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Abstract

Estimating the effect of state-level gun purchasing policy on county-level firearm suicide mortality
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Chair of the Supervisory Committee:

Assistant Professor Joseph Dieleman

Global Health

Although gun violence is one of the most widely discussed issues in American politics, research funding
freezes have hindered the development of public health strategies for its prevention. A substantial majority
(approximately two-thirds) of annual gun deaths in the United States are suicides, but most political efforts
to prevent gun violence focus on homicide. In this study, I evaluated the effectiveness of handgun permit-to-
purchase (PTP) laws at preventing firearm suicide. PTP requirements mandate that all potential handgun
purchasers at certified sellers must present a permit or license issued by the state. I used a county-level Poisson
model controlling for several relevant covariates to estimate the relative risk of firearm suicide one through 35
years after the passage of a state-level PTP requirement. I also tested the popular theory that prevented
firearm suicides will manifest as suicides by other means by running the same model with non-firearm
suicide as the dependent variable. I found that time since PTP passage was significantly associated with
lower firearm suicide rates and that the relative risk by year-since-passage exhibited a pattern that was
consistent with my theoretical expectations. Counterintuitively, I also found that PTP requirements had a
significant protective effect against non-firearm suicide, a result that suggests that my analysis was subject
to unaccounted-for confounding. I ran several sensitivity analyses, which were able substantially clarify the
effect of PTP requirements on firearm suicide from the theoretically implausible effect on suicide by all other
means I had identified. This study contributes relatively robust evidence to the growing body of literature
supporting gun control as a means of suicide prevention, but it also underscores the need for the development
of more rigorous data sources and methodologies in the field of gun violence prevention research.



Introduction

Background

In the wake of several highly publicized mass shootings, gun control has become one of the most divisive issues
in American politics. Most recently, the murder of 49 people at a nightclub in Orlando, Florida has sparked
a national debate about how and whether or not such events can be prevented in the future.1 This debate
echoes the one after the 2013 shooting at Sandy Hook Elementary School in Newtown, Connecticut in which
a gunman murdered 20 children and six adults.2 That event catalyzed an effort by congressional Democrats to
severely restrict access to military-style rifles and to limit the legal size of ammunition magazines.3 Ultimately,
each of those bills was rejected by senate Republicans, but their shared goal (to prevent mass shootings) was
reflective of the public discourse at the time.

However, this focus does not reflect of the true burden of gun violence in America. According to the US
Centers for Disease Control and Prevention (CDC), nearly two-thirds of annual firearm deaths in the US
(roughly 21,000 of 33,000 in 2013) are intentional self-harm.4,5 Nearly all of the remaining one-third are
homicides, and the rest (approximately 4%) are classified as accidental.6 Furthermore, the CDC reports that
slightly more than half of all suicides in the US were committed with a firearm, so any suite of gun control
policies that does not include interventions specifically designed to prevent suicide (such as the one proposed
after the Sandy Hook shooting) will leave the actual source of most firearm deaths unaddressed.

Although gun violence is typically framed in criminological terms in the US, when we compare gun violence
mortality rates in the US to rates in other more developed countries, the need for a public health approach
becomes clear. In 2013, the United States experienced a firearm mortality rate of 10.6 deaths per 100,000
people.5 This stands in stark contrast to the rate of death by firearm injury in every other developed country.
Finland had the second highest rate in recent years: 3.6 deaths per 100,000 people in 2010, which is slightly
more than one-third the American rate in 2013.7 In Canada in 2011, the mortality rate due to gun violence
was 2.1 deaths per 100,000 people, just under one-fifth the US rate.8 The US is an extraordinary outlier
among its economic peers in terms of firearm mortality.

Efforts to rein in gun violence in the US typically take the form of federal- and state-level restrictions on
firearm purchasing and ownership commonly referred to as “gun control.” Several broad laws (most notably,
the Brady Bill and the Federal Assault Weapons Ban) have been implemented by the federal government,
but states have substantial discretion in regulating gun sales and ownership outside of the scope of federal
regulation. The Brady Bill mandated federal background checks of all firearm purchasers in the United States
and established a mandatory five-day waiting period on purchases.9 It was in effect until 1998 when the
National Instant Background Check System was implemented. Similarly, the Federal Assault Weapons Ban
outlawed ownership of “assault weapons” and “large capacity” ammunition magazines, but it expired in 2004
and has not been renewed.10 Both of these bills were designed to prevent homicide, not suicide.

At the state-level, we see enormous variation in gun control policies. Whereas Texas recently enacted a law
that allows concealed carry of firearms on public university campuses, Governor Jay Inslee of Washington
state has launched a highly publicized public health capaign to fight gun violence.11,12 At an even more
granular level, some individual counties and municipalities have enacted their own gun control measures. For
instance, handgun sales were illegal in Chicago, Illinois until 2013.13 Many states have passed “preemption”
laws that prevent smaller governments within the state from passing more severe gun control laws than the
state legislature.14 Despite this smaller-scale variation, most direct gun control policymaking is done in state
legislatures.

However, the effectiveness of these laws at preventing firearm deaths is unknown because the epidemiological
dynamics of gun violence are poorly understood at best. After Kellermann et al. published their study
identifying firearm ownership as a risk factor for homicide in 1993, the National Rifle Association (NRA) began
lobbying to defund the CDC’s National Center for Injury Prevention.15,16 That effort failed, but, working
with House Representative Jay Dickey, an amendment was inserted into the 1996 Omnibus Consolidated
Appropriations Bill that prevented the CDC from using any of its injury prevention funding in fiscal year 1997
for the promotion of gun control. This amounted to a ban on gun violence research that persists to this day.
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The result of this ban has been a near-total drought of published research on gun violence prevention, making
evidence-based policymaking impossible. The national debate around one of the most controversial political
issues in modern American politics is fueled by anecdotes and untested theories. The popular discourse
around suicide is particularly unproductive: there is a widespread perception of suicide as inevitable, leading
to its dismissal as a preventable public health crisis. Gun rights advocates argue that gun control cannot
prevent suicide because people who cannot access a firearm to commit suicide will instead commit suicide
using some other method.17–19 This substitution hypothesis warrants particular scrutiny because firearms are
far and away the most lethal means of attempting suicide.20

In summary, most of the public discussion of gun control centers around mass shootings, but the largest
source of health loss from firearms is suicide. However, the epidemiology of gun violence is poorly understood
at best, making evidence-based decision making impossible.

Research Question

In this study, I attempted to test the theory that particular gun control policies were effective in reducing
firearm suicide mortality rates. I sought to inform one of the most contentious debates in American politics
and to fill the substantial data gaps in the rapidly growing field of gun violence research. Specifically, I
estimated the effect of handgun permit-to-purchase (PTP) requirements on firearm suicide mortality. PTP
requirements mandate that all potential handgun purchasers at certified sellers must present a permit or
license issued by the state. I focused on this particular policy for several reasons. First, it has been identified
as an important item in the existing set of gun control policies by advocacy gropus on both sides of the
issue.21 Second, as we will see in the conceptual model, requiring potential handgun purchasers to have
already obtained a state-issued permit fits neatly into the theory of how gun control can prevent suicide.

We can rephrase this question quantitatively: Do policies requiring potential handgun purchasers to have a
state-issued permit or license significantly reduce firearm suicide mortality? I hypothesized that these laws
were effective and that I would consequently observe significantly lower firearm suicide mortality in places
with such requirements.

As a secondary analysis, I examined the previously discussed substitution hypothesis by estimating the effect
of PTP requirements had on non-firearm suicide. Given the relatively high lethality of firearms as a means of
attempting suicide, I hypothesized that I would not see an increase in suicide by other means and that, if I
did, it would be outweighed by the observed benefits. Even if every person who could not get access to a
firearm for suicide attempted suicide by some other means, I would still expect to see a net benefit.

Literature Review

The existing body of literature investigating the public health effects of gun control is relatively small given
the scale of the problem. Several studies have examined the relationship between handgun purchasing policies
and firearm mortality. Webster et al. used generalized least squares regression models to estimate the effect
of Missouri’s 2007 repeal of its PTP requirement on mortality.22 They found that it corresponded with a
statistically significant 23% increase in annual firearm homicide rates. Rudolph et al. used a “synthetic control
method,” which uses comparable states as artificial controls, to find that Connecticut’s 1995 implementation
of a PTP law was associated with a 40% decrease in firearm homicide mortality over the course of 10
years.23 In a 2015 study that also used a synthetic control method, Crifasi et al. associated Connecticut’s
implementation of a PTP law with a 15.4% reduction in firearm suicide rates and Missouri’s repeal of its
law with a 16.1% increase in firearm suicide rates.24 Anestis et al. found that states with PTP requirements
experienced significantly lower firearm suicide mortality in 2013 than states without PTP requirements.25

Although all of these studies found substantial and significant effects, their designs severely limit the extent
to which we can infer that their results are causal. Webster et al. and Anestis et al. both specified a binary
exposure variable based on whether a particular state had a PTP law in a particular year. In the case
of Webster et al., this means that the authors identified a significant discontinuity in the level of firearm
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homicide mortality before and after the policy, but this change could easily be attributable to another policy
change in a similar year or to a more gradual social process that had been in the process for years. In the case
of Anestis et al., the authors only used data from 2010, meaning that the differences they capture between
states could easily be a result of more abstract cultural factors, not any particular policy. Similarly, it is
difficult to say what exactly the synthetic control approach used by Rudolph et al. and Crifasi et al. is
measuring. Its validity depends entirely on the appropriateness of the controls used to generate the synthetic
counterfactual series, so, as with the binary exposure variable, it is difficult to say that the model is capturing
the effect of any paticular policy.

Several other studies have looked more generally at the health effects of gun control or at other particular
policies. In order to create more variation across states in the exposure variable and to avoid bias due to
co-occurence of laws, many studies collect laws into legislative strength scores. Since 2007, the Law Center to
Prevent Gun Violence and the Brady Campaign to Prevent Gun Violence have produced a state gun law
scorecard that assigns higher numeric and letter grades to states with more (and more “effective”) gun control
laws. Fleegler et al. found that, between 2007 and 2010, states in the highest quartile of this score had
significantly lower overall firearm mortality, homicide firearm mortality, and suicide firearm mortality than
states in the bottom quartile.26 Kposowa et al. found that the same score was significantly and negatively
associated with state-level firearm suicide mortality between 2011 and 2013.27 Rodríguez Andrés et al.
constructed a time series of scores based on several tiers of legislative strength from 1995 through 2004 and
found that higher scores were significantly associated with decreased rates of firearm suicide in men.28 (They
did not investigate the association in women.) They also found that several individual policies (including
PTP requirements) had significant effects.

The composite metrics described above are useful for adding variation between states in analyses with no
structure related to time, but the weighting schemes they use are essentially arbitrary. In fact, because the
epidemiology of gun violence in the US is so poorly understood, informing these schemes with evidence seems
circular. In response to this, Kalesan et al. estimated the effects of 25 state laws independently on overal
firearm mortality in 2009.29 They found that nine of the identified laws were associated with decreased firearm
mortality, nine were associated with increased firearm mortality, and seven were inconclusive. However their
study exhibits flaws similar to those we observed in Anestis et al..

In general, the rapidly developing body of research on the effects of gun control in the US seems to suggest
that more restrictive gun control leads to lower firearm mortality. However, most of these studies are designed
in ways that severely limit their ability to support causal inference. The set of exposure parameterizations
that have been used previously all have the potential to capture essentially irrelevant cultural variation
instead of the causal effect of a policy.

Conceptual Model

I based my conceptual model on the “cry of pain” model of suicidality, which frames suicidal behavior as a
response to stressful situations. These stressful situations have three components that fuel suicidal ideation:
presence of defeat, perception of no escape, and perception of no rescue. Stark et al. extended this simple
model to include societal and environmental factors.30 My conceptual model, based on the one proposed by
Stark et al., is presented in Figure 1.

The model theorizes that a PTP requirement can prevent firearm suicide deaths in two distinct ways, both
of which involve limiting access to firearms. First, by making purchasing handguns less convenient, a
PTP law should prevent some number of handgun purchases from ever happening. This should reduce
the probability than any given individual experiencing suicidal ideation already has access to a handgun.
Second, a PTP requirement adds a bureaucratic step to the gun purchasing prcess that drastically reduces
an individual’s ability to purchase a handgun spontaneously, preventing some number of individuals from
purchasing handguns for the express purpose of attempting suicide.

The model also encompasses the theorized mechanism by which individuals who cannot access a firearm
for a suicide attempt find some other means to attempt suicide. Having been unable to access a firearm,
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Figure 1: Conceptual model of PTP requirement as suicide prevention tool

individuals select some other means and, based on the lethality of the alternative method, either complete or
do not complete their attempt.

Most importantly, this model frames suicide prevention in terms of single individuals’ suicidal episodes:
an individual’s probability of dying as a result of a single suicide attempt is a function of (among other
factors) the current availability of different means. We expect that the effectiveness of a PTP requirement
at reducing the number of handguns in the population will first increase over time as wane over time as
guns are purchased in settings not covered by the law (at gun shows, in other states, illegally, etc.). The
binary exposure variable used in many of the studies discussed above does not allow for this possibility; it
assumes that the effect is constant post-law. If PTP requirements are variably effective over time at reducing
the number of guns in the population, then we would actually expect the observed effect on firearm suicide
mortality to exhibit a smooth pattern over in the years after the requirement is established.

Methods

I fit sex-specific generalized linear models with Poisson likelihoods to assess the impact of PTP requirements
on county-level firearm suicide mortality, suicide mortality by all other means, and overall suicide mortality.
I used the natural log as a link function and population as an offset. I included state and county random
effects and controlled year, age, and several covariates. I tested the robustness of my results with a set of
sensitivity analyses.
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Data Sources

Outcome Data

I extracted counts of suicide deaths by county, year, age, sex, and means from the US National Vital Statistics
System (NVSS) for all 3,142 counties from 1980 to 2013.31 The NVSS includes a record for every death that
occured in the United States and includes the decedent’s age at death, sex, county of residence, and cause
of death, where cause is a code from either the 9th or 10th revision of the International Classification of
Disease (ICD-9 or ICD-10).32,33 IHME has developed a set of unified county boundaries that eliminate border
changes over time, giving us a complete set of observations for every county-year-age-sex combination. To
calculate rates, I used county-year-age-sex population estimates from IHME, which are based intercensal
population estimates from the US Census Bureau.

Since permit to purchase laws only affect legal handgun purchases and my goal was to measure the directly
intended effects of this policy, I restricted my sample to deaths among people who were 15 years or older at
time of death. (Vermont had the youngest minimum age for handgun purchasing in the country in 2013 at 16
years old).34 Although it is possible that a PTP requirement could prevent suicide in people who are too
young to purchase guns, that benefit could be considered incidental compared to the more intentional benefits
of preventing suicide in potential gun purchasers. To identify firearm suicides and non-firearm suicides, I used
the list of ICD-9 and ICD-10 codes provided by Rodr?guez Andr?s et al.28 The full set of codes identified
as firearm suicide and non-firearm suicide is listed in Appendix Table 3. One ICD-9 code identified by
Rodr?guez Andr?s et al. as firearm suicide, E955, actually covers “firearms, air guns, and explosives” and
includes several categories of death that were not relevant to the question at hand. From E955, I mapped
E955.0-E955.4 and the overall E955 code to firearm suicide, and the remaining four codes (E955.5-E955.9) to
non-firearm suicide.32

One concern with identifying suicides in the NVSS is that intentionality can be difficult to ascertain after the
fact. It seems likely that some number of deaths classified as suicide could actually have been accidental.
Similarly, actual suicides could be classified as accidents. Misclassification of this nature would bias my
estimates if it varied systematically with gun control restrictiveness. If that is the case, I believe that it is
more likely that medical examiners in states with tighter gun control policies (typically more liberal states)
are more willing to identify deaths as suicide than medical examiners in states with looser gun control policies.
This would lead to the most common form of misclassification being actual suicide deaths in states with
relatively loose gun control policies incorrectly being classified as accidental. This would artificially deflate
firearm suicide rates in states with less restrictive policies, making any true protective effect of those policies
more difficult to detect.

Exposure Data

To account for the complex temporal relationship between PTP implementation and actual suicide prevention,
I assembled a dataset that identified whether a given state required PTP at any point in the study period
and, if so, when the requirement was first implemented. Several data sources on gun control legislation exist
and have been used in the reviewed studies, but none of them contain enough historical information for
the purposes of my study.22–25 The Law Center to Prevent Gun Violence and the Brady Campaign have
produced state scorecards since 2007, but the time series was not long enough for the purposes of my study
and using a composite score was not desirable for the reasons we have already discussed.35 The NRA Institute
for Legislative Action (NRA-ILA) website has information on the current state of a handful of laws (including
PTP requirements), but the time series do not seem to be available.36 Rodr?guez Andr?s et al. used reports
from a survey by the Bureau of Justice Statistics called the Survey of State Procedures Related to Firearm
Sales (SSPRFS) to construct their exposure variable.28,37 The SSPRFS reports, compiled annually between
1995 and 2005, outline state firearm purchasing laws and, as such, provide a short time series. They also
include the relevant statutory sections for every identified regulation in every state. However, they do not
identify when these statutes were passed.
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Because none of the existing data sources had sufficient information about laws over time, I compiled a new
dataset that identified which states have ever had a PTP requirement and, among those that have, when the
requirement was added to the statutory code. In the case of Missouri, it also identified that the requirement
was repealed in 2007.22 The SSPRFS allowed us to identify which states had PTP requirements at any
point between 1995 and 2005. Using historical state statutory codes on LexisNexis Academic, I was able to
ascertain the year in which each of relevant sections were added. I compared the SSPRFS documents to the
NRA-ILA website and Wikipedia compilations of current laws to identify states that had changed their PTP
requirement status between 2005 and 2013.38 Finally, to identify states that had enacted and repealed PTP
requirements prior to 1995, I searched the remaining states’ statutory codes on LexisNexis Academic with the
following search: “(gun or handgun or pistol or firearm) and (permit or license) and (purchase or transfer)”.
Through this process, I was able to compile a comprehensive state-level panel dataset of PTP requirements.

Covariate Data

I included several frequently used covariates in the regression analysis to try to ensure that the results were
as robust as possible. These covariates have been extracted and interpolated by researchers at IHME for
use in the US Burden of Disease study. Specifically, I included population density, unemployment rate,
share of the population with a bachelor’s degree or higher, and median income. All covariates were at the
county-year level. The methodology by which these covariates were generated is described in much greater
detail elsewhere. Population density was calculated as people per square mile using IHME’s county-specific
population estimates and county area calculated using the US Census Bureau’s 2013 Cartographic Boundary
File.39 It was natural log-transformed to control for outlying values. Unemployment rates were based on data
from the U.S. Bureau of Labor Statistics Local Area Unemployment Series.40 The share of the county-year
adult population without a bachelor’s degree was extracted from the 1980 census, the 1990 census, and the
2009-2014 American Community Surveys and was linearly interpolated to fill in missing years.41–48 Median
household income was extracted from the 1980 census and the 1989, 1993, and 1995-2013 Small Area Income
and Poverty Estimates and linearly interpolated to fill in missing years.49,50 To account for the relatively
large units of the income variable, I converted it to a z-score by demeaning it and dividing it by its standard
deviation. This process is linear, so it does not change the relative differences between observations.

Statistical Analysis

I modeled sex-specific firearm suicide mortality rates with a Poisson regression using a natural log-link and
a population offset. A Poisson likelihood was appropriate in this study for several reasons. The Poisson
distribution is a single-paramter distribution that describes the probability of a given number of events
(deaths, in this case) occuring within a particular interval (county-year-age-sex population). The single
parameter is the expected number of events, making it easily applicable to statistical analyses with count
data. It allows for the estimation of relative risks, which are interpretable and policy-relevant. This type of
model has been used in several recent studies in this field.26,29,51,52

However, one key feature of the Poisson distribution is that the mean and variance of the data are equal.
Data of this nature are frequently overdispersed, so many studies have used negative binomial models. The
negative binomial distribution describes the number of successes in a series of Bernoulli trials necessary to
observe a certain number of failures. Different sources paramterize the negative binomial distribution in
different ways, but one common definition provides it with an expected value (like the Poisson distribution)
and an inverse overdispersion parameter. If the overdispersion parameter is equal to one, the distribution is
identical to a Poisson distribution. As will be discussed later, I ran the final model with a negative binomial
likelihood as a sensitivity analysis to assess the effect of my choice of likelihood.

Based on my descriptive analysis of patterns of suicide in men and women, I ran every model separately by
sex. None of the covariates were sex-specific, but fitting separate models for men and women allowed me to
account for the radically different patterns of firearm suicide mortality I observed between sexes. Although
my exposure variable was state-year specific, I left my outcome and covariate data at the county level to
avoid unnecessarily reducing the amount of information in my dataset.
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I ran a series of models to test the strength of my observed estimates:

1. Model 1: Exposure variable, intercept, and independent random effects on state and county. We refer
to this model as the “baseline” model. This model allowed me to asses the unadjusted relationship
between exposure and outcome.

2. Model 2: The baseline model with a slope on year of death and intercepts for each age group. We
refer to this as the “structural” model. It controlled for “exogenous” factors that did not actually
require any additional data. In all models, I scaled year to cover the range from 0 through 1 to produce
relative risk estimates that were on the same numerical scale as those associated with my other estimates.

3. Model 3: The structural model with coefficients on log population density, unemployment, and share
of population with a bachelor’s degree or higher. We refer to this as the “full” model. I believe a priori
that this is the most credible model.

To parameterize the exposure variable, I created time-since-passage indicator variables. I set every state-year
without a PTP requirement to 0 and, in all others, calculated how many years had passed since the statute
requiring permits was added to the statutory code. To reduce the computational complexity of fitting the
model, I capped this variable at 35 years. Then, I created an indicator variable for every nonzero value
of the duration variable to construct my final exposure variables. This choice of 35 years as the longest
duration in the model was essentially arbitrary, but I believe that it was sufficiently far from the first year
of PTP requirement to capture all intended effects of the PTP passage; it seems unlikely that the intent of
implementing a PTP requirement is to prevent firearm suicide deaths 40 years in the future. Additionally,
capping the duration variable at some maximum number of years ensures that multiple states contribute to
every possible duration. If I were to not set a maximum duration, the effect of the longest several durations
would be driven exclusively by the single state with the oldest PTP requirement. The estimate of that effect
would therefore be more vulnerable to confounding than the estimates of other effects.

I believe that this approach has several major advantages over the approaches used in other similar studies.
First, it does not assume that the policy is effective immediately, as the simple binary indicator used in many
previous studies does.25,26,29,53,54 I could have circumvented this assumption by “lagging” the binary variable
by some number of years after the law’s passage, but the choice of the number of lag years is inevitably
arbitrary. This highlights the second advantage; I can allow the effect of PTP requirements to vary flexibly
over time-since-passage. A lagged policy exposure variable contains an explicit and fixed assumption about
the temporal relationship between exposure and outcome. Based on my conceptual model, I do not believe
that such an assumption is realistic. With the indicator variable approach, I can compare the effect of having
had x years of PTP requirement to the effect of having had x+ 1 years of PTP requirement. Taken together,
we can think of the coefficients on these indicator variables as a form of dose-response curve; they allow us to
estimate the effect of each additional year of exposure. I believe that this approach is one of the most flexible
ways to evaluate a long-term policy like a PTP requirement.

With this in mind, we can write out the full model:

Yi ∼ Pois(µi · Pi)

log(µi) = C + ρy(i) + β · Xi + αs(i) + γc(i)

αs(i) ∼ N(0, σ2
s) γc(i) ∼ N(0, σ2

c )

Where i specifies a county-year-age combination, Yi is the observed death count in observation i, Pi is the
population of i, C is a constant, y(i) gives the years since PTP requirement passage, ρ is the vector of
time-since-passage coefficients, β is a vector of coefficients for covariates X, αs(i) is a state-level random
effect, γc(i) is a county-level random effect, σ2

s > 0 is the variance of the state random effects, and σ2
c > 0 is

the variance of the county random effects.

One vulnerability of such a flexible method is that it has the potential to produce implausible patterns over
time-since-passage. I hypothesized that, if a true effect did exist, its magnitude would increase over the first
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few years and then plateau or decrease. If the pattern of relative risks failed to follow some reasonable-looking
pattern, I would need to question what exactly my exposure variable was capturing.

To test the theory that restricting access to firearms will commensurately increase suicide deaths by other
means, I ran the full model with non-firearm suicide and overall suicide as dependent variables.

I wrote the model in R and C++ using the Template Model Builder (TMB) R package.55 I generated model
uncertainty and p-values using the sdreport function in TMB. The sdreport function uses the Hessian
matrix with respect to the model’s parameters to estimate the joint covariance between the parameters and
the random effects. The standard deviations in the joint covariance matrix are used to approximate p-values.
I reported log-likelihoods for all models and set an alpha level of 0.05.

Sensitivity Analyses

I ran four sensitivity analyses to test the robustness of my results to model specification and data structure:

1. Full model with a negative binomial likelihood to test effect of accounting for potentital overdispersion.
To avoid computational problems, I bounded the inverse overdispersion parameter between 1*10-12 and
250.

2. Full model with a zero-inflated Poisson likelihood. I used this model to test the effect of using a
likelihood function designed for heavily zero-skewed distributions.

3. Full model with binary exposure variable, in keeping with existing literature

4. Full model with state-specific random slopes on year with both firearm suicide and non-firearm suicide
as dependent variables. These models controlled for state-specific secular trends over time so that I
could try to identify the variation attributable to time since PTP passage as specifically as possible.

To assess the similarity between the full model and sensitivity analyses 1 and 2, I calculated Pearson’s
correlation coefficients between the point estimates and standard errors of the coefficients. I produced
scatterplots of the data used in calculating the correlation coefficients to try to identify any substantial and
systematic differences between each pair of of models.

Results

Outcome Variables

I identified 1,076,853 suicide deaths in people aged 15 and older in the 50 US states in the period from 1980
through 2013. Of those, 56% were by handgun or long-gun, and 79.2% were men. Among suicide deaths by
firearm alone 86.4% were men. Among suicide deaths by all other means, 70.0% were men. For both sexes
separately, I plotted 2013 firearm suicide mortality rates by age and sex and observed radically different age
patterns in Figure 2.

Over time, the rate of suicide (both aggregated and by means) is relatively constant within men and women.
Specifically, firearm suicide mortality rates decreased by an average of 0.02 deaths per 100,000 people in men
and 0.01 deaths per 100,000 people in women annually between 1980 and 2013. In 2013, the five states with
the highest firearm suicide mortality rates were (in order) Alaska, Wyoming, Montana, Idaho, and West
Virginia, and the states with highest overall suicide mortality rate were Alaska, Montana, Wyoming, Utah,
and New Mexico.

The list of IHME unified counties contains 3,109 counties (excluding the District of Columbia). With 15 age
groups (15-19, 20-24,. . . 85+), two sexes, and 34 years, my final dataset contained 3,171,180 observations. Of
these, 2,803,876 had zero firearm suicide deaths and 2,902,802 had zero suicide deaths by other means.
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Exposure Variables

I identified 13 states with PTP requirements in 2013 (California, Connecticut, Hawaii, Illinois, Iowa,
Massachusetts, Michigan, Minnesota, Nebraska, New Jersey, New York, North Carolina, and Rhode Island).
14 states had a PTP requirement at any point during the study period, leading to 417 state-years of any level
of exposure. The earliest PTP requirement I was able to identify was passed by Massachusetts in 1906, and
the most recent was passed by Maryland in 2013. I was not able to identify any laws passed and repealed
before 1995, so the original search strategy seems to have been comprehensive. Missouri repealed its PTP
requirement in 2007 and was the only state to do so during the study period.

There was considerable variation in the actual content of the PTP requirements, which I did not consider in
this study. For instance, Illinois requires all potential handgun purchasers to have a valid Firearm Owners
Identification card. The card is valid for 5 years, and the licensed individual can purchase as many handguns
as they desire over that period. This contrasts with Michigan, which requires a short-term, 10-day license for
every new handgun purchase. It seems likely that these laws vary in their impact on suicide mortality, but
my models had no way to account that.

Estimates

Main Analysis

I present results from the three models of my main analysis in Table 1, which contains coefficient estimates
and the associated standard errors. One, two, and three asterisks indicate significance at the 0.05, 0.01, and
0.001 levels, respectively. I restricted the exposure indicators reported in Table 1 for the sake of conciseness;
I included the first five years and 10 years, 20 years, and 35 years of policy-time in the table. Additionally, I
only included age bins 10 years apart. Full results are presented in Appendix Table 4. All plots of effect
estimates are relative risks (exponentiated linear coefficients).

Table 1: Results of Poisson regressions with firearm suicide as
dependent variable. Point estimates are coefficients from linear
model. Standard errors are presented in parentheses. One, two,
and three asterisks indicate significance at the 0.05, 0.01, and 0.001
levels respectively.

Variable Baseline Structural Full
Men Women Men Women Men Women

Intercept -8.48***
(0.043)

-10.51***
(0.067)

-8.97***
(0.048)

-10.87***
(0.073)

-8.64***
(0.035)

-10.65***
(0.067)

Scaled year - - -0.29***
(0.005)

-0.49***
(0.013)

-0.15***
(0.008)

-0.37***
(0.017)

Population
density

- - - - -0.08***
(0.004)

-0.05***
(0.006)

Unemployment - - - - 0.80***
(0.081)

1.03***
(0.195)

College
education

- - - - -1.10***
(0.061)

-0.83***
(0.118)

Income - - - - 0.01 (0.004) -0.02*
(0.009)

Age 20 - - 0.51***
(0.007)

0.33***
(0.020)

0.51***
(0.007)

0.33***
(0.020)

Age 30 - - 0.37***
(0.008)

0.52***
(0.019)

0.37***
(0.008)

0.52***
(0.019)

Age 40 - - 0.42***
(0.008)

0.71***
(0.019)

0.42***
(0.008)

0.72***
(0.019)
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Variable Baseline Structural Full
Age 50 - - 0.59***

(0.008)
0.80***
(0.019)

0.59***
(0.008)

0.80***
(0.019)

Age 60 - - 0.66***
(0.008)

0.60***
(0.021)

0.66***
(0.008)

0.60***
(0.021)

Age 70 - - 1.01***
(0.008)

0.35***
(0.024)

1.01***
(0.008)

0.35***
(0.024)

Age 80 - - 1.47***
(0.009)

0.08* (0.031) 1.46***
(0.009)

0.08*
(0.031)

PTP year 1 -0.15***
(0.022)

-0.23***
(0.055)

-0.13***
(0.022)

-0.19***
(0.055)

-0.13***
(0.022)

-0.20***
(0.055)

PTP year 2 -0.21***
(0.021)

-0.42***
(0.058)

-0.18***
(0.021)

-0.36***
(0.058)

-0.17***
(0.021)

-0.36***
(0.058)

PTP year 3 -0.26***
(0.021)

-0.33***
(0.053)

-0.22***
(0.021)

-0.26***
(0.053)

-0.21***
(0.021)

-0.26***
(0.053)

PTP year 4 -0.27***
(0.021)

-0.42***
(0.055)

-0.23***
(0.021)

-0.34***
(0.055)

-0.22***
(0.021)

-0.33***
(0.055)

PTP year 5 -0.31***
(0.021)

-0.54***
(0.058)

-0.26***
(0.021)

-0.45***
(0.058)

-0.25***
(0.021)

-0.43***
(0.058)

PTP year 10 -0.42***
(0.021)

-0.71***
(0.061)

-0.33***
(0.022)

-0.55***
(0.061)

-0.32***
(0.022)

-0.53***
(0.061)

PTP year 20 -0.40***
(0.024)

-0.65***
(0.072)

-0.25***
(0.025)

-0.40***
(0.072)

-0.24***
(0.025)

-0.37***
(0.072)

PTP year 35 -0.66***
(0.015)

-1.13***
(0.046)

-0.37***
(0.017)

-0.59***
(0.049)

-0.35***
(0.017)

-0.56***
(0.049)

Log-
likelihood

-853,256 -237,297 -823,432 -234,225 -822,643 -234,015

The baseline model (Model 1) showed a strong protective association between years since PTP requirement
passage and firearm suicide mortality for both men and women. The effect increased through years 1 through
10 and gradually plateaued through year 35. Every year was significant at my prespecified alpha level. The
effect was stronger but less precise in women than in men.

The structural model (Model 2), which added age bin indicator variables and year, showed a similar (albeit
smaller) significant association between PTP requirement duration and firearm suicide mortality. The effect
increases over approximately the first 10 years and then begins to decrease or plateau. The coefficient on year
captures a slow decline in firearm suicide mortality that is similar between men and women. The importance
of running separate models for men and women is illustrated by the radically different age patterns of the
coefficients for men and women. Among men, the effect of age relative to the 15-19 age bin was uniformly
positive, decreasing slightly in magnitude until age bin 35-39 and then increasing rapidly through age bin
85+. Among women, the pattern was reversed; I observed a positive coefficient that increased in magnitude
until age bin 50-54 and then decreased until age bin 85+, at which point it became negative.

In the full model (Model 3), I observed similar effects in both men and women. Of the additional variables
(log-transformed population density, unemployment, share of the population a bachlor’s degree or higher, and
z-scores of income), population density and education were protective and significant in both men and women.
Unemployment was a significant risk factor for both men and women. Income was an insignificant risk factor
in men and significantly protective in women. I observed that the effects of time since PTP passage were
extremely similar to those I observed in the previous two models. In both men and women, the protective
effect of PTP increased for 10 years and decreased or plateaued after that. Figure 3 shows the relative risk
esimates associated with each time-since-passage. For men and women, the initial decreases in relative risk
bottom out at 0.708 (95% CI: 0.679-0.739) and 0.532 (95% CI: 0.469-0.605) after 11 and 12 years respectively.
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Figure 3: Estimated relative risk of firearm suicide death by years since PTP passage for men and women.
Point estimates are circles and 95% confidence intervals are line ranges.
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Secondary Analysis

Table 2 presents the results of running the full model from the main analysis with non-firearm suicide deaths
and all suicide deaths as the dependent variables. Contrary to the theory that restricting access to firearms
will increase suicide mortality by other means, I found that PTP requirements actully had a significant
protective effect that increased with the duration of the requirement. The effects were smaller than the
effects for the main analysis, but this result was still surprising. I plotted the full set of relative risks from
the regression on non-firearm suicide in Figure 4.

Table 2: Results of secondary analyses. Point estimates are coeffi-
cients from linear model. Standard errors are presented in paren-
theses. One, two, and three asterisks indicate significance at the
0.05, 0.01, and 0.001 levels respectively.

Variable Other suicide deaths All suicide deaths
Men Women Men Women

Intercept -10.16*** (0.051) -11.36*** (0.058) -8.50*** (0.026) -10.38***
(0.039)

Scaled year 0.37*** (0.011) 0.05** (0.016) 0.02* (0.007) -0.15*** (0.012)

Population
density

0.10*** (0.005) 0.11*** (0.006) -0.03*** (0.003) 0.04*** (0.005)

Unemployment 1.11*** (0.104) 1.82*** (0.157) 1.03*** (0.064) 1.66*** (0.123)
College education -1.01*** (0.077) 0.14 (0.104) -0.82*** (0.050) 0.00 (0.082)

Income -0.03*** (0.005) -0.04*** (0.007) -0.01** (0.003) -0.04*** (0.006)

Age 20 0.54*** (0.009) 0.19*** (0.017) 0.52*** (0.006) 0.25*** (0.013)
Age 30 0.65*** (0.009) 0.57*** (0.015) 0.49*** (0.006) 0.55*** (0.012)
Age 40 0.69*** (0.009) 0.91*** (0.015) 0.54*** (0.006) 0.84*** (0.012)
Age 50 0.58*** (0.009) 1.00*** (0.015) 0.59*** (0.006) 0.92*** (0.012)
Age 60 0.23*** (0.011) 0.68*** (0.016) 0.51*** (0.007) 0.65*** (0.013)
Age 70 0.14*** (0.013) 0.48*** (0.019) 0.74*** (0.007) 0.43*** (0.015)
Age 80 0.56*** (0.015) 0.55*** (0.021) 1.18*** (0.008) 0.39*** (0.017)

PTP year 1 -0.07** (0.025) -0.29*** (0.039) -0.09*** (0.016) -0.24*** (0.032)

PTP year 2 -0.16*** (0.024) -0.24*** (0.036) -0.16*** (0.016) -0.26*** (0.031)

PTP year 3 -0.18*** (0.023) -0.25*** (0.035) -0.19*** (0.016) -0.24*** (0.029)

PTP year 4 -0.17*** (0.023) -0.18*** (0.034) -0.19*** (0.015) -0.21*** (0.029)

PTP year 5 -0.20*** (0.023) -0.31*** (0.036) -0.21*** (0.016) -0.32*** (0.030)

PTP year 10 -0.17*** (0.022) -0.21*** (0.033) -0.22*** (0.015) -0.26*** (0.029)

PTP year 20 -0.26*** (0.026) -0.35*** (0.040) -0.21*** (0.018) -0.30*** (0.035)

PTP year 35 -0.28*** (0.018) -0.47*** (0.027) -0.22*** (0.012) -0.34*** (0.023)

Log-likelihood -502,733 -293,816 -1,009,135 -422,405

When I ran the models with all suicide mortality as the dependent variable, I found coefficients that were
similar to the coefficients from the main analysis. The results were more similar for men than women. Full
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Figure 4: Estimated relative risk of non-firearm suicide death by years since PTP passage for men and women.
Point estimates are circles and 95% confidence intervals are line ranges.
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results of these models are presented in Appendix Table 5.

Sensitivity Analyses

I did not observe substantial differences between the full Poisson model and the alternative negative binomial
and zero-inflated Poisson models. The point estimates of coefficients from the Poisson and negative binomial
models had Pearson correlation coefficients of 0.9997 and 0.9999 for men and women respectively, and the
standard errors had a Pearson correlation coefficients of 1.0000 and 1.0000 for men and women. Similarly
the point estimates of coefficients from the zero-inflated Poisson model had correlation coefficients of 1.0000
and 0.9999 for men and women respectively, and the standard errors had a correlation coefficients of 1.0000
and 1.0000 for men and women. All variables that were significant in the Poisson model were significant in
the other two models, suggesting that my estimates of the effects of PTP laws were robust to my choice of
likelihood. Scatterplots comparing these models are in Appendix Figures 6 through 9.

My results were also not sensitive to my choice of data structure. The effect on the binary parameterization
of the exposure variable was significant and in the same range as the effects on thech indicator variables in
the main analysis. This was unsurprising given that all of the time-since-passage variables were significant.
Detailed results of these sensitivity analyses are presented in the Appendix Tables 6 and 7.

When I allowed each state to have its own random slope on the scaled year variable, the effect of PTP on
firearm suicide shrank slightly but remained significant overall, and the effect of PTP on suicide by all other
means was greatly reduced. Figure 5 shows the estimated of relative risk estimates associated with each
policy-year variable for both firearm and non-firearm suicide. The full results of this model are presented in
Appendix Table 8.

Firearm suicide Non−firearm suicide
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Figure 5: Estimated relative risk of firearm and non-firearm suicide death by years since PTP passage for
men and women from model with state-specific slopes on year. Point estimates are circles and 95% confidence
intervals are line ranges.
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Discussion

I sought to estimate the effect of state permit-to-purchase requirements on county-level firearm suicide
mortality. I constructed a dataset that identified the year of every passage or repeal of a state PTP
requirement and used it to generate an indicator variable of time-since-passage. These indicator variables
enabled us to estimate the effect of PTP requirements more flexibly and robustly than any previous study
in the field. I used a Poisson regression with state and county random effects to model suicide mortality
while controlling for several frequently used covariates. I found that, among both men and women, PTP
requirements were significantly associated with lower firearm suicide mortality. The assocaition increased for
approximately ten years after the requirement was introduced before flattening or beginning to decrease. The
resulting curve closely matched my prior expectations about the dynamics of PTP as a suicide prevention
tool despite the extreme flexibility of the method.

As a secondary analysis, I tested the theory that restricting access to firearms is an ineffective suicide
prevention tool because of substitution towards other methods. I found no evidence to support this theory.
In fact, increased PTP requirement duration was significantly associated with decreased non-firearm suicide
mortality and decreased overal suicide mortality.

Previous studies have analyzed the effects of gun control on firearm mortality rates using a variety of methods
and exposure paramterizations. Excluding the two synthetic control studies described above, every study
reviewed in this paper has constructed its exposure variables in one of two ways: with composite legislative
strength scores or with a binary variable indicating presence or absence of a particular policy. Both strategies
have their analytical strengths, but neither lines up particularly well with the theoretical underpinnings of
gun control as a suicide prevention measure.

Without prior information on the relative effectiveness of different laws, the legislative strength scores are
fundamentally arbitrary and lack the direct policy relevance of specific laws. The scores do create useful
variation between states, but their use limits a study’s interpretability.

Binary exposure variables assign state-years to groups of “yes” or “no”. This approach is appealing if the
outcome data have no structure with respect to time, but without a remarkably diverse set of states in each
group, my ability to filter out cultural “noise” is hugely limited. If we want to make causal claims about
the the relationship between a particular grouping of states and firearm mortality, we need to be certain
that that group of states has nothing else in common that is not already included in the regression. This is
almost certainly never true. Additionally, regardless of whether or not the binary variable is “lagged” by
some number of years, this strategy assumes that the effect of PTP requirements is constant over policy-time.

By calculating the time since a policy was passed and identifying each of those durations with an indicator
variable, I have generated more variation between states and removed all assumptions about the relationship
between time since a policy was passed and its effects. For these reasons, I believe that my method is an
improvement on previously used methodologies. It does require knowledge of when exactly a given policy was
implemented, but that information is far from unobtainable, as my study has shown.

My main results exhibited a pattern that was remarkably consistent with my theoretical expectations and
that indicates a strong and significant association with my outcome data. I observed an increase in the
effectiveness of PTP requirements at preventing firearm suicides over approximately the first ten years and
a subsequent levelling off. However, my interpretation of these ostensibly clean results is complicated by
the similarity of the results of the secondary analysis. I observed a pattern of protective effects against
non-firearm suicide that is undeniably similar to the one I observed in the main analysis. The theoretical link
between restricting firearm access and preventing non-firearm suicide is tenuous at best. It seems more likely
that there is some source of unaccounted-for confounding I have failed to consider. It could be that bills that
mandate PTP are frequently passed alongside bills that reinforce other suicide prevention measures, but I did
not investigate any other policies, so I could not test this theory.

The sensitivity analyses with state-specific slopes on year clarified this surprising result to some extent.
They tested for state-specific secular trends that may or may not have been similar among states with PTP
requirements. The theoretically sound pattern from the main results was observed in the results of this
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analysis, and the associations seen in the secondary analysis were diminished to the point of inconsistent
significance. Although this was a relatively uninformative way of eliminating whatever confounded the main
and secondary analyses, it seems to suggest that the protective effect of PTP requirements against non-firearm
suicide mortality was just the result of confounding and that the effect of PTP requirements on firearm
suicide mortality exists even after accounting for it.

Regardless of why I observed a protective effect in an analysis in which expected to observe an exacerbatory
or null effect, I believe that my results are robust. After controlling for age, year, income, unemployment,
education, and population density and after including state and county random effects, I still observed
highly significant protective effects of PTP requirements on suicide mortality. Whether or not this result
is completely attributable to the PTP requirement, my exposure is, at the very least, reliably identifying
state-years with systematically lower suicide mortality. Furthermore, given that the effect of PTP on firearm
suicide mortality is greater than non-firearm suicide, my results are compatible with the theory that PTP
truly is effective.

This study has several important limitations beyond the difficulty of drawing causal inferences. First, I did
not account for the considerable variation between states in the restrictiveness of their PTP requirements. As
previously discussed, Michigan has much stricter licensing procedures than Illinois. This variation could be
important in explaining the observed differences.

Additionally, I was unable to control for county- and municipality-level gun control legislation. If state-level
laws affect suicide mortality, these more local laws must also have an effect. It was well beyond the scope
of this study to assess all firearm legislation at all levels of government in the US. However, given that the
majority of legislation is still done at the state level and that several states have passed preemption laws, I
do not believe that this invalidates my main results.

Finally, my analysis is only estimating the impact of PTP requirements indirectly. As we can see in the
conceptual model, the effectiveness of PTP has two component parts. First, do PTP requirements actually
reduce handgun purchases? And second, does reducing handgun purchases prevent firearm suicide? Data on
handgun ownership are few and far between, so investigating these questions separately would have been
nearly impossible. Regardless, I believe that by combining these questions and estimating the net effect of
the requirement I have asked a more policy-relevant question. When members of a state legislature consider
whether or not pass a PTP requirement, the question at hand is not whether it will directly affect firearm
purchases but whether it will eventually succeed at saving lives. Therefore, it is more sensible to perform an
intent-to-treat type analysis as I have done than to directly estimate the effect of PTP at each stage of the
causal pathway.

Despite the limitations we have identified, I believe that my study lends support to the theory that PTP
requirement could be an effective suicide prevention tools. The results of my secondary analysis complicated
the interpretation of my main analysis, but I believe that the relative magnitudes of these results indicate
that firearm suicides are more effectively protected by increased PTP requirement duration than non-firearm
suicides. This effect could be clarified by including other policy variables in the analysis, but I was unable to
find any such variables.

The body of public health literature examining gun violence in the US is growing rapidly, but many of
these new studies rely on fundamentally flawed methodologies. Advocates on both sides of the gun control
debate pounce on every newly published study to try to promote their own interests, so this field demands a
particularly high degree of analytical rigor. Although the primary tool of gun violence prevention is legislation,
I was not able to identify any existing sources that catalog historical firearm laws. Such an enormous data
gap cripples most researchers’ ability to produce high-quality research. I lacked the resources to compile a
comprehensive database of gun control laws over time, but my analysis demonstrates that it can and should
be a priority for researchers in the field.
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Appendix

Table 3: History of laws related to PTP requirements in the 50
US states with statutory sections and bills related to passage and
repeal

State PTP Statute PTP Bill
Year

Passed
Repeal

Bill
Year

Repealed
Variable

Alabama - - - - - Variable

Alaska - - - - - Variable

Arizona - - - - - Variable

Arkansas - - - - - Variable

California Cal Pen Code §
26500, Cal Pen
Code § 12070

Stats 2010 ch 711 §
6 (SB 1080),

1994 - - Variable

Colorado - - - - - Variable

Connecticut Conn. Gen. Stat. §
29-36f

July Sp. Sess. P.A.
94-1, S. 7.

1994 - - Variable

Delaware - - - - - Variable

Florida - - - - - Variable

Georgia - - - - - Variable

Hawaii HRS § 134-2 L 1988, c 275, pt of
§ 2

1988 - - Variable

Idaho - - - - - Variable

Illinois 430 ILCS 65/2 Laws 1967, p. 2600 1967 - - Variable

Indiana - - - - - Variable

Iowa Iowa Code § 724.15 C79, 81, § 724.15 1979 - - Variable

Kansas - - - - - Variable

Kentucky - - - - - Variable

Louisiana - - - - - Variable

Maine - - - - - Variable

Maryland Md. PUBLIC
SAFETY Code Ann.

§ 5-117.1

2013 Md. ALS 427 2013 - - Variable

MassachusettsALM GL ch. 140, §
131

- 1906 - - Variable
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State PTP Statute PTP Bill
Year

Passed
Repeal

Bill
Year

Repealed
Variable

Michigan MCLS § 28.422 Pub Acts 1927, No.
372, § 2

1927 - - Variable

Minnesota Minn. Stat. §
624.7131

1977 c 349 s 4 1977 - - Variable

Mississippi - - - - - Variable

Missouri § 571.080 R.S.Mo. L. 1981 H.B. 296
subsecs. 1, 2, 3

1981 2007 Mo.
SB 62

2007 Variable

Montana - - - - - Variable

Nebraska R.R.S. Neb. §
69-2403

Laws 1991, LB 355,
§ 2

1991 - - Variable

Nevada - - - - - Variable

New
Hamp-
shire

- - - - - Variable

New
Jersey

N.J. Stat. § 2C:58-3 L. 1978, c. 95 1978 - - Variable

New
Mexico

- - - - - Variable

New York NY CLS Penal §
400.00

L 1965, ch 1030, § 1,
eff Sept 1, 1967

1967 - - Variable

North
Carolina

N.C. Gen. Stat. §
14-402

1919, c. 197 1919 - - Variable

North
Dakota

- - - - - Variable

Ohio - - - - - Variable

Oklahoma - - - - - Variable

Oregon - - - - - Variable

Pennsylvania - - - - - Variable

Rhode
Island

R.I. Gen. Laws §
11-47-35

G.L. 1956 (1981
Reenactment) §

11-47-35

1956 - - Variable

South
Carolina

- - - - - Variable

South
Dakota

- - - - - Variable

Tennessee - - - - - Variable

Texas - - - - - Variable

Utah - - - - - Variable

Vermont - - - - - Variable
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State PTP Statute PTP Bill
Year

Passed
Repeal

Bill
Year

Repealed
Variable

Virginia - - - - - Variable

Washington - - - - - Variable

West
Virginia

- - - - - Variable

Wisconsin - - - - - Variable

Wyoming - - - - - Variable
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Table 4: Full results of Poisson regressions with firearm suicide
as dependent variable. Point estimates are coefficients from linear
model. Standard errors are presented in parentheses. One, two,
and three asterisks indicate significance at the 0.05, 0.01, and 0.001
levels respectively.

Variable Baseline Structural Full
Men Women Men Women Men Women

Intercept -8.48***
(0.043)

-10.51***
(0.067)

-8.97***
(0.048)

-10.87***
(0.073)

-8.64***
(0.035)

-10.65***
(0.067)

Scaled year - - -0.29***
(0.005)

-0.49***
(0.013)

-0.15***
(0.008)

-0.37***
(0.017)

Population
density

- - - - -0.08***
(0.004)

-0.05***
(0.006)

Unemployment - - - - 0.80***
(0.081)

1.03***
(0.195)

College
education

- - - - -1.10***
(0.061)

-0.83***
(0.118)

Income - - - - 0.01 (0.004) -0.02*
(0.009)

Age 20 - - 0.51***
(0.007)

0.33***
(0.020)

0.51***
(0.007)

0.33***
(0.020)

Age 25 - - 0.45***
(0.007)

0.47***
(0.019)

0.45***
(0.007)

0.47***
(0.019)

Age 30 - - 0.37***
(0.008)

0.52***
(0.019)

0.37***
(0.008)

0.52***
(0.019)

Age 35 - - 0.37***
(0.008)

0.61***
(0.019)

0.37***
(0.008)

0.62***
(0.019)

Age 40 - - 0.42***
(0.008)

0.71***
(0.019)

0.42***
(0.008)

0.72***
(0.019)

Age 45 - - 0.50***
(0.008)

0.80***
(0.019)

0.50***
(0.008)

0.80***
(0.019)

Age 50 - - 0.59***
(0.008)

0.80***
(0.019)

0.59***
(0.008)

0.80***
(0.019)

Age 55 - - 0.65***
(0.008)

0.74***
(0.020)

0.65***
(0.008)

0.74***
(0.020)

Age 60 - - 0.66***
(0.008)

0.60***
(0.021)

0.66***
(0.008)

0.60***
(0.021)

Age 65 - - 0.77***
(0.008)

0.49***
(0.022)

0.77***
(0.008)

0.49***
(0.022)

Age 70 - - 1.01***
(0.008)

0.35***
(0.024)

1.01***
(0.008)

0.35***
(0.024)

Age 75 - - 1.26***
(0.008)

0.24***
(0.026)

1.26***
(0.008)

0.24***
(0.026)

Age 80 - - 1.47***
(0.009)

0.08* (0.031) 1.46***
(0.009)

0.08*
(0.031)

Age 85 - - 1.56***
(0.010)

-0.34***
(0.038)

1.56***
(0.010)

-0.35***
(0.038)

PTP year 1 -0.15***
(0.022)

-0.23***
(0.055)

-0.13***
(0.022)

-0.19***
(0.055)

-0.13***
(0.022)

-0.20***
(0.055)

PTP year 2 -0.21***
(0.021)

-0.42***
(0.058)

-0.18***
(0.021)

-0.36***
(0.058)

-0.17***
(0.021)

-0.36***
(0.058)

PTP year 3 -0.26***
(0.021)

-0.33***
(0.053)

-0.22***
(0.021)

-0.26***
(0.053)

-0.21***
(0.021)

-0.26***
(0.053)
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Variable Baseline Structural Full
PTP year 4 -0.27***

(0.021)
-0.42***
(0.055)

-0.23***
(0.021)

-0.34***
(0.055)

-0.22***
(0.021)

-0.33***
(0.055)

PTP year 5 -0.31***
(0.021)

-0.54***
(0.058)

-0.26***
(0.021)

-0.45***
(0.058)

-0.25***
(0.021)

-0.43***
(0.058)

PTP year 6 -0.31***
(0.021)

-0.51***
(0.057)

-0.25***
(0.021)

-0.40***
(0.057)

-0.24***
(0.021)

-0.38***
(0.057)

PTP year 7 -0.35***
(0.021)

-0.60***
(0.059)

-0.28***
(0.021)

-0.48***
(0.059)

-0.27***
(0.021)

-0.46***
(0.059)

PTP year 8 -0.37***
(0.021)

-0.66***
(0.060)

-0.30***
(0.021)

-0.52***
(0.060)

-0.29***
(0.021)

-0.50***
(0.060)

PTP year 9 -0.32***
(0.021)

-0.61***
(0.058)

-0.24***
(0.021)

-0.46***
(0.059)

-0.23***
(0.021)

-0.45***
(0.059)

PTP year 10 -0.42***
(0.021)

-0.71***
(0.061)

-0.33***
(0.022)

-0.55***
(0.061)

-0.32***
(0.022)

-0.53***
(0.061)

PTP year 11 -0.46***
(0.022)

-0.79***
(0.063)

-0.36***
(0.022)

-0.61***
(0.063)

-0.34***
(0.022)

-0.59***
(0.063)

PTP year 12 -0.45***
(0.021)

-0.86***
(0.065)

-0.34***
(0.022)

-0.66***
(0.065)

-0.32***
(0.022)

-0.63***
(0.065)

PTP year 13 -0.43***
(0.019)

-0.70***
(0.053)

-0.32***
(0.019)

-0.50***
(0.053)

-0.31***
(0.019)

-0.48***
(0.053)

PTP year 14 -0.44***
(0.019)

-0.65***
(0.051)

-0.32***
(0.019)

-0.44***
(0.052)

-0.32***
(0.019)

-0.42***
(0.052)

PTP year 15 -0.42***
(0.018)

-0.74***
(0.053)

-0.30***
(0.019)

-0.51***
(0.054)

-0.30***
(0.019)

-0.52***
(0.054)

PTP year 16 -0.45***
(0.019)

-0.72***
(0.053)

-0.32***
(0.019)

-0.48***
(0.053)

-0.33***
(0.019)

-0.49***
(0.053)

PTP year 17 -0.45***
(0.019)

-0.72***
(0.052)

-0.31***
(0.019)

-0.47***
(0.053)

-0.32***
(0.019)

-0.48***
(0.053)

PTP year 18 -0.44***
(0.018)

-0.73***
(0.052)

-0.30***
(0.019)

-0.46***
(0.053)

-0.30***
(0.019)

-0.46***
(0.053)

PTP year 19 -0.44***
(0.018)

-0.69***
(0.051)

-0.29***
(0.019)

-0.41***
(0.052)

-0.29***
(0.019)

-0.40***
(0.052)

PTP year 20 -0.40***
(0.024)

-0.65***
(0.072)

-0.25***
(0.025)

-0.40***
(0.072)

-0.24***
(0.025)

-0.37***
(0.072)

PTP year 21 -0.39***
(0.024)

-0.65***
(0.072)

-0.23***
(0.024)

-0.38***
(0.072)

-0.22***
(0.024)

-0.36***
(0.072)

PTP year 22 -0.42***
(0.024)

-0.65***
(0.072)

-0.26***
(0.025)

-0.37***
(0.072)

-0.24***
(0.025)

-0.34***
(0.072)

PTP year 23 -0.43***
(0.025)

-0.62***
(0.072)

-0.26***
(0.025)

-0.33***
(0.073)

-0.25***
(0.025)

-0.31***
(0.073)

PTP year 24 -0.40***
(0.024)

-0.72***
(0.074)

-0.23***
(0.025)

-0.42***
(0.075)

-0.22***
(0.025)

-0.40***
(0.075)

PTP year 25 -0.42***
(0.024)

-0.75***
(0.075)

-0.24***
(0.025)

-0.43***
(0.076)

-0.23***
(0.025)

-0.42***
(0.076)

PTP year 26 -0.41***
(0.025)

-0.58***
(0.070)

-0.22***
(0.025)

-0.25***
(0.071)

-0.21***
(0.025)

-0.23**
(0.071)

PTP year 27 -0.50***
(0.028)

-0.63***
(0.081)

-0.30***
(0.029)

-0.27***
(0.082)

-0.28***
(0.029)

-0.24**
(0.082)

PTP year 28 -0.50***
(0.028)

-0.88***
(0.090)

-0.29***
(0.028)

-0.51***
(0.091)

-0.26***
(0.029)

-0.47***
(0.091)

PTP year 29 -0.54***
(0.029)

-0.82***
(0.087)

-0.32***
(0.029)

-0.43***
(0.088)

-0.30***
(0.029)

-0.39***
(0.088)
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Variable Baseline Structural Full
PTP year 30 -0.57***

(0.029)
-1.03***
(0.096)

-0.35***
(0.029)

-0.63***
(0.096)

-0.32***
(0.029)

-0.59***
(0.096)

PTP year 31 -0.50***
(0.028)

-0.86***
(0.088)

-0.26***
(0.028)

-0.44***
(0.089)

-0.24***
(0.028)

-0.41***
(0.089)

PTP year 32 -0.55***
(0.028)

-0.84***
(0.087)

-0.32***
(0.029)

-0.41***
(0.088)

-0.30***
(0.029)

-0.37***
(0.088)

PTP year 33 -0.59***
(0.029)

-0.87***
(0.088)

-0.34***
(0.029)

-0.43***
(0.089)

-0.32***
(0.029)

-0.39***
(0.089)

PTP year 34 -0.50***
(0.028)

-0.94***
(0.091)

-0.25***
(0.028)

-0.48***
(0.092)

-0.22***
(0.028)

-0.45***
(0.092)

PTP year 35 -0.66***
(0.015)

-1.13***
(0.046)

-0.37***
(0.017)

-0.59***
(0.049)

-0.35***
(0.017)

-0.56***
(0.049)

Log-
likelihood

-853,256 -237,297 -823,432 -234,225 -822,643 -234,015
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Table 5: Full results of Poisson regressions with non-firearm suicide
and overall suicide as dependent variable. Point estimates are
coefficients from linear model. Standard errors are presented in
parentheses. One, two, and three asterisks indicate significance at
the 0.05, 0.01, and 0.001 levels respectively.

Variable Other suicide deaths All suicide deaths
Men Women Men Women

Intercept -10.16*** (0.051) -11.36*** (0.058) -8.50*** (0.026) -10.38***
(0.039)

Scaled year 0.37*** (0.011) 0.05** (0.016) 0.02* (0.007) -0.15*** (0.012)

Population
density

0.10*** (0.005) 0.11*** (0.006) -0.03*** (0.003) 0.04*** (0.005)

Unemployment 1.11*** (0.104) 1.82*** (0.157) 1.03*** (0.064) 1.66*** (0.123)
College education -1.01*** (0.077) 0.14 (0.104) -0.82*** (0.050) 0.00 (0.082)

Income -0.03*** (0.005) -0.04*** (0.007) -0.01** (0.003) -0.04*** (0.006)

Age 20 0.54*** (0.009) 0.19*** (0.017) 0.52*** (0.006) 0.25*** (0.013)
Age 25 0.62*** (0.009) 0.39*** (0.016) 0.52*** (0.006) 0.42*** (0.012)
Age 30 0.65*** (0.009) 0.57*** (0.015) 0.49*** (0.006) 0.55*** (0.012)
Age 35 0.69*** (0.009) 0.74*** (0.015) 0.51*** (0.006) 0.69*** (0.012)
Age 40 0.69*** (0.009) 0.91*** (0.015) 0.54*** (0.006) 0.84*** (0.012)
Age 45 0.67*** (0.009) 0.99*** (0.015) 0.57*** (0.006) 0.92*** (0.012)
Age 50 0.58*** (0.009) 1.00*** (0.015) 0.59*** (0.006) 0.92*** (0.012)
Age 55 0.47*** (0.010) 0.89*** (0.015) 0.58*** (0.006) 0.83*** (0.012)
Age 60 0.23*** (0.011) 0.68*** (0.016) 0.51*** (0.007) 0.65*** (0.013)
Age 65 0.09*** (0.012) 0.52*** (0.018) 0.55*** (0.007) 0.51*** (0.014)
Age 70 0.14*** (0.013) 0.48*** (0.019) 0.74*** (0.007) 0.43*** (0.015)
Age 75 0.31*** (0.014) 0.51*** (0.020) 0.98*** (0.007) 0.41*** (0.016)
Age 80 0.56*** (0.015) 0.55*** (0.021) 1.18*** (0.008) 0.39*** (0.017)
Age 85 0.91*** (0.015) 0.54*** (0.022) 1.34*** (0.008) 0.28*** (0.019)

PTP year 1 -0.07** (0.025) -0.29*** (0.039) -0.09*** (0.016) -0.24*** (0.032)

PTP year 2 -0.16*** (0.024) -0.24*** (0.036) -0.16*** (0.016) -0.26*** (0.031)

PTP year 3 -0.18*** (0.023) -0.25*** (0.035) -0.19*** (0.016) -0.24*** (0.029)

PTP year 4 -0.17*** (0.023) -0.18*** (0.034) -0.19*** (0.015) -0.21*** (0.029)

PTP year 5 -0.20*** (0.023) -0.31*** (0.036) -0.21*** (0.016) -0.32*** (0.030)

PTP year 6 -0.25*** (0.024) -0.33*** (0.036) -0.22*** (0.016) -0.32*** (0.030)

PTP year 7 -0.27*** (0.024) -0.49*** (0.038) -0.25*** (0.016) -0.46*** (0.032)

PTP year 8 -0.20*** (0.023) -0.31*** (0.035) -0.23*** (0.016) -0.33*** (0.030)

PTP year 9 -0.17*** (0.022) -0.29*** (0.034) -0.18*** (0.015) -0.30*** (0.029)

PTP year 10 -0.17*** (0.022) -0.21*** (0.033) -0.22*** (0.015) -0.26*** (0.029)

PTP year 11 -0.21*** (0.023) -0.33*** (0.035) -0.25*** (0.016) -0.36*** (0.030)
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Variable Other suicide deaths All suicide deaths
PTP year 12 -0.16*** (0.022) -0.27*** (0.034) -0.22*** (0.015) -0.32*** (0.030)

PTP year 13 -0.11*** (0.019) -0.16*** (0.028) -0.18*** (0.013) -0.19*** (0.025)

PTP year 14 -0.11*** (0.019) -0.19*** (0.028) -0.19*** (0.013) -0.20*** (0.025)

PTP year 15 -0.18*** (0.019) -0.25*** (0.028) -0.21*** (0.013) -0.27*** (0.025)

PTP year 16 -0.14*** (0.019) -0.29*** (0.029) -0.20*** (0.013) -0.29*** (0.025)

PTP year 17 -0.16*** (0.019) -0.22*** (0.028) -0.20*** (0.013) -0.22*** (0.024)

PTP year 18 -0.18*** (0.019) -0.31*** (0.029) -0.21*** (0.013) -0.29*** (0.025)

PTP year 19 -0.16*** (0.019) -0.25*** (0.028) -0.19*** (0.013) -0.23*** (0.025)

PTP year 20 -0.26*** (0.026) -0.35*** (0.040) -0.21*** (0.018) -0.30*** (0.035)

PTP year 21 -0.27*** (0.026) -0.39*** (0.041) -0.21*** (0.018) -0.33*** (0.035)

PTP year 22 -0.17*** (0.025) -0.31*** (0.039) -0.17*** (0.018) -0.26*** (0.034)

PTP year 23 -0.20*** (0.026) -0.26*** (0.039) -0.18*** (0.018) -0.21*** (0.034)

PTP year 24 -0.17*** (0.025) -0.33*** (0.039) -0.15*** (0.018) -0.28*** (0.035)

PTP year 25 -0.19*** (0.025) -0.35*** (0.039) -0.16*** (0.018) -0.29*** (0.035)

PTP year 26 -0.26*** (0.026) -0.46*** (0.042) -0.19*** (0.018) -0.33*** (0.036)

PTP year 27 -0.25*** (0.027) -0.47*** (0.045) -0.21*** (0.020) -0.34*** (0.039)

PTP year 28 -0.26*** (0.028) -0.46*** (0.044) -0.20*** (0.020) -0.37*** (0.040)

PTP year 29 -0.26*** (0.028) -0.44*** (0.044) -0.22*** (0.020) -0.34*** (0.039)

PTP year 30 -0.29*** (0.028) -0.49*** (0.045) -0.24*** (0.020) -0.41*** (0.040)

PTP year 31 -0.29*** (0.028) -0.58*** (0.046) -0.20*** (0.020) -0.44*** (0.041)

PTP year 32 -0.31*** (0.028) -0.48*** (0.044) -0.24*** (0.020) -0.36*** (0.039)

PTP year 33 -0.35*** (0.028) -0.54*** (0.045) -0.27*** (0.020) -0.41*** (0.040)

PTP year 34 -0.26*** (0.027) -0.44*** (0.043) -0.17*** (0.019) -0.33*** (0.039)

PTP year 35 -0.28*** (0.018) -0.47*** (0.027) -0.22*** (0.012) -0.34*** (0.023)

Log-likelihood -502,733 -293,816 -1,009,135 -422,405
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Table 6: Full results of negative binomial and zero-inflated Poisson
regressions with non-firearm suicide and overall suicide as depen-
dent variable. Point estimates are coefficients from linear model.
Standard errors are presented in parentheses. One, two, and three
asterisks indicate significance at the 0.05, 0.01, and 0.001 levels
respectively.

Variable Negative binomial Zero-inflated Poisson
Men Women Men Women

Intercept -8.66*** (0.035) -10.66*** (0.067) -8.62*** (0.034) -10.58***
(0.067)

Scaled year -0.12*** (0.008) -0.35*** (0.018) -0.15*** (0.008) -0.37*** (0.018)

Population
density

-0.08*** (0.004) -0.05*** (0.007) -0.08*** (0.004) -0.05*** (0.006)

Unemployment 0.77*** (0.085) 1.02*** (0.200) 0.79*** (0.081) 1.01*** (0.197)
College education -1.13*** (0.063) -0.86*** (0.119) -1.10*** (0.062) -0.84*** (0.119)

Income 0.01 (0.004) -0.02* (0.009) 0.01 (0.004) -0.02* (0.009)
Age 20 0.51*** (0.008) 0.33*** (0.020) 0.51*** (0.007) 0.33*** (0.020)
Age 25 0.45*** (0.008) 0.47*** (0.020) 0.45*** (0.008) 0.47*** (0.019)
Age 30 0.37*** (0.008) 0.53*** (0.020) 0.37*** (0.008) 0.52*** (0.019)
Age 35 0.38*** (0.008) 0.62*** (0.019) 0.37*** (0.008) 0.61*** (0.019)
Age 40 0.42*** (0.008) 0.72*** (0.019) 0.42*** (0.008) 0.72*** (0.019)
Age 45 0.50*** (0.008) 0.80*** (0.019) 0.50*** (0.008) 0.80*** (0.019)
Age 50 0.58*** (0.008) 0.80*** (0.020) 0.59*** (0.008) 0.80*** (0.019)
Age 55 0.64*** (0.008) 0.73*** (0.020) 0.65*** (0.008) 0.73*** (0.020)
Age 60 0.65*** (0.009) 0.60*** (0.021) 0.65*** (0.008) 0.60*** (0.021)
Age 65 0.76*** (0.009) 0.49*** (0.022) 0.77*** (0.008) 0.49*** (0.022)
Age 70 1.00*** (0.009) 0.35*** (0.024) 1.00*** (0.008) 0.35*** (0.024)
Age 75 1.25*** (0.009) 0.24*** (0.027) 1.26*** (0.008) 0.24*** (0.026)
Age 80 1.46*** (0.009) 0.08* (0.032) 1.46*** (0.009) 0.08* (0.031)
Age 85 1.55*** (0.010) -0.35*** (0.039) 1.56*** (0.010) -0.35*** (0.039)

PTP year 1 -0.14*** (0.024) -0.19** (0.059) -0.13*** (0.022) -0.19*** (0.056)

PTP year 2 -0.17*** (0.024) -0.36*** (0.061) -0.18*** (0.021) -0.36*** (0.059)

PTP year 3 -0.21*** (0.023) -0.25*** (0.057) -0.22*** (0.021) -0.26*** (0.054)

PTP year 4 -0.22*** (0.023) -0.33*** (0.059) -0.22*** (0.021) -0.32*** (0.056)

PTP year 5 -0.24*** (0.023) -0.42*** (0.061) -0.25*** (0.021) -0.42*** (0.059)

PTP year 6 -0.21*** (0.023) -0.37*** (0.060) -0.24*** (0.021) -0.38*** (0.058)

PTP year 7 -0.24*** (0.023) -0.45*** (0.062) -0.27*** (0.021) -0.46*** (0.060)

PTP year 8 -0.26*** (0.023) -0.49*** (0.063) -0.29*** (0.021) -0.51*** (0.061)

PTP year 9 -0.21*** (0.023) -0.41*** (0.062) -0.23*** (0.021) -0.41*** (0.060)

PTP year 10 -0.28*** (0.024) -0.51*** (0.064) -0.32*** (0.022) -0.53*** (0.062)
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Variable Negative binomial Zero-inflated Poisson
PTP year 11 -0.31*** (0.024) -0.57*** (0.066) -0.34*** (0.022) -0.56*** (0.065)

PTP year 12 -0.28*** (0.024) -0.61*** (0.068) -0.33*** (0.022) -0.61*** (0.066)

PTP year 13 -0.28*** (0.021) -0.45*** (0.056) -0.30*** (0.019) -0.47*** (0.054)

PTP year 14 -0.30*** (0.021) -0.40*** (0.055) -0.31*** (0.019) -0.41*** (0.053)

PTP year 15 -0.27*** (0.021) -0.51*** (0.057) -0.30*** (0.019) -0.51*** (0.055)

PTP year 16 -0.30*** (0.021) -0.47*** (0.056) -0.33*** (0.019) -0.48*** (0.054)

PTP year 17 -0.29*** (0.021) -0.45*** (0.056) -0.31*** (0.019) -0.47*** (0.054)

PTP year 18 -0.27*** (0.021) -0.44*** (0.056) -0.30*** (0.019) -0.45*** (0.054)

PTP year 19 -0.26*** (0.021) -0.38*** (0.055) -0.29*** (0.019) -0.38*** (0.053)

PTP year 20 -0.23*** (0.026) -0.36*** (0.074) -0.24*** (0.025) -0.37*** (0.073)

PTP year 21 -0.21*** (0.026) -0.35*** (0.074) -0.22*** (0.025) -0.35*** (0.073)

PTP year 22 -0.23*** (0.026) -0.33*** (0.074) -0.24*** (0.025) -0.34*** (0.073)

PTP year 23 -0.23*** (0.027) -0.30*** (0.074) -0.25*** (0.025) -0.30*** (0.073)

PTP year 24 -0.20*** (0.026) -0.39*** (0.077) -0.22*** (0.025) -0.39*** (0.075)

PTP year 25 -0.21*** (0.026) -0.41*** (0.077) -0.23*** (0.025) -0.41*** (0.076)

PTP year 26 -0.20*** (0.026) -0.22** (0.073) -0.21*** (0.025) -0.23** (0.071)
PTP year 27 -0.27*** (0.030) -0.23** (0.084) -0.28*** (0.029) -0.23** (0.082)
PTP year 28 -0.26*** (0.030) -0.46*** (0.093) -0.26*** (0.029) -0.46*** (0.091)

PTP year 29 -0.29*** (0.030) -0.39*** (0.090) -0.30*** (0.029) -0.38*** (0.089)

PTP year 30 -0.31*** (0.031) -0.58*** (0.098) -0.32*** (0.029) -0.58*** (0.097)

PTP year 31 -0.23*** (0.030) -0.40*** (0.091) -0.25*** (0.029) -0.40*** (0.090)

PTP year 32 -0.29*** (0.030) -0.37*** (0.090) -0.30*** (0.029) -0.37*** (0.089)

PTP year 33 -0.30*** (0.031) -0.38*** (0.091) -0.32*** (0.030) -0.38*** (0.090)

PTP year 34 -0.20*** (0.030) -0.44*** (0.094) -0.22*** (0.028) -0.43*** (0.093)

PTP year 35 -0.33*** (0.018) -0.55*** (0.050) -0.35*** (0.017) -0.55*** (0.049)

Log-likelihood -821,700 -233,824 -822,494 -233,916
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Table 7: Full results of Poisson regressions with firearm suicide as
the dependent variable and a binary PTP variable as the exposure.
Point estimates are coefficients from linear model. Standard errors
are presented in parentheses. One, two, and three asterisks indicate
significance at the 0.05, 0.01, and 0.001 levels respectively.

Variable Binary PTP model
Men Women

Intercept -8.64*** (0.035) -10.65*** (0.067)
Scaled year -0.15*** (0.008) -0.38*** (0.017)

Population density -0.08*** (0.004) -0.05*** (0.006)
Unemployment 0.74*** (0.080) 1.01*** (0.192)

College education -1.13*** (0.061) -0.86*** (0.118)
Income 0.01 (0.004) -0.02* (0.009)
Age 20 0.51*** (0.007) 0.34*** (0.020)
Age 25 0.45*** (0.007) 0.47*** (0.019)
Age 30 0.37*** (0.008) 0.52*** (0.019)
Age 35 0.38*** (0.008) 0.62*** (0.019)
Age 40 0.42*** (0.008) 0.72*** (0.019)
Age 45 0.51*** (0.008) 0.80*** (0.019)
Age 50 0.59*** (0.008) 0.80*** (0.019)
Age 55 0.65*** (0.008) 0.74*** (0.020)
Age 60 0.66*** (0.008) 0.60*** (0.021)
Age 65 0.77*** (0.008) 0.49*** (0.022)
Age 70 1.01*** (0.008) 0.35*** (0.024)
Age 75 1.26*** (0.008) 0.24*** (0.026)
Age 80 1.46*** (0.009) 0.08* (0.031)
Age 85 1.56*** (0.010) -0.35*** (0.038)

PTP binary -0.27*** (0.008) -0.42*** (0.020)
Log-likelihood -822,758 -234,068
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Table 8: Full results of Poisson regressions with firearm suicide
and non-firearm suicidie as dependent variables and random state-
specific slopes on year. Point estimates are coefficients from linear
model. Standard errors are presented in parentheses. One, two,
and three asterisks indicate significance at the 0.05, 0.01, and 0.001
levels respectively.

Variable
State-year slope

(firearm suicide)
State-year slope

(non-firearm suicide)
Men Women Men Women

Intercept -8.75*** (0.041) -10.80***
(0.077)

-10.26*** (0.056) -11.50***
(0.060)

Scaled year -0.08* (0.029) -0.25***
(0.047)

0.41*** (0.033) 0.12* (0.048)

Population
density

-0.07*** (0.004) -0.04***
(0.007)

0.09*** (0.005) 0.10***
(0.006)

Unemployment 1.38*** (0.085) 1.67*** (0.204) 1.36*** (0.109) 2.05***
(0.164)

College
education

-1.29*** (0.064) -1.07***
(0.121)

-0.85*** (0.080) 0.37***
(0.105)

Income 0.03*** (0.005) -0.00 (0.009) -0.02*** (0.005) -0.04***
(0.008)

Age 20 0.51*** (0.007) 0.33*** (0.020) 0.54*** (0.009) 0.19***
(0.017)

Age 25 0.45*** (0.007) 0.47*** (0.019) 0.62*** (0.009) 0.39***
(0.016)

Age 30 0.37*** (0.008) 0.52*** (0.019) 0.65*** (0.009) 0.57***
(0.015)

Age 35 0.37*** (0.008) 0.62*** (0.019) 0.69*** (0.009) 0.74***
(0.015)

Age 40 0.42*** (0.008) 0.72*** (0.019) 0.69*** (0.009) 0.91***
(0.015)

Age 45 0.50*** (0.008) 0.80*** (0.019) 0.67*** (0.009) 0.99***
(0.015)

Age 50 0.59*** (0.008) 0.80*** (0.019) 0.58*** (0.009) 1.00***
(0.015)

Age 55 0.65*** (0.008) 0.73*** (0.020) 0.47*** (0.010) 0.89***
(0.015)

Age 60 0.66*** (0.008) 0.60*** (0.021) 0.23*** (0.011) 0.68***
(0.016)

Age 65 0.77*** (0.008) 0.49*** (0.022) 0.09*** (0.012) 0.52***
(0.018)

Age 70 1.01*** (0.008) 0.35*** (0.024) 0.14*** (0.013) 0.48***
(0.019)

Age 75 1.26*** (0.008) 0.24*** (0.026) 0.31*** (0.014) 0.51***
(0.020)

Age 80 1.46*** (0.009) 0.08* (0.031) 0.56*** (0.015) 0.55***
(0.021)

Age 85 1.56*** (0.010) -0.35***
(0.038)

0.91*** (0.015) 0.54***
(0.022)

PTP year 1 -0.04 (0.023) -0.05 (0.058) -0.01 (0.026) -0.19***
(0.041)

PTP year 2 -0.07** (0.023) -0.21***
(0.061)

-0.07** (0.026) -0.12**
(0.039)
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Variable
State-year slope

(firearm suicide)
State-year slope

(non-firearm suicide)
PTP year 3 -0.08*** (0.023) -0.08 (0.058) -0.09*** (0.026) -0.12**

(0.038)
PTP year 4 -0.08*** (0.023) -0.14* (0.060) -0.07** (0.026) -0.04 (0.037)
PTP year 5 -0.11*** (0.023) -0.23***

(0.063)
-0.10*** (0.026) -0.15***

(0.040)
PTP year 6 -0.09*** (0.023) -0.17** (0.062) -0.14*** (0.027) -0.17***

(0.040)
PTP year 7 -0.11*** (0.024) -0.24***

(0.065)
-0.15*** (0.027) -0.33***

(0.043)
PTP year 8 -0.13*** (0.024) -0.28***

(0.066)
-0.08** (0.026) -0.13***

(0.040)
PTP year 9 -0.07** (0.024) -0.22***

(0.065)
-0.05 (0.026) -0.11**

(0.040)
PTP year 10 -0.15*** (0.025) -0.29***

(0.068)
-0.04 (0.027) -0.01 (0.039)

PTP year 11 -0.17*** (0.025) -0.34***
(0.071)

-0.07* (0.027) -0.12**
(0.042)

PTP year 12 -0.14*** (0.025) -0.38***
(0.073)

-0.01 (0.027) -0.06 (0.041)

PTP year 13 -0.12*** (0.023) -0.24***
(0.063)

0.03 (0.026) 0.05 (0.038)

PTP year 14 -0.13*** (0.023) -0.19** (0.062) 0.03 (0.026) 0.03 (0.038)

PTP year 15 -0.13*** (0.023) -0.28***
(0.064)

-0.03 (0.026) -0.03 (0.038)

PTP year 16 -0.15*** (0.024) -0.25***
(0.064)

0.01 (0.026) -0.05 (0.039)

PTP year 17 -0.13*** (0.024) -0.22***
(0.064)

-0.00 (0.027) 0.03 (0.039)

PTP year 18 -0.11*** (0.024) -0.20** (0.065) -0.02 (0.027) -0.05 (0.041)

PTP year 19 -0.09*** (0.024) -0.13* (0.065) 0.01 (0.028) 0.01 (0.041)
PTP year 20 -0.11*** (0.028) -0.21** (0.079) -0.12*** (0.032) -0.13**

(0.048)
PTP year 21 -0.10*** (0.028) -0.20* (0.079) -0.14*** (0.033) -0.17***

(0.049)
PTP year 22 -0.12*** (0.029) -0.19* (0.079) -0.04 (0.032) -0.09 (0.049)
PTP year 23 -0.13*** (0.029) -0.14 (0.080) -0.06 (0.033) -0.03 (0.049)
PTP year 24 -0.11*** (0.029) -0.24** (0.083) -0.04 (0.033) -0.09 (0.050)

PTP year 25 -0.12*** (0.030) -0.27** (0.084) -0.06 (0.033) -0.11* (0.050)

PTP year 26 -0.11*** (0.030) -0.08 (0.080) -0.12*** (0.034) -0.21***
(0.053)

PTP year 27 -0.17*** (0.035) -0.07 (0.093) -0.09* (0.037) -0.19***
(0.057)

PTP year 28 -0.16*** (0.035) -0.30** (0.102) -0.10** (0.038) -0.18**
(0.058)

PTP year 29 -0.20*** (0.036) -0.23* (0.101) -0.10* (0.038) -0.15* (0.059)
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Variable
State-year slope

(firearm suicide)
State-year slope

(non-firearm suicide)
PTP year 30 -0.23*** (0.037) -0.43***

(0.109)
-0.13** (0.039) -0.19**

(0.060)
PTP year 31 -0.16*** (0.037) -0.25* (0.104) -0.12** (0.039) -0.28***

(0.062)
PTP year 32 -0.22*** (0.038) -0.22* (0.105) -0.15*** (0.040) -0.18**

(0.062)
PTP year 33 -0.25*** (0.039) -0.23* (0.107) -0.18*** (0.041) -0.23***

(0.064)
PTP year 34 -0.15*** (0.039) -0.30** (0.110) -0.09* (0.041) -0.13* (0.064)

PTP year 35 -0.31*** (0.039) -0.36***
(0.094)

-0.08 (0.042) -0.08 (0.064)

Log-likelihood -821,995 -233,814 -502,416 -293,537
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Figure 6: Comparison of point estimates and standard errors for men from Poisson and negative binomial
models
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Figure 7: Comparison of point estimates and standard errors for women from Poisson and negative binomial
models

36



Mean SE

−1

0

1

0.00

0.05

0.10

0.15

−1 0 1 0.00 0.05 0.10 0.15
Poisson

Z
er

o−
in

fla
te

d 
P

oi
ss

on

Mean

Figure 8: Comparison of point estimates and standard errors for men from Poisson and zero-inflated Poisson
models
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Figure 9: Comparison of point estimates and standard errors for women from Poisson and zero-inflated
Poisson models
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