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Introduction: Childhood exposure to neighborhood firearm violence adversely affects mental and
physical health across the life course. Study objectives were to (1) quantify racial disparities in these
exposures across the U.S. and (2) assess changes during the COVID-19 pandemic, when firearm
violence increased.

Methods: The study used counts of children aged 5—17 years, disaggregated by U.S. Census racial
category, for every census tract (N=73,056). Neighborhood firearm violence was the number of fatal
shootings per census tract, based on 2015—2021 Gun Violence Archive data. Quasi-Poisson regres-
sions were used to estimate baseline disparities and COVID-19-related changes and examined dif-
ferences across geographic regions.

Results: Prepandemic exposure was lowest among White children and highest among Black chil-
dren, who experienced 4.44 times more neighborhood firearm violence exposure (95% CI=4.33,
4.56, p<0.001) than White children. The pandemic increased exposure by 27% in the lowest risk
group (i.e., White children; 95% CI=20%, 34%, p<0.001), but pandemic effects were even greater
for children in nearly all non-White categories. Baseline violence levels and racial disparities varied
considerably by region, with the highest levels in the South and the largest magnitude disparities
observed in the Northeast and Midwest.

Conclusions: Large-scale racial disparities exist in child exposure to neighborhood firearm vio-
lence, and these disparities grew during the pandemic. Equitable access to trauma-informed pro-
grams, community-based prevention, and structural reforms are urgently needed.
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Inc. This is an open access article under the CC BY-NC-ND license
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INTRODUCTION

irearm violence persists in the U.S. as a public
F health crisis. Tragically, firearm injury is now the

leading cause of death among children and
teens.' The epidemic of firearm violence affects children
through multiple pathways. These pathways include
direct exposure (i.e., being killed, injured, or threatened
with a firearm) and indirect exposure (e.g., witnessing
firearm violence, hearing gunshots, living in a commu-
nity where violence is common, losing a friend or family
member to firearm injury).”
Each type of firearm violence exposure can contribute
to adverse child outcomes. Children exposed to firearm
violence, whether directly or indirectly, may experience
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adverse short-term and long-term psychological effects,’
including post-traumatic stress disorder.” These effects
of trauma carry over into student learning outcomes,
physical health, and emotional well-being." Children
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exposed to firearm violence in their neighborhood expe-
rience greater difficulty with concentration, experience
overall reduced performance in school,” and spend less
time playing and being physically active owing to neigh-
borhood safety concerns.® In addition, exposure to com-
munity violence can manifest as collective feelings of
hopelessness, disorganized social networks, and altered
social norms that can promote further violence.”

The rates of childhood firearm violence exposure vary
by exposure type and across racial groups. More than
17,000 children are shot every year.” A total of 41% of chil-
dren in a nationally representative sample reported having
recently seen or heard firearm violence occur, and 8% had
a friend or family member who died by firearm homicide.®
These exposures disproportionately burden children of
color, especially Black children.”"" A study of fifth graders
in 3 U.S. cities found that the rate of witnessing a threat of
injury with a firearm in the past year was 20% for Black
youth, 11% for Latinx youth, and 5% for White youth."'
These racial disparities in exposure further reinforce the
disparities in other adverse child outcomes.””

Understanding racial disparities in childhood expo-
sure to neighborhood firearm violence—and thus child-
ren’s opportunities for healthy development—is critical
to informed policy responses, particularly amid the coro-
navirus disease 2019 (COVID-19) pandemic. Firearm
violence has spiked since the beginning of the pan-
demic.'>™'° However, few researchers have documented
the impacts of this spike specifically on childhood vio-
lence exposures and racial disparities.' Moreover, the
extent to which these outcomes vary across U.S. regions
is poorly understood, posing a barrier to informed pol-
icy-making.

This study examines the racial disparities in childhood
exposure to firearm violence before and during the
COVID-19 pandemic, leveraging timely, national data
on firearm violence incidence to generate analyses for
every census tract in the U.S. To inform programming,
policy making, and data collection, analyses estimate (1)
the magnitude of racial disparities in how many firearm
homicides occurred within each child’s neighborhood of
residence, (2) changes in racial disparities during the
COVID-19 pandemic, and (3) the extent to which these
disparities varied between geographic regions.

METHODS

Exposure to firearm violence was measured on the basis of the
number of firearm homicide incidents that occurred in a child’s
census tract of residence. In this study, this outcome is referred to
as neighborhood exposure to firearm violence. Although some
exposure to violence occurs outside a child’s home neighborhood,
a majority occurs within the home neighborhood,'” and home
neighborhood exposures are associated with childhood
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outcomes.” This neighborhood effects approach treats monitor-
ing of neighborhood firearm violence as akin to monitoring the
presence of other neighborhood-level determinants of health,
such as air and water quality and healthy food access, for example.
From this social ecologic standpoint, racial health disparities
emerge from the differences in social context that U.S. society
allocates inequitably according to racial status.'®

Study Sample

The study team obtained firearm injury data from March 2015
through March 2021 from the Gun Violence Archive (GVA), a
nonprofit organization that tracks shootings across the U.S. using
media reports and other public sources.”” GVA staff manually
verify each record and extract basic characteristics, including the
date, location, and the number of persons injured or killed. GVA
data were used rather than government sources because there is
currently no government source that provides firearm violence
data at the spatial granularity required (i.e., neighborhood level)
on a national scale.’’ GVA, by comparison, provides the street
block location of each incident. An additional advantage of GVA
data is timeliness, compared with that of government data sources
with lags that approach 1 year.”” For similar reasons, previous
studies have used GVA data to study neighborhood effects'®*"**
and COVID-19 effects'” on firearm violence.

Measures
Only GVA data on fatal shootings were used, even though GVA data
contain both fatal and nonfatal shootings. GVA captures fatal shoot-
ings with good accuracy: 83% of fatal shootings from 3 cities were
accurately represented in GVA data on date, location, and victim age
and gender™; in 2018, GVA under-reported fatal shootings by just
2%, compared with government counts."” By contrast, GVA only
matched 43% of nonfatal shooting incidents in the 3-city study, and
no government source exists for nonfatal shootings, leaving impor-
tant questions about GV A accuracy for nonfatal shootings.
Population data were obtained from the 2015—2019 American
Community Survey of the U.S. Census, specifically the estimated
count of children aged 5—17 years for 8 racial categories: Black,
American Indian and Alaska Native (referred to as Native Ameri-
can in the remaining part of this paper), Asian, Native Hawaiian/
Pacific Islander, Hispanic, White, >2 races, and some other race, a
category assigned when a respondent manually enters a different
category. These categories were mutually exclusive, meaning that
any individual identified to be of Hispanic ethnicity was counted as
Hispanic. Asian and Native Hawaiian and Other Pacific Islander
categories were combined as Asian Pacific Islander, generating 7
categories for analysis. Census data on children aged <5 years were
omitted because including this category would have added infants
and very young children whose experiences of neighborhood vio-
lence would likely differ from those of older children. Sensitivity
analyses including this age group produced similar results.

Statistical Analysis

The research team geocoded each incident using the GVA-sup-
plied location (e.g., 1,000 Block of Main Street, Boston, MA) and
matched locations to the full set of U.S. census tracts (N=73,056).
Census tracts were used as proxies for neighborhoods to measure
children’s exposure to neighborhood firearm homicide, consistent
with previous studies of neighborhood effects on firearm
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violence,”*** including the finding by Sharkey (2010)° that
homicide occurrence in a child’s census tract measurably dimin-
ishes academic test performance.

For each census tract and time period, outcomes were the
number of incidents involving >1 firearm fatalities. This outcome
variable was constructed to incorporate the cumulative effects of
multiple exposures to violence,” while assuming that effects on
children would not necessarily increase along with the number of
victims in a particular incident.

Time periods were pandemic years beginning on March 15 of
each calendar year and ending on March 14 of the following calendar
year. These time periods were devised to facilitate comparisons with
the first 365 days in which the COVID-19 pandemic altered daily life
in the U.S. Analyses using smartphone mobility data have shown
that daily activity patterns changed starkly in mid-March 2020.%°
This pandemic-year approach enabled comparisons of the first 12
months of the COVID-19 pandemic with earlier time periods, with-
out separate adjustments for seasonal trends in firearm violence.
There were 6 time periods (pandemic years 2015—2020), including
the first year of COVID-19 in the U.S. The analytical data set was
constructed to include 1 row per year, tract, and racial group. To
describe the magnitude of exposure to neighborhood firearm violence
in absolute terms, mean yearly counts of fatal shootings per census
tract were calculated, weighted by the number of children from each
racial category, for the prepandemic and pandemic periods.

All subsequent analyses were focused on estimating and
explaining the racial disparities in neighborhood firearm violence
exposure rates. Study models analyzed fatal shootings as a func-
tion of child racial composition. Quasi-Poisson regression was
used because of moderate overdispersion in the firearm violence
outcomes. These models were weighted by race-specific popula-
tion count for each census tract to estimate disparities at the U.S.
population level.”” On the basis of published work, the lowest
exposure rates were expected among White children,™'' and this
category was used as the reference group. Fixed effects were
included for each racial category (except White, the reference
group) and an interaction term with the COVID-19 pandemic-
year indicator to estimate the effects of the pandemic and any
changes in racial disparities associated with the pandemic. For
interaction terms, this approach estimates a multiplicative effect
—the interpretation of this effect is explained further in Results.

Standard errors were clustered by pandemic year and census
tract to address possible intraclass correlation across each unit of
analysis.”® In subsequent models, the main model was stratified
by geographic region to determine whether the national trends
were consistent across spatial contexts. Race-specific exposures
and disparities by state were mapped for additional granularity.

All analyses were performed in R, version 3.6.1, using the sf
package for spatial analyses and the fixest package for regression
models. The Boston University Medical IRB waived review as
nonhuman subjects research because all data were publicly avail-
able and deidentified.

RESULTS

The population sample comprised approximately
58,350,000 children aged 5—17 years. Non-Hispanic
White (referred to as White in the remaining part of the
paper) children represented the single largest population

group (46.9%), followed by Hispanic (22.9%) and Black
(12.9%) children (Table 1). In an average prepandemic
year, 9,063,000 children were exposed to >1 firearm
fatality. In the first pandemic year, 11,121,000 children
were exposed (difference=2,058,000) (Table 1). Before
the pandemic, White children experienced the lowest
exposure to neighborhood firearm violence (mean=0.11
incidents/year), whereas Black children averaged the
highest exposure (mean=0.50 incidents/year) (Table 1).
Rates of exposure and between-group differences in
exposure were relatively stable from 2015 to 2019
(Figure 1). During the pandemic year 2020, mean expo-
sure rates increased for every racial group, including for
Black children, whose mean exposure increased to
0.71 incidents/year (Table 1).

In the national model, every other racial category
experienced greater prepandemic exposure than White
children (Table 2). The incident rate ratio for Black chil-
dren was largest (4.44, 95% CI=4.33, 4.56, p<0.001) than
that for White children, followed by those of some other
race (2.40, 95% CI=2.29, 2.51, p<0.001) and Hispanic
(2.15, 95% CI=2.08, 2.22, p<0.001). Disparities for Asian
Pacific Islander children were the lowest but nontrivial
and statistically significant in this model (1.16, 95%
CI=1.10, 1.22, p<0.001).

The COVID-19 pandemic was associated with
1.27 times greater exposure in the reference group (i.e.,
White children; 95% CI=1.20, 1.34, p<0.001, Model 2)
(Table 2). For every racial category except 1 (Native
American children), COVID-19 was associated with a
larger magnitude increase in exposure. In other words,
the pandemic increased the estimated disparity between
non-White and White children. The largest estimated
pandemic-related increase was for Black children, for
whom the estimated COVID-19 effect was 1.12 times
greater than for White children (95% CI=1.12, 1.13,
p<0.001). This effect was multiplicative, meaning that
Black children’s exposure rates during COVID-19 were
the product of the higher baseline rate observed in
Model 1, multiplied by a COVID-19 effect that was
1.12 times larger than the COVID-19 effect applied to
White children (i.e., approximately 1.42 times Black
children’s baseline rates).

These national trends contained substantial regional
variation. The South displayed the highest overall rates
of exposure, but the Northeast and Midwest displayed
the largest racial disparities (Figure 2). Virtually every
non-White group exhibited prepandemic disparities in
every region, but wide variation was observed: for exam-
ple, Black—White disparities ranged from 2.61 (95%
CI=2.41, 2.82, p<0.001) in the West to 7.69 (95%
CI=7.17, 8.24, p<0.001) in the Midwest (Table 2). Over-
all COVID-19-related changes were similar across all
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Figure 1. Mean annual firearm homicide incidents in home
census tract, by child’s race.

Note: Outcomes are incidents involving at least 1 firearm homicide. Time
periods are pandemic years, starting on March 15 of the year listed and
ending on March 14 of the following calendar year. These time periods cor-
respond to the first 12 months during which the COVID-19 pandemic dis-
rupted most routine activities in most U.S. geographies.27 Racial
categories are mutually exclusive, using U.S. Census-designated racial cat-
egories, except for Asian Pacific Islander, which combines Asian and
Native Hawaiian and Pacific Islander categories.

school programming also shows promise.”” Other
approaches include psychological first aid, a strategy
used in the immediate aftermath of a traumatic event to
mitigate the impact of exposure to gun violence through
healthy coping mechanisms and increased resiliency.”

Moreover, racially disparate exposure to firearm vio-
lence requires structural solutions focused on preventing
violence. Person-focused strategies include community
violence intervention, an approach in which credible
messengers mediate disputes and connect individuals
with social services.”” Place-based strategies, such as
greening vacant lots’® and demolishing abandoned
buildings,””* can address the impacts of physical deteri-
oration and disinvestment that have disproportionately
affected communities of color.

Little previous work”™ has documented the consider-
able variation in racial disparities in childhood violence
exposure found across U.S. regions. Although overall
rates of neighborhood firearm violence exposure are
highest in the South, racial disparities are substantially
larger in the Northeast and Midwest. Residential racial
segregation is one possible explanation. Institutional

Table 2. Results of Quasi-Poisson Regression Estimating the Comparative Risk of Exposure to Neighborhood Firearm

Violence
Incident rate ratio (95% Cl)
Variables Entire U.S. Northeast Midwest South West
Asian Pacific Islander 1.16*** 1.36*%** 4.55% %% 1.08 1.18%*%%*
(1.10, 1.22) (1.19, 1.55) (1.39,1.73) (0.98,1.19) (1.12,1.23)
Black 4.44%** 7.03*** 7.69%** 3.12%** 2.61%**
(4.33, 4.56) (6.36, 7.78) (7.17, 8.24) (3.00, 3.23) (2.41, 2.82)
Hispanic 2.15%*%* 3.95%** 3.02%** 1.56%** 2.13%***
(2.08, 2.22) (3.60, 4.34) (2.77, 3.29) (1.48, 1.65) (2.03, 2.24)
Native American 1.69%** 3.07*** 1.60%*** 1.50%** 1.61%**
(1.56, 1.83) (2.58, 3.66) (1.42,1.81) (1.30,1.73) (1.40, 1.84)
Two or more races 1.63%** 255 A2 3 FxE Al A e 1.40%**
(1.59, 1.66) (2.37, 2.74) (2.12, 2.35) (1.37, 1.45) (1.33,1.47)
Some other race 2.40%** 4.57%** 3.83*%** 1.79%** 2.35%**
(2.29, 2.51) (4.07, 5.14) (3.43, 4.28) (1.71, 1.88) (2.19, 2.53)
COVID-19 1.27*%%%2 1.19%** 1.32% %% 1.25%** 1.30***
(1.20, 1.34) (1.12,1.27) (1.25, 1.40) (1.16, 1.34) (1.23,1.37)
Asian Pacific Islander* COVID-19 1.05%** 1.22%%* 1.18%** 1.06** 0.96***
(1.02, 1.09) (1.11, 1.34) (1.10, 1.26) (1.02,1.11) (0.93, 0.98)
Black* COVID-19 1.12%*%* 1.32%**% 1.10*** 111 %** 1.42%**
(1.12,1.13) (1.24, 1.42) (1.06, 1.13) (1.09, 1.13) (1.06, 1.17)
Hispanic* COVID-19 1.09%** 1.15%** 1.08%** 1.12%** 1.05%**
(1.07,1.11) (1.10, 1.20) (1.03,1.13) (1.07,1.17) (1.02,1.08)
Native American* COVID-19 1.02 Al PR 1.10** 0.98 1.00
(0.99, 1.06) (1.21, 1.28) (1.02,1.19) (0.89, 1.07) (0.96, 1.05)
2 or more races* COVID-19 1.07*** 1.23*%** 1.11%%* 1.09%** 0.96*
(1.06, 1.08) (1.19, 1.28) (1.08, 1.14) (1.08, 1.10) (0.93, 0.99)
Some other race* COVID-19 1.08%** 1.14%** 1.2 % %% 1.12%** 1.01
(1.04,1.11) (1.07,1.21) (1.08, 1.17) (1.09, 1.16) (0.96, 1.06)

Note: Boldface indicates statistical significance (*p<0.05; **p<0.01; ***p<0.001).
Model is a Quasi-Poisson regression with SEs clustered by time step and census tract. Some other race is a U.S. Census—designated category for indi-

viduals who provide a response not otherwise listed on the Census form.

www.ajpmonline.org



Martin et al / Am J Prev Med 2022;63(2):204—212 209
(A)
White Asian Pacific Islander Black Hispanic
West .0.11 .0.13 - : 0.25
Northeast ID‘OS I0,07 - .
vigwest o | e B 07
Native American Multiracial Some Other Race o0 0:2 04 05
Northeast -0.16 .0.13 -0.23
Midwest .0.14 -0.20 -0.34
0.0 0.2 0.4 0.6 0.0 0.2 0.4 0.6 0.0 0.2 0.4 0.6
Mean exposures per year
(B)
Asian Pacific Islander Black Hispanic
west [ B Bl
s [ T o F
Native American Multiracial Some Other Race
West - 1.61 - 1.39 — 2.36
South “ 1.49 " 1.44 “ 1.84
0.0 2.5 5.0 7.5 0.0 25 5.0 75 0.0 25 5.0 7.5

Disparity (as proportion of White rate)

Figure 2. Regional differences in (A) rates of exposure; (B) racial disparities compared with the White group.

Note: Data includes a full study time period (March 15, 2015-March 14
White rate.

discrimination against Black Americans moving from
the South during the 20th century contributed to high
levels of segregation in Midwestern and Northeastern
cities,”’ including the Rust Belt, where the largest dispar-
ities were found. Distinctive exposure patterns by race
and geography suggest a need for focused and culturally
appropriate intervention as well as reversing disinvest-
ment in the most segregated contexts.

Limitations

Some limitations of this work should be considered
when interpreting these findings. Census tract—level
counts of children by race were based on U.S. Census
estimates that include nontrivial margins of error.

August 2022

, 2021). The dashed line in Panel B is set to 1, interpreted as subgroup rate=-

Because 5-year counts were used, children moving
neighborhoods or larger-scale shifts in demographics

were not observed.

Unlike many previous studies in this area, children’s
experiences of violence (e.g., hearing gunshots or wit-
nessing assaults) were not measured. Instead, the inci-
dence of firearm homicide in a child’s home
neighborhood was measured. This measure is potentially
overinclusive of direct experiences because it includes
events that a given child might be unaware of and under-
inclusive because it omits experiences of violence that
occur outside the home neighborhood. This methodo-
logic choice limits the ability to draw conclusions about
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Figure 3. State-level differences in (A) rates of exposure; (B) racial disparities compared with the White group.
Note: Data includes a full study time period (March 15, 2015-March 14, 2021). Top values on each color scale correspond to approximate 95th

percentile.

the mental and physical health implications of the mea-
sured exposures. This limitation points toward the
importance of large-scale surveillance of these experien-
ces using surveys and other methods.

However, direct measures are not necessary to antici-
pate serious adverse consequences from neighborhood
violence exposure. Children are often highly sensitive to
neighborhood safety threats, even at young ages,”*' and
researchers have found adverse effects on children only
on the basis of information about where violence
occurred, without directly observing whether children
were aware of it.”*” Moreover, firearm violence can
affect children’s lives without their directly experiencing
it: for example, caregivers may curtail children’s time
outside the home to protect them from threats perceived
by adults.”' Firearm violence also hinders economic
development and is often met with aggressive policing,”*
with important implications for the social and physical
environment where children develop.

Finally, GVA is not a government data source, and
previous work has identified gaps in the incidents that
appear in GVA.” Therefore, GVA data on nonfatal
shootings, the type that displayed large gaps, were omit-
ted. As a consequence, this study only measured a subset
of exposures to firearm violence. In previous work, fatal
shootings matched government records at higher rates

(83%)” and closely aligned with aggregated government
data."” Tt is unknown whether GVA data on fatal shoot-
ings display systematic bias (e.g., by victim’s race), but if
they did, this study would likely underestimate the dis-
parities. Moreover, although this study’s results align
with estimates from other sources that homicides
increased by approximately 30% during the COVID-19
pandemic,”” it is possible that GVA data collection pro-
cedures have improved over time, in which case using
these data to assess longitudinal trends could overesti-
mate the COVID-19-related increase in firearm injuries.
Improving access to government data on firearm injuries
is critically important for future work."*

CONCLUSIONS

Nationally, children of color, especially Black children,
experience greater exposure to neighborhood firearm
violence than White children. The COVID-19 pandemic
only exacerbated these racial disparities. These findings
highlight the importance of firearm violence exposure as
a source of racial inequity starting in childhood, the
importance of surveillance to track child exposure to
firearm violence, and the need for substantial invest-
ments in specific policies and programs that prevent
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violence and mitigate the consequences of exposure to
firearm violence.
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