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ABSTRACT

Firearm violence is a major public health concern in the USA with firearm suicide and homicide accounting for the majority of gun deaths. The

present work seeks to explore the role of firearm legislation in reducing suicide and homicide rates. Using the State Firearm Law Database

(www.statefirearmlaws.org), suicide and homicide rates were compared across the 50 US states from 1991 to 2017. A firearm regulations index

was computed to represent the total number of state firearm laws. Generalized estimating equations were used to explore population-level

increases or decreases in firearm regulations and their association with state suicide and homicide rates after controlling for several state-level

covariates. Even after accounting for several key covariates (US region; time; gun ownership; percent of the state population that was White,

Black, below the poverty line and 25 years or older with a bachelor’s degree; incarceration rate, unemployment rate and divorce rate), we

found that firearm laws significantly predicted state firearm suicide and homicide rates. States with greater numbers of laws had reduced

suicide and homicide rates compared with those with fewer laws. The present findings point to the role of firearm legislation in curbing rates

of gun violence across the USA.

Keywords firearm suicide, firearm homicide, firearm laws

Introduction

In 2017, 66 683 people died by suicide (47 173) and homicide
(19 510) in the USA, placing suicide as the 10th leading cause
of death and homicide as the 16th.1 Firearms are the most
common means, accounting for 48 and 74% of these deaths,
respectively.2–3 In the absence of uniform federal regulations,
states have implemented firearm regulations that vary
significantly across states both in the number of regulations
and the types of laws in place.4 The State Firearm Laws
Project categorizes 14 different types of firearm regulations
across the 50 US states (see Supplementary Appendix A).2

In addition to the variation in firearms regulations across
states, the exact number of firearms in the USA is not well
established, making it difficult to ascertain the impact of gun
availability on suicide and homicide rates.3–4 The present
work seeks to explore what impact firearm regulations have

on firearm suicide and homicide rates within each of the US’s
50 states from 1991 to 2017.

Impact of firearm legislation on firearm mortality

Previous work has explored the role of firearm legislation in
suicide and homicide mortality. Lester and Murrell5 found
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that stricter handgun laws were linked to lower suicide rates
but not homicide rates. Likewise, the passage of Bill C-
51 in Canada was associated with significant decreases in
suicides.6 Recently, Anestis and Anestis7 found that four
handgun related laws (waiting periods, universal background
checks, firearm locks and open carrying regulations) were
each associated with significantly lower firearm suicide rates.
Anestis and et al.8 likewise found that states that lacked uni-
versal background checks and waiting periods saw greater
increases in suicide rates from 1999 to 2015. Following the
repeal of a handgun purchaser licensing law, a 16% increase in
homicide rates was observed in Missouri.9 Conversely, a 40%
reduction over a 10-year period was observed after the imple-
mentation of a permit-to-purchase law in Connecticut.10

Lower state-level suicide rates have also been observed in
relation to permit requirements, ban on purchase by minors,
mental health prohibitions, alcohol problem prohibitions,
drug problem prohibitions, misdemeanor conviction pro-
hibitions, domestic violence prohibitions, undocumented
immigrant prohibitions, felony prohibitions, juvenile offense
prohibitions and fugitive prohibitions in the USA11 Anestis et

al.,12 focusing on permit to purchase a handgun, registration
of handguns and license to own a handgun, found that states
with any of these laws in place had lower overall suicide rates
as well as lower firearm suicide rates. Firearm regulations,
firearm availability and safe storage practices have also been
found to be significant predictors of state suicide rates,
indicating that the more available firearms are, the more
relaxed regulations, and the use of unsafe storage practices
were all associated with increased suicide rates.13

Previous work using Brady Campaign data found that a
higher number of firearm laws in states were associated with
lowered suicide and homicide rates for the period of 2007–
2010.14 Siegel et al.15 investigated the impact of universal
background checks, violent misdemeanor prohibitions on
handgun possession, age 21 limitations for handgun posses-
sion, shall issue laws, permitless carry, trafficking laws, junk
gun bans, stand your ground laws, assault weapons ban, and
large-capacity magazine bans on suicide and homicide rates
from 1991 to 2016. They found that universal background
checks and regulations prohibiting possession by those con-
victed of violent misdemeanors were associated with signif-
icant decreases in homicide rates while shall issue laws were
associated with significant increases in homicide rates. None
of the other laws examined were associated with increased
or decreased homicide rates, and none of the laws examined
were associated with overall suicide rates.

The present work builds on the existing literature in several
ways. Whereas previous work explored the impact of specific
firearms regulations6,11,12 or only a selected set of firearm
regulations,7,14,15 we focus on total firearm regulations.

Building on previous work,15 our analysis considers the
expanded universe of firearm laws across all 50 US states
for 1991–2017. In the absence of indicators of enforcement,
it can be difficult to compare specific regulations or even sets
of regulations across states. By aggregating all regulations
in a state, we create a general index of that state’s overall
approach to firearms regulation—a measure of whether a
given state is broadly restrictive or lenient towards firearms.
We incorporate an array of covariates known to be associated
with suicide and homicide.7,10,15–17 We hypothesized that
stricter state laws regarding firearm possession would produce
lower suicide and homicide rates. The mechanism by which it
is hypothesized that these would operate is in reducing access
to firearms, a particularly lethal method of injury.

Methods

State-level data
Gun regulations

We obtained data from the State Firearms Law Database (state
firearmlaws.org). An in-depth discussion of the development
of this database can be found in Siegel et al.18 The total
number of firearm laws on record in states across the 1991–
2017 time period ranged from 2 (e.g. Idaho in 2016 and 2017)
to 106 (e.g. California in 2017) laws. States were rated as either
(1) having a law in place or (0) not having a law in place.
An overall firearm law index was then created by summing
across all laws providing a score indicating the total number
of gun laws in each state and serving as an indicator of
the permissiveness or restrictiveness of the state. Descriptive
statistics on the firearm law index and our other measures can
be seen in Table 1.

Suicide & homicide rates

Suicide and homicide rates were obtained through the Cen-
ters for Disease Control and Prevention’s (CDC) web-based
Wide-Ranging Online Data for Epidemiologic Research pro-
gram (CDC19). These scores represent the age-adjusted rate
per 100 000 persons who died by either suicide or homicide
and allow for comparisons between states of different popula-
tion levels. Data were collected for firearm and overall suicide
and homicide. Poisson regression was the appropriate method
given the use of count data. Before the Poisson regression was
run, suicide and homicide rates were multiplied by a factor
of 10 to create whole numbers. Rates reported in results are
adjusted back to the original format (i.e. per 100 000).

Control measures

To assess the impact of other state-level correlates of suicide
and homicide rates, US census region, percentages White
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Table 1 Descriptive statistics of study variables for 1991–2017

Suicide (N = 50 states)

Minimum Maximum M (SD)

Firearm suicide rates per 100 000 1.4 20.3 7.7 (3.1)

Overall suicide rates per 100 000 6.0 29.7 13.5 (3.8)

Firearm regulation index 2.0 106 23.5 (22.0)

Gun ownership 3.4 71.6 41.5(13.8)

% White 25.7 98.2 75.2 (15.1)

% Male 47.9 52.6 49.2 (0.8)

% Black 0.3 38.3 10.8 (9.5)

% 25 and Older with a bachelors 11.4 42.6 25.9 (5.3)

% Below poverty line 4.5 25.8 12.7 (3.5)

Unemployment rate per 100 000 2.3 13.6 5.6 (1.8)

Divorce rate per 1,000 0.0 22.6 6.5 (2.3)

Incarceration rate per 100 000 65.0 893.0 369.2 (146.3)

Homicide (N = 40 states)

Minimum Maximum M (SD)

Firearm homicide rates per 100 000 0.8 16.3 4.4 (2.3)

Overall homicide rates per 100 000 1.4 20.2 6.4 (3.0)

Firearm regulation index 2 106 25.1 (21.9)

Gun ownership 5.6 71.6 40.5 (12.4)

% White 38.2 95.9 73.0 (12.8)

% Male 47.9 52.6 49.1 (0.8)

% Black 0.7 38.3 13.0 (9.4)

% 25 and Older with a bachelors 11.4 42.6 25.8 (5.5)

% Below poverty line 5.7 25.8 13.1 (3.6)

Unemployment rate per 100 000 2.3 13.6 5.8 (1.9)

Divorce rate per 1000 0.0 15.5 6.1 (1.7)

Incarceration rate per 100 000 78.0 893.0 392.0 (144.5)

(non-Hispanic) and Black, percentage male, percentage of
those 25 years or older with at least a Bachelor’s degree, gun
ownership, percentage below the poverty line, unemployment
rates, incarceration rates, divorce rates and time were included
in the analysis. These controls were selected to be consistent
with previous work.7,15 Classifications for US region and data
on percent white and black, percent over 25 years with a
Bachelor’s degree or more, and percent below the poverty
line were obtained from the US Census Bureau.20,21 Unem-
ployment rates by state were obtained through the Bureau of
Labor Statistics.22 Divorce rates were obtained from CDC’s
detailed marriage and divorce tables (CDC23). Incarceration
rates were obtained from the Bureau of Justice Statistics’
Prisoners reports24 outlining the number and rate of state
and federal prisoners by year. Gun ownership estimates were
obtained from RAND Corporation.25

Procedures

As with similar work26,27, generalized estimating equations
(GEE) was utilized to explore the associations between
firearm laws and suicide and homicide rates. GEE is a semi-
parametric method often used with longitudinal panel data
to account for data from 1-year correlating with data from
the next. GEE estimates indicate the degree to which the
average response of the entire population changes with
one-unit changes in the covariates. Thus, the estimates
indicate how changes in predictors and changes in the
outcome over time are associated while accounting for any
correlation within-subjects. The present analysis utilized a
GEE regression model with a Poisson distribution, an AR
(1) correlation matrix and Log link function with state as
the subject and time as the within-subject variable. Our
four models examined (i) firearm suicide rates, (ii) overall
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suicide rates (iii) firearm homicide rates and (iv) overall
homicide rates. Firearm and overall homicide rates were not
available for states with < 10 decedents, therefore the analysis
for these categories includes only the 40 states for which
we had complete data from 1991 to 2017. Further details
on data analysis can be seen in an online Supplementary
Material.

Results

Sample characteristics and bivariate results

There was a greater range of rates for firearm suicide than for
firearm homicide across the 50 US states (Table 1). Firearm
regulations had a strong and negative association with firearm
suicide rates (r = −0.72, P < 0.001; Table 2). This pattern
held for firearm homicide rates as well but with a weaker
association (r = −0.20, P < 0.001).

Firearm regulation and firearm suicides

US region, firearm regulation index, time, gun ownership,
percentage of the state below the poverty line and divorce
rates all significantly contributed to the prediction of firearm
suicide rates (Table 3). US region, firearm regulation index,
time, gun ownership, percentage of the population that are
Black and divorce rate all significantly contributed to the pre-
diction of overall suicide rates. The firearm regulations index
had an inverse association with firearm and overall suicide
rates, indicating that as the number of firearm laws increased,
suicide rates decreased. Figure 1 plots the estimated marginal
means at different levels of gun regulations, illustrating this
trend. As can be seen, even with covariates factored in, mean
scores of firearm and overall suicide rates decrease as the
number of firearm laws increase, with estimated marginal
means of 7.9 (lowest regulation) to 3.6 (highest regulation)
for firearm suicide rates. Additionally, as can be seen in the
Exp(B) values, states with higher firearm regulations index
scores had greater decreases in suicide rates compared with
those with lower values on the firearm regulations index. For
example, states with the highest number of gun laws had an
Exp(B) value of 0.45 compared with states with the lowest
number of gun laws having an Exp(B) of 1.09 for firearm
suicide rates. In other words, the impact of firearm laws on
suicide rates grew stronger as the number of laws increased.

Firearm legislation and firearm homicides

For firearm homicide rates the firearm regulations index, time,
gun ownership, percentage of the state population that is
White, percentage of the population that is Black and the
divorce rate all significantly contributed to the prediction of

firearm homicide rates (Table 3). For overall homicide rates,
the firearm regulations index, time, gun ownership, the per-
centage of the state population that is White, the percentage
of the state population that is Black, the percentage of the
state population that is 25 years and older with a bachelor’s
degree or higher, the unemployment rate and the divorce
rate all contributed significantly to the model. The firearm
regulations index had an inverse association with homicide
rates indicating that as firearm laws increase the homicide
rates decrease. Figure 1 plots the estimated marginal means
at different levels of gun regulations. There is a clear negative
trend showing that the incidence of homicide decreases with
increasing gun legislation. With estimated marginal means of
5.0 (lowest regulation) to 3.4 (highest regulation) for firearm
homicide rates. Even when other covariates are accounted for,
the mean rates of homicide decrease as the number of firearm
laws increase. This is further illustrated in the Exp(B) values
which indicate that states with higher firearm regulations
index scores had greater decreases in homicide rates than did
those with lower scores. For example, states with the highest
number of gun laws had an Exp(B) value of 0.68 while states
with the lowest number of gun laws had an Exp(B) value of
1.15 for firearm homicide rates. This once more underlines
the impact of firearm regulations such that homicide rates
increased as the total number of firearm laws decreased.

Discussion

Main findings of this study

The present work set out to explore the association between
firearm regulations and suicide and homicide rates, building
on recent critical findings.15 We hypothesized that states with
stricter (i.e. a greater number of) firearm regulations would
have lower suicide and homicide rates by decreasing access
to a highly lethal means of injury. Our expectations were
met, with some critical expansion and divergence from what
Siegel et al.15 reported. Even with several state-level covariates
included in the model, the total firearm regulation index
significantly contributed to the prediction of suicide rates
and homicide rates (firearm and overall). As states’ strictness
increased, their suicide and homicide rates decreased.

What is already known of this topic

These findings are in line with previous work looking at the
impact of firearm legislation on suicide and homicide rates.
For example, the passage of Bill C-51 in Canada was followed
by significant decreases in suicides.6 Additionally, states with
waiting periods, universal background checks, firearm locks
and open carrying regulations have lower suicide rates than
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Table 3 GEE results for firearm and overall suicide and homicide rates, 1991–2017

Suicide rates Homicide rates

Firearms Overall Firearms Overall

B Exp (B) B Exp (B) B Exp (B) B Exp (B)

US region US census region

Northeast -ref- -ref- -ref- -ref- Northeast -ref- -ref- -ref- -ref-

Midwest −0.01 0.99 −0.01 1.00 Midwest 0.19 1.21 0.13 1.14

South 0.15∗∗ 1.17 0.08∗ 1.09 South 0.19 1.20 0.15 1.16

West 0.33∗∗∗ 1.39 0.26∗∗∗ 1.30 West 0.11 1.11 0.10 1.11

Firearm regulation index Firearm regulation index

[total = 106] −0.80∗∗∗ 0.45 −0.58∗∗∗ 0.56 [total = 106] −0.39∗ 0.68 −0.42∗∗∗ 0.66

[total = 104] −0.62∗∗∗ 0.54 −0.50∗∗∗ 0.61 [total = 104] −0.29 0.75 −0.34∗∗ 0.71

[total = 102] −0.62∗∗∗ 0.54 −0.51∗∗∗ 0.60 [total = 102] −0.32 0.73 −0.38∗∗ 0.68

[total = 101] −0.91∗∗∗ 0.40 −0.38∗∗∗ 0.69 [total = 101] −0.49∗ 0.61 −0.43∗∗ 0.65

[total = 100] −0.63∗∗∗ 0.53 −0.50∗∗∗ 0.61 [total = 100] −0.43∗ 0.65 −0.46∗∗∗ 0.63

[total = 99] −0.58∗∗∗ 0.56 −0.50∗∗∗ 0.61 [total = 99] −0.34∗ 0.71 −0.41∗∗∗ 0.66

[total = 95] −0.66∗∗∗ 0.52 −0.55∗∗∗ 0.58 [total = 95] −0.31 0.74 −0.35∗∗ 0.70

[total = 94] −0.57∗∗∗ 0.56 −0.47∗∗∗ 0.62 [total = 94] −0.29 0.75 −0.36∗∗ 0.70

[total = 93] −0.59∗∗∗ 0.56 −0.47∗∗∗ 0.62 [total = 93] −0.26 0.77 −0.33∗∗ 0.72

[total = 90] −0.59∗∗∗ 0.56 −0.24∗∗∗ 0.78 [total = 90] −0.88∗∗∗ 0.42 −0.82∗∗∗ 0.44

[total = 86] −0.56∗∗∗ 0.57 −0.49∗∗∗ 0.61 [total = 86] −0.41∗ 0.66 −0.47∗∗∗ 0.63

[total = 85] −0.58∗∗∗ 0.56 −0.35∗∗ 0.71 [total = 85] −0.56∗∗ 0.57 −0.57∗∗∗ 0.57

[total = 84] −0.74∗∗∗ 0.48 −0.41∗∗∗ 0.67 [total = 84] −0.68∗∗ 0.51 −0.69∗∗∗ 0.50

[total = 79] −0.99∗∗∗ 0.37 −0.16 0.85 [total = 75] −0.44∗ 0.65 −0.41∗∗ 0.66

[total = 78] −0.78∗∗∗ 0.46 −0.09 0.91 [total = 74] −0.69∗∗∗ 0.50 −0.62∗∗∗ 0.54

[total = 77] −0.73∗∗∗ 0.48 −0.15 0.87 [total = 73] −0.32 0.72 −0.44∗∗∗ 0.65

[total = 75] −0.70∗∗∗ 0.50 −0.28∗∗∗ 0.76 [total = 72] −0.29 0.75 −0.38∗∗ 0.68

[total = 74] −0.75∗∗∗ 0.47 −0.36∗∗∗ 0.70 [total = 71] −0.57∗∗ 0.57 −0.51∗∗∗ 0.60

[total = 73] −0.56∗∗∗ 0.57 −0.29∗∗∗ 0.75 [total = 70] −0.44∗ 0.65 −0.41∗∗ 0.66

[total = 72] −0.58∗∗∗ 0.56 −0.29∗∗∗ 0.75 [total = 69] −0.32 0.73 −0.35∗ 0.70

[total = 71] −0.56∗∗∗ 0.57 −0.31∗∗∗ 0.73 [total = 67] −0.29 0.75 −0.29 0.75

[total = 70] −0.56∗∗∗ 0.57 −0.31∗∗∗ 0.74 [total = 66] −0.35 0.71 −0.36∗ 0.70

[total = 69] −0.48∗∗∗ 0.62 −0.25∗∗∗ 0.78 [total = 65] −0.12 0.89 −0.15 0.86

[total = 67] −0.70∗∗∗ 0.50 −0.30∗∗∗ 0.74 [total = 64] 0.11 1.12 0.10 1.11

[total = 66] −0.59∗∗∗ 0.55 −0.38∗∗∗ 0.68 [total = 63] −0.33 0.72 −0.30∗ 0.74

[total = 65] −0.38∗∗∗ 0.68 −0.23∗∗∗ 0.80 [total = 62] −0.43∗ 0.65 −0.46∗∗∗ 0.63

[total = 64] −0.48∗∗∗ 0.62 −0.30∗∗∗ 0.74 [total = 61] −0.25 0.78 −0.25 0.78

[total = 63] −0.60∗∗∗ 0.55 −0.29∗∗∗ 0.75 [total = 60] −0.36 0.70 −0.30 0.74

[total = 62] −0.46∗∗∗ 0.63 −0.24∗∗∗ 0.79 [total = 59] −0.37 0.69 −0.37∗∗ 0.69

[total = 61] −0.59∗∗∗ 0.55 −0.34∗∗∗ 0.72 [total = 58] −0.17 0.85 −0.17 0.84

[total = 60] −0.45∗∗∗ 0.64 −0.28∗∗∗ 0.76 [total = 57] −0.28 0.76 −0.24 0.79

[total = 59] −0.62∗∗∗ 0.54 −0.39∗∗∗ 0.68 [total = 56] −0.29 0.75 −0.23 0.80

[total = 58] −0.34∗∗ 0.72 −0.22∗∗ 0.80 [total = 55] −0.28 0.75 −0.20 0.82

[total = 57] −0.46∗∗∗ 0.63 −0.26∗∗∗ 0.77 [total = 54] −0.23 0.79 −0.20 0.82

[total = 56] −0.50∗∗∗ 0.61 −0.26∗∗∗ 0.77 [total = 52] −0.31 0.73 −0.22 0.80
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Table 3 Continued

Suicide rates Homicide rates

Firearms Overall Firearms Overall

[total = 55] −0.48∗∗∗ 0.62 −0.22∗∗∗ 0.81 [total = 51] −0.27 0.76 −0.24 0.78

[total = 54] −0.35∗∗∗ 0.70 −0.25∗∗∗ 0.78 [total = 50] −0.18 0.83 −0.15 0.86

[total = 53] −0.54∗∗∗ 0.58 −0.18∗∗∗ 0.84 [total = 49] −0.26 0.77 −0.17 0.84

[total = 52] −0.36∗∗∗ 0.70 −0.27∗∗∗ 0.77 [total = 48] −0.21 0.81 −0.20 0.82

[total = 51] −0.45∗∗∗ 0.64 −0.29∗∗∗ 0.75 [total = 46] −0.37∗ 0.69 −0.27∗ 0.76

[total = 50] −0.35∗∗∗ 0.70 −0.19∗∗∗ 0.83 [total = 44] −0.05 0.96 −0.06 0.94

[total = 49] −0.45∗∗ 0.64 −0.19∗ 0.83 [total = 43] −0.34 0.71 −0.22 0.81

[total = 48] −0.19∗∗ 0.82 −0.19∗∗∗ 0.83 [total = 42] −0.41∗ 0.66 −0.38∗∗ 0.68

[total = 46] −0.69∗∗∗ 0.50 −0.39∗∗∗ 0.68 [total = 41] −0.19 0.83 −0.11 0.89

[total = 45] −0.53∗∗∗ 0.59 −0.22∗∗∗ 0.81 [total = 40] −0.23 0.79 −0.29∗ 0.75

[total = 44] −0.33∗∗ 0.72 −0.10 0.90 [total = 39] −0.46∗∗ 0.63 −0.33∗ 0.72

[total = 43] −0.45∗∗ 0.64 −0.25∗∗∗ 0.78 [total = 38] −0.18 0.84 −0.20 0.82

[total = 42] −0.39∗∗ 0.68 −0.25∗∗ 0.78 [total = 37] −0.12 0.89 −0.18 0.84

[total = 41] −0.25∗∗ 0.78 −0.15∗∗ 0.86 [total = 35] −0.41∗ 0.66 −0.28∗ 0.75

[total = 40] −0.45∗∗∗ 0.64 −0.24∗∗∗ 0.79 [total = 34] −0.11 0.90 −0.14 0.87

[total = 39] −0.32∗∗ 0.73 −0.21∗∗∗ 0.81 [total = 33] −0.20 0.82 −0.18 0.84

[total = 38] −0.19∗ 0.82 −0.09∗ 0.91 [total = 32] −0.23 0.80 −0.16 0.85

[total = 37] −0.09 0.91 −0.07 0.93 [total = 31] −0.29 0.75 −0.22 0.80

[total = 35] −0.14∗ 0.87 −0.13∗∗ 0.88 [total = 30] −0.29∗ 0.75 −0.24∗ 0.79

[total = 34] −0.24∗ 0.79 −0.16∗∗ 0.85 [total = 29] −0.27 0.76 −0.21 0.81

[total = 33] −0.22∗∗ 0.80 −0.15∗∗ 0.86 [total = 28] −0.06 0.94 −0.08 0.92

[total = 32] −0.21∗ 0.81 −0.19∗∗ 0.83 [total = 27] −0.33 0.72 −0.30∗ 0.75

[total = 31] −0.26∗∗∗ 0.77 −0.21∗∗∗ 0.81 [total = 26] −0.11 0.90 −0.14 0.87

[total = 30] −0.04 0.96 −0.04 0.96 [total = 25] −0.31 0.73 −0.25∗ 0.78

[total = 29] −0.09 0.92 −0.08 0.92 [total = 24] −0.27 0.76 −0.26∗ 0.77

[total = 28] −0.13 0.88 −0.04 0.96 [total = 23] −0.24 0.78 −0.25∗ 0.78

[total = 27] −0.23∗∗ 0.80 −0.07 0.93 [total = 22] −0.31 0.73 −0.22 0.80

[total = 26] −0.24∗ 0.79 −0.08 0.92 [total = 21] −0.22 0.81 −0.18 0.84

[total = 25] −0.17∗ 0.85 −0.13∗ 0.88 [total = 20] −0.30∗ 0.75 −0.26∗ 0.77

[total = 24] −0.15∗ 0.86 −0.10∗ 0.90 [total = 19] −0.18 0.83 −0.18 0.83

[total = 23] −0.13 0.88 −0.10∗ 0.90 [total = 18] −0.17 0.84 −0.18 0.84

[total = 22] −0.10 0.90 −0.10 0.91 [total = 17] −0.29 0.75 −0.21∗ 0.81

[total = 21] −0.07 0.93 −0.05 0.96 [total = 16] −0.17 0.84 −0.13 0.88

[total = 20] −0.13 0.88 −0.11∗ 0.90 [total = 15] −0.21 0.81 −0.18 0.83

[total = 19] −0.08 0.93 −0.07 0.93 [total = 14] −0.18 0.83 −0.15 0.86

[total = 18] −0.07 0.93 −0.07 0.93 [total = 13] −0.23 0.80 −0.17 0.85

[total = 17] −0.08 0.93 −0.06 0.94 [total = 12] −0.20∗ 0.82 −0.15 0.86

[total = 16] −0.01 0.99 −0.02 0.98 [total = 11] −0.15 0.87 −0.09 0.92

[total = 15] −0.03 0.97 −0.03 0.97 [total = 10] −0.18 0.84 −0.13 0.88

[total = 14] −0.04 0.96 −0.03 0.97 [total = 9] −0.20 0.82 −0.14 0.87

[total = 13] −0.06 0.94 −0.05 0.95 [total = 8] −0.12 0.89 −0.10 0.90

[total = 12] −0.03 0.97 −0.02 0.98 [total = 7] −0.15 0.86 −0.12 0.89

[total = 11] −0.03 0.97 −0.02 0.98 [total = 6] −0.19 0.82 −0.15 0.86

[total = 10] −0.02 0.98 −0.01 0.99 [total = 5] −0.15 0.86 −0.10 0.90
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Table 3 Continued

Suicide rates Homicide rates

Firearms Overall Firearms Overall

[total = 9] 0.02 1.02 0.02 1.02 [total = 4] 0.12 1.13 0.10 1.11

[total = 8] −0.01 0.99 −0.02 0.98 [total = 3] 0.14 1.15 0.32∗∗ 1.38

[total = 7] 0.01 1.01 0.00 1.00 [total = 2] -ref- -ref- -ref- -ref-

[total = 6] −0.01 0.99 −0.002 1.00 Time −0.01∗∗ 0.99 −0.02∗∗∗ 0.99

[total = 5] −0.07 0.94 0.001 1.00 Gun Ownership 0.01∗∗ 1.01 0.004∗∗ 1.00

[total = 4] 0.03 1.03 0.07 1.07 % White −0.01∗∗∗ 0.99 −0.01∗∗∗ 0.99

[total = 3] 0.08 1.09 0.06 1.06 % Male −0.07 0.93 −0.06 0.94

[total = 2] -ref- -ref- -ref- -ref- % Black 0.02∗∗∗ 1.02 0.02∗∗∗ 1.02

Time 0.01∗∗∗ 1.01 0.02∗∗∗ 1.02 % 25+ with B.A. −0.01 0.99 −0.01∗ 0.99

Gun ownership 0.01∗∗∗ 1.02 0.01∗∗∗ 1.01 % Below Poverty Line −0.003 1.00 0.000 1.00

% White 0.001 1.00 −0.00006 1.00 Unemployment Rate −0.01 0.99 −0.01∗ 0.99

% Male −0.01 1.00 0.004 1.00 Divorce Rate −0.02∗∗∗ 0.98 −0.02∗∗∗ 0.98

% Black −0.003 1.00 −0.01∗∗∗ 0.99 Incarceration Rate −0.00005 1.00 −0.00007 1.00

% 25+ with B.A. −0.01 0.06 −0.003 1.00

% Below poverty line 0.004∗ 1.00 0.002 1.00

Unemployment rate 0.001 1.00 0.000 1.00

Divorce rate −0.02∗∗∗ 0.99 −0.01∗∗∗ 0.99

Incarceration rate 0.00002 1.00 −0.000002 1.00

Notes: Intraclass correlations (ICC) for firearm and overall suicide rates indicated that 86% and 80% of the variations in deaths were due to differences

across states, respectively. ICCs for firearm and overall homicide were 77 and 73%, respectively. Quasi-likelihood under independence model criterion

(QIC) values for firearm-suicide, overall-suicide, firearm-homicide, and overall-homicide were 1724.8, 2189.0, 4592.1 and 4730.7, respectively.
∗P ≤ 0.05.
∗∗P ≤ 0.01.
∗∗∗P ≤ 0.001.

states who lack these regulations.7 Though some previous
work failed to find support for a reduction in suicide rates.15

Likewise, states with more firearm laws also tend to have
lower homicide rates14 though the evidence suggests this
may be only for certain laws.15

What this study adds

Previous work focused either on specific laws6,11,12 or
only a selected number of firearms7,14,15, the present work
examines the total number of firearm laws present in each
of the states. We believe this to be important to consider,
given the absence of any indicators of enforcement. Though
states may have firearm laws in place, whether they are
enforced matters. Through aggregating all regulations, we
may get a general sense of the ‘gun law culture’ that is
indicative of the overall permissiveness or restrictiveness of
the state. Like previous work by Siegel and colleagues15, we
found that firearm legislation is associated with homicide
rates over time. However, unlike Siegel and colleagues,
we also found an association with suicide rates. This is

likely due to our including firearm legislation in our total
score that was missed in the more specified analysis by
Siegel et al.

Limitations of this study and implications for
future research

The present findings must be viewed in light of several
limitations. Although our focus on total firearm regulations
allowed us to view the overall impact of firearm regula-
tion permissiveness or strictness on state-level suicide and
homicide rates, it lacks specificity, making policy or public
health implications unclear. Maintaining a focus in future
research on the impact of changes in specific laws over
time might further illuminate the association between firearm
regulations and firearm mortality. Only by doing this can spe-
cific recommendations be made for policymakers and public
health practitioners. Then again, our aggregate provides a
novel means of considering states’ overall permissiveness or
strictness towards firearms—a potential index of their ‘gun
law culture’. As such, it positions us well to raise a second
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Fig. 1 Generalized estimated equation results for suicide & homicide rates, 1991–2017. Notes: solid lines represent overall rates; dotted lines represent
firearm-specific rates.

limitation: the inability to ascertain whether firearm regula-
tions are enforced. The current data only pertain to whether
or not the states have those laws in place. For example, having
a safe storage law in place might only impact suicide rates in
states that enforce those safe storage laws consistently. This
is a critical direction for future research on the effects of
firearms laws on firearm crimes in general and homicide and
suicide rates in particular. Until data can be explored that taps
directly into the enforcement of firearm laws, our focus on
total firearm regulations might be better equipped to pick
up on this as the total number of firearm laws speaks more
to the gun law culture of the specific states. Additionally,
whereas we control for several potential confounding influ-
ences on suicide and homicide rates there is the potential that
other unexplored confounding variables may influence the
suicide and homicide rates of the states that enact firearm
regulations.

Despite the study’s limitations, this work points to the
importance of firearm regulations in reducing overall and
firearm suicide and homicide rates. The impact, while present
for both, was strongest for suicide. As Fig. 1 shows, the suicide
rates of states high in firearm regulations were close to half
of those at the low end. Future work is needed to explore
the relationship between firearm regulations and suicide and
homicide rates more fully. Of particular interest would be
studies exploring the impact of specific changes to firearm

laws over time—such as the introduction of extreme risk
protection orders, which allow the removal of firearms in
instances of concern by family members and/or law enforce-
ment. These laws are becoming more commonplace and
future work could explore their impact on state-level suicide
and homicide rates following their introduction. It will also be
important to explore the impact of firearm regulation strict-
ness on suicide and homicide trends—including the extent
to which, as suggested earlier, various laws are enforced.
For example, given that suicide rates in the USA are on the
rise (CDC28), one question that could be explored by future
research is whether states with more permissive or less consis-
tently enforced firearm laws are seeing greater increases than
those whose laws are stricter or more heavily enforced. Finally,
future research should also examine trends in homicide more
fully—given the inconsistencies in the literature with regards
to homicide rates. One promising direction would be on
examining the impact of firearm legislation on the declines
in violent crime seen in the 1990s—a period included in the
current analysis. Examining the passage of specific gun laws
may provide a clearer picture of this drop in violent crime.

Conclusions

In the 1960s and 1970s, suicide rates in England dropped
unexpected—an unintentional byproduct of the removal of
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carbon monoxide from the public gas supply.29 This unin-
tended consequence highlighted how changes at societal lev-
els can impact suicide mortality—and subsequently how this
might be able to be applied to criminal behavior as well.
The present work, as well as the growing body of evidence
supporting the impact of firearm regulations on suicide and
homicide mortality, also highlights what role legislation can
play in reducing suicide and, to a lesser extent, homicide
rates. With close to 40 000 deaths annually from firearm
violence, regulations that can limit access to firearms appear to
reduce state-level mortality. Evidence-based implementation
of firearm regulations across the whole of the USA has the
potential to significantly reduce the toll of firearm violence.

Supplementary data

Supplementary data are available at the Journal of Public Health

online.
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