mask
the effect of a particular law, as seen in prior studies.'>!>28:63 The
laws we analyzed cannot completely eliminate gun theft or il-
legal, deceptive purchases, and we could not account for differ-
ences in law enforcement between counties or states. Fourth,
in a cross-sectional analysis, we were unable to test for a causal
relationship between state policies and firearm deaths. Fifth, cer-
tain municipalities have stronger firearm restrictions than their
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states, and our analysis does not account for this. Sixth, con-
founding factors may vary between homicide and suicide, but
we included broadly relevant variables, such as age and sex, to
avoid overadjustment.®® Seventh, an unmeasured variable may
contribute to both the adoption of state firearm laws and death
rates. Finally, limitations to available data required us to use
counties as spatial units of analysis. County boundaries are non-
random, arbitrary, and include populations of up to 10 million.
We used land area and population to calculate population den-
sity, but it is possible that certain counties have low population
density but are very close to high-density centers and thus have
distinctive properties. Future research on the impact of firearm
policies should continue to assess both local and distant effects.

State Firearm Laws and Interstate Firearm Deaths

. |
Conclusions

In this study of the geographic dynamics of firearm policy,
stronger home state policies were associated with lower rates
of firearm suicide and overall suicide regardless of the strength
of other states’ laws. Stronger home state laws were associ-
ated with lower rates of firearm homicide, while counties in
states with weaker laws had lower rates of firearm homicide
only when surrounding states had stronger laws. Our find-
ings support strengthening state firearm policies to reduce the
incidence of both firearm suicide and homicide, with ben-
efits that may extend across state lines.
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