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Abstract

Background

Gun violence has shortened the average life expectancy of Americans, and better knowl-
edge about the root causes of gun violence is crucial to its prevention. While some empirical
evidence exists regarding the impacts of social and economic factors on violence and fire-
arm homicide rates, to the author’s knowledge, there has yet to be a comprehensive and
comparative lagged, multilevel investigation of major social determinants of health in relation
to firearm homicides and mass shootings.

Methods and findings

This study used negative binomial regression models and geolocated gun homicide incident
data from January 1, 2015, to December 31, 2015, to explore and compare the independent
associations of key state-, county-, and neighborhood-level social determinants of health—
social mobility, social capital, income inequality, racial and economic segregation, and social
spending—with neighborhood firearm-related homicides and mass shootings in the United
States, accounting for relevant state firearm laws and a variety of state, county, and neigh-
borhood (census tract [CT]) characteristics. Latitude and longitude coordinates on firearm-
related deaths were previously collected by the Gun Violence Archive, and then linked by
the British newspaper The Guardianto CTs according to 2010 Census geographies. The
study population consisted of all 74,134 CTs as defined for the 2010 Census in the 48 states
of the contiguous US. The final sample spanned 70,579 CTs, containing an estimated
314,247,908 individuals, or 98% of the total US population in 2015. The analyses were
based on 13,060 firearm-related deaths in 2015, with 11,244 non-mass shootings taking
place in 8,673 CTs and 141 mass shootings occurring in 138 CTs. For area-level social
determinants, lag periods of 3to 17 years were examined based on existing theory, empiri-
cal evidence, and data availability. County-level institutional social capital (levels of trust in
institutions), social mobility, income inequality, and public welfare spending exhibited robust
relationships with CT-level gun homicide rates and the total numbers of combined non-
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of homicide incidents (IRR = 0.76, 95% Cl 0.67—0.87, p <0.001). Meanwhile, 1-SD
increases in the neighborhood percentages of residents in poverty and males living alone
were associated with 26%—27% and 12% higher homicide rates, respectively. Study limita-
tions include possible residual confounding by factors at the individual/household level, and
lack of disaggregation of gun homicide data by gender and race/ethnicity.

Conclusions

This study finds that the rich—poor gap, level of citizens’ trust in institutions, economic oppor-
tunity, and public welfare spending are all related to firearm homicide rates in the US. Fur-
ther establishing the causal nature of these associations and modifying these social
determinants may help to address the growing gun violence epidemic and reverse recent
life expectancy declines among Americans.

Author summary

Why was this study done?

o Better knowledge about the root causes of gun violence is crucial to its prevention.

« While some empirical evidence exists regarding the impacts of social and economic fac-
tors on violence and firearm homicide rates, to the author’s knowledge, there has yet to
be a comprehensive and comparative lagged, multilevel investigation of major social
determinants of health in relation to gun homicides and mass shootings.

What did the researchers do and find?

o This study used geolocated gun homicide incident data from the US in 2015 to explore
the independent associations of key state-, county-, and neighborhood-level social
determinants of health—social mobility, social capital, income inequality, residential
racial and economic segregation, and social spending—with neighborhood firearm
homicides and mass shootings in the US.

o The study population consisted of all 74,134 census tracts (CTs) as defined for the 2010
Census in the 48 states of the contiguous US.

o Analyses were based on 13,060 firearm-related deaths in 2015, with 11,244 non-mass
shootings taking place in 8,673 CTs and 141 mass shootings occurring in 138 CTs.

» Using lag periods of 3 to 17 years, county-level institutional social capital, social mobil-
ity, income inequality, and public welfare spending showed robust relationships with
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CT-level gun homicide rates and the numbers of combined fatal non-mass and mass
shooting incidents and non-mass shooting incidents alone.

What do these findings mean?

o This study finds that the rich-poor gap, levels of citizens’ trust in institutions, economic
opportunity, and public welfare spending are all associated with firearm-related homi-
cide rates and incident counts in the US.

« Establishing the causal nature of these relationships and modifying these social determi-
nants may help to combat the ongoing gun violence epidemic and aid in reversing
recent life expectancy declines among Americans.

Introduction

The US is grappling with a worsening epidemic of gun homicides. Between 2001 and 2013,
guns took the lives of more Americans than the total number killed by war, AIDS, illegal drug
overdoses, and terrorism combined during the same period [1]. Gun homicides rose consecu-
tively in 2015, 2016, and 2017 [2], and are the second leading cause of injury death among
youths and young adults [3].

Identifying the key drivers of firearm violence is crucial to its prevention. While a growing
literature has explored the impacts of state gun control policies [4-7], there are increasing calls
for comprehensive, multidisciplinary approaches to unpack and address the root causes—the
social determinants—of gun homicides [7-9]. As described by the World Health Organization,
the social determinants of health are the upstream social and economic conditions in which
people are born, grow, live, work, and age that shape individual as well as group differences in
health status [10]. These social determinants of health include social capital, reflecting informal
and formal social ties within society; income inequality, the divide between the rich and poor;
residential racial segregation and economic segregation, which correspond to the physical sep-
aration of 2 or more groups as defined by race/ethnicity and socioeconomic status, respec-
tively, into different neighborhoods; non-medical social spending such as government
spending on welfare and education; and intergenerational social mobility—the ability of chil-
dren to climb higher on the social ladder than their parents [11,12].

Opverall, the empirical literature linking area-level social determinants of health to homi-
cides is limited by factors including the study designs used (e.g., primarily ecological and
cross-sectional rather than multilevel and lagged/longitudinal designs), studies’ controlling for
only a limited number of covariates (with a greater possibility of residual confounding), and
studies’ lack of specificity to firearm-related homicides. Investigations on social mobility are
also sparse. Furthermore, results from cross-sectional studies that do not employ time lags are
problematic due to the possibility of reverse causation; for example, higher levels of violent
crime have been linked to lower levels of social trust in neighbors in the subsequent year [13],
such that the direction of the association between social trust and violent crime is less clear if
temporal order is not taken into account. Even in lagged cross-sectional or longitudinal studies
of social determinants and homicide, the lack of exploration of varying lag periods to identify
the most sensitive lag periods is a critical empirical gap.
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Notably, studies so far have focused analytically on single social determinants, which can
introduce confounding by other social determinants at the same and other geographic levels,
and can hamper our ability to directly compare the relative sizes of impacts across social deter-
minants. To date, no studies to the author’s knowledge have comprehensively investigated and
compared major social determinants of health as drivers of firearm homicides and mass shoot-
ings. To address this gap and to capitalize on the recent public release of geolocation data on
reported gun homicides for the year 2015 in the US, this study explores and compares the
independent associations of state-, county-, and neighborhood-level income inequality, racial
and economic segregation, social spending, social capital, and social mobility with neighbor-
hood firearm homicides and mass shootings, after taking into account relevant state firearm
laws and state-, county-, and neighborhood-level characteristics. In contrast to previous stud-
ies, this study directly compares the magnitude of associations across multiple social determi-
nants in the same models. This study further explores associations using multiple lag periods
for 2 key social determinants, social spending and income inequality, to identify the most sen-
sitive lag periods.

Methods

All study analyses were planned (without a formal prospective analysis plan document) prior
to undertaking this lagged multilevel cross-sectional study, with the exception of the analysis
of additional lag periods for social spending and income inequality, as noted in the statistical
analysis section below.

Study population

The study population consisted of all 74,134 census tracts (CTs) as defined for the 2010 Census
in the 48 states of the contiguous US. CTs are geographic entities within counties (or the
statistical equivalent of counties) that generally vary in population size from 1,200 to 8,000
residents.

Outcomes

Primary outcomes were the 2015 firearm-related homicide rate and the total number of fire-
arm homicide incidents, non-mass shooting homicide incidents, and mass shooting homicide
incidents, all measured at the CT level. Latitude and longitude coordinates on firearm-related
homicides were previously collected by the Gun Violence Archive (GVA), a non-profit organi-
zation that tracks shootings and gun deaths in the US using media reports [14]. The GVA uses
automated queries, and manually searches over 2,000 media sources, aggregates, police blot-
ters, police media outlets, and other sources daily. Each incident is verified by both initial
researchers and secondary validation processes [14]. The geolocated gun homicide data do not
include information to allow for disaggregating homicides by victim and perpetrator charac-
teristics including race and gender, and whether the homicides were perpetrated by law
enforcement versus other individuals. In 2017, the British newspaper The Guardian linked
each of the geolocated gun murders in 2015 to a CT according to 2010 Census geographies
and publicly released the data [15].

For each CT, the homicide rate was calculated as the total number of reported firearm
homicides divided by the total population in 2015. Non-mass shooting homicide and mass
shooting homicide incidents were defined as the total number of reported incidents in the CT
in 2015 in which an individual used a firearm to kill 1-2 and 3 or more persons, respectively,
not including the shooter. This definition of a mass shooting comes from the Investigative
Assistance for Violent Crimes Act of 2012 signed into law by the US Congress in 2013 [16].
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For the analysis of non-mass shooting homicide incidents, 138 CT's with at least 1 mass
shooting incident were excluded from the sample. For the analysis of mass shooting homi-
cides, incidents with 1-2 deaths were not included.

For area-level social determinants, average lag periods of 3 years up to a maximum of 17
years were examined. With the exception of income inequality, for which evidence points to
lag periods on the order of a decade or longer [17,18], and residential segregation, for which
available data were for the year 2000, year-specific social determinant data corresponding to
shorter lag periods (a decade or less) were selected, to better reflect plausible lag periods for
hypothesized effects. A more detailed description of the primary evidence on and the rationale
for the choice of lag periods used in the main models is provided in S2 Table [19-37]. For state
and local (county and municipal) social spending and county-level income inequality, for
which data across multiple years were available, lag periods of 5 and 7 years, respectively, were
originally used. In response to the peer review process, additional average lag periods of 3, 7,
and 10 years for social spending and 3 and 17 years for income inequality were investigated
(using unitary changes of $250 per capita for social spending and a 0.1-Gini unit increase for
income inequality), given that the most sensitive lag periods have yet to be established (S2
Table). Models using 3-year lags for social spending with otherwise the same model specifica-
tions did not converge. Estimates according to the 5-year average lag for social spending and
the 17-year average lag for income inequality exhibited the most consistent and smallest p-val-
ues, signifying a lower likelihood of being observed due to chance (see S3 and S4 Tables).
These lag periods were hence used for the main analyses.

County- and commuting zone-level social determinant exposures

County-level intergenerational social mobility was based on Chetty and colleagues’ measure of
absolute upward income mobility, which they have described as an indicator of economic
opportunity [11]. This measure was constructed using 2010-2012 income tax return data on
over 10 million individuals born in 1980-1982 whose parents could be identified through tax
return data and whose mean parent income between 1996 and 2000 was strictly positive
(thereby excluding 1.2% of children). Counties were assigned on the basis of the child’s zip
code of residence at the age of 15 years (1995-1997). For a given county, this measure signifies
the average income rank that individuals born to the poorest quartile of parents were able to
attain. Higher average income ranks reflect greater intergenerational social mobility [11].

County-level income inequality was measured using the Gini coefficient derived from
household income reported in the 2006-2010 and 2010-2014 American Community Survey
(ACS) [19] and the Internal Revenue Service Statistics of Income sample [20]. County-level
Gini coefficients estimated using the latter data were calculated by Chetty and colleagues for
mean family income in 1996-2000 according to federal income tax records for the parents
included in their core sample used to calculate social mobility [11]. The Gini coefficient can
assume theoretical values ranging from 0 (perfect equality) to 1 (perfect inequality).

Measures of residential segregation according to race/ethnicity and income were con-
structed by Chetty and colleagues using the 2000 Census [11]. Racial segregation was measured
using Theil’s entropy index, which captures the extent to which the racial distribution in each
CT deviates from the overall racial distribution in the commuting zone (CZ), an aggregate of
counties meant to spatially represent the local labor market. Following Iceland [38], Chetty
etal. [11] calculated H, the degree of racial segregation in the CZ, using the formula

PoD, E—Ej

H=Y 5
j poptotal
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where pop; indicates the total population of CT j and popia denotes the total population of
the CZ; E is an entropy index that measures the level of racial diversity in the CZ; j indexes
CTs in the CZ; and E; denotes the level of racial diversity in tract j. H takes on a theoretical
value of 1 when there is no racial heterogeneity within CTs (corresponding to complete segre-
gation)—since E; = 0 in all tracts—and a value of 0 when all tracts have the same racial compo-
sition as the CZ as a whole, since E; = E [11].

Following Reardon and Firebaugh [39], Chetty et al. [11] estimated the degree to which
individuals below the xth percentile of the local household income distribution were segre-
gated from individuals above the xth percentile in each CZ. For each CZ, they then calculated
income segregation as the weighted average of income segregation at each percentile, with
greater weight placed on percentiles in the middle of the income distribution.

Social capital was measured at the county level using 2 validated indices, a community
social capital index and an institutional social capital index [24]. The community social capital
index was designed to measure levels of both informal and formal civic engagement/participa-
tion at the community level, while the institutional social capital index was developed to cap-
ture levels of trust and confidence in institutions that extend beyond the community and
include the government, the media, and corporations.

To construct these county-level social capital indices, the developers first created state-level
indices. Principal components analysis (PCA) was used to identify different domains of social
capital [24], and then both content validity and internal consistency reliability were employed
to delineate the items to include in the state-level community and institutional social capital
indices. The state community and institutional social capital indices had Cronbach’s o values
0f 0.92 and 0.72, respectively [24]. Because indicators of informal civic engagement at the
county level were unavailable, the developers created an index of informal civic engagement at
the state level using available data from the Current Population Survey (CPS). The index score
was the first principal component score combining 6 items. This index score was then assigned
to each county within a state. Next, at the county level, the developers created 5 different candi-
date indices, using various combinations of the informal civic engagement index score and the
numbers of county-level membership organizations per capita, non-religious non-profit orga-
nizations per capita, and congregations per capita. These indices were estimated using PCA.
Finally, for each of the candidate indices, the developers computed the population-weighted
average index score across a state’s counties, and calculated the correlation between each of the
state averages and the state-level community social capital index. Out of the candidate indices,
the index with the strongest correlation was selected [24].

A similar process was undertaken by the developers for the county-level institutional social
capital index due to the lack of data at the county level on confidence in institutions. At the
state level, an institutional confidence index was first created that included 3 institutional con-
fidence variables [24]. Three versions of a county-level institutional social capital index were
then developed using different combinations of presidential voting rate, census response rate,
and the confidence index. The developers next calculated population-weighted state averages
across a state’s counties and compared the correlations with the state-level institutional social
capital index to determine the items in the final index [24].

Estimated correlations with demographic, socioeconomic, and health factors that measure
criterion and construct validity indicated that the county-level community and institutional
social capital indices performed comparably to or even better than the Penn State social capital
index, another US county-level social capital index [24]. The community and institutional
social capital indices also improved upon the Penn State social capital index by including indi-
cators tapping into additional concepts related to social capital such as volunteerism and infor-
mal community engagement [24].
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The county-level community social capital index combined the number of membership
organizations per capita, the number of non-profit (religious and non-religious) organizations
per capita, and the percentages of adults who reported in the past year volunteering for an
organization, attending a public meeting to discuss community affairs, working with neigh-
bors to improve the community, serving on a committee or as an officer of a group, attending
a public meeting where political issues were discussed, and participating in a march, protest,
rally, or demonstration. Data sources consisted of the 2008 and 2013 Civic Engagement Sup-
plements to the CPS and the 2015 Volunteer Supplement to the CPS [24], the 2015 Internal
Revenue Service Business Master File [26], and the 2010 Religious Congregations and Mem-
bership Study [24].

The county-level institutional social capital index was derived from the average rate at
which citizen adults of voting age cast ballots in the 2012 and 2016 presidential elections, the
response rate for residents returning the 2010 decennial census questionnaire through the
mail, and the percentage of adults with “great” or “some” confidence in institutions (corpora-
tions, the media, and public schools) “to do what is right”. These data came from US Election
Assistance Commission annual reports [27,28], the Census Bureau, and the 2013 Civic
Engagement Supplement to the CPS [25].

State and local social determinant exposures

State and local government social spending (public welfare, education, protection, and total
per capita) corresponded to the 2005, 2008, 2010, and 2012 fiscal years as reported by the
Annual Survey of State and Local Government Finances [29]. Welfare spending encompasses
state supplements for unemployment insurance, workers’ compensation, work incentive pro-
grams, public assistance programs (e.g., Aid to Families with Dependent Children), and state
supplements for the Supplemental Security Income (SSI) program for the aged, blind, and dis-
abled. Education spending consists of local spending on elementary and secondary school edu-
cation and financial aid to college students, with higher spending conceivably reducing the
financial burden of parents. Protection spending reflects spending on state and local police,
corrections/prisons, and local fire protection.

S2 Table provides a list of the key social determinants examined, their data sources, and
their average lag periods in relation to the outcomes, both in the current study and in previous
studies. Additional details on how lag periods were selected are given within and beneath the
table.

Covariates

All models controlled for multiple CT-, county-, CZ-, and state-level characteristics. At all
geographic levels, median household income and the percentage of black individuals were
covariates, since they were considered key potential confounders, particularly for social deter-
minants (e.g., social mobility) measured at the same geographic level. For example, all models
controlled for median household income at the county level. This should have had the effect of
reducing confounding by county-level socioeconomic status of the associations between the
social capital indices and gun homicides. CT-level demographic and socioeconomic covariates
included median household income, percentage with high school education, percentage black,
percentage male, percentage unemployed, percentage receiving cash assistance, percentage in
poverty, percentage age 20-34 years, percentage of males living alone, and total population
centered in the year 2012 (based on 5-year estimates from the 2010-2014 ACS). Many of these
covariates have been found to be related to violent crime or have been included as control vari-
ables in other homicide studies [5,40-43]. At the county level, covariates consisted of median
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household income and the percentage black (5-year averages based on the 2006-2010 ACS),
and population density and property crime rates, based on Area Resource File data obtained
through the Inter-university Consortium for Political and Social Research archive [44]. At the
CZ level, models were adjusted for median household income, the percentage black, and a
dichotomous variable to indicate whether the CZ corresponded to an urban area. State-level
covariates included total state and local social spending per capita and state gun control policy
indicators for concealed weapon carry laws, requirements for gun dealers to report records to
the state, and state background check laws—with each of these indicators being shown in pre-
vious studies to be associated with firearm-related homicide rates [4-6]. State fixed effects or
fixed effects for the 9 census statistical divisions were further included to control for area-level
socioeconomic and institutional factors that might be jointly correlated with the social deter-
minants examined and firearm-related homicides.

Statistical analysis

Due to statistical evidence of observed variance greater than expected, negative binomial mod-
els (variants of Poisson regression models) and zero-inflated negative binomial models were
considered for all analyses. Zero-inflated negative binomial regression is used for modeling
count variables with excessive zero counts, whereby excess zero counts are in theory generated
by a separate process from the count values and so the excess zeros are modeled independently
[45]. Negative binomial models and zero-inflated negative binomial models that omitted state
fixed effects were used to permit convergence of the zero-inflated negative binomial models
and to enable comparable model covariates in the 2 models.

The Vuong test [46] and Clarke sign test [47] are 2 statistical tests that can be used to
choose between models based on model fit. These tests yielded inconsistent results: the posi-
tive value of the Vuong test statistic (Z = 6.69, p < 0.001) indicated that the zero-inflated neg-
ative binomial model was closer to the true model, but the negative value of the Clarke sign
statistic (M = —3,161.50, p < 0.001) signified that the negative binomial model was the pre-
ferred model. Due to the inconsistency of the results from the Vuong and Clarke sign tests
with the same null hypothesis, the negative binomial model was selected for the main
analyses in order to permit state fixed effects to be included in all models to minimize
confounding.

For homicide rate, the negative binomial models used the number of firearm-related homi-
cides in a CT in 2015 as the outcome and the log of the CT population as the offset. For the
number of homicide incidents (total, non-mass shooting, and mass shooting), models
employed the total number of corresponding incidents in a CT in 2015 as the dependent vari-
able. All models applied the log link function, by exponentiating the exposure variables to link
them to the outcome. For each outcome, hierarchical multivariate-adjusted negative binomial
regression models were estimated as follows, controlling for all of the above covariates at the
state, CZ, county, and CT levels:

Model 1: Income inequality + social spending (welfare, education, protection) + racial
segregation

Model 2: Model 1 + income segregation
Model 3: Model 2 + social capital (community, institutional)
Model 4: Model 3 + social mobility

This hierarchical modeling process enabled an investigation of the independent impacts of
social determinants, and consideration of possible mediation for the income inequality, social
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spending, and racial segregation effects by income segregation, social capital, and social
mobility.

To reduce the chances of mis-specification of the models due to nonlinear associations,
social determinant exposure variables and covariates were first examined using polynomial
(quadratic) terms and log transformation and model goodness-of-fit statistics. Where there
was statistical evidence of a nonlinear association and a better model fit, the corresponding
transformation was used. Model goodness-of-fit was assessed using the quasi-Akaike informa-
tion criterion QIC and QICu statistics and the %QIC SAS macro proposed by Pan [48] for
generalized estimating equation (GEE) models. A smaller difference between the QIC and
QICu statistics indicated a better model fit [48].

All continuous social determinant exposure variables were standardized to a 1-standard
deviation (SD) change to allow for direct comparisons of effect sizes across social determi-
nants. All associations are reported as incidence rate ratios (IRRs) and their 95% confidence
intervals (CIs). All variance inflation factors (VIFs) for primary social determinants had values
less than 5, and were hence considered to be in the acceptable range (S5 Table) [49].

Attenuation of the estimate and an increase in the p-value corresponding to the association
for income inequality, welfare spending, or racial segregation in Model 1 after controlling for
income segregation, social capital, or social mobility in a subsequent model would satisfy 2 of
the 3 standard steps to test for potential mediation according to the Baron and Kenny media-
tion analysis approach [50]. In such instances, a subsequent model was examined to determine
whether the Gini coefficient, welfare spending, or racial segregation was associated with the
respective potential mediator, i.e., to evaluate the remaining step of the Baron and Kenny
approach [50]. The correct temporal order (i.e., with the social determinant year of measure-
ment preceding the mediator year of measurement, in turn preceding the homicide outcome
year of 2015) was satisfied for 2 of these 3 mediation analyses. The one exception was income
segregation as a mediator of racial segregation, for which data were available for both factors
only from the 2000 Census (see S2 Table). Causal mediation analyses using the approach
described by Valeri and VanderWeele [51] were also undertaken to estimate the percentages
of the total effect due to direct, indirect, and interaction effects, while incorporating exposure-
mediator interaction terms. If no such interaction is present, then the direct and indirect
effects are equivalent between this approach and the Baron and Kenny approach [50].

In sensitivity analyses, CTs that represented extreme outliers for homicide rates (>40 homi-
cides/1,000 persons) were excluded. To match the Federal Bureau of Investigation’s definition
of a mass shooting as 4 or more people killed in a single incident, not including the shooter
[52], an alternative definition of non-mass shootings in which the shooter used a firearm to
kill up to 3 persons was further adopted. The robustness of the findings when protection
spending was limited to police protection services only (i.e., excluding spending on fire protec-
tion and corrections/prisons) and when the following factors were added individually to the
models was also assessed: percentage Hispanic, percentage Asian and Pacific Islander, percent-
age non-Hispanic white, percentage 18 years of age and younger, percentage 65 years of age
and older, and percentage of children in poverty. Finally, because of past empirical associations
of state-level income inequality and other health outcomes, the Gini coefficient was examined
at the state level (using 2000 Census data) instead of at the county level.

All standard errors took into account the similarity (clustering) of CT-level outcomes
within the same state using a GEE approach [53]. All analyses were conducted using SAS soft-
ware, version 9.4. Since all study data were in the public domain, this study was approved for
an exemption from human subjects by the Office of Human Subject Research Protection at
Northeastern University.
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Results

Figs 1 and 2 show county-based heat maps of the gun homicide rates and total numbers of gun
homicide incidents in the contiguous US in 2015. A general pattern of higher concentrations
of homicide incidents in urban areas is observed. Of all counties, Cook County (in which the
city of Chicago is situated) in Illinois had the highest number of incidents (n = 449). Patterns
are similar between the maps, but more populous areas could have high numbers of incidents
yet relatively low homicide rates (e.g., counties in the Miami, Florida, metropolitan area). The
final sample spanned 2,729 counties and 70,579 CTs, containing an estimated 314,247,908
individuals, or roughly 98% of the total US population in 2015. The analyses were based on
13,060 firearm-related homicides reported in 2015 in the US, closely approximating (within
1%) the 12,979 firearm-related homicides in 2015 reported by the US Centers for Disease Con-
trol and Prevention (CDC) Wonder online database based on data provided by the 57 vital sta-
tistics jurisdictions through the Vital Statistics Cooperative Program [2]. In total, 11,385
firearm homicide incidents took place in 8,811 CT's (12.7% of all CTs), with 11,244 non-mass
shootings occurring in 8,673 CTs (maximum of 17 incidents in a CT) and 141 mass shootings
taking place in 138 CT's (maximum of 2 incidents in a CT). Across counties, the Gini coeffi-
cient ranged from 0.16 (Los Alamos County, New Mexico) to 0.81 (Fulton County, Georgia).
State and local spending on welfare ranged from $475 per capita (Alabama) to $1,559 per cap-
ita (Massachusetts), and state and local spending on education varied from $2,041 per capita
(Tennessee) to $4,141 per capita (Wyoming) in 2009 US dollars, based on state population.
The racial segregation index ranged from 0 (Norton CZ, Kansas) to 0.55 (Chamberlain CZ,
South Dakota), and the county-level social mobility index varied from 23.7 (Richmond City
County, Virginia) to 63.8 (Stark County, North Dakota). Additional descriptive statistics are
provided for the key social determinants examined in S1 Table. Less than 5% of observations
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Fig 1. Heat map of gun homicide rate per 10,000 population by county in the contiguous US, 2015. US counties with positive homicide rates
are color-coded into quintiles. White indicates counties for which no data were available. Created with Mapline mapping software (https://
mapline.com), which uses OpenStreetMap geodata (https://openstreetmap.org).

https://doi.org/10.1371/journal.pmed.1002978.9001
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Fig 2. Heat map of total number of gun homicide incidents by county in the contiguous US, 2015. White indicates counties for which no
data were available. Created with Mapline mapping software (https://mapline.com), which uses OpenStreetMap geodata (https://openstreetmap.
org).

https://doi.org/10.1371/journal.pmed.1002978.g002

were missing across social determinants and covariates for US populated areas. These missing
data were handled using complete case analysis.

Table 1 presents results from modeling social determinants of firearm homicide rates, con-
trolling for all covariates. A 1-SD increase in the county Gini coefficient was associated with an
8% increase in the CT firearm homicide rate (IRR = 1.08, 95% CI 1.01-1.15, p = 0.02). Mean-
while, 1-SD increases in welfare spending and education spending were linked to 14% and
22% lower homicide rates, respectively (e.g., for welfare spending: IRR = 0.86, 95% CI 0.83-
0.90, p < 0.001). Racial segregation and income segregation were related to 2%-3% and 5%
higher homicide rates, respectively (Models 1 and 2). A 1-SD increase in institutional social
capital was associated with a 19% lower homicide rate (Model 3: IRR = 0.81, 95% CI 0.73-0.91,
p < 0.001). The Gini coefficient was unchanged in magnitude in this model, which controlled
for social capital (Model 3: IRR = 1.08, 95% CI 1.02-1.14, p = 0.01). By contrast, the welfare
spending effect estimate was markedly attenuated (Model 3: IRR = 1.03, 95% CI 0.92-1.14,

p =0.65). An increase in intergenerational social mobility was linked to a 25% lower homicide
rate (Model 4: IRR = 0.75, 95% CI 0.66-0.86, p < 0.001). Compared to the model that did not
control for social mobility, the Gini coefficient effect estimate was marginally attenuated in
this model (Model 4: IRR = 1.06, 95% CI 1.01-1.11, p = 0.03).

Similar patterns were observed for social determinants in relation to the total numbers of
gun homicide incidents (combined non-mass and mass shootings) and non-mass gun homi-
cide incidents separately (Tables 2 and 3, respectively). A 1-SD increase in the county Gini
coefficient was associated with a 10% higher total number of firearm-related homicide inci-
dents and non-mass shooting homicide incidents (e.g., Model 1: IRR = 1.10, 95% CI 1.03-1.17,
p =0.003; Table 2). Higher welfare spending was linked to a 17%-19% lower incident count
(e.g., Model 1, for total combined incidents: IRR = 0.83, 95% CI 0.79-0.87, p < 0.001; Table 2).
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Table 1. Social determinants and risk of firearm-related homicide at the CT level in the contiguous US, 2015.

Social determinant

County level

Gini coefficient
Community social capital
Institutional social capital
Social mobility

CZ level

Racial segregation
Income segregation

State and local level
Welfare spending
Education spending
Protection spending

CT level

Percent unemployed
Percent on cash assistance
Percent in poverty
Percent in poverty, squared

Percent males living alone

Model 1 Model 2 Model 3 Model 4
IRR (95% CI) p-Value IRR (95% CI) p-Value IRR (95% CI) p-Value IRR (95% CI) p-Value
1.08 (1.01, 1.15) 0.02 1.07 (1.01, 1.14) 0.02 1.08 (1.02, 1.14) 0.01 1.06 (1.01, 1.11) 0.03
— — — — 0.96 (0.86, 1.08) 0.50 0.99 (0.88, 1.10) 0.83
— — — — 0.81 (0.73,0.91) <0.001 0.82(0.74, 0.91) <0.001
— — — — — — 0.75 (0.66, 0.86) <0.001
1.03 (0.96, 1.12) 0.39 1.02 (0.93, 1.10) 0.73 1.01 (0.92, 1.10) 0.87 1.01 (0.93, 1.10) 0.79
— — 1.05 (0.95, 1.16) 0.36 1.05 (0.95, 1.17) 0.35 1.02 (0.92, 1.13) 0.67
0.86 (0.83, 0.90) <0.001 0.86 (0.83, 0.90) <0.001 1.03 (0.92, 1.14) 0.65 1.00 (0.89, 1.11) 0.97
0.78 (0.63, 0.97) 0.03 0.90 (0.61, 1.31) 0.57 1.08 (0.71, 1.65) 0.73 0.74 (0.50, 1.09) 0.13
0.94 (0.83, 1.07) 0.32 0.93 (0.82, 1.06) 0.26 0.97 (0.85, 1.11) 0.66 0.94 (0.84, 1.06) 0.33
1.05 (1.02, 1.08) <0.001 1.05 (1.02, 1.08) <0.001 1.05 (1.02, 1.08) 0.002 1.04 (1.01, 1.07) 0.01
1.11 (1.08, 1.14) <0.001 1.11 (1.08, 1.14) <0.001 1.11 (1.08,1.14) <0.001 1.10 (1.07, 1.14) <0.001
1.27 (1.15, 1.40) <0.001 1.27 (1.15,1.41) <0.001 1.27 (1.15, 1.40) <0.001 1.26 (1.14, 1.38) <0.001
0.89 (0.84, 0.94) <0.001 0.89 (0.83, 0.94) <0.001 0.89 (0.84, 0.94) <0.001 0.89 (0.84, 0.94) <0.001
1.12 (1.08, 1.16) <0.001 1.12 (1.08, 1.16) <0.001 1.12 (1.09, 1.16) <0.001 1.12 (1.08, 1.16) <0.001

IRRs (95% Cls) and p-values are derived from multivariate-adjusted negative binomial regression models and correspond to a 1-SD change. All models are adjusted for

state fixed effects, total state and local spending, and state gun control policy indicators for concealed weapon carry laws, requirements for gun dealers to report records

to the state, and state background check laws. At the CZ level, all models are adjusted for median household income, percentage black, and an indicator variable for

whether the CZ corresponded to an urban area. At the county level, all models are adjusted for median household income, percentage black, population density, and

property crime rate. At the CT level, all models are adjusted for median household income, (median household income)?, percentage with high school education,

(percentage with high school education)?, percentage black, (percentage black)?, percentage male, percentage age 20-34 years, (percentage age 20-34 years)?, total

population in the year 2012, and (total population in the year 2012)>.

CI, confidence interval; CT, census tract; CZ, commuting zone; IRR, incidence rate ratio.

https://doi.org/10.1371/journal.pmed.1002978.t001

In addition, a 1-SD increase in institutional social capital was related to a 16%-17% lower
homicide incident count (e.g., Model 3: IRR = 0.83, 95% CI 0.73-0.95, p = 0.01; Table 2). Com-
pared to the model that did not control for social capital (Model 2), the Gini coefficient effect
estimate was unchanged in magnitude in this model (Model 3). Meanwhile, the welfare spend-
ing estimates were attenuated (e.g., from a 19% to a 4% lower non-mass shooting incident
count). An increase in social mobility was associated with a 24% lower incident count (e.g.,
Model 4, for non-mass shooting incidents: IRR = 0.76, 95% CI 0.67-0.87, p < 0.001; Table 3),
while the county Gini coefficient estimate was slightly attenuated.

The analysis of mass homicide incidents alone (Table 4) revealed effect estimates that were
accompanied by much wider confidence intervals than those for the previous respective find-
ings. Although 1-SD increases in income inequality and in social mobility were linked to a
15% higher and a 26% lower total number of firearm-related mass homicide incidents in a CT,
respectively, the p-values for both of these associations exceeded 0.10. An increase in welfare
spending was also unrelated to a change in the incident count. By contrast, an increase in insti-
tutional social capital was associated with a 29% lower homicide incident count (Model 3:

IRR =0.71, 95% CI 0.52-0.98, p = 0.04).

At the CT level, 1-SD increases in the percentage of residents in poverty, percentage who

were unemployed, percentage who were receiving cash assistance, and percentage of male
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Table 2. Social determinants and the total number of firearm-related homicide incidents at the CT level in the contiguous US, 2015.

Social determinant

County level

Gini coefficient
Community social capital
Institutional social capital
Social mobility

CZ level

Racial segregation
Income segregation

State and local level
Welfare spending
Education spending
Protection spending

CT level

Percent unemployed
Percent on cash assistance
Percent in poverty
Percent in poverty, squared

Percent males living alone

Model 1 Model 2 Model 3 Model 4
IRR (95% CI) p-Value IRR (95% CI) p-Value IRR (95% CI) p-Value IRR (95% CI) p-Value
1.10 (1.03,1.17) 0.003 1.09 (1.03, 1.16) 0.003 1.10 (1.04, 1.16) <0.001 1.08 (1.03, 1.13) 0.002
— — — — 0.92 (0.83, 1.03) 0.15 0.94 (0.85, 1.05) 0.29
— — — — 0.83 (0.73, 0.95) 0.01 0.84 (0.74, 0.95) 0.01
— — — — — — 0.76 (0.67, 0.87) <0.001
1.03 (0.94, 1.12) 0.54 1.01 (0.92, 1.11) 0.90 1.00 (0.90, 1.10) 0.93 1.00 (0.91, 1.10) 0.97
— — 1.05 (0.94, 1.18) 0.35 1.05 (0.94, 1.18) 0.40 1.02 (0.91, 1.14) 0.70
0.83 (0.79, 0.87) <0.001 0.83 (0.79, 0.87) <0.001 0.99 (0.87, 1.12) 0.85 0.95 (0.84, 1.08) 0.47
0.97 (0.75, 1.25) 0.80 1.13 (0.75, 1.70) 0.57 1.26 (0.79, 2.01) 0.33 0.86 (0.55, 1.34) 0.51
0.90 (0.79, 1.01) 0.08 0.89 (0.79, 1.00) 0.05 0.92 (0.81, 1.04) 0.20 0.90 (0.80, 1.01) 0.07
1.04 (1.01, 1.07) 0.004 1.04 (1.01, 1.07) 0.003 1.04 (1.01, 1.07) 0.01 1.03 (1.00, 1.06) 0.03
1.11 (1.08, 1.14) <0.001 1.11 (1.08, 1.14) <0.001 1.11 (1.08,1.14) <0.001 1.10 (1.07, 1.13) <0.001
1.34 (1.20, 1.48) <0.001 1.34 (1.20, 1.49) <0.001 1.34 (1.21, 1.48) <0.001 1.32 (1.19, 1.46) <0.001
0.83 (0.78, 0.89) <0.001 0.83 (0.78, 0.89) <0.001 0.83 (0.78, 0.89) <0.001 0.84 (0.79, 0.89) <0.001
1.12 (1.08, 1.16) <0.001 1.12 (1.08, 1.16) <0.001 1.12 (1.08, 1.16) <0.001 1.12 (1.08, 1.16) <0.001

IRRs (95% Cls) and p-values are derived from multivariate-adjusted negative binomial regression models and correspond to a 1-SD change. All models are adjusted for

state fixed effects, total state and local spending, and state gun control policy indicators for concealed weapon carry laws, requirements for gun dealers to report records

to the state, and state background check laws. At the CZ level, all models are adjusted for median household income, percentage black, and an indicator variable for

whether the CZ corresponded to an urban area. At the county level, all models are adjusted for median household income, percentage black, population density, and

property crime rate. At the CT level, all models are adjusted for median household income, (median household income)?, percentage with high school education,

(percentage with high school education)?, percentage black, (percentage black)?, percentage male, percentage age 20-34 years, (percentage age 20-34 years)?, total

population in the year 2012, and (total population in the year 2012)>.

CI, confidence interval; CT, census tract; CZ, commuting zone; IRR, incidence rate ratio.

https://doi.org/10.1371/journal.pmed.1002978.t002

residents who lived alone were all linked to higher gun homicide rates and higher numbers of
incidents of non-mass shooting homicides (Tables 1-3). A 1-SD increase in the percentage of
residents in poverty was associated with a 26%-27% higher rate of homicides, and a 1-SD
increase in the percentage of male residents who lived alone was related to a 12% higher homi-
cide rate (Table 1).

In generalized linear regression models that explored potential mediation (i.e., whether
the exposure was correlated with the respective potential mediator, to evaluate the remain-
ing step of the Baron and Kenny approach), the county Gini coefficient was inversely associ-
ated with levels of social mobility and welfare spending, and welfare spending had a positive
relationship with institutional social capital (see S6 Table). For the causal mediation analysis
approach [51], slightly more parsimonious models (i.e., omitting all quadratic terms, and
using fixed effects for census statistical divisions rather than states) were required for models
to converge. The estimated percentages of the total effects for income inequality mediated
by welfare spending, institutional social capital, and social mobility ranged from 3.2% to
32.3%, while the estimated percentage of the total effect for welfare spending mediated by
institutional social capital was 21.4% (see S7-S10 Tables). All 95% confidence intervals for
the percentages due to mediation included 0. The estimated 32.3% of the total effect for
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Table 3. Social determinants and the total number of non-mass shooting homicide incidents at the CT level in the contiguous US, 2015.

Social determinant

County level

Gini coefficient
Community social capital
Institutional social capital
Social mobility

CZ level

Racial segregation
Income segregation

State and local level
Welfare spending
Education spending
Protection spending

CT level

Percent unemployed
Percent on cash assistance
Percent in poverty
Percent in poverty, squared

Percent males living alone

Model 1 Model 2 Model 3 Model 4
IRR (95% CI) p-Value IRR (95% CI) p-Value IRR (95% CI) p-Value IRR (95% CI) p-Value
1.10 (1.03,1.17) 0.003 1.09 (1.03, 1.16) 0.002 1.10 (1.05, 1.16) <0.001 1.08 (1.03, 1.13) 0.001
— — — — 0.92 (0.82, 1.02) 0.12 0.94 (0.84, 1.04) 0.24
— — — — 0.84 (0.73, 0.96) 0.01 0.85 (0.74, 0.96) 0.01
— — — — — — 0.76 (0.67, 0.87) <0.001
1.03 (0.94, 1.12) 0.55 1.01 (0.91, 1.11) 0.88 1.00 (0.90, 1.10) 0.96 1.00 (0.91, 1.10) 0.94
— — 1.05 (0.94, 1.17) 0.39 1.05 (0.93, 1.17) 0.44 1.02 (0.91, 1.14) 0.76
0.81 (0.77, 0.85) <0.001 0.81 (0.77, 0.85) <0.001 0.96 (0.84, 1.10) 0.56 0.93 (0.82, 1.06) 0.27
1.06 (0.82, 1.38) 0.64 1.23 (0.81, 1.86) 0.34 1.35 (0.84, 2.18) 0.22 0.92 (0.58, 1.45) 0.72
0.89 (0.79, 1.01) 0.07 0.88 (0.78, 1.00) 0.04 0.92 (0.81, 1.04) 0.17 0.89 (0.79, 1.00) 0.06
1.04 (1.01, 1.07) 0.005 1.04 (1.01, 1.07) 0.005 1.04 (1.01, 1.07) 0.01 1.03 (1.00, 1.06) 0.03
1.11 (1.08, 1.14) <0.001 1.11 (1.08, 1.14) <0.001 1.11 (1.08,1.14) <0.001 1.10 (1.07, 1.13) <0.001
1.34 (1.21, 1.49) <0.001 1.35(1.21, 1.49) <0.001 1.34 (1.21, 1.49) <0.001 1.33 (1.20, 1.47) <0.001
0.83 (0.78, 0.89) <0.001 0.83 (0.78, 0.88) <0.001 0.83 (0.78, 0.88) <0.001 0.83(0.78, 0.89) <0.001
1.12 (1.08, 1.16) <0.001 1.12 (1.08, 1.16) <0.001 1.12 (1.09, 1.16) <0.001 1.12(1.08, 1.17) <0.001

IRRs (95% Cls) and p-values are derived from multivariate-adjusted negative binomial regression models and correspond to a 1-SD change. All models are adjusted for

state fixed effects, total state and local spending, and state gun control policy indicators for concealed weapon carry laws, requirements for gun dealers to report records

to the state, and state background check laws. At the CZ level, all models are adjusted for median household income, percentage black, and an indicator variable for

whether the CZ corresponded to an urban area. At the county level, all models are adjusted for median household income, percentage black, population density, and

property crime rate. At the CT level, all models are adjusted for median household income, (median household income)?, percentage with high school education,

(percentage with high school education)?, percentage black, (percentage black)?, percentage male, percentage age 20-34 years, (percentage age 20-34 years)?, total

population in the year 2012, and (total population in the year 2012)>.

CI, confidence interval; CT, census tract; CZ, commuting zone; IRR, incidence rate ratio.

https://doi.org/10.1371/journal.pmed.1002978.t003

income inequality mediated by social mobility had the smallest associated p-value, 0.055,
although the confidence interval was wide (95% CI —0.64%, 65.26%; S9 Table). All estimated
exposure-mediator interactions were non-significant at the 5% level, lending support to the
validity of the Baron and Kenny approach.

In sensitivity analyses, the above findings were robust after excluding 2 CT's with outlying
values for homicide rates. Similar results were also obtained when the definition of a non-
mass shooting was modified to an incident in which the shooter killed up to 3 rather than 2
persons (see S11 Table). In addition, the findings were robust (with identical IRRs to 2 deci-
mal places) when protection spending was limited to police protection services only, and
when supplementary neighborhood demographic and socioeconomic factors were added
individually to the models. In analyses based on the state-level Gini coefficient with a 15-year
lag period, the magnitudes of the estimates were similar, but all p-values were larger com-
pared to estimates obtained for the county-level Gini coefficient using a 17-year lag (S3
Table).

Finally, S12-S15 Tables present the main results in Tables 1-4 based on rescaling of social
determinant measures using alternative meaningful units instead of a 1-SD change.
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Table 4. Social determinants and the total number of mass shooting homicide incidents at the CT level in the contiguous US, 2015.

Social determinant

County level

Gini coefficient
Community social capital
Institutional social capital
Social mobility

CZ level

Racial segregation
Income segregation

State and local level
Welfare spending
Education spending
Protection spending

CT level

Percent unemployed
Percent on cash assistance
Percent in poverty
Percent in poverty, squared

Percent males living alone

Model 1 Model 2 Model 3 Model 4
IRR (95% CI) p-Value IRR (95% CI) p-Value IRR (95% CI) p-Value IRR (95% CI) p-Value
1.15 (0.94, 1.40) 0.18 1.13 (0.93, 1.37) 0.22 1.12 (0.93, 1.35) 0.24 1.09 (0.90, 1.32) 0.38
— — — — 1.11 (0.74, 1.67) 0.63 1.17 (0.76, 1.81) 0.47
— — — — 0.71 (0.52, 0.98) 0.04 0.74 (0.53, 1.02) 0.07
— — — — — — 0.74 (0.49, 1.12) 0.15
0.86 (0.64, 1.16) 0.32 0.80 (0.55, 1.15) 0.22 0.78 (0.54, 1.14) 0.19 0.78 (0.54, 1.11) 0.16
— — 1.22 (0.86, 1.73) 0.26 1.22 (0.86, 1.73) 0.27 1.20 (0.85, 1.69) 0.30
1.03 (0.75, 1.42) 0.85 1.05 (0.76, 1.44) 0.77 1.07 (0.76, 1.49) 0.71 1.02 (0.71, 1.46) 0.92
0.76 (0.44, 1.29) 0.31 0.73 (0.41, 1.28) 0.27 0.74 (0.42, 1.31) 0.30 0.72 (0.41, 1.28) 0.27
0.86 (0.58, 1.29) 0.47 0.84 (0.56,1.26) 0.40 0.81 (0.52, 1.27) 0.36 0.81 (0.52, 1.26) 0.36
1.15 (0.95, 1.41) 0.16 1.16 (0.95, 1.41) 0.15 1.15(0.95, 1.41) 0.16 1.14 (0.94, 1.39) 0.19
0.98 (0.73, 1.32) 0.90 0.97 (0.72,1.32) 0.87 0.98 (0.72, 1.33) 0.89 0.97 (0.71, 1.32) 0.85
1.09 (0.60, 1.99) 0.77 1.10 (0.61, 2.00) 0.74 1.10 (0.61, 1.96) 0.76 1.08 (0.60, 1.95) 0.79
0.89 (0.56, 1.42) 0.64 0.88 (0.56, 1.40) 0.60 0.89 (0.57, 1.39) 0.61 0.89 (0.57, 1.40) 0.62
0.91 (0.72, 1.15) 0.44 0.91 (0.72, 1.15) 0.43 0.91 (0.73, 1.15) 0.44 0.91 (0.72, 1.15) 0.43

IRRs (95% Cls) and p-values are derived from multivariate-adjusted negative binomial regression models and correspond to a 1-SD change. All models are adjusted for

census statistical division fixed effects, total state and local spending, and state gun control policy indicators for concealed weapon carry laws, requirements for gun

dealers to report records to the state, and state background check laws. At the CZ level, all models are adjusted for median household income, percentage black, and an

indicator variable for whether the CZ corresponded to an urban area. At the county level, all models are adjusted for median household income, percentage black,

population density, and property crime rate. At the CT level, all models are adjusted for median household income, (median household income)?, percentage with high

school education, (percentage with high school education)?, percentage black, (percentage black)?, percentage male, percentage age 20-34 years, (percentage age 20-34

years)?, total population in the year 2012, and (total population in the year 2012)

CI, confidence interval; CT, census tract; CZ, commuting zone; IRR, incidence rate ratio.

https://doi.org/10.1371/journal.pmed.1002978.t004

Discussion

Principal findings

Spanning 95% of CTs in the contiguous US, this study found that several social determinants
of health—county-level institutional social capital and social mobility, state and local welfare
spending, and income inequality—were associated with CT-level gun homicide rates along
with the numbers of combined non-mass and mass homicide incidents and non-mass homi-
cide incidents alone. Welfare spending, institutional social capital, and social mobility exhib-
ited the most robust associations, while upward social mobility showed the largest effects—
with a 1-SD increase related to a 25% reduction in the homicide rate and a 24% reduction in
the number of non-mass shootings. There was also evidence to support that social mobility
mediated nearly one-third of the effects of income inequality and that social capital mediated
roughly one-fifth of the effects of welfare spending, although these estimates were imprecise.
At the CT level, the percentages of residents in poverty and of male residents who lived alone
were further linked to 26%-27% and 12% higher gun homicide rates, respectively. By contrast,
of the social determinants examined, only institutional social capital was associated with the
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total number of mass shootings. Meanwhile, there was limited evidence of relationships for
other social determinants including racial and income segregation.

What this study adds and its findings in relation to other studies

A variety of social determinants of health have been theoretically and empirically linked to
health outcomes. Social capital has demonstrated relationships with physical and mental
health, suggesting that it exerts health-promoting effects at the community level over and
above the effects of individual-level factors [54,55]. One posited explanation draws on disorga-
nization theory, whereby trust between neighbors enables communities to act collectively
against local problems such as disorderliness and criminal behaviors [43,56]. In disadvantaged
communities, a lack of trust in institutions, such as police, to treat residents with respect may
further lead residents to believe that the formal apparatus of social control is unjust, resulting
in a greater willingness to take the law into their own hands [57-59]. Meanwhile, income
inequality has been shown to be associated with poor health outcomes including mortality
[60]. Through greater perceptions of relative deprivation, income inequality may induce feel-
ings of resentment, and cause individuals to resort to criminal behaviors including homicide
[61]. Residential racial segregation and economic segregation have been linked to infant mor-
tality and adverse birth outcomes [62,63]. Both forms of segregation may adversely impact
health by spatially concentrating the poor, leading to reduced educational and employment
opportunities and less access to local health-related resources such as options for purchasing
healthy foods [62]. Non-medical social spending has also been found to be related to mortality,
and is conceivably linked to population health. For example, government spending on public
goods such as education and social assistance can improve socioeconomic conditions, and
thereby may serve as investment in the social determinants of health [21]. Moreover, the
added economic security that welfare benefits provide could plausibly stave off disadvantage, a
risk factor for committing crimes. Finally, lower intergenerational social mobility has been
linked to worse health behaviors and mortality [12,64]. Reduced economic opportunity may
diminish economic and social returns to health investments or spur individuals to lose a sense
of hope, which in turn could undermine health and health behaviors [12,65,66]. All of these
social determinants of health are further believed to be mechanistically intertwined. For exam-
ple, income inequality is posited to be a driver of social mobility [11], social capital [60,67],
and welfare spending [67], and social capital may mediate the relationship between social
spending and health [34]. In addition, racial and income segregation could hinder upward
mobility through spatial mismatches in employment, such as by making it harder to physically
access jobs or resources that facilitate social mobility [11].

These social determinants of health have been investigated and linked to homicide rates to
varying degrees. Ecological, cross-sectional data suggest inverse relationships between social
capital and overall homicide rates and firearm homicide rates in some studies [68-70] yet not
in other studies [71,72]. Ecological evidence also points towards distrust in public institutions
and erosion of trust among citizens as being possible drivers of mass shootings and homicide
rates [73]. Likewise, to date, findings from empirical studies of income inequality and homi-
cide have been mixed. Some studies have confirmed the theorized positive association
[22,74], whereas other studies have found no association [75] or even an inverse relationship
[61,76,77]. Possible explanations for this mixed evidence include the ecological and cross-sec-
tional design of many of the studies, a study design which is prone to confounding and reverse
causation. Several US-based ecological studies have also investigated racial segregation in rela-
tion to homicides, primarily in black individuals but also in Hispanic and white individuals
[62,78-84]. Most of these studies have used the dissimilarity index, a racial segregation

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002978 December 17,2019 16/26


https://doi.org/10.1371/journal.pmed.1002978

@’PLOS ‘ MEDICINE

Social determinants of health in relation to firearm-related homicides in the United States

measure representing the percentage of a group’s population that would have to move for each
neighborhood to have the same percentage of that group as the entire metropolitan area. In a
state-level ecological study, a higher level of dissimilarity was linked to a higher homicide rate
among black individuals yet a lower homicide rate among white individuals [81]. Other studies
have found positive or null associations between racial segregation and homicide rates in His-
panic individuals [82-84]. Importantly, no racial segregation studies to date appear to have
focused on firearm-related homicides. In primarily ecological studies, inverse relationships
between social spending and violent crime, homicides, and external injuries have been
observed [21,30,85]. Finally, only 1 study has identified county-level social mobility to be cor-
related with violent crime rates [11].

The findings from the present study are generally in line with previous work on the associa-
tion between income inequality and violent crimes including firearm-related homicides in the
US. A previous study found a strong correlation of 0.76 between state-level income inequality
and the violent crime rate involving firearms [69]. In a study among Chicago neighborhoods,
there was a similar correlation of 0.75 between income inequality and the homicide rate [86].
A recent ecological, lagged cross-sectional study [22] observed a positive association between
US county-level income inequality and the homicide rate, although the association only
attained significance at the 5% level in black individuals. Each 1-SD unit increase in the
county-level Gini coefficient was related to a 9% increase in the county-level firearm homicide
rate among black individuals 5 to 15 years later, controlling for county-level age, gender, and
race/ethnicity composition, crime rate, deprivation, social capital, urbanicity, and firearm
ownership [22]. Finally, a multilevel analysis [21] determined that a higher state-level Gini
coefficient was associated with a lower individual probability of external injuries including
homicide and excluding suicide. With the exception of this last study, all past studies have
been ecological in design at the state, county, or neighborhood level. Moreover, while social
capital has been proposed as a mediating factor for the effects of income inequality on health
[60,67], the current study found no evidence to support such a pathway.

This study’s findings of relationships between social mobility and gun homicides are also in
keeping with recent evidence of deleterious associations between low county-level social
mobility and all-cause mortality and health behaviors [12,64] as well as ecological evidence of
associations between institutional social capital and homicide rates [58,87]. By contrast, the
present study found no associations for community social capital. Previous ecological cross-
sectional studies using similar formal/civic participation indicators have yielded mixed evi-
dence [68-72]. In 2 ecological studies—a state-level study and a cross-national study among 31
OECD nations—higher total government spending was linked to lower homicide rates
[30,85]. For example, each $10,000 spent by a US state, per person in poverty, on social services
(including education and welfare benefits), transportation, the environment, public safety, and
housing was associated with a 16.4% decrease in the average homicide rate at the state level 1
year later (p < 0.001) [30]. Finally, a multilevel analysis that adopted an instrumental variable
analysis approach to strengthen causal inference [21] determined that higher public welfare
and education spending was related to a lower probability of external injuries including homi-
cide. Unlike previous ecological studies, the present study accounted for social determinants at
multiple levels and hence reduced the likelihood of bias due to residual confounding.

Strengths and limitations of the study

This study has several strengths, including its simultaneous examination of multiple social
determinants, which to the author’s knowledge enabled the first direct comparisons of effects
along the same scales, with adjustment for the same controls; use of plausible lag periods for
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effects, which permitted a temporal assumption in support of causation; examination of data
at multiple geographic levels, thereby enabling control for CT compositional factors as well as
confounding factors at other geographic levels to avoid ecological fallacy; inclusion of data for
the vast majority of CT's in the contiguous US, thereby enhancing generalizability; and analysis
of non-mass shootings and mass shootings separately to identify whether there were common
social determinant drivers. Moreover, the analyses explored the potential mediation of effects,
and assessed goodness-of-fit statistics and alternative specifications for variables to minimize
model mis-specification bias.

Nonetheless, there are limitations to this study. First, while multiple factors at multiple
levels were incorporated into the analyses, residual confounding is still possible, including by
factors at the individual/household level as well as area-level factors such as the location of resi-
dence. Second, although the analyses accounted for lagged effects, they did not account for
time-varying effects and confounders, such as those related to selective migration into or out
of CT's over time, changes in residential segregation/gentrification over time, or rapid eco-
nomic shifts during the Great Recession, which occurred between December 2007 and June
2009. Although the study omitted time-varying covariates, the population size on average sev-
eral years prior to the year of examined homicides (2015) was taken into account by control-
ling for the CT population size centered in 2012. Third, while results from a range of lag
periods were obtained for social spending (from 5 to 10 years) and income inequality (from 3
to 17 years), the exploration of multiple lag periods for other social determinants was limited
by the availability of data. More salient specific lag periods (such as for racial and income seg-
regation) may hence have been missed.

Fourth, while this study advances the scope of concurrent empirical examination of social
determinants, the exclusion of complex, multilevel, and reciprocal interactions cannot be
ruled out. Reciprocal interactions can include feedback loops that characterize complex sys-
tems. For example, income inequality may lead to reduced welfare spending, and, in turn,
reduced income supports to low-income households due to low welfare spending could feed
back dynamically and exacerbate levels of income inequality. Systems science/complex systems
approaches such as agent-based modeling and system dynamics are designed to incorporate
such complex nonlinearities and feedback loops into the modeling process [88]. In addition,
cross-level interactions may exist between specific macro-level social determinants and charac-
teristics of neighborhoods in their associations with homicides. For example, if low county-
level social mobility magnifies the impacts of social and economic conditions such as job pros-
pects for residents in poor neighborhoods (i.e., county-level social mobility interacts with
neighborhood socioeconomic deprivation), we might expect to see greater homicide rates in
such neighborhoods than expected based on these factors’ independent contributions.

Fifth, the geocoded dataset from the GVA does not allow for disaggregation by important
factors such as age, race/ethnicity, gender, and whether homicides were perpetrated by law
enforcement versus other individuals; for each of these characteristics, the roles of social deter-
minants might vary. Nevertheless, roughly 7.5% of all gun homicides in 2015 in the 48 contigu-
ous US states were reportedly by police in 2015 [89]. The magnitude of this proportion along
with the relatively large associations of gun homicides with welfare spending, institutional
social capital, and social mobility suggest that law enforcement-related homicides were not the
principal drivers of the observed associations. Researchers have further recommended that
future homicide studies conduct analyses for racial groups separately, since the associations
for combined-race homicide rates could mask underlying associations by race [90]. The inabil-
ity to disaggregate by race in the present study might offer a partial explanation for the null
associations found for racial segregation.
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Last, with only 141 homicide incidents defined as mass shootings (amounting to 1.2% of
the total number of incidents), a lack of statistical power likely constrained the ability to detect
associations when mass shootings were examined separately. For social mobility, the effect
estimates for mass shootings and non-mass shootings were similar (26% and 24% lower num-
ber of incidents, respectively). In addition, over two-thirds (70%) of the incidents classified as
mass shootings involved exactly 3 deaths. Given the robust findings for non-mass shootings
that included such incidents, and given no plausible reason why social drivers of incidents
involving 3 deaths would differ from those involving 4 deaths, some of these null findings are
likely to be on a statistical basis. In future research, pooling mass shooting data across multiple
years would aid in ruling out inadequate statistical power as a potential explanation and in bet-
ter elucidating the social drivers of mass shootings.

Implications of the study and next steps

Rising gaps between the rich and the poor may lead to fewer economic opportunities for
upward income mobility [11]. This premise is supported by the study’s findings suggesting
mediation of the effects of income inequality by social mobility. In addition, the lack of an
apparent impact of more horizontal forms of community social capital implies the greater
importance of more vertical forms of social capital, reflecting individuals’ relationships with
institutions. According to Gallup polls, Americans’ trust in institutions (a form of institutional
social capital), from newspapers to the Supreme Court to Congress, has reached historic lows
over the past decade [91], and this trend parallels the rising rates of gun violence. Finally, pub-
lic assistance programs and state supplements for unemployment insurance, workers’ com-
pensation, and work incentive programs may provide critical social safety nets to ensure
socioeconomic security for individuals at risk. In keeping with this study’s findings, public wel-
fare spending may also be a driver of institutional social capital, with its impacts on firearm-
related homicides plausibly mediated by social capital.

Overall, with non-mass shootings comprising nearly 99% of all firearm-related homicide
incidents and contributing to over 95% of all gun deaths in America in 2015, the findings of
this study should serve as a wake-up call for greater investments by researchers and policy-
makers to better understand and ameliorate levels of income inequality and increase institu-
tional social capital and social mobility to reduce the burden of firearm-related homicides.
Candidate policy levers might include economic policies that raise taxation on the very
wealthy [92], policies that ensure fair voting and redistricting processes to encourage higher
voter turnout, and policies that increase the affordability of college attendance for low-
income students [93]. Taxation policies that include redistribution to low-income house-
holds would also reduce the percentage of persons in poverty, a neighborhood characteristic
found in this study to be a risk factor for both gun homicide rates and higher counts of
homicide incidents. If effective, such policies could have marked impacts on reducing
homicides.

This study’s findings and its limitations suggest several principal opportunities for future
research. First, further studies are needed to elucidate if the observed relationships are truly
causal, such as with the application of longitudinal data and quasi-experimental study designs
that exploit random variation arising from policies that alter levels of income inequality, wel-
fare spending, institutional social capital, and income mobility. Second, the availability of data
at a micro (i.e., individual/household) level would help to delineate underlying behavioral and
psychosocial pathways, particularly for institutional social capital and social mobility [12], and
enable control for additional potential confounders. Third, future public releases of geolocated
gun homicide data should include information for disaggregating homicides by victim and
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perpetrator characteristics such as race/ethnicity and gender, and whether the homicide was
committed by law enforcement. Fourth, recent unfavorable changes in income inequality and
social mobility, as well as stalls or falls in life expectancy, have occurred in several Western
European nations including the UK [35,94-96] in tandem with the US. In these other devel-
oped economies, it would be useful to explore whether social determinants show analogous
consequences with respect to violent behaviors, despite firearm-related homicide rates being
markedly lower in other developed nations than in the US. For example, both London and
other parts of the UK are experiencing a substantial rise in knife crimes [97]. Such compari-
sons may also confirm the findings from this study suggesting that non-mass shootings and
mass shootings are related phenomena that exist along a single continuum with at least one
common driver—institutional social capital.

Conclusions

This study finds that the rich—poor gap, citizens’ levels of trust in institutions, economic
opportunity, and public welfare spending are associated with rates of firearm-related homi-
cides in the US. Further elucidating and modifying the social and economic drivers of firearm-
related homicides and mass shootings—possibly through candidate levers including taxation
policies and policies that increase college affordability—are essential if the US as a nation is to
effectively address the epidemic of gun homicides, and reverse recent trends in life expectancy
among Americans.
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