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Abstract: Rising rates of suicide over the past two decades have increased the need for wide-
ranging suicide prevention efforts. One approach is to target high-risk groups, which requires the
identification of the characteristics of these population sub-groups. This suicidology study was
conducted using large-scale, secondary data to answer the question: using the research on suicide,
are there variables studied at the community level that are linked to suicide and are measurable using
quantitative, demographic data that are already collected and updated? Data on deaths from suicide
in U.S. counties for the years 2000, 2005, 2010 and 2015 were analyzed using multiple regression,
longitudinal regression, and cluster analysis. Results indicated that the suicide rate in a county can
be predicted by measuring the financial stability of the residents, the quality of mental health in
the county, and the economic opportunity in the county. The results are further analyzed using
two sociological theories, Social Strain Theory and the Theory of Anomie, and two psychological
theories, the Shame Model and the Interpersonal Theory of Suicide.
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1. Introduction

In the United States, the rate of death by suicide rose from 10.4 deaths per 100,000 people
in 2000 to 14.21 deaths per 100,000 people in 2018, the most recent year for which accurate
data are available. Nationwide, during these 18 years, there was a 35.6% increase in the
rate of completed suicides. The rate of death by suicide in children and adolescents aged
5 to 24 increased by 45%. Among children and adolescents aged 10 to 24, suicides rose
from being the third most common cause of death to the second most common cause
of death [1]. Between 2000 and 2010, the rate of death by suicide among children and
adolescents increased just 2.3%, but between 2011 and 2018 there was a 41.7% increase [1].
Most recently, suicide risk factors for several populations have been exasperated by the
current economic, social, mental, and physical distress caused by the COVID-19 pandemic.

While mental health resources are crucial to preventing suicide in individuals, in many
cases there is not enough time to connect someone to mental health resources. Research has
found that the time between making a plan and completing suicide often lasts ten minutes
or less [2]. The time-sensitive nature of these crises means that they require immediate
response, but also that proactive planning and prevention efforts are important not only in
lowering the chances of a suicide crisis occurring, but also improving response methods
when they do occur. Suicide prevention methods fall into three categories: Those which
target the entire population, those targeting selective higher-risk subgroups, and those
targeting the individuals at the highest risk [3]. Prevention efforts which target selective
subgroups may be effective at preventing both suicidal ideation and completed suicides in
communities, according to recent research [3,4]. In order to proactively prevent suicide by
targeting high-risk subgroups, these high-risk communities and their characteristics must
be identified. This has been the subject of numerous studies as there has been extensive re-
search on the individual and contextual level variables that attenuate or exacerbate suicide.
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Perhaps the most important of these are economic factors including unemployment, reces-
sions, and poverty, all of which previous research has concluded are positively correlated
with suicide rates [5–9].

The intent of this study is to develop a tool for predicting the risk of suicide using
factors that contribute to suicidality. Counties serve as an agent of the state and unit of local
government and provide vital services and resources to their citizens including schools,
healthcare, infrastructure, parks, transportation, and public safety. Understanding the
factors that play a role at the county level is valuable because it is the level of government
that has the most direct impact on a citizen [10]. The National Institute of Mental Health
(NIMH), as well as medical research centers including Mayo Clinic, instruct people to call
emergency services if they believe that someone is in immediate danger of suicidal ac-
tions [11,12]. Police departments and Emergency Medical Services, both of which are most
often organized and managed by county governments, are frequently the ones to intervene
in a suicide crisis. Therefore, studying suicide at the county level may be the best way to
address specific community needs and implement or improve suicide prevention plans.

Understanding suicide risk at the community level can provide valuable knowledge
to proactively address rising suicide rates and create a framework for how to allocate
resources to where they are most needed. While mental health resources are sporadic and
increased risk will not inherently lead to more prevention efforts, it is nevertheless worth
studying suicide at the county level because patterns in suicide differ across population
subcultures and these differences are underexplored in research [13,14].

2. Suicidology

Suicidology, the study of suicide, is embedded within the larger constructs of psychol-
ogy, sociology, anthropology, and most recently biology. Presented below is a review of
the research on these four constructs and the variables that previous research has linked to
suicide. Emphasis is given to those variables which link to the present study.

2.1. Psychology

Psychology primarily focuses on suicidality in individuals, and factors that influence
suicidality at the individual level. Psychological theories of suicide consider varying per-
sonal traits and emotions that contribute to suicide, but social isolation is a common thread
between these theories. The vulnerability model states that there are certain psycholog-
ical characteristics that may make an individual more vulnerable to suicide [15]. While
certain conditions can lead any individual to consider, attempt, or complete suicide, some
individuals possess particular characteristics that predispose them to suicidality [15].

The Shame model, developed by Marvin Lansky, asserts that shame is the primary
contributor to suicidality and describes shame as both the effect of failed social attachments
and a hinderance to creating meaningful social bonds [16]. According to this model, shame
contributes to suicidality more so than depression or guilt [15]. A study of suicide attempt
survivors in Ghana identified shame as one of the most common reasons for suicide among
men [17].

The Interpersonal Theory of Suicide, developed by Thomas Joiner, is one of the most
widely studied and cited theories of suicide in the field of psychology. A meta-analysis
published in 2019 identified 114 empirical studies including the theory, and Joiner’s book
in which he outlines the theory boasts over five-thousand citations [18]. This theory puts
social isolation and perceived burdensomeness at the center of suicidality in individuals.
However, critics of the Interpersonal Theory of Suicide argue that the theory is not as
universal as researchers claim because it considers suicide solely from a psychological
perspective [18]. This weakness in Joiner’s theory reinforces that suicide is a complex
problem that is molded not only by an individual, but also by their milieu, and must be
studied as such [19].

While predicting such personal characteristics as social isolation or loneliness accu-
rately at the county level is likely infeasible, it is possible to measure outside influences
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that, in combination with cultural values, are contributing factors to social isolation. In the
United States and cultures with comparable values of self-reliance, financial instability is a
source of shame among individuals, a result of the emphasis that America’s individualist
culture places on achieving both financial stability and independence [17,20].

Numerous studies have supported the notion that suicide is associated with an individ-
ual’s financial status, but rather that association is positive or negative depends on both the
population of interest and other factors at play [21–23]. These studies have spanned numer-
ous nations across the globe but include considerably more Western countries [6,20,24,25].
Studies of survivors of suicide attempts in South Korea and Europe found financial stress
to be one of the most commonly reported reasons for a suicide attempt for middle-aged
individuals, while a similar study of female suicide attempt survivors in Cambodia found
poverty to be one of four reasons reported for attempting suicide [22,26,27]. Quantitative
analyses of suicide rates in Brazil, Germany, China, and other nations have concluded
that economic deprivation is positively correlated with rates of death by suicide, while
economic success is negatively correlated with rates of death by suicide [5,17,28,29].

Financial instability can contribute to an increase in suicide rates by increasing feelings
of shame, humiliation, and inadequacy among people. Additionally, the self-reliant nature
of American culture and the socially imposed goal of financial success can also increase
feelings of shame and additional mental health problems among individuals who face
financial dependence or instability [30]. For this reason, both measures of financial insta-
bility and the quality of mental health among individuals in a community were included
in the model for predicting suicide risk. Variables used as indicators of mental health in
a community were measures of alcohol and drug use, the size of the veteran population,
and the average daily sunlight rate. Sunlight is a primary source of vitamin D, which has a
positive impact on mood and mental health. Some previous studies have found positive
associations between suicide and a colder climate or lack of sunlight [21,31–33]. Variables
used to measure financial instability were the rates of poverty and home ownership and
the median household income.

2.2. Sociology

Within sociology, suicidology studies consider how the norms and values within a
society influence the occurrence of suicide. Sociological theories explaining suicide include
the Theory of Anomie and Social Strain Theory, both of which consider social isolation as a
significant factor [34]. Not only has social isolation been extensively studied as a suicide
risk factor, but research has found that interpersonal trust is a crucial factor in protecting
against suicide risk [24].

Sociological studies of suicide were made famous by Emile Durkheim’s Theory of
Suicide, in which Durkheim defines the social and structural aspects of suicide [35]. The
Theory of Suicide argues that social integration and adhesion to social norms protect against
suicide, putting social isolation at the core of suicidality in the same way that psychology
does [35–37]. Individuals who do not establish social ties and are not included within
a social structure such as a family or religious group, and who do not adopt the social
order created by norms and values, experience anomie. Anomie, defined as dysregulation,
normlessness, and instability caused by a lack of socially established standards and social
integration, leads to isolation, feelings of worthlessness, depression, and eventually to
suicide [36].

Social Strain Theory was developed by Robert K. Merton from Emile Durkheim’s
Theory of Anomie. The argument of Social Strain Theory is that every society has a defined
system of norms and values, which includes goals that people within that society should
strive to reach. In addition, included within the system of norms and values are the socially
acceptable ways of reaching those goals [38]. Social strain emerges when a member of the
society accepts these goals and aspires to reach them but is hindered from reaching them
through the socially defined and accepted methods. There is a gap between one’s goal and
the means, abilities, or resources they possess, which results in that person experiencing
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social strain and isolation. This strain creates an anomic environment within a person,
which can put a person at risk for suicide [38].

Social isolation is the underlying common thread between sociological theories of
suicide, as it is in psychological theories of suicide [20,39]. In the United States, there is a
socially constructed and shared goal and expectation of independence that results from
the individualistic culture. As a result, poverty, persistent unemployment, and downward
social mobility can contribute to feeling disconnected from society, while opportunity,
upward social mobility, and independence increase social integration [9,40].

One study found lack of employment to be one of the primary sources of anomie
among males in the United States and cited the association between one’s work and their
contribution to society to be a possible explanation [40]. A recent study concluded that
increased income inequality had health and social consequences including chronic stress,
depression, and shame and that these occurred mostly in low-income individuals [41].
Previous studies have also found that social isolation results from a lack of opportunity,
lack of resources, and high levels of inequality, all of which act as barriers to social integra-
tion [9,28,41]. In summary, through employment, providing for oneself and one’s family,
and upward social mobility, one is adhering to the socially constructed goal of self-reliance,
and is integrated into their society. The inability to reach this shared goal pushes one to
the peripheral of society and increases social isolation [42]. Variables measuring economic
opportunity and financial stability, including unemployment rate, poverty, median house-
hold income, and the rate of home ownership, which economic studies have indicated is a
means to build wealth and stability, were tested in the analysis [43]. Variables measuring
individuals’ access to opportunity and potential for social mobility, including high school
and college graduation rates, income inequality, rate of household internet access, and
urbanicity (measured by population density) were tested as well.

Economic stability at the societal level has also been associated with suicide. Unem-
ployment rates have been found to be positively correlated with suicide rates, while lack of
health insurance, limited access to healthcare, high levels of social inequality, and inability
to access education, housing, or other essential services have all been found to be risk
factors for suicide in studies conducted in forty-four countries in total [5,28,29,44–46]. At
the macro level, a study of fifteen countries found that there was a significant correlation
between suicide rates and current economic conditions. Furthermore, the study found
a significant positive relationship between the proportion of income that must be spent
on essential expenses and the suicide rate. As it became harder for the people studied
to cover their expenses with their income, the suicide rate increased [47]. These findings
also may be partially explained by the correlation between financial instability and mental
health problems. In the United States the prevalence of major depression significantly
increased between 2005 and 2006, and between 2011 and 2012, both of which were times
of economic recession when many people lost their jobs and homes, and economic strain
was widespread [48]. A study in Canada, the United States, and the European Union
concluded that the 6.5% increase in suicide in the EU and 4.8% increase in suicide in the
U.S. between 2007 and 2009 lead to 10,000 more deaths from suicides than would have been
expected under the economic conditions preceding 2007 [48]. A study that also considered
the 2008 global economic recession found that suicide rates increased in men during this
time period in all 54 countries considered [6]. A study in Italy that considered the same
time period found an association between the global economic recession and a significant
increase in suicide among men in the labor force [25]. As these studies spanned across
multiple countries, the correlation between economic conditions and suicidality appears
to hold constant for many societies, though future research should strive to include more
non-Western nations in studies of economic conditions and suicide rates.

2.3. Anthropology

Within anthropology, the study of suicide considers the cultural implications of suicide,
including how suicide is defined within a culture and what members of that culture believe
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happens after suicide completion [14]. Because even the very definition of suicide can vary
between cultures, studies of suicide must include a cultural perspective to ensure that the
information collected is interpreted in a manner that is relevant to the culture from which it
came [49]. Even among groups of people from very similar cultures, there can be differences
in perceptions of suicide. A study in the United States found that residents of Honor States,
primarily southern states who equate self-worth and reputation, and residents of Dignity
States, primarily northern states who see self-worth as being self-defined and not based on
others’ perceptions of them, differ in their beliefs about suicide. Members of honor cultures
reported more suicidality resulting from shame than members of dignity cultures [39].

Shame, like economic conditions, is associated with social isolation. Some psycholo-
gists have concluded that social connections protect against feelings of shame while social
isolation puts one at higher risk for feelings of shame [50]. Another argument is that shame
is a response to failing to reach the expectations imposed on individuals by their society [51].
It is worth noting that these two arguments for the source of shame are far from mutually
exclusive, as evidenced by Merton’s studies which concluded that social isolation results
from a failure to meet the goals created and shared by a society [9].

The anthropological perspective of suicidality emphasizes the importance of consid-
ering and studying the beliefs about suicide that vary between cultures and subcultures.
Characteristics of a culture impact suicide rates by determining what situations are likely to
lead suicide, such as social isolation has been shown to do in the United States. The United
States scores highest of all ranked countries on the Individualism Index, developed to mea-
sure the importance that a nation places on individualism compared to collectivism [52,53].
Highly individualistic societies such as the United States value independence, self-reliance,
and immediate family bonds, whereas collectivist societies place more emphasis on inter-
personal relationships, individuals’ roles in groups, and a system of recidivism that both
strengthens and relies on extended family bonds [52,54]. Furthermore, individualism in
a society is positively correlated with shame and social withdrawal [55]. The extremely
individualistic nature of American society creates an environment where social bonds
are already looser and a strong emphasis on independence puts people at higher risk for
feelings of shame, further solidifying the association between drivers of social isolation and
suicide in the United States.

2.4. Modern Research: Neurobiology Model

Psychologists, sociologists, and anthropologists began to identify some of the factors
of suicide before the end of the 19th century. Durkheim proposed the importance of social
integration within members of a society, and the detrimental effects of social isolation in his
1897 book Suicide, while a study in Italy identified economic fluctuations as an important
factor in 1881 [25,36,56,57]. Today, modern medical technology has prompted suicide
research to expand into the fields of neurology and biology. The Neurobiology model
evaluates molecular alterations, gene patterns and receptor signaling to link neurological
and genetic abnormalities to suicidal behaviors and has dominated much of the recent
research on suicide [3,58]. However, like socio-demographic or economic factors of suicide,
neurology and genetics cannot be considered in isolation of social and environmental
factors. For example, the research has indicated that serotonin dysregulation is a highly im-
portant factor in suicidality, but serotonin dysregulation is a result of genetics, environment,
or both [3,58]. While the neurobiological model can provide extensive insight in suicidality
in individuals, limited data and make it difficult to rely on the neurobiological model to
create a framework by which to identify population subgroups at high risk for suicide.

3. Present Study

This study seeks to determine the quantitative variables that can be used to predict
suicide at the county level. The guiding research question is: using the research on suicide,
are there variables studied at the community level that are linked to suicide and are
measurable using quantitative, demographic data that are already collected and updated?
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This study is advantageous because it is one of the few to comprehensively predict suicide
at the county level and it is efficient since the necessary data are already available.

All variables included data at the county level. Analyzing suicide at the county
level, rather than the state or national level, retains more of the variation in suicide rates,
which can expose important trends in deaths from suicide. At the state level, the rate
of suicide ranges from 5.1 to 27.2 deaths from suicide per 100,000 people. At the county
level, however, the rates range from less than 4.7 deaths by suicide per 100,000 people to
49.1 deaths per 100,000 people [1]. Preserving variation allows for better identification of
trends and patterns in the data and may reveal opportunities for insight to be gained from
outlier analysis.

This study is unique in that it presents a comprehensive model for classifying counties
based on suicide risk and incorporates a multi-disciplinary theoretical explanation for the
variation in suicide risk between counties. To the best of the researchers’ knowledge, this
study is the first to use cluster analysis as a tool for identifying high risk counties where
suicide prevention efforts should be focused.

4. Methods

The predictor variables were grouped into four categories. Financial variables were
poverty, rate of home ownership, and median household income. Variables for inequality
and resource accessibility were unemployment rate, income inequality (the difference
between the first and third income quartiles), urbanicity (population density), and high
school and college graduation rates. Variables measuring the risk for mental health prob-
lems were the rates of drug and alcohol related deaths, the prevalence of mental health
practitioners in the county compared to the national average, the percent of the population
that are veterans, the average daily amount of sunlight, net population change, and the
prevalence of household internet connections. Data for the county population, the average
daily amount of solar radiation (sunlight) received, number of deaths from suicide, and the
prevalence of drug and alcohol related deaths (two separate variables) were collected by
the CDC and provided by the CDC Wide-ranging Online Data for Epidemiologic Research
(CDC WONDER) [59]. The count of deaths from suicide for each county were compiled
using official death reports filed by each county. The number of deaths from drug related
causes and from alcohol related causes also came from official death reports filed in each
county. Data were used from the years 2000, 2005, 2010 and 2015 for each variable.

Data on the percent of people living in poverty and the median household income at
the county level were collected by the United States Census Bureau American Community
Survey (ACS) and Decennial Census data archives for the years 2000, 2005, 2010, and
2015 [60,61]. Data for the population each year, as well as the percent of the population
living in poverty were collected using the decennial census in 2000 and 2010 and the Amer-
ican Community Survey in 2005 and 2015 [60,61]. Data on the county level unemployment
rate for the years 2000, 2005, 2010, and 2015, and the prevalence of mental health practition-
ers in each county, were provided by the Bureau of Labor Statistics through the Current
Population Survey and the Quarterly Census of Employment and Wages (QCEW) [62].
Lastly, data on the prevalence of households in each county with internet access for the
years 2000, 2005, 2010, and 2015 were collected and made publicly available by the Federal
Communications Commission (FCC), which uses both Information Technology services as
well as data submitted by internet providers to determine internet connection rates [63].

Using SAS 9.4, these datasets were merged to form one dataset with the following
variables: number of deaths from suicide, year, population, sunlight, rate of household
internet connections, unemployment, number of drug related deaths, number of alcohol
related deaths, percent of people living in poverty, median household income, prevalence
of mental health practitioners, number of veterans, population density, population change,
the rate of home ownership, and income inequality. Each observation was a county in
the United States, identified by the county’s Federal Information Processing Standard
(FIPS) code. Each county had up to four observations, one for each time point of the study:
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2000, 2005, 2010, 2015. Counties for which the number of suicide deaths was missing were
removed from the dataset. 3252 observations remained in the final dataset. For observations
that had a missing value for one of the variables, the missing value was replaced with the
median value. The distribution of all variables except the rate of home ownership was
skewed right, and so a log transformation was done on each skewed variable. The final
step in the data management stage was to convert counts into rates so that differences
in county population were accounted for when calculating the prevalence of a particular
variable. The number of deaths from suicide, drug related deaths, and alcohol related
deaths were each divided by the total county population for the respective year, and then
the decimal value multiplied by 1000 to result in a number representing the number of
deaths per 1000 county residents.

Data Analysis Approach

Linear regression analysis using SAS was conducted first to check for multicollinearity
and to identify significant predictor variables. Multiple linear regression, also using SAS,
was then completed to model the importance of each contributing factor. Following
multiple linear regression, SAS was used to create a longitudinal model to determine where
changes in the predictor variables were significantly correlated with change in the rate of
death by suicide.

The final stage of analysis consisted of creating multiple clustering algorithms in order
to classify counties by predicted suicide risk based on the independent variables considered.
Four clustering methods were used to create models: multi-level perceptron classifier,
K-means, K-medoid, and hierarchical clustering methods. The multi-level perceptron
classifier is an artificial neural network method that uses an input layer, an output layer,
and multiple hidden layers to learn and classify data that may be non-linear. The K-means
and the K-medoids clustering methods are similar in that both minimize the distance
between the points in a cluster, but in the K-means method the center of each cluster
is a mean value, whereas in the K-medoids method the clusters are centered around an
actual data point and not a mean [64]. The method of hierarchical clustering used in this
analysis splits the data into two groups, and then continues to split those groups into
smaller clusters [64]. The silhouette width, a measure of the average distance between each
cluster, was used to determine the efficacy of the K-medoids clustering algorithm, while
the efficacy of the other three methods was measured using the proportion of data points
that were consistently and accurately classified based on current suicide rates using only
independent variables. The goal of a clustering algorithm is to be able to classify counties
based only on a few independent variables so that counties for which data are limited can
be classified by suicide risk, and so that areas of high or increasing suicide risk can be
identified preemptively, even in places where suicide data are unavailable. It is in these
counties where this algorithm may perhaps be most useful.

Building a model to predict suicide rates based on quantitative factors allows for a
more proactive approach to suicide prevention by sooner identifying characteristics of
communities that are at risk for increases in suicide. Suicide prevention initiatives can
be aimed at the factors contributing to the increases in suicide rate in communities and
can be tailored to individual communities. Classifying counties based on suicide risk can
provide a framework to allocate resources to communities in need. A classification model
can also allow similar counties to be investigated further to identify additional sociological
or cultural factors contributing to or protecting against suicidality.

It is necessary to emphasize here that the data evaluated were not nested. Aggregate
information was provided for each of the 1000 counties. Information about individuals or
neighborhoods within each county was not tested.

5. Results

Multiple regression analysis resulted in a model with ten significant predictor variables
and an adjusted R2 value of 0.63. While population density, prevalence of drug related
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deaths, and veteran population had small parameter estimates in comparison to others
predictor variables, partial F-tests indicated that the model was significantly compromised
when these variables were removed from the model. Therefore, all ten significant variables
were retained in the final model (Table 1).

Table 1. Multiple Regression Model Results.

Independent Variable Parameter Estimate p-Value

Median Household Income 0.23635 0.0001
Poverty 0.10560 0.0001

Income Inequality −0.29825 0.0001
Home ownership 0.21399 0.0001

High school graduation rate 0.46011 0.0001
Population Density −0.03714 0.0001

Alcohol related deaths 0.12906 0.0001
Drug related deaths 0.04395 0.0001

Sunlight 0.17428 0.0001
Veteran population 0.04593 0.0001

Longitudinal analysis revealed that changes in drug and alcohol related death rates
were most strongly correlated with changes in rates of suicide over the fifteen-year span of
the data, with drug abuse rates having the strongest effect on rates of suicide (Table 2).

Table 2. Longitudinal Analysis Model Results.

Effect Parameter
Estimate

Standard
Error

Degrees of
Freedom t-Value p-Value

Intercept 0.03107 0.00762 1034 4.08 0.0001
Rate of Alcohol related deaths 0.9951 0.06652 766 14.96 0.0001

Rate of drug related deaths 1.0478 0.06838 766 15.32 0.0001
Household internet connections 0.00007 0.00001 766 6.72 0.0001

Lastly, multiple clustering algorithms were created to classify counties into groups
based on suicide risk. Variables included were median household income, poverty, income
inequality, unemployment, home ownership, high school and college graduation rates,
net population change, drug and alcohol related death rates, prevalence of mental health
practitioners, population density, household internet connection rate, and daily sunlight.
Calculating silhouette width, a measure of similarity within clusters and difference between
clusters, was used to measure consistency of the clustering algorithm. The clustering
algorithms with the best measure of silhouette width included the following predictors:
median household income, alcohol and drug related death rates, and poverty rate, and
the K-medoids method created the most successful clustering algorithm. The K-medoids
algorithm resulted in the most counties being assigned to the cluster corresponding to their
current suicide rate based only on five independent variables and had the largest silhouette
width. Two (Figure 1) or three (Figure 2) clusters resulted in the most accurate classification
of counties. Specifically, results showed that counties with a higher rate of death by suicide
also have a higher rate of drug and alcohol related deaths, higher poverty rate, and lower
median household income. Clustering the counties based on similar demographic features
that may put them at a higher suicide risk is a method for quickly identifying counties
where resources may be needed most.
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6. Discussion

External risk factors are under-researched compared to internal risk factors. This study
fills a gap in the research on suicide by comprehensively studying the external and county
level risk factors that are linked to suicide. Additionally studied were the variables linked
to changes in suicide rate over time, which showed that the suicide rate in the average
county changes with the rate of substance abuse and internet usage.

Substance abuse measures proved to be a highly important when building a predictive
model of suicide risk. The importance of substance abuse may be explained by Zhang’s
Strain Theory of Suicide, which builds off of the Theories of Anomie and Social Strain
developed by Durkheim and Merton [65]. Durkheim and Merton theorized that the inability
to integrate into society leads to anomie and social strain and puts the individual at risk of
suicide [36,38]. Zhang further theorized that when mental illness is coupled with social
strain and deficient coping, then the risk of suicide is significantly increased [65]. Substance
abuse represents one form of maladaptive coping with social strain.

While social isolation, social strain, or shame may explain the relationship between
poverty or financial instability and suicide, and economic explanation may also be at play.
Increased spending on health and wellbeing and social welfare is correlated with lower
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suicide rates in the United States. However, counties with high levels of poverty or financial
instability among residents are less likely to have the resources for robust public health
and welfare programs. They also have a larger portion of the population among which to
distribute the resources that are available [21].

Economic conditions, resources, and opportunity make up the third group of factors in
the models and include education, inequality, urbanicity, and internet access. One possible
explanation for the relationship between population density and suicide is access to social
welfare resources, since social welfare spending is known to be positively correlated with
suicide rates. Analysis of data from three major US cities showed a significant difference
in access to social welfare resources for impoverished individuals just between urban
and suburban neighborhoods [66]. This difference is likely larger between rural and
urban communities.

Income inequality had a negative relationship with suicide rate which may be ex-
plained by the method of measuring income inequality. Income inequality was measured
by subtracting the 25th percentile median household income value from the 75th percentile
value, creating a value representing the range between lower income and higher income
residents in the county. Therefore, counties with high income inequality may also have
a higher 75th percentile MHI value, and therefore, more residents with greater access to
resources, health care, etc. More research is necessary to determine the impact of income
inequality on suicide in the United States.

The relationship between internet and suicide is a newer research area that is still in
great need of further analysis. This topic recently made headlines after The Washington Post
published an exposé alleging that Facebook had evidence that Instagram was contributing
to worsening mental health conditions in teenage girls but did not inform the public. While
they could not conclude that Instagram was the cause of declining mental health in teenage
girls, the United States Senate subsequently released a report highlighting the correlations
between internet usage, specifically social media, and rising mental illness and suicide
rates in teenagers [67]. One explanation to consider is whether media access is a latent
variable that connects internet access and suicide. Studies have indicated that how suicide
and suicidal behavior is portrayed by media outlets may increase suicidality in the greater
population [68]. Internet access may also allow vulnerable individuals to be exposed to
material that can increase suicidal behavior, either through directly encouraging suicide or
by providing information on methods of suicide [68]. There is an urgent need for increased
research in this area.

The COVID-19 pandemic has aggravated several of the risk factors in suicide. Eco-
nomic decline and uncertainty have resulted in many people experiencing a significant
decline in socio-economic status and financial stability. As more aspects of people’s lives
have moved to online platforms, including education, work, healthcare, and relationships
with family and friends, the amount of time spent online has increased for many people.
Pandemic conditions also resulted in increased social isolation as people were prevented
from visiting family or friends, worked or attended school from home, and were unable
to participate in religious traditions, sports, or other social groups [69–72]. One study
found that suicide related online searches increased considerably during the pandemic [69].
A combination of increased social isolation and social strain lead to significant increases
in mental health concerns during the pandemic [70]. The increase in suicide risk factors
resulting from the current social and economic conditions make identifying the popula-
tion subgroups at the highest risk a priority in order to mitigate the potential increase in
suicidal behavior.

Given the recent interest in the role of neurobiology on suicide, this area of research
should not be studied in isolation, but rather should be integrated with the work on
environmental, psychological, and social factors that impact suicide in order to provide
a comprehensive understanding of suicidal behavior. A longitudinal and developmental
perspective is ideal for this area of research. Every county included in this study that had
low rates of suicide will have individuals who are still at high-risk of suicide. The scope of
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this study does not extend to the psychiatric or neurobiological traits of individuals that
impact the risk of suicide at the individual level. The limitations of this study are that no
individual data are used, and so it is impossible to ascertain how an individual at high-risk
for suicide may be impacted by residing in a low-risk county, and vice versa. This study
may be further strengthened by the use of nested county data which would allow for the
study of different neighborhoods within counties.

7. Conclusions

In the final models, ten factors were found to be important in predicting the county
level suicide rate: median household income, poverty, income inequality, home ownership,
high school graduation rate, population density, alcohol related deaths, drug related
deaths, sunlight, and the percentage of the population that are veterans. The longitudinal
analysis results further revealed the importance of drug and alcohol related deaths in
predicting suicide rates, as well as the role that increasing internet access plays. The
correlation between substance use in a community and the suicide rate opens a door to
additional sources of information that may contribute to the knowledge of suicide risk in a
community, since substance abuse information is collected by both law enforcement and
health care agencies.

Analysis in this study indicates that factors measuring financial stability (median
household income, home ownership, and poverty), economic prospect (income inequality
and high school graduation rates), and mental health quality (drug and alcohol related
death rates, daily sunlight, and the prevalence of veterans) can be used to predict suicide
risk in counties. The availability of data on these demographic variables makes the multiple
regression model and the clustering algorithm for predicting suicide more powerful, since
they can predict an estimate of suicide risk for counties where suicide data are unavailable.

Addressing the problems of financial insecurity and poor economic conditions in a
community is one important step toward lowering suicide risk. However, the importance
of the variables measuring the quality of mental health in the models, including drug
and alcohol related deaths, sunlight, and the veteran population, indicates that increasing
economic prospect and financial independence alone would be neglecting a key aspect of
suicide prevention. In addition, highlighted is the link between financial stability, social
class, and mental health in the United States. American culture places high importance on
achieving self-reliance and avoiding downward social mobility, which is supported by the
interwoven relationships between financial and economic conditions, shame, and suicide
behaviors. Efforts to improve mental health and prevent suicide in communities with lim-
ited economic growth and widespread poverty are critical in preventing suicide, but must
also address ways to improve mental health among people experiencing these conditions.

Eliminating poverty, unemployment, and periods of poor economic conditions has
thus far been infeasible, and so focus must shift to treating the mental health problems that
are exacerbated by these conditions, especially in the aftermath of the COVID-19 pandemic.
This study provides a framework for identifying where research and resources should be
focused in order to have the largest impact on the rate of death by suicide in communities
across the United States, as well as a model for identifying where people are at the highest
risk for suicide.
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