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Abstract

Introduction: Suicide remains a leading cause of death in the U.S., and firearms
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are one of the most lethal methods of suicide. This study examines personal and
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contextual factors that predict suicide with a firearm compared to other methods
across stages of adulthood.

Methods: Data on adult suicide decedents from 2009 to 2019 were obtained from
Colorado's National Violent Death Reporting System (NVDRS) data (N=11,512).
The dataset includes incident and person characteristics collected by law en-
forcement and coroners. Zip code level data were integrated from the American
Community Survey.
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Results: Age, sex, race, marital status, military service, substance use, suicide
attempt history, mental health, and location characteristics (population density,
as well as age, education, veteran status, and household status of population) pre-
dicted suicide by firearm. Risk was particularly high for males in older adulthood.
We further explored age-specific models (young, middle-aged, and older adults)
to determine salient risk factors for each group.

Conclusion: This study highlights the need for comprehensive suicide preven-
tion approaches that consider both individual and contextual risk factors, as well

as unique risks in each stage of adulthood.
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INTRODUCTION and Prevention, 2020), and is more lethal compared to
other methods of suicide such as suffocation or poison-
ing (Anestis, 2016; Spicer & Miller, 2000). Further, about

half of firearm-related deaths in the U.S. are due to suicide

Suicide is a major public health concern in the United
States. Suicide rates have steadily increased in the past

couple of decades, and suicide is a leading cause of death
in the U.S. (Garnett & Curtin, 2023). Use of a firearm is
the most common method of suicide, accounting for
about half of all suicides (Centers for Disease Control

(Centers for Disease Control and Prevention, 2020). Thus,
understanding the personal and contextual factors that
lead to suicide by firearm might help to inform prevention
programs and reduce firearm-related mortality.
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Predictors of risk for suicide

Several sociodemographic and psychosocial risk factors for
suicide have been identified in previous research (Turecki
et al., 2019). Although rates of suicide attempts are gen-
erally higher for females than males (Bradvik, 2018),
the rate of suicide deaths is roughly four times higher in
males (Seedat et al., 2009; Turecki et al., 2019). The risk
of suicide also increases for those suffering from mental
health disorders and substance use, including depression,
alcoholism, and drug use (Bradvik, 2018), as well as for
individuals experiencing loneliness or lack of connection
to others (Daniel & Goldston, 2012). In fact, one of the
leading contemporary theories on suicide, the three-step
theory, posits that suicide is the result of a combination
of pain, hopelessness, a lack of connectedness to others,
and the capacity to attempt suicide (Klonsky et al., 2021).
Thus, those who are feeling less connected and more iso-
lated—such as older individuals, who may be living alone,
particularly in more rural areas—could be at greater risk
for attempting suicide.

The risk of suicide mortality tends to wax and wane
across the lifespan. Rates of suicide are generally high-
est for middle-aged adults (45-64), followed by younger
adults (25-44), and then by older adults and older adoles-
cents, with the lowest rate for children and early adoles-
cents (Garnett & Curtin, 2023). In addition to differences
in overall risk for suicide by age, there may be different
predictors of suicide across different stages of adulthood,
or the same risk factor (e.g., lack of connectedness) may
operate differently depending on one's life stage (Conner
et al., 2014; Daniel & Goldston, 2012). Determining risk
and protective factors at different points in adulthood
is critical to tailor suicide prevention efforts to people's
unique needs depending on their life stage.

Predictors of suicide method

Importantly, few studies have examined the psychosocial
predictors of suicide methods, or the means by which a
person dies by suicide. Identifying such risk factors is im-
portant in reducing the suicide rate, as suicide attempts in-
volving firearms have a 90% fatality rate (Cai et al., 2022).
Understanding which factors are associated with using
a firearm could aid in informing prevention strategies to
reduce suicide by firearm and overall suicide mortality.
Previous research has found that those who die by suicide
using a firearm, relative to those using other methods,
are less likely to have received mental health treatment
and are less likely to have made a previous suicide at-
tempt (Anestis et al., 2017; Bond et al., 2022). However,
these predictors may differ as individuals move through

adulthood and experience changes in relationships, physi-
cal and mental health, cognitive functioning, and devel-
opmental tasks. For example, previous research has found
that older White males living in rural areas (Houtsma
et al., 2018; Kaplan et al., 1996) or those who are single or
have not earned a high school degree (Kaplan et al., 1996)
could be particularly at risk of suicide by firearm, but less
is known about risk factors in younger and middle-aged
adults. It is particularly important to distinguish predic-
tors of suicide by firearm at different stages of adulthood
because evidence shows that the lethality of suicide by
firearm increases from about 78% in young adulthood to
94% in late adulthood (Cai et al., 2022). However, previ-
ous research has generally failed to examine predictors
separately by stages of adulthood (although see Conner
et al., 2014, which examined data from 2005 to 2010).

In addition to personal factors, it is possible that there
are contextual factors associated with risk of suicide
by firearm compared to other methods. For example, as
noted above, living in a rural area is associated with sui-
cide by firearm. However, most macro-level research tends
to focus on county-level characteristics (e.g., see Rossen
et al., 2018; Steelesmith et al., 2019). We extend from ex-
tant literature by focusing on a smaller spatial unit—zip
code—while accounting for similar measures used in
previous research. Other factors that correlate with pop-
ulation density, such as socioeconomic and educational
disadvantage (Cairns et al., 2017), social capital (Smith
& Kawachi, 2014), or age of the population, might also
explain contextual influences on suicide by firearm. The
current paper seeks to address this gap in the literature
by including both personal and contextual predictors of
suicide by firearm, including population density and other
sociodemographic characteristics of the area in which
someone dies by suicide. Thus, the current paper repli-
cates and extends prior work by using statewide suicide
mortality data that spans 11years and includes incident
level and zip code level predictors of suicide by firearm
compared to suicide by other methods, and by examining
predictors separately by period of adulthood (e.g., young,
middle, and older adulthood).

This study focuses on suicide deaths in Colorado,
given its relatively higher suicide rate (Centers for Disease
Control and Prevention, 2020) and higher proportion of
firearm-owning households compared to other states
(Schell et al., 2020). To combat this suicide risk, there are a
number of active prevention programs in the state, includ-
ing one focused on destigmatizing mental health among
men (Man Therapy; Mocarski & Butler, 2016) and another
aimed at engaging firearm retailers in suicide prevention
education for their communities (Polzer et al., 2021). The
Colorado Firearm Safety Coalition, founded in 2015, is
also involved in this project and others, which include

95LB01 7 SUOLULLIOD dAIIe1D) 3[cfedldde U Ag peusenob ae e VO ‘85N JO S3|nJ 1o} Akeiqi8UlIUO A8]IM LD (SUONIPUOD-PUE-SWLBIL0D" A | IM AleId /BU UO//STIY) SUONIPUOD PUe SIS 1 8U1 89S *[202/T0/80] U0 AIq1T8uljuO AB[IM * UOSINOL BEUED SURIL0D -BI0Ae T UL AQ SE0ET 'aVS/TTTT OT/I0p/W0d A3 |1M ATeiqijoul|uo//Sdny Wwo. pepeojumoq ‘0 ‘X8LZev6T



DOCHERTY ET AL.

AMERICAN

providing local options to anyone seeking temporary fire-
arm storage. These initiatives are largely in line with calls
to increase means safety around the use of firearms to re-
duce suicide by firearm (Houtsma et al., 2018). However,
despite the implementation of these evidence-based pre-
vention measures, there remains a shortage of mental and
behavioral health treatment programs in the state, partic-
ularly in rural areas (McDonough, 2023). Because of this,
Colorado provides a unique but meaningful study site to
better understand predictors of suicide across different de-
velopmental periods in adulthood.

MATERIALS AND METHODS

Data came from the National Violent Death Reporting
System (NVDRS), years 2009-2020, in Colorado (origi-
nal N=19,407), and were obtained from the Colorado
Department of Public Health and Environment (CDPHE;
www.cdphe.colorado.gov). Beyond traditional incident
and individual level characteristics, this dataset is unique
in what it offers for greater context surrounding the sui-
cide incidents. Variables include measures from both the
law enforcement investigation and from the coroner's or
medical examiner's report. The current dataset was limited
to adults 18 and older who died by suicide prior to 2020
(N=11,512) with a focus on the method used, firearm
(50%) versus non-firearm (26% suffocation; 18% poisoning;
6% other). Incidents from 2020 (N=1317 suicides) were ex-
cluded given the differences in trends for that year brought
about by the COVID-19 pandemic (Houry et al., 2022; Le
et al., 2020), and one person whose age was unknown was
excluded from analysis. To supplement the NVDRS data
with contextual factors that could predict suicide by fire-
arm, we incorporated city- and zip code level data from
the American Community Survey (ACS) 5-year estimates.
These variables are discussed in further detail below. This
study involved secondary analysis of de-identified mortal-
ity data, and thus was not subject to IRB review or approval.

Measures
Personal factors

The NVDRS data contain information on relevant per-
sonal sociodemographic characteristics and risk and pro-
tective factors. For the purposes of this study, we included
11 person-level variables from the NVDRS: age, sex, race/
ethnicity, marital status, education, veteran status, alco-
hol use, marijuana use, mental health treatment, attempt
history, and family problems. Age was coded as age in
years. Sex was coded as male (1), female (0), or unknown.

ASSOCIATION OF SUICIDOLOGY

Because the majority of the sample (82.8%) identified as
non-Hispanic White, we coded race/ethnicity as a binary
variable (1=non-Hispanic White, 0=all other racial/
ethnic groups). Marital status was coded into a three-
level variable: 1=single/unmarried, 2=married (or in a
civil union or domestic partnership), and 3=divorced/
separated/widowed. Education was coded as years of ed-
ucation completed. Veteran status was a binary variable
(1=ever served in armed forces, 0 =civilian). Alcohol use
was a binary variable indicating if alcohol use was sus-
pected in the hours preceding the event. Marijuana use
was a binary variable for the results of marijuana testing
in the toxicology report. Mental health treatment was a
binary variable indicating that the decedent had been re-
ceiving treatment for a mental health problem at the time
of death. Attempt history was a binary variable indicat-
ing whether the person had a history of attempting sui-
cide. Family problems were a binary variable indicating
whether the decedent had been experiencing problems
with family relationships. In addition to these variables,
the year of the incident was also included.

Contextual factors

For information on contextual factors, we linked NVDRS
data with ACS data. We used total population in the city in
which the suicide took place, captured in 2017, and coded
this into a three-category variable: 1=urbanized area
(50,000 or more people), 2=urban cluster (2500-49,999
people), and 3=rural (fewer than 2500 people), consist-
ent with the U.S. Census's classification of urban and rural
areas (Ratcliffe et al., 2016). In addition, we incorporated
seven variables measured at the zip code level for each
year from 2011 to 2019: percent of the population 65 and
over; percent of the population that is White; percent of the
population living alone; percent of the population with a
bachelor's degree or higher; percent of the population that
is a veteran; percent of the population that is unemployed;
and percent of the population living below the poverty
line. We matched incidents to these data based on the zip
code where the decedent lived and the year in which the
incident occurred. Because each of the zip code charac-
teristics was highly stable from year to year, we used data
from 2011 for incidents that occurred in 2009 and 2010.
We were able to obtain and match these zip code data for
10,980 incidents (95%).

Analysis plan

To examine how risk for suicide by firearm varies by age,
we first conducted logistic regression models predicting
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suicide by firearm (1 =firearm, 0=other method) in the
entire sample and included linear and quadratic age as
predictors, as well as other personal and contextual fac-
tors. We then categorized the sample into the develop-
mental stages of (1) young adulthood (18-39; 38.7%), (2)
middle adulthood (40-64; 46.8%), and (3) later adulthood
(65+; 14.5%), and ran separate logistic regression models
for each subgroup, while also including age in years as
a predictor in these models.! This was done to allow for
predictors to function differently across developmental
stages while also allowing for linear trends by age within
developmental stages. Descriptive information for the pre-
dictors used in regression models is provided in Table 1.
For models, age was centered at the sample mean (46.17)
and divided by 10, and zip code level predictors were also
divided by 10. Because risk factors may differ among dif-
ferent means for non-firearm suicide (e.g., poisoning
and hanging/suffocation), we then tested two additional
models in the full adult sample: one comparing firearm
deaths to deaths by poisoning (which includes overdose),
and one comparing firearm deaths to deaths by hanging/
suffocation. For these analyses, the deaths due to other
means of suicide were excluded, and the sample size for
the specific analysis is provided.

Because listwise deletion would have resulted in a sam-
ple size of 2937 (26% of the original sample) and results
in biased estimates unless data are missing completely at
random (MCAR), we first used multiple imputation with
chained equations (MICE) to impute 50 datasets, and
then analyzed imputed data and pooled the results. Study
variables were modeled according to their distribution for
imputation equations (e.g., logistic regression for binary
variables), and predictive mean matching was used for zip
code level variables and education in years. Imputation
equations were conducted separately by developmental
stage, to allow for different associations among variables
across age categories.

RESULTS

Table 2 displays odds ratios and 95% confidence intervals
from logistic regression models predicting suicide by fire-
arm compared to suicide by another method, in the over-
all sample and in separate age groups. The overall model
indicated that there was a quadratic trend for age, such
that risk for using a firearm for suicide increased with
age, and this increase became more pronounced at older
ages. Most of the personal variables in the model signifi-
cantly predicted suicide by firearm, including sex, race,
military service, marital status, education, urbanicity,
suspected alcohol use at time of death, receiving mental
health treatment at time of death, and having a history

TABLE 1 Descriptive statistics for predictor variables.

% of total sample
(N=11,512)

Predictor N (or M and SD)

Incident level predictors

Age 11,512 46.17 (17.19)
18-39 4456 38.71
40-64 5387 46.79
65 and older 1669 14.50

Race 11,507
White 9520 82.70
Non-White 1987 17.26

Sex 11,512
Male 8881 77.15
Female 2631 22.85

Military service 11,467
No military service 9297 80.76
Any military service 2170 18.85

Marital status 11,439
Single 3974 34.52
Married 3901 33.89
Divorced/widowed 3564 30.96

Education in years 5738 13.41 (2.24)
Less than 12 535 4.65
12 2179 18.93
More than 12 3024 26.27

Population density 10,056
Urban area (>50k) 6629 57.58
Urban cluster (>2500) 2640 22.93
Rural (<2500) 787 6.84

Suspected alcohol use 9771
Yes 3968 34.47
No 5803 50.41

Marijuana test results 8011
Positive 1522 13.22
Negative/NA 6489 56.37

Mental health treatment at 11,512

time of death (known)
Yes 3334 28.96
No/NA 8178 71.04
Suicide attempt history 11,512
(known)
Yes 3022 73.75
No/NA 8490 26.25
Family relationship 11,512
problems (known)
Yes 2286 19.86
No 9226 80.14
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TABLE 1 (Continued)

% of total sample
(N=11,512)
Predictor N (or M and SD)

Year 11,512

2009 909 7.90

2010 853 7.41

2011 884 7.68

2012 1005 8.73

2013 984 8.55

2014 1056 9.17

2015 1066 9.26

2016 1117 9.70

2017 1117 9.70

2018 1242 10.79

2019 1279 11.11

Zip code level predictors
Percent 65 and older 488 14.03 (9.00)
Percent White 488 85.37 (12.58)
Percent living alone 487 26.59 (10.54)
Percent with bachelor's 488 32.08 (17.64)
degree

Percent veterans 488 10.63 (5.04)
Percent unemployed 488 6.78 (5.63)
Percent in poverty 487 12.31 (8.41)

of suicide attempts. Specifically, being male, White, hav-
ing served in the armed forces, being married, living in a
less densely populated area, and having suspected alcohol
use at time of death were all associated with greater odds
of using a firearm, while current mental health treatment
and having a history of suicide attempts were associated
with lower odds of using a firearm on average. In addition,
a few zip code level variables predicted suicide by firearm:
people who lived in zip codes with a higher percentage
of older adults or veterans, or with a lower percentage of
people living alone or people with bachelor's degrees, were
at greater risk for suicide by firearm relative to suicide by
other methods. Effect size appeared to be strongest for sex
and attempt history, such that being male was associated
with more than double the odds of using a firearm to die
by suicide compared to being female, and people who had
a previous attempt had roughly half the odds of using a
firearm compared to people without an attempt history.
However, the age-specific models obtained different re-
sults from the main model and from each other, indicating
that these factors differentially predict suicide by firearm
across each period of adulthood. For example, the rela-
tionship between age and suicide by firearm was negative
in young adulthood, positive in middle adulthood, and

ASSOCIATION OF SUICIDOLOGY

non-significant in late adulthood, indicating different age
trends within each stage of adulthood. Some predictors—
such as sex, race, marital status, urbanicity, mental health
treatment, attempt history, and living in more highly edu-
cated areas—became stronger in later stages of adulthood.
For example, White people had 43% greater odds of sui-
cide by firearm compared to people of other racial/ethnic
identities in young adulthood, but this increased to almost
triple the odds in late adulthood. Positive test results for
marijuana use only predicted greater odds of firearm use
in late adulthood. Other predictors—such as living in an
area with more older adults or more veterans—became
weaker in later stages of adulthood. Interestingly, alco-
hol use had different associations at each stage, such that
young adults with suspected alcohol use at time of death
were more likely to use a firearm, older adults with sus-
pected alcohol use were less likely to use a firearm, and
the association was not significant for middle-aged adults.

Sensitivity analysis

Although it would be reasonable to expect differences in
risk factors for firearm suicide across the developmental
stages examined here, it is possible that the strength of
risk factors changes in a more gradual and linear manner
than the analyses by age category would permit. Thus, we
next tested logistic regression models in the overall sam-
ple that included all predictors but added interactions be-
tween each predictor and linear and quadratic age, with
separate interaction models for each predictor. We then
included any significant interactions from these models in
a final model, to test the interactions simultaneously (see
Table 3 for results). Findings from this model largely repli-
cated those from the models described above, with the fol-
lowing exceptions: suspected alcohol use at time of death
was not significantly associated with decreased firearm
use for older adults; marijuana use was significantly asso-
ciated with lower risk for firearm use for younger adults;
and living in a zip code with more White residents was a
risk factor for firearm use for older adults. Thus, results
were largely robust to how age was handled in the model,
with some minor exceptions.

As an additional sensitivity analysis, we tested whether
predictors of suicide by firearm differed when the reference
group was restricted to deaths by poisoning/overdose, or
deaths by hanging/suffocation, relative to the model com-
paring suicides by firearm to all other suicide deaths. The
results of these models are provided in Table 4, as well as the
results from the original model for comparison. Although
the results for the two method-specific models are gener-
ally similar to the overall model, there are a few notable ex-
ceptions. When predicting suicide by firearm compared to
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TABLE 2 Logistic regression models predicting suicide by firearm versus other method.
Overall sample (18+) Young adults (18-39) Middle adults (40-64) Older adults (65+)
N=11,512 N=4456 N=5387 N=1669
Predictor OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Incident level predictors
Age 1.06%* [1.03, 1.09] 0.84** [0.74, 0.94] 1.24%%% [1.14,1.36] 1.05 [0.89, 1.25]
Age? 1.05%%* [1.04, 1.06] — — —
Male 2,53k [2.28,2.81] 2,11 [1.78, 2.49] 2,57 [2.22,2.97] 5,128k [3.66,7.15]
White 1.65%%* [1.47,1.85] 143 [1.22,1.67] 1,79 [1.49, 2.16] 2.97%% [1.89, 4.65]
Military service 1.58%#* [1.42,1.77] 2.11%%* [1.70, 2.63] 1.20%* [1.10,1.52] 1.29 [0.97,1.72]
Marital status
Married (ref=single) 1.38%%* [1.24,1.54] 1.20%* [1.09, 1.53] 1.39%%* [1.18, 1.64] 2.03%* [1.24,3.32]
Divorced (ref=single) ~ 0.95 [0.85, 1.07] 1.07 [0.87,1.31] 0.94 [0.80, 1.11] 1.14 [0.70, 1.84]
Divorced 0.69%+* [0.62, 0.76] 0.83 [0.67,1.03] 0.68 [0.59, 0.77] 0.56%* [0.43,0.73]
(ref=married)
Education 1.03* [1.00, 1.05] 1.09%* [1.04, 1.14] 1.01 [0.98, 1.05] 0.95 [0.89, 1.02]
Population density
Urban cluster 1.10 [0.99, 1.22] 0.95 [0.80, 1.13] 1.21% [1.05, 1.41] 1.07 [0.77, 1.49]
(ref=urban area)
Rural (ref=urban area)  1.30** [1.11,1.53] 0.94 [0.71, 1.24] 1.51%* [1.18,1.93] 1.78* [1.01, 3.11]
Rural (ref=urban 1.18* [1.00, 1.40] 0.99 [0.74,1.31] 1.25 [0.97,1.59] 1.66 [0.93,2.94]
cluster)
Alcohol use 1.16%* [1.06, 1.27] 1.48%%* [1.29, 1.70] 1.06 [0.93,1.21] 0.69* [0.48,0.99]
Marijuana result 0.99 [0.88,1.12] 0.93 [0.78,1.10] 1.03 [0.85,1.25] 2.59%* [1.35, 4.98]
Mental health treatment 0.76%+* [0.70, 0.84] 0.76%** [0.65,0.88] 0.81** [0.71, 0.92] 0.51%* [0.38,0.61]
Attempt history 0.51%%* [0.46, 0.56] 0.56%+* [0.49, 0.65] 0.49%+* [0.43, 0.57] 0.44%%% [0.31, 0.61]
Family problems 1.06 [0.96,1.17] 1.09 [0.94, 1.27] 1.06 [0.91, 1.22] 1.00 [0.69, 1.44]
Year 1.01 [0.99, 1.02] 1.01 [0.99, 1.03] 0.99 [0.97,1.01] 1.03 [0.98, 1.08]
Zip code level predictors
Percent 65 and older 1.15% [1.04,1.28] 1.20* [1.01, 1.43] 1.20% [1.04, 1.39] 1.04 [0.78, 1.38]
Percent White 1.02 [0.97, 1.07] 0.98 [0.90, 1.05] 1.05 [0.97, 1.14] 1.15 [0.97, 1.38]
Percent living alone 0.89%%* [0.84,0.95] 0.88%* [0.80, 0.97] 0.90% [0.82,0.98] 0.89 [0.75, 1.04]
Percent with bachelor's 0.94%%* [0.91, 0.97] 1.00 [0.95, 1.05] 0.91%** [0.87,0.96] 0.81#** [0.73, 0.89]
degree
Percent veterans 1.14% [1.02,1.28] 1.31%* [1.08, 1.58] 1.00 [0.84, 1.18] 1.01 [0.70, 1.44]
Percent unemployed 0.91 [0.75, 1.10] 0.92 [0.66, 1.27] 0.88 [0.69, 1.13] 0.76 [0.43,1.34]
Percent in poverty 0.92 [0.84, 1.00] 0.97 [0.85,1.11] 0.89 [0.78, 1.00] 0.96 [0.76, 1.23]
Intercept 0.247%%% [0.13, 0.43] 0.10%* [0.04,0.27] 0.23% [0.09, 0.55] 0.37 [0.05, 2.60]

Note: Logistic regression models were conducted using multiple imputed data in the overall sample and in separate age categories, with robust standard errors.
Intercept represents predicted odds of suicide by firearm for a hypothetical decedent who is age 46.17, female, non-White, single, in an urban area, who was
not suspected of alcohol use at time of death, had a negative marijuana result at time of death, was not in mental health treatment at time of death, did not
have an attempt history, and did not have family problems, in the year 2019, in a zip code with 0% on all of the included predictors (percent aged 65 and over,
percent White, percent living alone, percent with bachelor's degree, percent veterans, percent unemployed, and percent living in poverty). Age and zip code

level predictors were divided by 10 before being included in the model.
Abbreviations: OR, odds ratio; CI, confidence interval.
*p<0.05; **p<0.01; ***p <0.001.

hanging/suffocation, gender appears to be a weaker predic-
tor, and urbanicity, mental health treatment, and living in
a zip code with more older adults are no longer significant
predictors. In addition, living in a zip code with a higher

poverty rate was associated with lower odds for death by
firearm compared to death by hanging/suffocation. When
predicting suicide by firearm compared to poisoning/over-
dose, gender had a stronger effect size compared to the
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TABLE 3 Interactions with age predicting suicide by firearm vs. other method.

Separate models Combined model
Interaction with Interaction with Interaction with Interaction with
linear age quadratic age linear age quadratic age
Predictor OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Incident level predictors
Age
Age?
Male 1.14%  [1.07,1.22] 1.05%*  [1.02,1.09] 1.18%  [1.10, 1.26] 1.07%%  [1.04, 1.11]
White 1.07 [1.00, 1.15] 1.00 [0.97,1.04] — —
Military service 0.90** [0.84,0.97] 1.03 [1.00, 1.07] 0.87%%* [0.80, 0.94] 1.00 [0.97, 1.04]
Marital status
Married (ref=single) 1.07 [0.99,1.15] 1.00 [0.96, 1.04] — —
Divorced (ref=single)  0.99 [0.90, 1.08] 0.99 [0.95,1.03] — —
Divorced 0.93 [0.85,1.01]  0.98 [0.95,1.02] — —
(ref=married)
Education 0.97%* [0.96, 0.99] 1.00 [0.99,1.01]  0.98* [0.96, 0.99] 1.00 [1.00, 1.01]
Population density
Urban cluster 1.11%* [1.04,1.17] 0.98 [0.95,1.01] 1.06 [0.99, 1.13] 0.97 [0.94,1.01]
(ref=urban area)
Rural (ref=urban 1.23%  [1.11,1.36] 1.03 [0.97, 1.09] 1.15* [1.03,1.29] 1.02 [0.96, 1.09]
area)
Rural (ref=urban 1.11 [0.99, 1.25] 1.05 [0.98,1.12] — —
cluster)
Alcohol use 0.86%** [0.81,0.91] 1.02 [0.98,1.05] 0.86%** [0.80,0.91] 1.01 [0.97,1.05]
Marijuana result 1.15%* [1.05,1.27] 1.07* [1.01, 1.13] 1.14%* [1.04, 1.26] 1.08%* [1.02, 1.15]
Mental health treatment  0.95 [0.90,1.01]  0.97* [0.94,1.00]  0.99 [0.93,1.05]  0.97 [0.94, 1.00]
Attempt history 0.91%* [0.86, 0.97] 1.01 [0.98, 1.04] 0.94 [0.88, 1.00] 1.02 [0.98, 1.06]
Family problems 0.96 [0.90, 1.03] 1.00 [0.97,1.04] — —
Year 1.00 [0.99, 1.00] 1.00 [1.00,1.01] — —
Zip code level predictors
Percent 65 and older 1.02 [0.97,1.07] 1.00 [0.97,1.02] — —
Percent White 1.04%* [1.01, 1.06] 1.00 [0.98,1.01]  1.04* [1.00, 1.07] 1.01 [1.00, 1.03]
Percent living alone 0.97* [0.94, 0.99] 0.99 [0.98,1.01] 0.98 [0.95,1.02] 099 [0.98,1.01]
Percent with bachelor's  0.97%** [0.96, 0.99] 0.99* [0.99, 1.00] 0.98* [0.96, 0.99] 0.99 [0.98, 1.00]
degree
Percent veterans 1.00 [0.94,1.07] 1.01 [0.98, 1.05] — —
Percent unemployed 1.02 [0.95,1.11] 1.03 [0.99, 1.07] — —
Percent in poverty 0.99 [0.96, 1.02] 1.02* [1.00, 1.04] 1.00 [1.00, 1.00] 1.00 [1.00, 1.00]
Intercept — 0.34%* [0.16,0.72]

Note: Logistic regression models were conducted using multiple imputed data in the overall sample and in separate age categories, with robust standard errors.

Intercept represents predicted odds of suicide by firearm for a hypothetical decedent who is age 46.17, female, non-White, single, in an urban area, who did not
use alcohol, had a negative marijuana result, did not receive mental health treatment, did not have an attempt history, and did not have family problems, in the
year 2019, in a zip code with 0% on all of the included predictors (percent aged 65 and over, percent White, percent living alone, percent with bachelor's degree,
percent veterans, percent unemployed, and percent living in poverty). Age and zip code level predictors were divided by 10 before being included in the model.

Abbreviations: OR, odds ratio; CI, confidence interval.

*p<0.05, **p <0.01, ***p <0.001.
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TABLE 4 Logistic regression models predicting suicide by firearm vs. hanging/suffocation, poisoning/overdose, and all other methods.

Firearm vs. hanging/ Firearm vs. poisoning/ Firearm vs. all other
suffocation (IN=_8760) overdose (N =7833) methods (N=11,512)
Predictor OR 95% CI OR 95% CI OR 95% CI
Incident level predictors
Age 1.20%%* [1.15,1.24] 0.86%** [0.82, 0.90] 1.06%%* [1.03, 1.09]
Age? 1.06%%* [1.04, 1.08] 1.07%%* [1.05, 1.09] 1.05%%* [1.04, 1.06]
Male 1500 [1.32,1.71] 4,88 [4.30, 5.55] 2,53k [2.28, 2.81]
White 1.90%# [1.67, 2.16] 1.12 [0.93,1.33] 1.65% [1.47,1.85]
Military service 1.82% [1.57,2.11] 1.19* [1.02, 1.40] 1.58% [1.42,1.77]
Marital status
Married (ref=single) 1.19%* [1.05,1.35] 1.60%*+* [1.35,1.89] 1.38%** [1.24,1.54]
Divorced (ref=single) 0.98 [0.85,1.13] 0.91 [0.77,1.07] 0.95 [0.85,1.07]
Divorced (ref=married) 0.82%* [0.73,0.93] 0.57%** [0.50, 0.65] 0.69%*+* [0.62, 0.76]
Education 1.04%* [1.01, 1.07] 1.01 [0.98, 1.04] 1.03* [1.00, 1.05]
Population density
Urban cluster (ref=urban 1.06 [0.94, 1.20] 1.20* [1.03, 1.40] 1.10 [0.99, 1.22]
area)
Rural (ref=urban area) 1.21 [0.99, 1.48] 1.42%* [1.10, 1.82] 1.30%* [1.11, 1.53]
Rural (ref=urban cluster) 1.14 [0.93, 1.40] 1.18 [0.91, 1.52] 1.18* [1.00, 1.40]
Alcohol use 1.25% [1.12, 1.40] 1.03 [0.91, 1.18] 1.16%* [1.06, 1.27]
Marijuana result 1.00 [0.86, 1.15] 1.15 [0.96, 1.38] 0.99 [0.88, 1.12]
Mental health treatment 0.93 [0.83,1.04] 0.60*** [0.53, 0.68] 0.76%+* [0.70, 0.84]
Attempt history 0.53%% [0.48, 0.59] 0.49%* [0.43, 0.56] 0.5+ [0.46, 0.56]
Family problems 0.95 [0.85, 1.07] 1.23% [1.07, 1.43] 1.06 [0.96, 1.17]
Year 0.99 [0.98, 1.01] 1.04%* [1.02, 1.06] 1.01 [0.99, 1.02]
Zip code level predictors
Percent 65 and older 1.07 [1.95,1.21] 1.25% [1.08, 1.45] 1.15%* [1.04,1.28]
Percent White 1.04 [0.98, 1.10] 0.98 [0.91, 1.06] 1.02 [0.97, 1.07]
Percent living alone 0.92* [0.86, 0.98] 0.90* [0.83,0.98] 0.89%** [0.84, 0.95]
Percent with bachelor's 0.94** [0.90, 0.97] 0.95* [0.91, 1.00] 0.94%** [0.91, 0.97]
degree
Percent veterans 127 [1.09, 1.47] 1.02 [0.86, 1.20] 1.14* [1.02, 1.28]
Percent unemployed 0.99 [0.79,1.25] 0.78 [0.61,1.01] 0.91 [0.75,1.10]
Percent in poverty 0.89* [0.80, 0.98] 0.97 [0.86, 1.09] 0.92 [0.84, 1.00]
Intercept 0.38%* [0.19, 0.75] 1.25 [0.55, 2.86] 0.247%+ [0.13, 0.43]

Note: Logistic regression models were conducted using multiple imputed data in the overall sample and in subsamples focusing on suicide by firearm
compared to hanging/suffocation or poisoning/overdose, with robust standard errors. Intercept represents predicted odds of suicide by firearm compared to the
other method for a hypothetical decedent who is age 46.17, female, non-White, single, in an urban area, who was not suspected of alcohol use at time of death,
had a negative marijuana result at time of death, was not in mental health treatment at time of death, did not have an attempt history, and did not have family
problems, in the year 2019, in a zip code with 0% on all of the included predictors (percent aged 65 and over, percent White, percent living alone, percent with
bachelor's degree, percent veterans, percent unemployed, and percent living in poverty). Age and zip code level predictors were divided by 10 before being
included in the model.

Abbreviations: OR, odds ratio; CI, confidence interval.

*p <0.05, **p <0.01, ***p < 0.001.

original model, and race and living in an area with more  firearm increased slightly in each year. Interestingly, odds
veterans were no longer significant; however, experiencing of firearm suicide were decreasing with age in this model,
family problems predicted greater odds of death by firearm such that they decreased from ages 18 to 56 and then in-
compared to poisoning/overdose, and odds of suicide by  creased through later adulthood.
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DISCUSSION

The current study examined mortality data from 11,512
suicide deaths in Colorado from years 2009 to 2019
and revealed that suicide by firearm, compared to sui-
cide by other methods, becomes more common with
age, particularly in late adulthood. In terms of predic-
tors, we found that being older, male, White, a veteran,
married, or more highly educated was associated with
greater odds of suicide by firearm compared to suicide
by other methods. Additionally, suspected alcohol use in
the hours preceding death, living in an area with more
older adults, and living in a community with more vet-
erans were each associated with greater risk of firearm
use. Being divorced, receiving mental health treatment
at time of death, having a history of attempting suicide,
or living in an area with more people living alone or
more people with a college degree was associated with
lower odds of firearm use compared to other methods.
However, some of these main effects were qualified by
interactions with age.

We found that for older adults, being male, White, mar-
ried, living in a rural area, and using marijuana prior to
death were particularly strong risk factors for firearm use,
while receiving mental health treatment was associated
with lower odds of firearm use for all ages but particularly
for older adults. For younger adults, sex and race still pre-
dicted firearm use, only to a lesser extent, and military ser-
vice and suspected alcohol use before death also predicted
greater odds of firearm use. Having a history of attempting
suicide was associated with similarly reduced odds of fire-
arm use across all ages. These findings are notable because
previous research examining differences between suicide
by firearm and suicide by other methods have generally
not distinguished young, middle, and older adults. Doing
so reveals key differences, such that for young adults, hav-
ing served in the military or using alcohol may increase
risk of firearm suicide, while for older adults, living in
rural or isolated areas and using marijuana may be more
potent risk factors. The implications of these findings are
discussed in more detail below.

Several contextual factors measured at the zip code
level significantly predicted suicide by firearm compared
to other methods in the current study. Living in an area
with more older adults was associated with greater odds
of firearm use for younger and middle-aged adults, while
living in an area with more people living alone was as-
sociated with lower firearm use for these groups. For
middle-aged and older adults, living in an area with more
college-educated people was associated with lower odds
of firearm use. For young adults, living in an area with
more veterans was associated with greater odds of firearm
use. These findings for age interactions with contextual

ASSOCIATION OF SUICIDOLOGY

factors indicate that community factors matter in predict-
ing risk for suicide by firearm, and that they may operate
differentially depending on developmental stage. Younger
adults, for example, may feel isolated or out of place in
areas with more older adults, or they may be more exposed
to guns and gun-related injuries when they live in areas
with greater veteran populations. While prior research
has shown higher rates of suicide by firearm among vet-
eran populations, these results are novel—young adults
who live in areas with higher rates of veterans may also be
more prone to suicide by firearm compared to other meth-
ods. It is possible that in communities with larger veteran
populations, there is greater availability and acceptability
of guns that might increase risk for suicide by firearm
(Ellison et al., 2022; Kaplan et al., 2009). For middle-aged
and older adults, living in an area with more college-
educated people might be associated with greater social
capital and other resources, which may reduce the risk
of suicide by firearm relative to other methods. Based on
these findings, interventions targeted at reducing risk for
firearm suicide might focus on communities where there
are more older adults or more veterans, or fewer people
living alone or with college education.

Two models comparing suicide deaths by firearm to
deaths by hanging/suffocation and deaths by poisoning/
overdose, respectively, resulted in similar findings to the
original model, with some minor exceptions. For exam-
ple, gender differences in firearm suicide were greater
when compared to poisoning/overdose but weaker when
compared to hanging/suffocation. The age trend was
also different for comparison with poisoning/overdose,
such that odds of firearm death decreased in early and
middle adulthood, then increased through late adult-
hood. However, overall, results were largely similar,
suggesting that many risk and protective factors (e.g.,
attempt history, marital status, and military service) are
associated with suicide death by firearm, regardless of
the comparison.

The findings from this study corroborate those from
previous research. Previous studies have indicated that
older individuals, males, and those living in rural areas
are at heightened risk for suicide by firearm (Houtsma
et al., 2018). Greater gun availability and more positive
attitudes regarding guns in rural areas and those with
a greater veteran population may contribute to greater
risk for suicide by firearm in these areas (Anestis &
Capron, 2016; Celinska, 2007; Westefeld et al., 2016;
although see Miller, 2019). The findings for suspected
alcohol use are also in line with previous research using
NVDRS data from 2005 to 2010, which found that alco-
hol use predicts suicide by firearm for younger adults but
not older adults (Conner et al., 2014). However, the re-
sults for marijuana were novel and unexpected; previous
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research on suicide decedents in Colorado found that
positive marijuana test results did not differ for those
who died by firearm compared to those who died by
hanging, but did not examine other methods or test for
different associations by age (Sheehan et al., 2015). It
is possible that for younger adults, alcohol contributes
to capacity for suicide (e.g., by lowering inhibitions and
increasing depressive symptoms or suicidal ideation),
while older adults who use marijuana may be using it
to cope with pain or other stressors, and thus may be
at greater risk for suicide by firearm. Future research
should further examine substance use and the method
of suicide by age to replicate results.

Consistent with previous research, the current study
found that people who were receiving mental health
treatment at the time of death were less likely to use
a firearm compared to other suicide methods (Bond
et al., 2022). In fact, the odds ratio for mental health
treatment in this study (OR=0.76) is slightly stronger
than the one found in a previous study (OR=0.85; Bond
et al., 2022), and became even stronger for older adults
(OR=0.51). In the current study, 29% of decedents were
receiving mental health treatment at their time of death,
but this rate was lower for older adults (22%) and for
those living in rural areas (24%). Given that firearm sui-
cide decedents were less likely to receive mental health
treatment, it is important to integrate prevention solu-
tions outside of the healthcare spectrum. A growing ini-
tiative is to partner with gun shops as a means to reach
potentially at-risk people at places they visit (see Barber
et al., 2017; Barnard et al., 2023; Polzer et al., 2021;
Vriniotis et al., 2015). This work is also being done in
Colorado; as an example, Barnard et al. (2023) discuss
the need to leverage community resources and collabo-
rations to address firearm-involved suicides in El Paso
county, which has the highest number of suicides and
firearm-related suicide deaths in the state. Given the
stronger effect size and lower rate of treatment for older
adults, it may be particularly important to focus on in-
terventions outside of the healthcare system for this age
group, while also increasing access to mental health
care (Price & Khubchandani, 2021). In short, there
needs to be a spectrum of prevention solutions to meet
at-risk individuals directly, rather than expecting people
to seek out prevention on their own. Future research
should continue to examine what types of prevention
programs are able to reach at-risk individuals outside of
only healthcare.

Though this study had several strengths, including the
use of statewide mortality data and Census zip code level
data spanning a decade, this study is not without limita-
tions. The sample was restricted to suicide deaths among
adults in Colorado using 2009-2019 data, thus limiting

generalizability to suicide attempts and to suicide deaths
in other states or during other time periods. In addition,
this study solely focused on adults, and thus, it cannot
be generalized to children and adolescents under age 18.
There were also limited data on risk and protective factors
prior to death. Subsequent studies should include a wider
range of concurrent and historical risk and protective fac-
tors obtained from various sources.

CONCLUSION

Given the findings that older men in Colorado are at
greater risk for suicide by firearm, public health initia-
tives serving isolated men in rural areas in the state, as
well as expanding mental health options to those areas,
may be especially impactful to target those at highest
risk. These interventions may also have ripple effects for
younger and middle-aged adults living in communities
with a larger older adult population, given the findings
for zip code level predictors. Based on the findings for
mental health treatment, increasing the availability of
follow-up services may be critical, especially for indi-
viduals with previous mental health disruptions who
may have received services. Previous research found
that for patients who were discharged from emergency
departments following suicide attempts or ideations,
those who also received follow-up telephone calls had
fewer subsequent suicide attempts in the following year
(Catanach et al., 2019). Thus, public health initiatives
that include follow-up services, such as phone calls to
those individuals currently in or discharged from treat-
ment, could have the potential to reduce suicide risk
overall. While these findings are particularly informative
to the specific context of suicide by firearm in Colorado,
they may provide useful information for public health
and suicide prevention initiatives in other regions with
similar characteristics. More research at both the state
and national levels is needed to determine how to best
intervene and prevent suicide by firearm depending on
person-, incident-, and context-specific factors.
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ENDNOTE

'We only included linear age in these models because (1) dividing the
sample into three age categories allowed us to observe non-linear
trends with respect to age, (2) there was multicollinearity between the
linear and quadratic age terms in the age group models, and (3) the
quadratic term was not significant in these models.
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