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A

bstract 
 

Firearm
 violence is a critical public health crisis in the U

.S., m
arked by a significant num

ber of 
hom

icides involving firearm
s, including indiscrim

inate shootings in public spaces. This study 
investigates the largely unexplored im

pact of such violence on new
born health. W

e adopt tw
o 

approaches. First, w
e analyze the 2002 'beltw

ay sniper' attacks in the W
ashington D

C
 m

etropolitan 
area, using adm

inistrative birth records w
ith m

aternal residential addresses in V
irginia. The 

beltw
ay sniper attacks, a series of random

 shootings in the W
ashington D

C
 m

etropolitan area, 
caused w

idespread terror and disruption over three w
eeks. Leveraging both spatial and tem

poral 
variation, w

e com
pare outcom

es of children exposed to the attacks in utero due to tim
ing or having 

a residential address near a shooting location to those w
ho w

ere not exposed. Second, w
e 

investigate the im
pact of in-utero exposure to m

ass shootings on infant health using restricted-
access U

.S. V
ital Statistics N

atality records betw
een 2006 and 2019 and leveraging variation in 

the tim
ing of m

ass shootings in counties w
ith at least one shooting. W

e docum
ent substantial, 

previously overlooked costs on pregnant w
om

en and infants. Exposure to the beltw
ay sniper 

attacks during pregnancy increased the likelihood of very low
 birthw

eight and very prem
ature birth 

by 25%
. The analysis of national m

ass shootings confirm
s these findings w

ith slightly sm
aller 

effect sizes. These results em
phasize the need to consider the broader im

pact of violence on 
vulnerable populations w

hen assessing the cost of firearm
 violence. The estim

ates suggest 
additional costs of $15.5 billion (2023 dollars) for the beltw

ay sniper attacks and $7 billion 
annually for m

ass shootings.  
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1. Introduction 

Firearm
 violence is a public health epidem

ic, affecting com
m

unities all over the U
nited 

States. In 2022, 47,785 people died of firearm
 violence. 1 M

ore than four tim
es as m

any A
m

ericans 

sustain non-fatal firearm
 injuries each year (K

aufm
an et al., 2021).  A

ctive shooter or m
ass 

shooting incidents 2 are a particularly alarm
ing sym

ptom
 of the firearm

 violence epidem
ic that not 

only cause loss of life and m
edical expense, but also have the potential to cause psychological 

harm
s such as post-traum

atic stress, fear, and depression in affected com
m

unities (Low
e and 

G
alea, 2017; R

ossin-Slater et al., 2020; B
rodeur and Y

ousaf, 2022; Soni and Tekin, forthcom
ing).  

The severity of these effects is positively related to the intensity of the event and to the physical 

proxim
ity of the shooting incident (Thoresen et al., 2012; Shultz et al., 2014).  

The rise in m
ass shootings (A

gnich, 2015; Low
e and G

alea, 2015, 2017; W
ebster, 2017; 

Lin et al., 2018) has been accom
panied by increased m

edia coverage (R
oeder, 2016; Jetter and 

W
alker, 2018) sparking significant public concern (Luca et al., 2020). A

 recent survey by the 

A
m

erican Psychological A
ssociation show

s that nearly 80 percent of adult A
m

ericans live w
ith 

stress due to the possibility of a m
ass shooting, and about three-quarters report changing their 

behavior to avoid becom
ing a victim

. 3 A
s a result of the staggering hum

an toll, there are persistent 

calls for law
m

akers to take substantive action to help curb this violence. 4  

G
iven the im

portance of the issue, there is a large literature in econom
ics devoted to 

understanding the determ
inants of firearm

 violence and the effects of policies aim
ed at reducing it 

(D
uggan, 2001; Edw

ards et al., 2018; C
ook and Ludw

ig, 2000; Luca et al., 2017; M
cC

lellan and 

Tekin, 2017; A
nderson et al., 2021). Y

et relatively little is know
n about the im

pacts of firearm
 

violence beyond the effects on those w
ho are directly victim

ized.  Inform
ation is especially lacking 

 
1 See https://publichealth.jhu.edu/2023/cdc-provisional-data-gun-suicides-reach-all-tim

e-high-in-2022-gun-
hom

icides-dow
n-slightly-from

-2021. 
2 For exam

ple, there w
ere 61 incidents designated as active shooter incidents in 2021 by the Federal Bureau of 

Investigation (FBI), w
hich represents a 53 percent increase from

 2020 and a 97 percent increase from
 2017 (FBI, 

2021). The FBI defines an active shooter as one or m
ore individuals actively engaged in killing or attem

pting to kill 
people in a populated area. Im

plicit in the definition of this term
 is the use of firearm

s as the w
eapon of choice.   “M

ass 
shootings” are a related type of incident.  A

lthough there is no universally accepted or official definition of a m
ass 

shooting, the usual criteria used to categorize an event as a m
ass shooting incident is the m

urder of four or m
ore people 

(not including the shooter) w
ith a firearm

 in a single incident that is not related to m
ore conventionally m

otivated 
crim

es such as arm
ed robbery, gang shootings, or drug violence.  

3 See https://w
w

w
.apa.org/new

s/press/releases/2019/08/fear-m
ass-shooting.  

4 The U
.S. Senate recently voted 65 to 33 to pass a bipartisan gun control bill, the Safer Com

m
unities A

ct, w
hich w

as 
considered to be the m

ost significant legislation addressing guns in nearly 30 years. President Biden signed the bill 
into law

 on June 26, 2022. 
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about the effects the m
ost vulnerable groups in society such as pregnant individuals and their 

infants. 5  This paper exam
ines the causal effect of prenatal stress induced by the fear of gun violence 

on new
born health.  W

e present tw
o distinct analyses, w

hich have com
plem

entary strengths. The 

first uses the 2002 “beltw
ay sniper” attacks as a natural experim

ent and leverages adm
inistrative 

birth records from
 V

irginia w
ith inform

ation on m
aternal residential addresses.  A

s explained in 

detail below
, the beltw

ay sniper attacks w
ere a series of random

 shootings in the W
ashington D

C
 

m
etropolitan area and along Interstate 95 in V

irginia betw
een O

ctober 2
nd and 22

nd, 2002.  The 

attacks left ten people dead and three people critically injured.  O
ver a three-w

eek period, m
illions 

of people living in the area w
ere terrorized and experienced m

ajor disruptions in their lives.  The 

prim
ary em

pirical strategy com
pares the birth outcom

es of children exposed to the attacks in utero 

to those w
ho w

ere not exposed either because of the tim
ing or because their m

others lived further 

from
 the site of the attacks.   

A
 second analysis exam

ines the effects of exposure to m
ass shootings during pregnancy 

using all U
.S. V

ital Statistics N
atality records from

 2006 to 2019. Specifically, the im
pact of in-

utero exposure to m
ass shootings on infant health outcom

es is estim
ated using a difference-in-

differences design, taking advantage of arguably exogenous variation in the occurrence of these 

incidents across counties and over tim
e. These estim

ates are predicted to be sm
aller than the 

estim
ated effects of the beltw

ay sniper attacks because of their brief duration com
pared to the 

three-w
eek duration of the sniper attacks, and because counties are large geographic units w

here 

only som
e residents are likely to have been strongly affected by a shooting. 6  

The analysis show
s that m

ass shootings im
pose substantial costs on third parties that have 

not been considered previously. Exposure to the beltw
ay sniper attacks during pregnancy increased 

the probability of very low
 birthw

eight (birthw
eight<1,500 gram

s) and extrem
e prem

aturity 

(gestational length<32 w
eeks) by 25 percent. The im

pact on birthw
eight is m

ost pronounced for 

exposure in the first and second trim
esters, w

ith effect sizes of 40 and 35 percent, respectively, 

w
hile no discernible effect is observed for those exposed during the third trim

ester.  For extrem
e 

prem
aturity, the effects are also concentrated am

ong those exposed during the first six m
onths of 

 
5 This is partly because victim

 identities are generally w
ithheld for confidentially reasons.  

6 A
n additional reason is that the national V

ital Statistics N
atality data include m

onth of birth but not exact date of 
birth, resulting in less precise tim

ing of m
easures of exposure in this second analysis. 
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pregnancy, especially during the second trim
ester, w

ith an effect size of approxim
ately 30 percent. 

The analysis based on national data from
 m

ass shootings confirm
s that these incidents inflict 

significant costs on infants affected in utero, though as predicted the effect sizes are sm
aller.  

These findings highlight the im
portance of considering the broader im

pacts of firearm
 

violence on vulnerable populations w
hen assessing the true costs of such incidents. C

alculations 

based on our findings suggest that additional costs of the beltw
ay sniper attacks due to harm

s to 

children in utero totalled $15.5 billion in 2023 dollars.  Estim
ates using national data im

ply that 

m
ass shootings im

pose costs of seven billion annually on children in utero.  M
oreover, these 

estim
ates are likely to be low

er bounds on the effects of firearm
 violence on children in utero for 

several reasons.  First, m
ass shootings m

ake up only one percent of gun deaths and m
any w

om
en 

are affected by stress stem
m

ing from
 other types of gun violence.  Second, som

e of our estim
ates 

hint at possibility of com
pensatory responses on the part of parents that m

ay reduce the harm
ful 

effects. Third, to the extent that people in the control group 10-50 m
iles from

 the shooting sites 

w
ere also affected, the estim

ated effects of the sniper attacks w
ill understate the m

agnitude of the 

effects.  D
ifficulties pinpointing the precise location and tim

ing of the events in the m
ass shootings 

analysis w
ill also cause us to underestim

ate those effects.   

These results suggest that pregnant individuals and their infants are likely to need 

additional support in the form
 of counselling and access to health care follow

ing incidents of gun 

violence and should be rem
em

bered both w
hen policies to help victim

s are im
plem

ented and in 

public health surveillance.  M
ore broadly, these additional costs of violence underline the need for 

effective policy responses to firearm
 violence. 

2. Stress D
uring Pregnancy and B

irth O
utcom

es 

A
dverse conditions during pregnancy can cause poor health am

ong new
born children.  In 

turn, low
 birthw

eight and prem
aturity are associated w

ith poorer cognitive developm
ent and 

educational attainm
ent as w

ell as low
er em

ploym
ent and earnings (e.g., B

lack et al., 2007; C
urrie 

and M
oretti, 2007; O

reopoulos et al., 2008; C
urrie et al., 2010; Figlio et al., 2014). M

uch of the 

literature docum
enting these effects considers physical health insults, such as fam

ines (A
lm

ond et 

al., 2010; Scholte et al., 2015), radiation (B
lack et al., 2019), extrem

e tem
perature (B

ruckner et al., 

2014), m
alnutrition (A

lm
ond and M

azum
der, 2011), and air pollution (C

hay and G
reenstone, 

2003, 2005; C
urrie and W

alker, 2011; C
urrie and Schw

andt, 2016).  
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The m
edical literature discusses a num

ber of biological pathw
ays for a relationship 

betw
een m

aternal prenatal stress and adverse birth outcom
es. 7 C

onsequently, a grow
ing num

ber 

of econom
ic studies have sought to m

easure the causal effects of stress during pregnancy. B
lack 

et al. (2016) and Persson and R
ossin-Slater (2018a) exam

ine the effects of stress experienced in 

utero due to the death of close relatives in N
orw

ay and Sw
eden, respectively, using variations in 

the precise tim
ing of bereavem

ent relative to the child's birth.  

A
izer et al. (2016) use data from

 a m
edical study in Providence and B

oston in the early 

1960s to estim
ate the effect of m

aternal cortisol levels during pregnancy on children’s test scores 

in prim
ary school. Their study has the advantage of having a direct m

easure of stress (cortisol 

levels) and dem
onstrates a relationship betw

een cortisol and future child outcom
es.  

Several studies focus on stress-inducing events such as earthquakes (G
lynn et al., 2001; 

Torche, 2011), hurricanes (C
urrie and R

ossin-Slater, 2013), dom
estic violence (C

urrie et al., 2022) 

the 9/11 terrorist attacks (Lauderdale, 2006; B
row

n, 2014), arm
ed conflicts (M

ansour and R
ees, 

2012), and the prevalence of landm
ines (C

am
acho, 2008) to m

ake inferences about the im
pact of 

fetal exposure to stress on infant health. W
hile these studies strive to m

easure the causal im
pacts 

of these events, these effects m
ay be due either to stress or to other im

pacts of these disasters.  O
ur 

paper contributes to this literature by focusing on events that arguably im
pact fetal health m

ainly 

through im
pacts on m

aternal stress. 

This paper breaks new
 ground by focusing on the im

pact of the prenatal stress induced by 

firearm
 violence on infant health.  This question is particularly im

portant given the prevalence of 

firearm
 violence and grow

ing concerns about its consequences. G
aining insight into the effects of 

prenatal exposure to violence on infant health can guide the developm
ent of targeted interventions 

aim
ed at preserving the w

ell-being of both m
others and infants w

ho are exposed to shootings, 

ultim
ately leading to enhanced public health outcom

es. 

O
ur paper also contributes to the grow

ing literature on the im
pacts of firearm

 violence on 

individuals and com
m

unities w
ho are not directly victim

ized.  For instance, R
ossin-Slater et al. 

 
7 For instance, stress stim

ulates the production of corticotrophin-releasing horm
one (CRH

), w
hich has adverse effects 

on infant health outcom
es (H

obel and Culhane, 2003; G
rote et al., 2010). Sim

ilarly, both anim
al and hum

an studies 
have show

n that stress in utero m
ay affect neurodevelopm

ent and the hypothalam
ic-pituitary adrenal axis (H

PA
), 

w
hich could harm

 a developing fetus (W
einstock, 2008; G

lover et al., 2010). Furtherm
ore, stress during pregnancy 

m
ay suppress the m

other’s im
m

une system
 and negatively affect the offspring’s developing im

m
une system

 (Stott, 
1973; Ruiz and A

vant, 2005; W
einstock, 2008). A

dverse behavioral responses to stress, such as m
aternal cigarette 

sm
oking or alcohol consum

ption, could also have adverse effects on fetal health. 
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(2020) find that local exposure to fatal school shootings results in persistent and significant 

increases in youth antidepressant use. B
haradw

aj et al. (2021) exam
ine the afterm

ath of the 2011 

m
ass shooting in N

orw
ay and find that surviving children had substantially low

er grade point 

averages (G
PA

s), increased utilization of health care services, and m
ore m

ental health diagnoses. 

G
ershenson and Tekin (2018) docum

ent that the beltw
ay sniper attacks had a significant negative 

im
pact on academ

ic achievem
ent in V

irginia's public elem
entary schools. Lastly, A

ng (2021) 

dem
onstrates that exposure to police violence leads to persistent decreases in G

PA
, increased rates 

of em
otional disturbance , and low

er rates of high school com
pletion and college enrollm

ent. 

Som
e previous social science studies have used data from

 various U
.S. cities like B

altim
ore 

(Schem
pf et al., 2009), C

hicago (M
atoba et al., 2019), and R

aleigh (M
esser et al., 2006) to 

investigate the correlation betw
een exposure to gun violence and birth outcom

es. H
ow

ever, 

exposure to firearm
 violence is not random

, but related to individual and neighborhood factors 

including 
econom

ic 
deprivation, 

discrim
ination, 

social 
disorganization, 

and 
poor 

health. 

Therefore, it rem
ains unclear w

hether these studies m
easure the causal effects of stress induced by 

the fear of gun violence during pregnancy, or the effect of other factors associated w
ith high levels 

of neighborhood violence.  W
hile our study focuses on the im

pacts of m
ass shootings and an 

extrem
e incidence of firearm

 violence, the im
plications of our findings reach beyond these specific 

events and are pertinent for com
m

unities affected by gun violence m
ore broadly.  Physiological 

and psychological responses to stress can be triggered by any form
 of gun violence, w

hether it is 

acute or chronic. A
lthough the intensity and severity of these reactions m

ay differ, experiencing 

firearm
 violence in one's com

m
unity can elevate the risk of m

aladaptive health behaviors and 

potentially influence birth outcom
es through sim

ilar stress m
echanism

s (B
arrett et al., 2018; 

Traylor et al., 2020; W
adhw

a et al., 2011).  

The studies that are closest to ours are Torche and V
illareal (2014) and G

oin et al. (2020). 

Torche and V
illarreal (2014) use m

onthly M
e

x
ic

a
n

 m
unicipal-level data to exam

ine 

the relationship betw
een local hom

icides and birthw
eight betw

een 2008 and 2010.  The 

authors 
control 

for m
unicipality fixed effects, im

plicitly assum
ing that violence is the only 

factor that varies over tim
e w

ithin each city.  Surprisingly, they find that cohorts exposed  to 

m
ore hom

icides in the first trim
ester 

have 
higher 

birthw
eight. 

The 
authors 

argue 
that 

pregnant 
w

om
en 

exposed 
to 

local violence 
engage 

in 
com

pensating 
health-enhancing 

behaviors such as increased use of prenatal care.  H
ow

ever, in m
unicipality-level data it is 

difficult to rule out other explanations such as 

jcurrie
Highlight
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differential m
igration—

if people likely to have low
-birthw

eight infants are m
ore likely to leave in 

response to violence then m
ean birthw

eights could rise.  G
oin et al. (2020) use vital records on 

births and deaths, and em
ergency departm

ent and hospital records from
 C

alifornia betw
een 2007 

and 2011 to estim
ate the association betw

een living in a neighborhood w
ith high firearm

 violence 

and preterm
 delivery. The authors use a propensity score m

atching approach to identify 

neighborhoods w
ith sim

ilar observable characteristics but differing levels of firearm
 violence. 

They find that living in a neighborhood w
ith high firearm

 violence is associated w
ith an increased 

risk of preterm
 delivery, though it is possible that there m

ight be unobserved characteristics of 

neighborhoods that are associated both w
ith m

ore violence and poorer birth outcom
es. 

3. T
he B

eltw
ay Sniper A

ttacks and the D
efinition of M

ass Shootings 

The beltw
ay sniper attacks w

ere a series of shootings that occurred in O
ctober 2002 in the 

W
ashington, D

.C
. m

etropolitan area and along Interstate-95 in V
irginia. The attacks w

ere 

perpetrated by tw
o gunm

en w
ho targeted seem

ingly random
 individuals in various public 

locations. O
ver a period of three w

eeks, betw
een O

ctober 2 and 22, 2002, ten people w
ere killed, 

and another three w
ere critically injured by precisely aim

ed rifle shots fired from
 a distance. The 

shootings occurred in m
ultiple locations, w

ith five attacks in V
irginia and eight other incidents 

that took place in M
aryland close to the V

irginia border and the D
istrict of C

olum
bia.  A

 tim
eline 

for the thirteen shootings along w
ith a short description of the victim

s is presented in Table 1, 8 

w
hile Figure 1 show

s the locations on a m
ap.  

The beltw
ay sniper attacks generated a significant am

ount of fear and anxiety am
ong 

residents of the affected areas. The victim
s w

ere chosen indiscrim
inately w

ithout any apparent 

m
otive, shot doing regular activities like m

ow
ing the law

n or reading a book on a bench.  The 

snipers targeted both m
en and w

om
en of all ages and races.  The seem

ingly random
 nature of the 

shootings lead to w
idespread behavioral changes as people sought to protect them

selves and their 

fam
ilies from

 potential harm
. Individuals altered their routines by skipping w

ork and school, 

running or w
eaving through parking lots, canceling outdoor activities, and avoiding shopping 

centers and gas stations in the affected areas (C
oppola, 2004; Zivotofsky and K

oslow
sky, 2005; 

 
8 The initial shooting occurred at 5:20 p.m

. inside a craft store in M
aryland, approxim

ately an hour before the first 
deadly shooting took place several m

iles aw
ay near a food w

arehouse. This shooting is excluded from
 the analysis 

since no one w
as injured and it did not initially generate m

uch public anxiety or panic. Including this incident does 
not alter our results, w

hich is not surprising given its close geographical proxim
ity to a subsequent fatal shooting on 

the sam
e day. 
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M
itchell, 2007). The attacks had detrim

ental effects on the m
ental health of individuals living 

nearby. For exam
ple, Schulden et al. (2006), analyze contem

poraneous data from
 a survey of 1,205 

adults in the affected com
m

unities. They report that 44 percent of respondents experienced at least 

one sym
ptom

 of traum
atic stress, w

hile 7 percent reported sym
ptom

s consistent w
ith a diagnosis 

of post-traum
atic stress disorder.  

M
any studies have show

n that m
ass traum

a can lead to psychiatric issues, im
pacting not 

only directly affected individuals but also those w
ho are indirectly exposed (Schultz et al., 2014; 

Soni and Tekin, forthcom
ing). For instance, a study of survivors of the O

klahom
a C

ity bom
bing 

found that over one third developed post-traum
atic stress disorder (PTSD

) (N
orth et al., 1999). 

Follow
ing the Septem

ber 11 terrorist attacks, 7.5 percent of the overall M
anhattan population 

exhibited PTSD
 sym

ptom
s, w

ith this num
ber rising to 20 percent for those living closest to  

ground zero (G
alea et al., 2002).  

The beltw
ay snipers used a car w

ith a hidden com
partm

ent that allow
ed them

 to shoot from
 

a concealed position, m
aking it difficult for w

itnesses to identify the source of the gunfire. The 

shootings led to one of the largest crim
inal m

anhunts in U
.S. history w

hich concluded in the arrest 

of the tw
o gunm

en early in the m
orning of O

ctober 24, 2002. 9  These shootings differed from
 som

e 

of the other m
ass traum

a events studied in the literature in several w
ays that m

ay have led to a 

higher m
ental toll. O

ne notable distinction w
as the extended duration of the sniper attacks, 

spanning approxim
ately three w

eeks. The public experienced a sustained period of fear and 

uncertainty, w
hich could exacerbate psychological distress. A

dditionally, the elusive nature of the 

snipers and the difficulty authorities encountered in apprehending them
 m

ay have intensified 

feelings of vulnerability w
ithin the com

m
unity, further am

plifying the em
otional im

pact of the 

attacks.   O
ur analysis of national data on m

ass shootings uses the follow
ing definition: (1) The 

incident resulted in the death of four or m
ore individuals, excluding the perpetrator(s); (2) 

firearm
s w

ere the prim
ary w

eapons used in the incident; and (3) the incident is unrelated to gang, 

drug, or other crim
inal activity.  The last condition helps to identify incidents that a pregnant person 

m
ight perceive as representing an increased threat to their ow

n safety.  This definition aligns w
ith

9 The m
en w

ere arrested after w
itnesses reported that tw

o m
en w

ere asleep in their car at a rest stop.  In 2003, the 
m

en w
ere convicted of m

urder and w
eapon charges. O

ne of them
 w

as executed in 2009, w
hile the other is currently 

serving a life sentence w
ithout the possibility of parole. 

jcurrie
Highlight
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other recent studies (K
rouse and R

ichardson, 2015; Luca et al. 2020; Y
ousaf, 2021; B

rodeur and 

Y
ousaf, 2022; Soni and Tekin, forthcom

ing). 10  

4. D
ata The analysis of the beltw

ay sniper attacks relies on V
ital Statistics N

atality records from
 

V
irginia betw

een 1998 and 2004. These data cover the universe of births in the state and include 

detailed inform
ation about health at birth and the background of the m

other. A
 contractual 

agreem
ent w

ith the V
irginia D

epartm
ent of H

ealth, allow
ed us to use a restricted version of these 

records w
hich includes the m

other’s residential address. These data also include the child’s sex, 

birth order, plurality, birthw
eight in gram

s, an indicator for any congenital abnorm
alities, 

gestational length in w
eeks, the A

pgar score, and m
aternal education.  Furtherm

ore, the data have 

inform
ation about the delivery, such as w

hether the birth w
as through cesarean section, if labor 

w
as induced, and w

hether the m
other experienced gestational hypertension, or a num

ber of other 

com
plications that m

ay occur during labor or delivery (e.g., prem
ature rupture of m

em
branes). 

Lastly, they include inform
ation about m

aternal behaviors during pregnancy, including the 

frequency of prenatal care visits and w
hether the m

other sm
oked either before or during pregnancy.  

The original data set has 690,340 birth records. O
ver 91 percent (628,596) had addresses 

that w
ere successfully geocoded. 11 The distance betw

een each m
aternal address and the thirteen 

sniper shooting locations w
as calculated using the latitude and longitude of each location and 

taking the shortest distance to a shooting for each residential address. M
others residing w

ithin a 

10-m
ile radius of the closest shooting w

ere considered part of the treatm
ent group w

hile those 

outside a 10-m
ile radius w

ere the control group.  Estim
ates are also presented using radii of seven 

m
iles or five m

iles.  

A
s a final restriction, the m

ain analysis includes only m
others w

ho lived w
ithin a 50-m

ile 

radius of any shooting. This restriction reduces the num
ber of observations to 350,651. V

irginia is 

a state w
ith large variations betw

een urban and rural areas concerning socioeconom
ic status, 

cultural norm
s, political perspectives, and attitudes tow

ards gun ow
nership. M

oreover, all of the 

 
10 The FB

I’s definition of a "m
ass m

urderer" is an individual w
ho kills four or m

ore people, not including them
selves, 

in a single occurrence, typically in a single location, w
ith no distinctive period betw

een the m
urders (Federal Bureau 

of Investigation, 2008). 
11 The geocoding m

atch rate is in line w
ith the results found by Edw

ards et al. (2014) in their analysis of live births in 
the state of N

orth Carolina in 2005. A
 substantial num

ber of the unm
atched addresses in our analysis w

ere PO
 Boxes 

(28 percent) or began w
ith an alpha character indicative of rural route num

bers or com
binations of route and box 

num
bers (26 percent) indicating that they w

ould likely be excluded from
 our m

ain analysis sam
ple of those w

ithin 50 
m

iles of a shooting in any case. 
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shootings occurred in relatively urban areas. Specifically, ten of the 13 sniper shootings occurred 

in the D
C

 m
etropolitan area encom

passing urban neighborhoods in N
orthern V

irginia or M
aryland 

and D
C

 areas w
ithin a few

 m
iles of V

irginia. The rem
aining three incidents occurred in relatively 

urban areas alongside the Interstate-95 corridor near the V
irginian cities of Fredericksburg and 

R
ichm

ond. N
otably, the shooting locations in the D

istrict of C
olum

bia and M
aryland w

ere close 

enough to the V
irginia border that m

any V
irginians w

ere w
ithin 10 m

iles; hence all 13 shootings 

are included in our analysis. Lim
iting the analysis sam

ple to m
others w

ho resided w
ithin a 50-m

ile 

radius of the closest shooting helps to create treatm
ent and control groups that resem

ble each other 

closely.  H
ow

ever, w
e also present estim

ates based on a sam
ple relaxing this restriction. 

The prim
ary m

easures of birth outcom
es are an indicator for very low

 birthw
eight (below

 

1,500 gram
s) and very preterm

 (less than 32 w
eeks of gestation). 12 W

hile w
e focus on these tw

o 

severely adverse birth outcom
es in the m

ain analysis, results for birthw
eight in gram

s, low
 

birthw
eight (below

 2,500 gram
s) and preterm

 (34 or 37 w
eeks of gestation) are also presented in 

supplem
entary analyses.  In addition, w

e construct indices of adverse birth outcom
es in order to 

avoid possible pitfalls due to m
ultiple hypothesis testing. 

Finally, w
e m

ake the follow
ing additional restrictions to the m

ain analysis sam
ple: B

abies 

w
ith gestational length less than 23 w

eeks are excluded because these values are likely to reflect 

data errors--not m
any of these babies survive.  M

others younger than age 18 are excluded as they 

m
ay face unique stressors.  Estim

ates are robust to including w
om

en younger than 18 and babies 

w
ith less than 23 w

eeks of gestation in the estim
ation sam

ple.   W
om

en w
ith a conception date 

after the last shooting are excluded because w
om

en w
ith a conception date after the last shooting 

m
ay still have been affected by the shootings and therefore m

ay not constitute a clean control 

group.  H
ow

ever, as w
e dem

onstrate in the robustness analysis, the estim
ates rem

ain sim
ilar w

hen 

w
om

en w
ho w

ere exposed to the beltw
ay sniper attacks after the com

pletion of pregnancy or 

before conception are included.  Im
posing these criteria generates an analysis sam

ple of 264,446 

deliveries. A
bout 45 percent of the m

others lived w
ithin a 10-m

ile radius of a shooting and 

 
12 In the vital statistics data, there are tw

o variables related to gestation length. The first m
easure is based on the 

conventional calculation of gestation using the date of the last m
enstrual period. H

ow
ever, this variable is som

etim
es 

m
issing or m

ay be m
easured w

ith error. A
s an alternative, the records include a clinical estim

ate of gestation, w
hich 

considers all available inform
ation, including ultrasound m

easurem
ents (Currie et al., 2022). For our analysis, w

e use 
this clinical estim

ate as it provides a m
ore reliable m

easure of gestation length and is available for all births. 
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constitute the treatm
ent group.  The rest lived betw

een 10 to 50 m
iles of a shooting and form

 the 

control group.   

D
escriptive statistics for the w

hole analysis sam
ple as w

ell as for the treatm
ent and control 

groups are show
n in Table 2. The average sam

ple m
other is 29 w

ith treated m
others being slightly 

older than the m
others in the control group.  M

others residing w
ithin a 10-m

ile radius of a sniper 

attack are m
ore likely to be m

arried and H
ispanic, and less likely to be w

hite or B
lack, and are 

m
ore educated than those w

ith an address outside this bandw
idth. W

ith respect to the outcom
e 

variables, a little over one percent of infants are very low
 birthw

eight and approxim
ately 1.3 

percent w
ere very prem

ature w
ithin a 10-m

ile radius of a sniper shooting.  In the control group, 

the com
parable figures are higher at 1.4 percent and 1.5 percent w

ithin 10- to 50-m
ile of a shooting. 

These m
eans suggest that the treatm

ent group is som
ew

hat better off, at least w
ith respect 

to expected birth outcom
es, w

hich m
eans that any estim

ated effects of the sniper attacks should 

be regarded as low
er bounds on the true effects. The final colum

n of Table 2 displays sum
m

ary 

statistics for observations beyond a 50-m
ile radius of the nearest shooting.  It show

s that lim
iting 

the control group to people w
ithin a 50-m

ile radius does m
ake the treatm

ent and control 

groups 
m

ore com
parable. W

hile there are observable differences betw
een the treatm

ent and 

control groups, the crucial question is w
hether infant health outcom

es w
ere evolving along 

different trajectories prior to the attacks. A
s w

e dem
onstrate below

, this w
as not the case. 

A
n im

portant question raised by the Torche and V
illareal (2014) paper is w

hether violence 

causes selection in the births that are observed. The attacks could have prom
pted som

e m
aternity 

patients to give birth in parts of V
irginia that w

ere further rem
oved from

 the shootings, or possibly 

even in other states.  If patients stayed in V
irginia but avoided delivering in hospitals near the 

shooting locations, then these births w
ould still be captured in the V

irginia N
atality records.  If 

patients gave birth outside the state, then V
irginian fertility rates w

ould decline.  M
oreover, stress 

from
 the sniper attacks could have caused pregnancy losses, leading to a decline in the num

ber of 

live births.  H
ow

ever, A
ppendix Figure 1 show

s that there are no discernible changes in V
irginian 

fertility patterns follow
ing the sniper attacks.  

Turning to m
ass shootings, the FB

I's Supplem
entary H

om
icide R

eports (SH
R

) are the 

prim
ary source of inform

ation nationally.   The SH
R

 is based on reports from
 local law
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enforcem
ent agencies in 49 states and the D

istrict of C
olum

bia. 1 3 H
ow

ever, the U
niform

 C
rim

e 

R
eporting Program

 is voluntary, and there are lim
itations and inconsistencies in the data (H

uff-

C
orzine et al., 2014). To ensure accuracy, each incident w

as verified using additional m
edia and 

governm
ent sources. 14 This process not only corrected inconsistencies in the SH

R
 data but also 

helped to identify and include m
ass shootings that w

ere m
issing from

 the SH
R

. In total, there w
ere 

113 incidents in 96 counties betw
een 2006 and 2019. 15 Figure 2 show

s the geographical variation 

and yearly num
ber of incidents. 16   

N
ational U

.S. V
ital Statistics N

atality data on infant health at birth w
ith m

aternal county 

of residence w
ere obtained from

 the N
ational C

enter for H
ealth Statistics (N

C
H

S) at the C
enters 

for D
isease C

ontrol and Prevention. These records cover all births registered in the 50 states and 

the D
istrict of C

olum
bia and are based on inform

ation obtained from
 both m

others and hospitals. 

The coverage is sim
ilar to that described above for V

irginia except that w
e observe county rather 

than exact residential address and the m
onth of birth rather than the exact date.  The variables used 

in the m
ass shooting analysis and the process em

ployed to construct the sam
ple align closely w

ith 

the analysis of the beltw
ay sniper attacks. B

ecause counties that ever experience m
ass shootings 

m
ay differ from

 those that do not, the m
ass shooting analysis considers all counties that 

experienced at least one m
ass shooting betw

een 2006 and 2019.   Sam
ple construction and 

descriptive statistics for the national sam
ple are discussed in A

ppendix A
. 

13 The SH
R contains inform

ation on the victim
 and suspected offender's characteristics, such as age, sex, and race, as 

w
ell as details about the incident, such as the location, num

ber of victim
s killed, type of w

eapon used, relationship 
betw

een the victim
(s) and offender(s), and the circum

stances surrounding the incident. 
14 These sources included the U

SA
 Today's M

ass K
illings List, the W

ashington Post's M
ass Shooting List, the M

ass 
Shootings in A

m
erica Project, the FBI's A

ctive Shooter Incidents in the U
SA

 Report, and G
un V

iolence A
rchive.  

These organizations differ in the criteria they use in constructing databases on m
ass shootings, including the m

inim
um

 
num

ber of victim
s, the location of the incident, w

hether the shooting w
as associated w

ith conventional crim
es such as 

gang violence or robbery, and the relationship betw
een the perpetrator and the victim

s. 
15 The analysis period starts in 2006 because that is w

hen one of the m
ain sources of inform

ation for m
ass shootings, 

U
SA

 Today, began tracking these incidents. The endpoint w
as chosen as 2019 in order to avoid m

ajor shifts in societal 
dynam

ics caused by the CO
V

ID
-19 pandem

ic and its afterm
ath. 

16 V
ariations in the criteria used to define m

ass shootings lead to inconsistent assessm
ents of both their frequency 

and lethality. For instance, the G
un V

iolence A
rchive incorporates incidents related to gangs and drug activities. 

Excluding conventional crim
es, focuses attention on random

 and unpredictable shooting incidents, w
hich m

ay be 
m

ore likely to induce stress in uninvolved third parties. 

jcurrie
Highlight
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5. E
m

pirical M
ethods  

The causal im
pact of exposure to the beltw

ay sniper attacks is estim
ated using a difference-

in-differences strategy. 17 O
utcom

es of infants born to m
others w

ho lived near one of the shooting 

sites during their pregnancy are com
pared to the outcom

es of infants born to m
others w

ho lived 

further aw
ay, and this difference is com

pared to the analogous difference for infants born to 

m
others w

hose pregnancy did not overlap w
ith O

ctober 2002. 18  Specifically, the treatm
ent group 

includes babies w
ho w

ere in utero betw
een O

ctober 2 and 23, 2002, and w
hose m

others lived 

w
ithin 10 m

iles of one of the shooting sites. 19 A
ll other infants w

ithin a 50 m
ile radius are in the 

control group.   

The validity of the D
iD

 strategy depends on the plausibility of the parallel trends 

assum
ption.  In order to assess its plausibility, w

e first perform
 a balance test to m

easure 

correlations betw
een the treatm

ent variables and several m
easures of m

aternal and child 

characteristics.  If, for exam
ple, the racial or ethnic com

position of V
irginia w

as changing over 

tim
e in a w

ay that w
as correlated w

ith proxim
ity to the sniper attack sites, then this dem

ographic 

change could potentially confound the estim
ates.  A

ppendix Table 1 show
s that treatm

ent 

indicators do not predict the race and age of the m
others. Sim

ilarly, there is no correlation betw
een 

the treatm
ent indicators and the child’s gender or the singleton birth indicator. 20  

The parallel trends assum
ption is tested directly by estim

ating an event-study specification 

that allow
s the treatm

ent to have im
pacts across various periods of exposure.  This test is perform

ed 

by estim
ating the follow

ing dynam
ic m

odel: 
 y

im
dyc  =

 b
o  +

 ∑
b
!

"!#
$
%
!

!&
$
'

𝐶𝑙𝑜𝑠𝑒
()
*+, 𝑇𝑟𝑖()

*+,
-.
!

+
h	𝐶𝑙𝑜𝑠𝑒

∗
𝐶𝑜𝑖𝑛𝑐𝑖𝑑𝑒()

*+, +
µ C

lose
im

dyc  +
 f X

im
dyc  

+
 l

dm
y  +

 d
c  +

 d
c  t +

 eim
dyc   

 
 

 
 

 
 

(1) 

 

 
17 U

nfortunately, the V
irginia data do not include a m

aternal identifier.  W
e have experim

ented w
ith trying to 

probabilistically m
atch births to the sam

e m
other in order to im

plem
ent a m

aternal fixed-effects strategy. The estim
ates 

are qualitatively sim
ilar, though larger and im

precisely estim
ated.   

18 The standard difference–in–differences estim
ator can produce biased results in the presence of heterogeneous 

treatm
ent effects over tim

e (e.g., G
oodm

an–Bacon, 2021; de Chaisem
artin and d’H

aultfoeuille, 2020), but this issue 
is not a concern in this context because the tim

ing of treatm
ent does not vary over tim

e. 
19 W

e use O
ctober 23 as the last date of the treatm

ent period because the snipers rem
ained at large until the end of 

O
ctober 23. U

sing O
ctober 22 or 24 as the endpoint of the treatm

ent period does not alter the estim
ates.  

20  The m
ost com

prehensive specification also includes county-specific linear tim
e trends to control for any unobserved 

county-level com
positional changes that trend linearly over tim

e and m
ight be correlated w

ith birth outcom
es.   
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w
here y

im
dyc  is a birth outcom

e of child i conceived in day d, in m
onth m

, and year y in county c. 

C
lose

im
dyc  is a binary indicator for w

hether the child’s m
other lived close to one of the shooting 

sites during pregnancy. Tri kim
dyc   (i.e., k = 1, 2, 3) are binary indicators representing the m

other’s  

trim
ester-specific exposure to the sniper attacks during pregnancy. “First trim

ester” is defined as 

0 to 91 days post-conception, “second trim
ester” is 92-182 days post-conception, and “third 

trim
ester” is 183-280 days post-conception. 21  

Equation (1) includes an interaction term
 betw

een the closeness indicator and a binary 

variable, C
oincide, indicating that the expected delivery date coincided w

ith the shooting period.  

This specification allow
s for a separate effect on infants w

ho had an expected delivery date 

betw
een O

ctober 2 and O
ctober 23, 2002, since their m

others m
ight have faced special obstacles 

getting to hospital, for exam
ple. 22 

The vector X
 contains observable characteristics including indicators for the m

other’s age, 

m
arital status, educational attainm

ent, race and ethnicity, child gender, and indicators for parity 

and plurality. The vector d
c  represents county fixed effects and l

dm
y  stands for day-m

onth-year of 

conception fixed effects.  Specifications using w
eekly or m

onthly rather than daily fixed effects 

are also reported below
.  The m

ost com
prehensive specifications include county-specific linear 

tim
e trends (d

c t, at the conception m
onth-year level) to control for com

m
on trends and shocks to 

infant health that m
ight be correlated w

ith treatm
ent indicators at the county level. The e

im
dyc  is a 

child-specific idiosyncratic error term
. Standard errors are clustered at the county level, m

aking 

statistical inference robust to arbitrary form
s of both heteroskedasticity and serial correlation 

w
ithin counties over tim

e. 

In equation (1), the coefficients b
1 , b

2 , and b
3  are defined as the trim

ester-specific im
pacts 

of exposure to the sniper attacks on birth outcom
es. Lagged param

eters capture the effects of 

exposure to the sniper attacks during the post-pregnancy period. For exam
ple, b

-1  corresponds to 

the im
pact of exposure to the sniper shootings w

ithin the three m
onths after the expected date of 

 
21 The first trim

ester indicator is assigned a value of one if the conception date is betw
een July 24, 2002, and O

ctober 
23, 2002, and zero otherw

ise. The second trim
ester indicator is set to one if the conception date falls betw

een July 23, 
2002, and A

pril 23, 2002, and the third trim
ester indicator takes on a value of one if the conception date is betw

een 
A

pril 22, 2002, and January 16, 2002, and is zero otherw
ise. 

22 The estim
ated coefficients on this term

 are sm
all and never statistically significant in any of our m

odels. These 
1,172 w

om
en w

ere exposed to the shootings in the last few
 days of pregnancy and m

ay have been exposed to betw
een 

one and thirteen shootings. Including a separate indicator for them
 ensures that everyone in the sam

ple that identifies 
the m

ain effect of interest w
as exposed to all thirteen shootings.  
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delivery. The other lagged param
eters denote the im

pacts of exposure in subsequent three-m
onth 

periods. B
ecause exposure after the pregnancy is over should have no effect on birth outcom

es, 

this dynam
ic m

odel allow
s us to check for om

itted variables that violate the identification strategy.  

A
s show

n below
, the results are robust to alternative lag and lead structures. 

The form
 of the D

iD
 m

odel is very sim
ilar:   

 y
im

dyc  =
 a +

 b
1  C

lose
im

dyc *Tri 1im
dyc  +

 b
2  C

lose
im

dyc *Tri 2im
dyc  +

 b
3  C

lose
im

dyc *Tri 3im
dyc  +

µ C
lose

im
dyc   

+
 h C

lose
im

dyc *C
oincide

im
dy +

 f X
im

dyc +
 l

dm
y  +

 d
c  +

 d
c t +

 e
im

dyc .                                             (2) 

 
 

 
 

 
 

 
 

 

  
R

eports about the shootings dom
inated the new

s cycle during this period w
ith intense 

coverage from
 both the local and national m

edia organizations. 23 Therefore, it is safe to assum
e 

that all of the m
others in our sam

ple had heard about the incidents and felt som
e level of anxiety.  

B
y choosing those w

ho lived close to a shooting as the treatm
ent group, w

e aim
 to capture the fear 

caused by the risk of becom
ing a victim

.  H
ow

ever, since the definition of “close” is unclear a 

priori, results are show
n for analyses using alternative 7 and 5-m

ile radii.  It is also w
orth noting 

that to the extent the m
others in the control group w

ere also affected, our estim
ates w

ill understate 

the effects of exposure to firearm
 violence. 

 
The “expected” rather than the “actual” birthdate is used because the stress caused by the 

shootings m
ight have altered the actual birthdate by influencing gestational length. U

sing the 

expected birthdate, helps to guard against bias from
 the potential endogeneity of the actual 

birthdate. 24 G
iven these considerations, the benchm

ark estim
ation sam

ple can be described as: 

S = {i=1| C
onception date ≤ [O

ctober 2-23, 2002] ≤ Expected_B
irthdate}

i  =1 | 1 [B
irthdate < 

[O
ctober 2-23, 2002]i  = 1}, w

here “Expected_B
irthdate” is the expected birthdate of the child, 

calculated by adding 280 days to the date of conception.  

In contrast to the beltw
ay sniper attacks w

hich occurred at a single point in tim
e, the 

analysis of the national m
ass shooting data is based on a staggered treatm

ent design because the 

incidents occurred at different tim
es in different counties.  W

hen treatm
ent is staggered, standard 

 
23 M

edia coverage w
as so intense that over 50 articles appeared in the W

ashington Post alone during the three-w
eek 

period of the shootings (M
uzzatti and Featherstone, 2007). Furtherm

ore, over 70 percent of citizens reported that they 
had follow

ed the new
s m

ore than usual during the w
eeks of the sniper attacks (Coppola, 2004; M

itchell, 2007). 
24 This approach follow

s that of Black et al. (2016), Persson and Rossin-Slater (2018b), and Currie et al., 2022).  
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D
ID

 estim
ates can be biased in the presence of heterogeneous treatm

ent effects (G
oodm

an-B
acon, 

2021; de C
haisem

artin and d’H
aultfœ

uille, 2020; Sun and A
braham

, 2021).  To overcom
e this 

bias, w
e use the estim

ator proposed by B
orusyak et al. (2023). A

 detailed description of the 

m
ethodology used in the m

ass shooting analysis is provided in A
ppendix B

. 

6. E
stim

ation R
esults  

The Beltw
ay Sniper Attacks 

A
n event-study in the form

 of equation (2) is presented in the top panel of Figure 3.  The 

point estim
ates from

 the event-study analysis are presented in table form
at in A

ppendix Table 2.  

In keeping w
ith the division of pregnancy into trim

esters, the pre-sniper attack period is also 

divided into three-m
onth segm

ents. For w
om

en w
hose pregnancies ended prior to the first attack, 

there are no statistically significant differences in either very low
 birthw

eight or extrem
e 

prem
aturity betw

een the treatm
ent and control areas. H

ow
ever, am

ong those affected by the attacks 

in the 1
st and 2

nd trim
esters of their pregnancies, the treatm

ent group has a significantly higher 

probability of very low
 birthw

eight. A
m

ong those affected in the second trim
ester of their 

pregnancy, there is also an elevated risk of the infant being very prem
ature in the treatm

ent group 

com
pared to the control. It is im

portant to note that the event-study estim
ates are robust to inclusion 

or exclusion of county-specific linear trends, as show
n in A

ppendix Figure 3. 25  

 
A

s discussed earlier, pregnant individuals w
ith a conception date after the shootings ended 

m
ight still have been traum

atized. Therefore, the benchm
ark control group includes only those 

w
ho experienced the shootings after they becam

e pregnant. Figure 4 show
s event study estim

ates 

com
paring the outcom

es of pregnancies in the treatm
ent and control areas that w

ere conceived 

after the shooters w
ere captured: There is no statistically significant difference betw

een the tw
o 

groups in this period.   

Estim
ates of the im

pact of in utero exposure to the beltw
ay sniper attacks on birth outcom

es 

from
 m

odels in the form
 of equation (2) are show

n in Table 3. Trim
ester-specific estim

ates appear 

in Panel A
 and the overall estim

ated effect of any exposure during pregnancy is show
n in Panel B

.  

 
25 The very low

 birthw
eight estim

ates are all positive and significant at the 95 percent level for the first and second 
trim

ester indicators. Likew
ise, the very prem

ature estim
ates are all positive, and significant at the 90 percent level for 

the second trim
ester indicator. The event-study estim

ates w
ithout county-specific trends are m

ore precisely estim
ated 

than the sem
i-dynam

ic specification w
ithout the trends show

n in Table 3. A
dditionally, the estim

ates rem
ain stable 

and consistent w
hen using different event-study specifications w

ith alternative leads and lags. A
s an illustration, 

A
ppendix Figure 2 show

s estim
ates from

 a m
odel using five lags and three leads. 
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C
olum

ns 1 and 3 present estim
ates w

ith conception day-m
onth-year and county fixed effects as 

w
ell as m

other and child characteristics. C
olum

ns 2 and 4 add county-specific linear trends.  

The estim
ates in colum

n 1 suggest that exposure to m
ass shootings during the first and 

second trim
esters of pregnancy increases the likelihood of very low

 birthw
eight by around 25 

percent. W
hen county-specific linear trends are included in colum

n 2, the estim
ates are even larger 

at approxim
ately 35 to 40 percent of the baseline.  The estim

ates for prem
aturity are less precisely 

estim
ated than those for very low

 birthw
eight, perhaps because gestational age is often m

easured 

w
ith error. H

ow
ever, in the specification w

ith county-specific trends (colum
n 4), the point 

estim
ates on very prem

ature are significant and sim
ilar to those on very low

 birthw
eight in colum

n 

2.  Exposure to the sniper attacks in the second trim
ester is estim

ated to cause the probability of 

very prem
ature birth to increase by about 32 percent. Panel B

 of Table 3 show
s the overall effect 

of exposure to the shootings at any point in pregnancy. H
ere the m

odel w
ith county-specific trends 

suggests that exposure to the shootings during pregnancy increased both the incidence of very low
 

birthw
eight and of extrem

e prem
aturity by about 25 percent.

 
To provide som

e context for the m
agnitude of these effects, C

urrie et al. (2022) find that 

prenatal exposure to dom
estic violence increased the likelihood of very low

 birthw
eight by 61 

percent and the likelihood of very prem
ature birth by 32 percent. Since these estim

ates capture 

the im
pact of physical assault as w

ell the stress it m
ay cause, it m

akes sense that our effects are 

sm
aller. Persson and R

ossin-Slater (2018a) show
 that exposure to m

aternal stress resulting from
 

a relative's death during pregnancy led to a 24 percent increased likelihood of very low
 

birthw
eight, a finding closely resem

bling the effect sizes in Table 3. Taken together, the 

results show
 that exposure to the B

eltw
ay sniper during pregnancy increased the incidence of 

very low
 birthw

eight and extrem
e prem

aturity.

Table 4 presents estim
ates using a w

ider spectrum
 of outcom

es. These m
odels all include 

county-specific linear trends, m
aking them

 m
ost com

parable to colum
ns (2) and (4) of Table 3. 

The results for birthw
eight indicate that the effects are largest in the low

er tail of the birthw
eight 

distribution.  C
onsistent w

ith C
urrie et al. (2022) and Persson and R

osson-Slater (2018a), effects 

at the m
ean are quite sm

all, w
ith a 26-gram

 reduction in overall birthw
eight, rising to 40 gram

s for 

babies affected during the second trim
ester.  In contrast, there is a 14 percentage increase in the 

probability of giving birth to a low
 birthw

eight baby (birthw
eight less than 2500 gram

s), w
hich 
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can be com
pared to probabilities of 8 percent in C

urrie et al. (2022) and 12 percent in Persson and 

R
ossin-Slater (2018a).   

Sim
ilarly, the estim

ated effects on gestation and indicators of prem
aturity indicate that the 

effects are m
ostly felt in the tails of the distribution.  Exposure to the sniper shootings during the 

first and second trim
esters increases the likelihood of gestational lengths below

 34 w
eeks by 

approxim
ately 25 percent, but there is no effect at the less extrem

e cutoff of 37 w
eeks.  C

olum
ns 

6 and 7 exam
ine the risk of having an abnorm

al condition at birth
26 or a low

 A
PG

A
R

 score but w
e 

do not find a statistically significant effect on these outcom
es. 27 

To address possible concerns about m
ultiple hypothesis testing, m

odels using tw
o indices 

are included.  The first, a severe birth outcom
es index, is com

prised of the follow
ing indicators: 

very low
 birthw

eight, very preterm
, any abnorm

al conditions at birth (e.g., use of assisted 

ventilation), and low
 A

pgar score.  The second is a broad birth outcom
e index, w

hich adds all the 

rem
aining variables in Table 4: continuous birthw

eight in gram
s, low

 birthw
eight, an indicator for 

preterm
 based on a 34 w

eeks of gestation cutoff, an indicator for preterm
 based on 37 w

eeks of 

gestation cutoff, and gestation in w
eeks. To create these indices, each outcom

e variable is oriented 

so that a higher value represents a m
ore adverse outcom

e. Then, each outcom
e is standardized by 

subtracting the m
ean of the control group and dividing by the control group's standard deviation 

before adding the com
ponents.  

The estim
ates for the outcom

e indices are presented in colum
ns 8 and 9 of Table 4.  The 

estim
ates on the severe birth outcom

e index show
 that exposure to the beltw

ay sniper shootings 

during pregnancy led to a decline in new
born health as show

n in colum
n 8. The estim

ates are 

largest am
ong babies born to m

others w
ho experienced the sniper attacks during the first or second 

trim
esters, w

ith an effect size of approxim
ately 0.03 standard deviations for each trim

ester. 

 
26 These conditions include anem

ia, fetal alcohol syndrom
e, hyaline m

em
brane disease, m

econium
 aspirations 

syndrom
e, assisted ventilation, seizures, infectious condition, birth injury, and any unknow

n conditions. The 
com

posite variable available to us reflects the existence of any of these conditions, and therefore, w
e are unable to 

exam
ine them

 individually, except for assisted ventilation, w
hich w

as included as a separate variable. 
27The A

pgar score, reported on a scale of 0 to 10, is determ
ined by a doctor's assessm

ent of the baby's skin color, heart 
rate, reflexes, m

uscle tone, and breathing soon after birth. Scores below
 seven are categorized as low

. 
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Estim
ates using the broader birth outcom

e index in colum
n 9 suggest a sim

ilar decline in new
born 

health am
ong exposed infants.  

Further evidence about the validity of these D
iD

 estim
ates is provided by event-study 

analyses using the indices, as show
n in Figure 5, to exam

ine the parallel trends assum
ptions.  The 

event-study estim
ates suggests that the assum

ption holds.   

The N
ational M

ass Shootings Analysis 

This section shifts the focus to exam
ining the im

pact of m
ass shootings on pregnancy 

outcom
es using national data betw

een 2006 and 2019.  These outcom
es exploit the w

ithin-county 

variation in the tim
ing of m

ass shootings in a difference-in-differences fram
ew

ork. If the precise 

tim
ing of m

ass shootings is not system
atically related to w

ithin-county, tim
e-varying, unobserved 

factors determ
ining infant health outcom

es, then this em
pirical approach can yield causal estim

ates 

of the im
pact of m

ass shootings on birth outcom
es. 

The results are presented in a w
ay that aligns w

ith the discussion of the beltw
ay sniper 

attacks. Trim
ester-specific estim

ates are show
n in Panel A

 of Table 5 and the overall effects for 

any exposure during pregnancy appear in Panel B
. C

olum
n 1 presents estim

ates based on a 

specification that includes county fixed effects and conception quarter-by-year fixed effects, w
hile 

colum
n 2 also incorporates m

other and child characteristics. 

The point estim
ates from

 this analysis are sm
aller than those from

 the analysis of the 

beltw
ay sniper shootings, as expected. M

ass shootings tend to be brief, often lasting only a few
 

m
inutes or hours, w

hereas the beltw
ay sniper attacks persisted for a period of three w

eeks. A
nother 

difference lies in the fact that an individual could reside in the sam
e county as a m

ass shooting but 

live m
ore than 10 m

iles aw
ay from

 the location of the actual incident.  The fact that w
e only 

observe county rather than the exact residential location in the national data is likely to attenuate 

the estim
ated effects.  A

 third issue is that w
e can connect shootings to pregnancy intervals only 

at the m
onthly level, so our m

easure of w
hen som

eone w
as exposed during their pregnancy is also 

subject to error.  N
evertheless, it is useful to see w

hether the results are qualitatively sim
ilar to 

those for the beltw
ay sniper analysis in order to explore the generalizability of those findings. 

The estim
ates in colum

n 2 of Panel A
 of Table 5 show

 that experiencing a m
ass shooting 

during first trim
ester of pregnancy is associated w

ith an increased incidence of very low
 

birthw
eight and extrem

e prem
aturity. The point estim

ates translate into effect sizes of 5.7 percent 

(0.069/1.219) for very low
 birthw

eight and 5.2 percent (0.073/1.394) for extrem
e prem

aturity. A
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causal interpretation of these estim
ates rests on the assum

ption that infant outcom
es in a particular 

county w
ere not already trending differently com

pared to other counties prior to a m
ass shooting, 

an assum
ption that is supported by the event-study evidence show

n in Figure 6.  

Table 6 presents the estim
ated effects of exposure to a m

ass shooting during pregnancy on 

the sam
e set of outcom

es exam
ined in the sniper attacks analysis. The first tw

o colum
ns show

 that 

second-trim
ester exposure to a m

ass shooting during pregnancy is associated w
ith a slight 

reduction in m
ean birthw

eight (3.4 gram
s) and a 1.9 percent increase in the incidence of low

 

birthw
eight.  C

olum
n 3 indicates that second-trim

ester exposure to a m
ass shooting is associated 

w
ith a decrease in gestation length of 1.3 w

eeks (approxim
ately 3.4 percent). C

olum
ns 4 and 5 

explore the effects on gestation less than 34 w
eeks and less than 37 w

eeks, respectively.  Estim
ates 

using the 34-w
eek cutoff im

ply that second-trim
ester exposure to a m

ass shooting increased the 

likelihood of prem
aturity 2.7 percent. U

sing the 37-w
eek cutoff produces sim

ilar estim
ates.  

C
olum

n 6 show
s that experiencing a m

ass shooting during the first and second trim
esters of 

pregnancy raises the probability of the new
born having an abnorm

al condition by about 8 and 7 

percent, respectively. 28 C
olum

n 7, show
s that exposure in the third trim

ester results in a 6 percent 

increase in the probability that the new
born has a low

 A
pgar score. 

W
hile these estim

ates are broadly consistent w
ith the estim

ated effects of the sniper attacks 

in that they show
 negative effects of exposure to gun violence on infant health, som

e of the 

individual estim
ates differ and it is not clear how

 m
uch w

eight to put on any individual estim
ate.  

Therefore, follow
ing the approach in the beltw

ay sniper analysis, tw
o com

posite indices w
ere 

created 
using 

the 
outcom

e 
categories 

in 
Table 

6. 
Estim

ates 
using 

these 
indices 

as 

dependent variables show
 that exposure to a m

ass shooting during the first, second, and third 

trim
esters leads to an increase in the severe birth outcom

es index of 0.008, 0.005, and 0.004 

standard deviations, respectively (colum
n 8). Focusing on the broader index, the effect sizes are 

0.005, 0.006, and 0.003 standard deviations (colum
n 9). The results from

 the “any exposure” 

specifications show
n in Panel B

 indicate that exposure to a m
ass shooting any tim

e during 

pregnancy leads to an increase in the severe birth index of 0.006 standard deviations and in the 

broader birth index of 0.008 standard 
28 The conditions included in this category are assisted ventilation, adm

ission to a neonatal intensive care unit, 
surfactant deficiency, use of antibiotics, seizures, and birth injury. The U

.S. natality data include som
e additional 

conditions.  The results are robust to the inclusion of these conditions in the birth outcom
es index, and also yield 

sim
ilar estim

ates if w
e exam

ine them
 individually.  For instance, exposure to a m

ass shooting during the first trim
ester 

is associated w
ith a roughly 5.7 percent increased likelihood of an infant being adm

itted to a neonatal intensive care 
unit.   
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deviations. Event study versions of the results show
n in A

ppendix Figure 4 support the assum
ption 

of parallel trends underlying these D
iD

 estim
ates.  

O
verall, then the m

ass shooting analysis supports the finding that exposure to gun violence 

during pregnancy has negative effects on birth outcom
es.  The effect of m

ass shootings is sm
aller, 

consistent both w
ith the idea that the stress m

ay be shorter-lived and w
ith the fact that w

e estim
ate 

both the tim
ing and the proxim

ity less precisely in the m
ass shootings data.   

7.  R
obustness and H

eterogeneity of the E
stim

ates A
cross Subgroups

Table 7 probes the robustness of the beltw
ay sniper analysis to changes in the w

ay that the 

sam
ple is constructed. For exam

ple, the results are alm
ost identical if w

e include m
others younger 

than age 18 or elim
inate any gestational age restrictions as show

n in colum
ns 1 through 4. It could 

be argued that som
e control variables such as the m

arital status of the m
other and child gender 

could be affected by m
aternal stress (e.g. if boys are m

ore vulnerable to fetal loss). H
ow

ever, 

excluding these variables (colum
ns 5 and 6) has a m

inim
al im

pact on the estim
ates. The results 

from
 the event-study versions of these specifications are show

n in A
ppendix Figures 5-7. A

s 

dem
onstrated in the figures, there is no evidence of any statistically significant pre-trends in the 

differences betw
een the treatm

ent and control units. Finally, the estim
ates obtained using a sam

ple 

that includes births conceived after O
ctober 23, 2002, are show

n in colum
ns 7 and 8. These point 

estim
ates are slightly sm

aller than those show
n in Table 3, w

hich could reflect lingering traum
a 

after the shootings w
hich w

ould narrow
 the difference betw

een this control group and the treatm
ent 

group. 2 9  Table 8 explores heterogeneity in the estim
ates across dem

ographic subgroups.  C
olum

ns 

(1) and (2) present estim
ates for m

others w
ith m

ore than a high school education (colum
ns 1 and 

2) and those w
ith high school or less (colum

ns 3 and 4).  The effects are largest am
ong relatively 

m
ore educated m

others.  Turning to estim
ates by race, colum

ns 5 to 6 dem
onstrate that the 

estim
ates for w

hite m
others align w

ith the overall estim
ates in term

s of m
agnitude and statistical 

significance.  The effects am
ong B

lack m
others (colum

ns 7 and 8) are larger but im
precisely 

estim
ated.  Estim

ates by m
aternal age indicate that the overall effects are prim

arily driven by 

m
others over 30.  In sum

m
ary, the beltw

ay sniper shootings appear to have had a m
ore significant 

im
pact am

ong w
hite m

others w
ho w

ere m
ore older and m

ore educated, and hence am
ong those

29 The event-study estim
ates from

 the analysis including births conceived after O
ctober 23, 2002 is displayed in Figure 

4.
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w
ith relatively high socioeconom

ic status. It is possible that this group experienced greater 

increases in stress levels over their baseline levels com
pared to less advantaged m

others w
ho m

ay 

experience greater baseline levels of stress in their day to day lives.  

Table 9 show
s estim

ates using alternative geographic definitions of closeness to the sniper 

attacks as w
ell different boundaries for the spatial coverage of the analysis area.  The first tw

o 

colum
ns show

 estim
ates using a seven-m

ile radius around each shooting.  The next tw
o colum

ns 

narrow
 the exposure area to a five-m

ile radius around a shooting. U
sing a seven-m

ile radius to 

define “close” produces the largest point estim
ates and suggests that both exposure in the first 

trim
ester and exposure in the second trim

ester increased very low
 birthw

eight and extrem
e 

prem
aturity.  U

sing a five-m
ile radius produces estim

ates that are generally slightly sm
aller, but 

still highly statistically significant for the im
pact of exposure in the first and second trim

esters.  

The effect of relaxing the 50-m
ile restriction is show

n in colum
ns 5 to 8 of Table 9.  

C
olum

ns 5-6 show
 estim

ates from
 a sam

ple that includes m
others w

ithin a 100-m
ile radius of any 

shooting w
hile colum

ns 7 and 8 present estim
ates using the full sam

ple of V
irginia births.    

Including everyone w
ithin 100 m

iles, or everyone in V
irginia, produces sm

aller estim
ates of the 

im
pact of exposure to the shootings during pregnancy, perhaps because the broader control group 

obtained by relaxing the 50-m
ile restriction is less com

parable to the treatm
ent group.  H

ow
ever, 

the estim
ated effect of exposure in the second trim

ester is still statistically significant.  

N
ext, w

e assess the sensitivity of our estim
ates to using an em

pirical specification w
ith 

w
eek or m

onth fixed effects rather than daily fixed effects. A
s show

n in A
ppendix Table 3, the 

estim
ated effects of exposure to the beltw

ay sniper shootings during pregnancy are rem
arkably 

robust to these alternative specifications. 

Placebo Analyses 

W
e perform

 tw
o placebo analyses to further assess the validity of the estim

ated effects of 

the beltw
ay sniper attacks. In the first analysis, m

odels are estim
ated assum

ing that the shootings 

occurred on the sam
e dates but in a different year.  A

s show
n in A

ppendix Table 4, none of the 

results obtained for the years 1998, 1999, 2000, and 2001 are statistically significant. In the second 

exercise, the entire sam
ple is partitioned into 70 22-day w

indow
s.  The m

odel w
as then estim

ated 

treating each of these w
indow

s as the period of the attacks.  

A
ppendix Figure 8 plots the distribution of point estim

ates from
 these perm

utations for tw
o 

outcom
es: very low

 birthw
eight and very prem

ature. The baseline estim
ates of the coefficients on 
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each trim
ester indicator from

 colum
n 2 and colum

n 4 of Table 3 are show
n w

ith a vertical red line.  

Placebo estim
ates that are greater than the baseline estim

ates are show
n in blue.  The placebo 

analysis is also perform
ed using the specification w

ith a single binary indicator for exposure to the 

attacks at any tim
e during pregnancy (A

ppendix Figure 9). In both panels of the figure, the 

evidence closely aligns w
ith w

hat is reported in Table 3 and suggests that is unlikely that the effects 

in Table 3 w
ere generated by chance.  For exam

ple, the placebo estim
ates are greater than the 

actual estim
ates from

 Table 3 only 5.7 percent of the tim
e for very low

 birthw
eight and none of 

the placebo estim
ates are larger in m

agnitude than the estim
ates for very prem

ature births in the 

specification w
ith a single binary indicator of exposure. 

Robustness of the N
ational M

ass Shootings D
ata 

In line w
ith the B

eltw
ay sniper analysis, the estim

ated effects of m
ass shootings on birth 

outcom
es are rem

arkably robust to alternative sam
ple constructions. These alternatives involve the 

inclusion of m
others younger than age 18, rem

oving any gestational age restrictions, and excluding 

potentially endogenous characteristics like m
arital status and the sex of the child. These estim

ates 

and event-study figures are show
n in A

ppendix Table 5 and A
ppendix Figures 10-12. 

A
s in the beltw

ay sniper analysis, A
ppendix Table 6 show

s that the effects obtained in the 

m
ass shooting analysis appear to be prim

arily driven by w
hite m

others w
ith m

ore than a 

high school education w
ho are older than 30. These estim

ates reinforce the finding that it is the 

m
ore socioeconom

ically advantaged w
om

en w
ho bear the greatest burden from

 a sudden 

increase in stress due to firearm
 violence.  A

 possible explanation is that m
ore disadvantaged 

w
om

en suffer m
ore from

 stress on a day-to-day basis, leading to sm
aller increases in stress in 

response to firearm
 violence.   

8.  Potential M
echanism

s

A
s w

e have argued, one plausible m
echanism

 for these effects is the direct physiological 

effect of stress on the developing fetus, as w
ell as less direct effects through im

paired m
aternal 

im
m

une function.  B
eyond these pathw

ays, negative behavioral reactions to stress could also 

harm
 fetal health.  The vital statistics data have inform

ation about som
e m

aternal behaviors, and 

about 
an 

array 
of 

conditions 
and 

m
edical 

procedures 
during 

pregnancy 
and 

delivery.  

A
nalyzing these variables m

ay help illum
inate som

e of the underlying m
echanism

s driving the 

estim
ated effects on infant health.  
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These variables are treated as outcom
e m

easures in Table 10. The first colum
n show

s that 

exposed m
others had a 7.6 percent increase in the probability of having a procedure perform

ed. 30 

The procedures include am
niocentesis, induction of labor, stim

ulation of labor, ultrasound, or any 

other unknow
n procedure, but the estim

ates in the second colum
n suggest that m

ost of the reported 

effect in colum
n 1 is explained by an increase in inductions. A

s show
n in colum

n 7, there is no 

significant change in the likelihood of C
-section delivery.  

The third colum
n show

s that tobacco use during pregnancy w
as unrelated to exposure to 

the shootings.  This finding appears to rule out increased sm
oking due to stress as a likely 

m
echanism

.  Sim
ilarly, there is no significant overall change in the use of prenatal care (colum

n 

4). H
ow

ever, w
e do observe som

e effects on prenatal care at the extrem
e ends of the distribution 

(colum
n 5). Specifically, w

om
en w

ho w
ere exposed to the sniper attacks during the first trim

ester 

are m
ore likely to receive m

ore than nine prenatal care visits w
hich is consistent w

ith the findings 

of Torche and V
illarreal (2014) about possibly com

pensating behavior. Sim
ilarly, C

urrie et al. 

(2022) find that w
om

en w
ho experienced an assault early in their pregnancy tend to visit the doctor 

sooner to m
onitor the fetus's health. If m

others take actions to protect their fetus from
 the harm

ful 

im
pacts of stress, then our results m

ay represent a conservative estim
ate of the true im

pact of 

exposure to the sniper attacks during pregnancy on infant health.  

C
olum

n 6 considers the effects of exposure to the beltw
ay shootings on the incidence of 

gestational hypertension.  Interestingly, w
om

en exposed in the third trim
ester have a 16 percent 

higher probability of experiencing gestational hypertension w
hich has been linked to higher levels 

of stress horm
ones and inflam

m
ation (Landsbergis et al., 1996; M

ulder et al., 2002). This finding 

dem
onstrates that stress from

 the shootings has a physiological im
pact on the body, though it does 

not link directly to the results indicating that it is first and second trim
ester exposure that has the 

biggest im
pact on infant health at birth.  

The m
easures considered in Table 10 are also available in the national data. The results 

from
 the analogue of Table 10 are show

n in A
ppendix Table 7.  These results do not show

 m
uch 

association betw
een exposure to a m

ass shooting and any of these m
aternal conditions and 

procedures during delivery. Perhaps this is not surprising considering the brief duration of m
ass 

shootings and the large geographic scope of counties, as highlighted earlier. The m
ain exception 

 
30 In som

e cases, w
e know

 that a procedure w
as perform

ed but the specific type is labeled as unknow
n. 
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is that w
om

en are again at higher risk of developing gestational hypertension if they experienced 

a m
ass shooting anytim

e during pregnancy, but the effect appears to be strongest am
ong those 

exposed in the first trim
ester.  

W
hile the ability to exam

ine alternative m
echanism

s is lim
ited by the available data, the 

results are consistent w
ith the idea that the physiological effects of stress m

ay be a m
ajor 

m
echanism

.  31 In both analyses, m
others exposed to firearm

 violence are m
ore likely to develop 

gestational hypertension, w
hich can in turn lead to induction and prem

ature delivery.  In contrast, 

effects on the tw
o m

aternal behaviors that can be m
easured, sm

oking and use of prenatal care, do 

not provide any evidence of negative behavioral effects.  H
ow

ever, effects on unobserved 

behaviors such as drinking or use of illegal drugs that m
ight be used to cope w

ith stress cannot be 

ruled out.  

9. T
he C

osts of E
xposure to Firearm

 V
iolence D

uring Pregnancy 

Estim
ates of the costs of firearm

 violence generally rely on w
illingness-to-pay approaches 

(C
ohen et al., 2004) and jury aw

ards (M
iller et al., 1996), and im

plicitly assum
e that the 

consequences of firearm
 violence are fully understood. These m

ethods rarely consider intangible 

costs such as the psychological pain and suffering caused by firearm
 violence. R

ecent studies have 

highlighted the adverse econom
ic consequences of m

ass shootings on local econom
ies, leading to 

significant and persistent declines in individual earnings (B
rodeur and Y

ousaf, 2022) and 

consum
er confidence about the overall econom

ic outlook (Lagerborg et al., 2023) am
ong residents 

in counties affected by these tragic events.  B
ut these studies do not account for the potential toll 

resulting from
 the harm

ful im
pact of m

ass shootings on pregnancy outcom
es. 

To contextualize the estim
ates of the effects of gun violence on infant health, this section 

presents a back-of-the-envelope calculation of the additional econom
ic costs resulting from

 

exposure to shootings during pregnancy. W
e adopt a com

prehensive approach that considers the 

costs associated w
ith the increase in very low

 birthw
eight through six different channels: higher 

infant m
ortality rates, increased m

edical expenses at and shortly after birth, costs related to 

childhood disability, reduced adult incom
e, increased adult disability, and dim

inished life 

 
31 D

ustm
ann and Fasani (2016), show

 that crim
e causes considerable m

ental distress for residents and that the effects 
are stronger for fem

ales, and m
ainly related to depression and anxiety. Sim

ilarly, Soni and Tekin (forthcom
ing) use 

m
icrodata from

 the G
allup-H

ealthw
ays survey to dem

onstrate that em
otional w

ell-being, com
m

unity involvem
ent, 

satisfaction, and feelings of safety experience significant and persistent declines in the afterm
ath of a m

ass shooting.  
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expectancy.  32 The calculation of these costs are illustrated in A
ppendix Table 8. A

dding the costs 

from
 each channel yields a total cost of very low

 birthw
eight of $2,977,477 (in 2023 dollars).   

M
ultiplying by the estim

ated effect of exposure to the sniper attacks during pregnancy on the 

probability of very low
 birthw

eight from
 Table 3 (0.316 percentage point), yields an additional 

social cost of $940,883 from
 an exposure to the B

eltw
ay sniper shootings during pregnancy. There 

w
ere 16,506 V

irginians w
hose pregnancies overlapped w

ith the sniper attacks and w
ho lived 

w
ithin 10 m

iles of a shooting.  M
ultiplying this figure by $940,883 yields a total cost of $15.5 

billion dollars from
 the increase in very low

 birthw
eight attributable to this tragic episode of 

firearm
 violence. A

s show
n in A

ppendix Table 8, the bulk of this cost com
es from

 the cost 

associated w
ith increased likelihood of infant m

ortality (43 percent) and costs associated w
ith 

long-term
 m

ortality risk (42 percent). 

A
dditional perspective can be gained by using the results from

 the national m
ass shooting 

analysis. The estim
ates in Table 5 indicate that county-level exposure to a m

ass shooting during 

pregnancy results in a 0.028 percentage point increase in the likelihood of very low
 birthw

eight.  

M
ultiplying this estim

ate by the total cost of very low
 birthw

eight presented in A
ppendix 8 

generates an average social cost of $83,369 per m
ass shooting during pregnancy for each w

om
an. 

A
ccording to the U

.S. V
ital Statistics N

atality records, 1,168,120 w
om

en w
ere exposed to a m

ass 

shooting during their pregnancy betw
een 2006 and 2019. Therefore, the estim

ates im
ply additional 

social costs of roughly 7 billion dollars per year, or a total of $97.4 billion dollars over this period.  

The results are based on 113 m
ass shootings and suggest that one additional m

ass shooting incident 

places an additional cost burden of approxim
ately $862 m

illion dollars on the children of pregnant 

w
om

en residing in the affected counties. 

These estim
ates are likely to understate the true social cost of stress due to gun violence 

for several reasons.  First, m
ass shootings m

ake up only one percent of gun deaths and m
any 

w
om

en are affected by stress stem
m

ing from
 other types of gun violence.  A

 possible reason w
hy 

w
e see larger effects of exposure to m

ass shootings on w
om

en of relatively high socioeconom
ic 

 
32 O

ur calculation of the social costs of exposure to extrem
e firearm

 violence on birth outcom
es follow

s the approach 
used in C

urrie et al. (2022). This com
prehensive approach encom

passes six channels including (i) costs due to infant 
death based on M

athew
s et al.  (2015) and C

utler &
 M

eara (2000); (ii) infant m
edical care cost based on R

ogow
ski 

(1998); (iii) childhood disability cost based on H
ack et al. (2002) and Stabile &

 A
llin (2012); (iv) cost due to reduction 

in adult incom
e based on A

m
erican Com

m
unities Survey (2017) and Bharadw

aj et al. (2018); (v) cost of adult 
disability based on H

ack et al. (2002) and A
nderson et al. (2010); and (vi) cost of long-term

 m
ortality risk (i.e., reduced 

life expectancy) based on Bharadw
aj et al. (2018) and Lee et al. (2009).  For other details, see A

ppendix F of Currie 
et al. (2022).  



  
26 

status is that w
om

en of low
er socioeconom

ic status m
ay be m

ore likely to live in circum
stances in 

w
hich they are already fearful of gun violence and live w

ith elevated stress levels. Second, som
e 

of our estim
ates, such as those show

ing increases in the num
ber of prenatal care visits after first 

trim
ester exposure, hint at possible com

pensatory responses on the part of parents that m
ay reduce 

the harm
ful effects of exposure to gun violence.  Third, the estim

ated effects of the sniper attacks 

w
ill understate the m

agnitude of the effects to the extent that people in the control group 10-50 

m
iles from

 the shooting sites w
ere also affected.  In the m

ass shootings analysis, difficulties 

m
easuring the precise location and tim

ing of the events in the national data w
ill also cause us to 

underestim
ate their effects.  H

ence, the estim
ates presented in this paper are likely to be quite 

conservative. 

10. C
onclusions 

This 
study 

provides 
new

 
evidence 

about 
the 

im
pact 

of 
exposure 

to 
severe 

and 

indiscrim
inate firearm

 violence during pregnancy on birth outcom
es. W

e begin w
ith an analysis 

of the effects of the beltw
ay sniper attacks, a series of random

 shootings that unfolded in O
ctober 

2002, using data from
 V

irginia birth certificates betw
een 1998 and 2004.  This analysis is 

com
plem

ented by a nationw
ide exploration of the im

pact of m
ass shootings in the U

nited States 

on birth outcom
es, using county-level restricted access birth records from

 2006 to 2019. 

The findings indicate that exposure to the beltw
ay sniper attacks during pregnancy 

increased the likelihood of very low
 birthw

eight and extrem
e prem

aturity by 25 percent. The 

im
pact on birthw

eight is m
ost significant for those exposed during the initial and second trim

esters, 

w
ith effect sizes of 40 and 35 percent, respectively. R

egarding extrem
e prem

aturity, once again, 

the effects are m
ost pronounced am

ong those exposed in the first six m
onths of pregnancy, 

particularly in the second trim
ester, w

ith an effect size of approxim
ately of 30 percent. The analysis 

of nationw
ide data from

 m
ass shootings underscores the finding that severe, random

 firearm
 

violence im
poses considerable burdens on individuals indirectly influenced by these incidents, 

particularly infants affected in utero.  The estim
ated effects of m

ass shootings in the national 

analysis are qualitatively sim
ilar though sm

aller. This aligns w
ith the shorter duration of m

ass 

shootings com
pared to the three-w

eek span of the sniper attacks as w
ell as the fact that w

e are less 

able to precisely m
atch m

others to shootings (in term
s of location and tim

ing) in the national data. 

Evaluating the social cost of crim
e, especially violent crim

e involving firearm
s, is of crucial 

im
portance for shaping policy discussions. In the U

nited States, the urgency of reducing the 
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violence has been intensified by the rising prevalence of m
ass shootings.  Existing m

ethods for 

calculating the costs often assum
e that all victim

ization costs have been adequately captured. 

H
ow

ever, existing estim
ates do not include costs due to effects on children in utero. O

ur findings 

indicate that the beltw
ay sniper attacks resulted in social costs of $15.5 billion that have not been 

factored into previous assessm
ents. Estim

ates using the national data on m
ass shootings suggest 

that they im
pose $7 billion in societal costs annually due to their im

pacts on pregnant w
om

en and 

their infants.   

O
ur analysis suggests that im

plem
enting interventions to m

itigate the stress experienced 

by pregnant individuals in the afterm
ath of such events could yield significant benefits, by not only 

im
proving the w

ell-being of these people but also positively im
pacting future generations and 

society at large. For instance, counseling services are frequently offered to both direct victim
s and 

com
m

unity m
em

bers im
m

ediately follow
ing a m

ass shooting. The A
m

erican Psychological 

A
ssociation provides resources detailing the essential types of m

ental health support required for 

victim
s and com

m
unities in the afterm

ath of such incidents. A
dditionally, various branches w

ithin 

the federal governm
ent such as the O

ffice for V
ictim

s of C
rim

e w
ithin the U

.S. D
epartm

ent of 

Justice offer grants to local governm
ents and institutions to facilitate the im

plem
entation of these 

program
s. H

ow
ever, even in the absence of such m

easures, it is possible that greater attention to 

the effects of gun violence on m
other’s m

ental health m
ight help to m

itigate the negative effects 

w
e have identified.  Screening pregnant w

om
en for depressive sym

ptom
s is sim

ple and 

inexpensive.  A
ccording to a recent study investigating the cost-effectiveness of various screening 

tools for identifying depression in early pregnancy in the U
nited K

ingdom
, the cost of 

im
plem

enting a tw
o-item

 screener is $5.61 per pregnant w
om

an (H
eslin et al., 2022).  Since post-

partum
 depression is also thought to have negative effects on infants, screening using an instrum

ent 

like the 10-item
 Edinburgh Postnatal D

epression Scale could also be helpful (C
ox et al., 1987; 

H
ew

itt et al., 2009). 33  

R
ecently, the U

.S. Preventive Services Task Force, an independent panel com
prising 

national experts in disease prevention and evidence-based m
edicine, issued a recom

m
endation that 

 
33 The W

hooley tw
o item

 screener consists of tw
o questions: (1) D

uring the past m
onth, have you often been bothered 

by feeling dow
n, depressed or hopeless?; (2) D

uring the last m
onth, have you often been bothered by having little 

interest or pleasure in doing things?  If a w
om

an answ
ers ‘yes’ to either question, she can be referred for further m

ental 
health treatm

ent (W
hooley et al., 1997; A

rroll et al., 2005).  A
ccording to H

eslin et al. (2022) the cost of the slightly 
m

ore involved Edinburgh Postnatal D
epression Scale is $11.63 per person. 
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clinicians screen all adults betw
een the ages of 19 and 64 for anxiety disorders, as w

ell as screening 

all adults, including those aged 65 and older, for m
ajor depressive disorder (O

’C
onnor et al., 

2023). 34 The statem
ent em

phasized that these recom
m

endations also extend to pregnant and 

postpartum
 adults.  If these recom

m
endations w

ere w
idely follow

ed, they m
ight help to m

itigate 

the toll of gun violence, though ultim
ately the surest w

ay to reduce the toll w
ould be to reduce gun 

violence.  

 
  

34 The Task Force assigned a “B
” grade to the recom

m
endation, im

plying that there w
as high certainty that the net 

benefit w
as m

oderate or there w
as m

oderate certainty that the net benefit w
as m

oderate to substantial. 
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Table 4: The Effects of Exposure to Sniper Shootings on Other Infant Health Outcomes

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Birthweight Low Gestational Very Premature Premature Any Conditions APGAR5 Severe BO Broad BO

Birthweight Length Less Than 34 Less Than 37 At Birth Less Than 7 Index Index
In Weeks Weeks Weeks Newborn

Panel A: (x100)
1st Trimester x 10 miles -12.509* 1.041** -0.075** 0.575* -0.213 0.658 0.028 0.029** 0.027**

(7.359) (0.392) (0.032) (0.302) (0.410) (0.422) (0.154) (0.014) (0.011)

2nd Trimester x 10 miles -40.482*** 0.943** -0.124*** 0.685*** 0.563 0.260 0.079 0.025** 0.037***
(10.401) (0.465) (0.034) (0.236) (0.485) (0.357) (0.232) (0.012) (0.010)

3rd Trimester x10 miles -24.537** 0.565 -0.038 0.313 -0.151 0.089 -0.212 0.000 0.011
(11.221) (0.432) (0.038) (0.302) (0.460) (0.326) (0.222) (0.013) (0.013)

Panel B: (x100)
Exposure to Shootings During -25.789*** 0.854*** -0.080*** 0.527*** 0.068 0.340 -0.032 0.018** 0.025***
Pregnancy x 10 miles (5.820) (0.238) (0.025) (0.197) (0.248) (0.255) (0.122) (0.008) (0.007)

Mean DV 3335.159 7.006 38.588 2.546 9.609 4.479 1.088 0.000 0.000
Conception Day-Month-Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
County FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Mother/Child Characteristics Yes Yes Yes Yes Yes Yes Yes Yes Yes
County Specific Linear Trends Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 264,372 264,372 264,549 264,549 264,549 264,174 264,035 264,549 264,549

Notes: Each column in Panels A and B corresponds to a separate regression. Column headings indicate dependent variables. The estimates presented in Panel A represent
interaction terms involving trimester indicators reflecting exposure to Sniper shootings and the binary indicator variable Close. Estimates presented in Panel B replace the
trimester indicators with an overall measure of exposure to shootings during pregnancy. See text for more details about regression specifications and controls. Outcomes
and means of the dependent variables are multiplied by 100 for ease of interpretation. Standard errors are clustered at the county level. *** p < 0.01, ** p < 0.05, * p < 0.1.
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Table 6: The Effects of Exposure to Mass Shootings on Other Infant Health Outcomes: National Level Mass Shootings Analysis

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Birthweight Low Gestational Very Premature Premature Any Conditions APGAR5 Severe BO Broad BO

Birthweight Length Less Than At Birth Less Than 7 Index Index
in Weeks 34 Weeks Newborn

Panel A: (x100)
1st Trimester -2.135 0.003 -0.004 0.029 0.145** 0.561** 0.038 0.008*** 0.005**

(1.535) (0.047) (0.007) (0.039) (0.071) (0.220) (0.039) (0.003) (0.002)

2nd Trimester -3.422** 0.150*** -0.013** 0.068* 0.316*** 0.470** 0.039 0.005* 0.006***
(1.506) (0.045) (0.006) (0.038) (0.060) (0.226) (0.033) (0.003) (0.002)

3rd Trimester 0.282 0.018 -0.005 0.022 0.127** 0.249 0.080*** 0.004** 0.003*
(1.019) (0.044) (0.005) (0.031) (0.057) (0.173) (0.031) (0.002) (0.002)

Panel B: (x100)
Exposure to Shootings During -1.737 0.057 -0.007 0.040 0.196*** 0.426** 0.053* 0.006*** 0.004***
Pregnancy (1.129) (0.036) (0.005) (0.029 (0.053) (0.183) (0.028) (0.002) (0.002)

Mean DV 3268.88 7.700 38.510 2.549 9.501 7.001 1.352 0.000 0.000
Conception Quarter and Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
County FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Mother/Child Characteristics Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 2,930,950 2,930,950 2,933,866 2,933,866 2,933,866 2,503,808 2,922,740 2,933,866 2,933,866

Notes: This table presents estimates of the effect of exposure to mass shootings between 2006 and 2019 on various infant health outcomes. Column headings indicate de-
pendent variables. The coefficient estimates are obtained using imputation estimator from Borusyak et al.(2022). Each column in Panels A and B corresponds a separate
regression. The estimates presented in Panel A are trimester indicators reflecting exposure to mass shootings. Estimates presented in Panel B replace the trimester indi-
cators with an overall measure of exposure to shootings during pregnancy. See text for more details about regression specifications and controls. Outcomes and means of
the dependent variables are multiplied by 100 for ease of interpretation. Standard errors are clustered at the county level. *** p < 0.01, ** p < 0.05, * p < 0.1.
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Table 7: Robustness Analyses: Sniper Shootings

Include Mothers No Gestational Age No Marital Status and Including Babies Conceived
Below 18 Restrictions Gender of the Child Controls After October 23rd 2002

(1) (2) (3) (4) (5) (6) (7) (8)
Very Low Very Very Low Very Very Low Very Very Low Very

Birthweight Premature Birthweight Premature Birthweight Premature Birthweight Premature

Panel A: (x100)
1st Trimester x 10 miles 0.475** 0.366 0.540** 0.447 0.499** 0.408 0.381* 0.260

(0.196) (0.271) (0.221) (0.306) (0.199) (0.286) (0.199) (0.299)

2nd Trimester x 10 miles 0.450*** 0.458** 0.451*** 0.476** 0.442*** 0.461** 0.326** 0.321*
(0.131) (0.178) (0.139) (0.203) (0.132) (0.184) (0.127) (0.190)

3rd Trimester x 10 miles -0.063 0.109 -0.078 0.146 -0.007 0.185 -0.122 0.038
(0.208) (0.193) (0.230) (0.230) (0.222) (0.208) (0.197) (0.204)

Panel B: (x100)
Exposure to Shootings During 0.293** 0.314** 0.310** 0.359** 0.317** 0.354** 0.203 0.210
Pregnancy x 10 miles (0.132) (0.122) (0.146) (0.137) (0.143) (0.133) (0.127) (0.143)

Mean DV 1.244 1.455 1.358 1.573 1.222 1.427 1.248 1.471
Conception Day-Month-Year FE Yes Yes Yes Yes Yes Yes Yes Yes
County FE Yes Yes Yes Yes Yes Yes Yes Yes
Mother/Child Characteristics Yes Yes Yes Yes Yes Yes Yes Yes
County Specific Linear Trends Yes Yes Yes Yes Yes Yes Yes Yes
Observations 270,837 271,022 264,855 265,034 264,372 264,549 340,062 340,269

Notes: Each column in Panels A and B corresponds to a separate regression. The odd (even) columns employ Very Low Birthweight (Very Premature) as the
dependent variable. The estimates presented in Panel A represent interaction terms involving trimester indicators reflecting exposure to Sniper shootings
and the binary indicator variable Close. Estimates presented in Panel B replace the trimester indicators with an overall measure of exposure to shootings
during pregnancy. See text for more details about regression specifications and controls. Outcomes and means of the dependent variables are multiplied by
100 for ease of interpretation. Standard errors are clustered at the county level. *** p < 0.01, ** p < 0.05, * p < 0.1.
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Table 8: Heterogeneous Treatment Effects of Sniper Shootings by Education, Race/Ethnicity, and Maternal Age

More than High School Whites Blacks Mother’s Age Mother’s Age
High School or Less Less Than 30 More Than 30

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
Very Low Very Very Low Very Very Low Very Very Low Very Very Low Very Very Low Very

Birthweight Premature Birthweight Premature Birthweight Premature Birthweight Premature Birthweight Premature Birthweight Premature

Panel A: (x100)
1st Trimester x 10 miles 0.349 0.226 0.523 0.655 0.320* 0.196 0.823 1.318 0.368* 0.337 0.568* 0.514

(0.221) (0.295) (0.322) (0.429) (0.190) (0.270) (0.704) (1.033) (0.199) (0.254) (0.317) (0.436)

2nd Trimester x 10 miles 0.608** 0.871*** 0.061 -0.266 0.375** 0.376** 0.594 0.433 0.135 -0.034 0.768*** 0.988***
(0.229) (0.273) (0.309) (0.363) (0.176) (0.153) (0.745) (0.790) (0.206) (0.278) (0.205) (0.304)

3rd Trimester x 10 miles -0.003 0.061 -0.060 0.365 -0.289 -0.056 1.267 0.682 -0.164 -0.052 0.036 0.293
(0.293) (0.212) (0.314) (0.440) (0.206) (0.190) (0.796) (0.861) (0.261) (0.272) (0.283) (0.298)

Mean DV 1.090 1.265 1.424 1.683 0.968 1.155 2.479 2.780 1.257 1.474 1.226 1.431
Conception Day-Month-Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
County FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Mother/Child Characteristics Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
County Specific Linear Trends Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 162,731 162,834 98,498 98,548 189,779 189,895 45,942 45,973 154,121 154,226 116,712 116,792

Notes: Each column corresponds to a separate regression. Column headings explain the corresponding sub-groups used for analysis. The odd (even) columns employ Very Low Birthweight (Very Prema-
ture) as the dependent variable. The estimates presented in Panel A represent interaction terms involving trimester indicators reflecting exposure to Sniper shootings and the binary indicator variable
Close. Estimates presented in Panel B replace the trimester indicators with an overall measure of exposure to shootings during pregnancy. See text for more details about regression specifications and
controls. Outcomes and means of the dependent variables are multiplied by 100 for ease of interpretation. Standard errors are clustered at the county level. *** p < 0.01, ** p < 0.05, * p < 0.1.
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Table 9: The Effects of Sniper Shootings with Alternative Treatment Radii

Alternative Treatment Alternative Treatment Imposing 100 miles No Outside Circle
7 miles Radius 5 miles Radius Restriction Restriction

(1) (2) (3) (4) (5) (6) (7) (8)
Very Low Very Very Low Very Very Low Very Very Low Very

Birthweight Premature Birthweight Premature Birthweight Premature Birthweight Premature

Panel A: (x100)

1st Trimester x Radius 0.556** 0.456** 0.596** 0.439** 0.301** 0.209 0.212 0.123
(0.236) (0.215) (0.238) (0.203) (0.138) (0.197) (0.138) (0.180)

2nd Trimester x Radius 0.507*** 0.586** 0.282** 0.340** 0.263* 0.381** 0.237* 0.408***
(0.170) (0.233) (0.141) (0.165) (0.140) (0.152) (0.123) (0.142)

3rd Trimester x Radius 0.193 0.260 0.294 0.316 -0.186 0.063 -0.186 0.038
(0.252) (0.235) (0.268) (0.229) (0.166) (0.157) (0.157) (0.152)

Panel B: (x100)
Exposure to Shootings During 0.422** 0.436*** 0.394** 0.366*** 0.130 0.219** 0.091 0.191*
Pregnancy x 10 miles (0.183) (0.151) (0.175) (0.128) (0.115) (0.107) (0.110) (0.100)

Mean DV 1.222 1.427 1.222 1.427 1.357 1.547 1.343 1.522
Conception Day-Month-Year FE Yes Yes Yes Yes Yes Yes Yes Yes
County FE Yes Yes Yes Yes Yes Yes Yes Yes
Mother/Child Characteristics Yes Yes Yes Yes Yes Yes Yes Yes
County Specific Linear Trends Yes Yes Yes Yes Yes Yes Yes Yes
Observations 264,372 264,549 264,372 264,549 402,059 402,315 471,861 472,146

Notes: Each column in Panels A and B corresponds to a separate regression. Column headings explain the corresponding alternative treatment ra-
dius used for analysis. The odd (even) columns employ Very Low Birthweight (Very Premature) as the dependent variable. The estimates presented
in Panel A represent interaction terms involving trimester indicators reflecting exposure to Sniper shootings and the binary indicator variable Close.
Estimates presented in Panel B replace the trimester indicators with an overall measure of exposure to shootings during pregnancy. See text for
more details about regression specifications and controls. Outcomes and means of the dependent variables are multiplied by 100 for ease of inter-
pretation. Standard errors are clustered at the county level. *** p < 0.01, ** p < 0.05, * p < 0.1.
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Table 10: The Effects of Exposure to Sniper Shootings on Maternal Outcomes and Medical Procedures

(1) (2) (3) (4) (5) (6) (7)
Any Obstetric Induction Tobacco Use Number of 9 or More Gestational C-Section

Procedures of Labor During Prenatal Prenatal Hypertension
Pregnancy Care Visits Care Visits

Panel A: (x100)
1st Trimester x 10m -0.335 -0.003 -0.020 0.158 1.885*** -0.307 -0.904

(0.982) (0.010) (0.582) (0.097) (0.654) (0.344) (0.936)

2nd Trimester x 10m 0.254 0.003 0.252 0.018 0.844 0.441 0.475
(1.360) (0.014) (0.654) (0.090) (0.665) (0.380) (0.679)

3rd Trimester x 10m 1.658** 0.017** -0.067 0.076 0.309 0.634* 1.054
(0.747) (0.007) (0.299) (0.068) (0.703) (0.352) (0.824)

Panel B: (x100)
Exposure to Shootings During 0.507 0.005 0.056 0.084 1.026* 0.248 0.191
Pregnancy x 10m (0.868) (0.009) (0.397) (0.064) (0.524) (0.265) (0.512)

Mean DV 19.847 0.198 5.272 11.766 86.695 3.959 16.656
Conception Day-Month-Year FE Yes Yes Yes Yes Yes Yes Yes
County FE Yes Yes Yes Yes Yes Yes Yes
Mother/Child Characteristics Yes Yes Yes Yes Yes Yes Yes
County Specific Linear Trends Yes Yes Yes Yes Yes Yes Yes
Observations 264,549 264,549 264,526 260,524 260,524 264,549 264,516

Notes: Each column in Panels A and B corresponds to a separate regression. Column headings indicate dependent variables related to
maternal health. The estimates presented in Panel A represent interaction terms involving trimester indicators reflecting exposure to
Sniper shootings and the binary indicator variable Close. Estimates presented in Panel B replace the trimester indicators with an overall
measure of exposure to shootings during pregnancy. See text for more details about regression specifications and controls. Outcomes
and means of the dependent variables are multiplied by 100 for ease of interpretation. Standard errors are clustered at the county level.
*** p < 0.01, ** p < 0.05, * p < 0.1.
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D
ata and Sam

ple C
onstruction for the M

ass Shooting A
nalysis 

In alignm
ent w

ith our state-level analysis from
 V

irginia, our prim
ary birth outcom

e 

m
easures are indicators of Very Low

 Birthw
eight and Very Prem

ature. These are defined as having 

a birthw
eight of less than 1,500 gram

s and a gestational length of less than 32 w
eeks. A

dditional 

variables that are considered include Low
 Birthw

eight (birthw
eight< 2500 gram

s), and Prem
ature 

(gestational length< 34 and 37 w
eeks). B

eyond birthw
eight and gestational length, the extensive 

inform
ation present in the V

ital Statistics N
atality records is used to create several additional 

m
easures of infant health. First, w

e create a binary indicator for any conditions at birth if the 

new
born had one of these conditions: assisted ventilation required im

m
ediately follow

ing delivery 

or for m
ore than 6 hours, adm

ission to N
IC

U
, new

born given surfactant replacem
ent therapy, 

antibiotics 
received 

by 
the 

new
born 

im
m

ediately 
follow

ing 
delivery, 

seizure 
or 

serious 

neurological dysfunction, and birth injury. Second, a binary indicator is created to capture w
hether 

the new
born w

as adm
itted to the intensive care unit. Third, low

 5-m
inute A

pgar score indicator is 

generated w
hen the 5-m

inute A
pgar score registers below

 7. Finally, m
easures of the num

ber of 

prenatal visits and an indicator for C
-Section delivery are constructed.  

To calculate a m
other’s exposure to m

ass shootings during pregnancy, estim
ated 

conception m
onth are generated by subtracting the gestational length from

 the m
onth and year 

(B
lack et al., 2016; Persson and R

ossin-Slater, 2018a; C
urrie et al., 2022). C

onsistent w
ith the 

sniper analysis, the analysis sam
ple in the national data includes m

others w
ho are betw

een the ages 

18 and 49 at the tim
e of delivery. The estim

ation sam
ple is also restricted to births w

ith gestation 

of at least 23 w
eeks (Persson and R

osin-Slater, 2018a). 34 The benchm
ark analysis focuses on 

34 O
ur results are robust to including w

om
en under the age of 18 and infants under 23 w

eeks of gestation in our 
estim

ation sam
ple. Please see A

ppendix Table 5 and A
ppendix Figures 10 and 11 for details. 
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counties that experienced at least one m
ass shooting betw

een 2006 and 2019.  Im
posing these 

restrictions yields a sam
ple of approxim

ately 3 m
illion observations. H

ow
ever, as a robustness 

check the analysis is also perform
ed using all counties in the U

nited States including those w
here 

no m
ass shooting has occurred. 

A
ppendix Table 9 presents the sum

m
ary statistics for birth outcom

es and selected control 

variables by m
others’ exposure to m

ass shootings during pregnancy in counties that experienced 

at least one m
ass shooting. The m

others w
ho are in the treatm

ent group are slightly older, m
ore 

likely to have low
er education levels (i.e., less than high school degree at the tim

e of delivery), 

and less likely to be black com
pared to m

others w
ho are in the control group. The fraction of births 

that are in the V
ery Low

 B
irthw

eight category is around one percent in treatm
ent and control 

groups, respectively. The prevalence of V
ery Prem

ature births follow
s a sim

ilar pattern. M
ore 

specifically, the sam
ple m

ean for V
ery Prem

ature births is around 1.5 percent in both sam
ples. 

O
ne consideration is w

hether the occurrence of m
ass shootings affects the com

position of 

infant health outcom
es, w

hich could potentially introduce bias in our results. For instance, if the 

traum
a caused by a m

ass shooting increases the likelihood of stillbirth, this could lead to a selection 

into the analysis sam
ple.  Som

e w
om

en m
ay also decide to deliver their baby in a different county 

or go out of state in response to a m
ass shooting.  N

ote that the case of m
oving to another county 

should not m
atter for our analysis as these babies w

ould still be considered born in the sam
e state.  

To investigate these issues, w
e estim

ate our m
odel using the total num

ber of births at the county 

level as the outcom
e variable. The estim

ates from
 this analysis are econom

ically and statistically 

insignificant, suggesting that the occurrence of m
ass shootings did not have a significant effect on 

the num
ber of births in the affected counties. 35 In addition, w

e visually inspect the per capita 

35 The estim
ates and standard errors are 35 and 66 for the specification w

ith binary indicator of exposure.  For the 
trim

ester-specific specification, they are 13 and 81 for the first trim
ester, 25 and 70 for the second trim

ester, and 60 
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quarterly county averages of fertility rates for up to seven quarters preceding a m
ass shooting and 

three quarters follow
ing the shooting. The results are presented in A

ppendix Figure 13, and they 

do not provide clear visual evidence of a significant shift in the county averages of fertility rates 

around the tim
e of a m

ass shooting.  Lastly, w
e investigate the possibility of changing locations in 

response to a m
ass shooting by m

aking use of the indicators in the natality records that signify 

w
hether the state and county of occurrence of birth and residence are different.  A

 virtual inspection 

of the proportion of these cases over tim
e reveal no evidence of a shift in delivery location around 

the tim
e of occurrence of a m

ass shooting.  W
e also estim

ated our m
ost com

prehensive m
odel 

using these indicators as outcom
es. A

gain, this analysis resulted in no evidence to suggest that 

m
ass shootings induce pregnant w

om
en to m

ove other states or counties. 36 

A
PPE

N
D

IX
 B

 

E
m

pirical M
ethod for the M

ass Shooting A
nalysis 

To obtain the causal estim
ates of the effect of exposure to m

ass shootings on infant health 

outcom
es, w

e exploit the w
ithin-county variation in the tim

ing of the m
ass shootings using a 

difference-in-differences fram
ew

ork. U
nlike the V

irginia analysis, nationw
ide V

ital Statistics data 

do not contain exact date of birth. Instead, w
e possess inform

ation on the m
onth and year of each 

birth. To calculate a m
other’s exposure to m

ass shootings during pregnancy, w
e first generate 

estim
ated conception quarter-year by subtracting the physician estim

ated gestational length from
 

the actual quarter-year of delivery (B
lack et al., 2016; Persson and R

ossin-Slater, 2018a; C
urrie et 

al., 2022). 37 

and 64 for the third trim
ester. A

side from
 being statistically insignificant, these estim

ates are practically zero given 
the baseline num

ber of births of 3,403 per quarter. 
36 The estim

ates on all three trim
ester indicators as w

ell as the binary any exposure indicator are zero and statistically 
insignificant in this regression. 
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O
ur em

pirical m
odel can be specified as follow

s: 

 𝑦
!"# =

b
$
+
b
% 𝑇𝑟𝑖"# %+

b
& 𝑇𝑟𝑖"# &+

	b
' 𝑇𝑟𝑖"# '+

	𝑋
!"#
!
	g% +

	l
" 	+

	n
# +

	e!"# ,														(3)  

w
here 𝑦

(,-  is infant i’s birth outcom
e (i.e., very low

 birthw
eight or very prem

ature), w
hose 

m
other’s county of residence is c, and conceived in quarter-year t. 𝑇𝑟𝑖,- /	( k=1, 2, 3) are the key 

treatm
ent variables representing m

other’s trim
ester-specific exposure to a m

ass shooting.  M
ore 

specifically, 𝑇𝑟𝑖,- /	are indicator variables, w
hich take on the value of one for m

others w
ho 

experienced a m
ass shooting in their county of residence c w

ithin the corresponding trim
ester k. 38 

C
onsistent w

ith the Sniper shooting analysis, 𝑋
(,-
(

 is a vector of observable characteristics 

including indicators for the m
other’s m

arital status, parity and plurality categories, m
other’s age 

(<20, 20-24, 25-34, 35+, and m
issing), m

aternal education (less than high school degree, high 

school degree, som
e college degree, bachelor’s degree or m

ore, m
issing); m

ale infant, m
other’s 

race/ethnicity categories; and birth order categories.	l
, 	and	n

-  denote m
other’s county of residence 

fixed effects and conception quarter-year fixed effects. Finally, 	e(,- is an idiosyncratic error term
. 

The set up above com
pares w

om
en w

ho experienced m
ass shootings during pregnancy and 

those w
ho experienced the m

ass shootings before, or after pregnancy. H
ow

ever, the w
om

en w
ho 

experience m
ass shootings in their county of residence before conception m

ight still be 

traum
atized. Thus, w

e constitute m
y benchm

ark control group only w
ith w

om
en w

ho experience 

m
ass shootings after pregnancy (Persson and R

ossin-Slater, 2018b; M
atsum

oto, 2018; C
urrie et 

al., 2022). This is consistent w
ith our approach for the V

irginia analysis. N
evertheless, our results 

are robust to em
ploying alternative control groups such as form

ing control groups w
ith w

om
en 

38 W
e define first trim

ester as, 0 to 2 m
onths post-conception, second trim

ester as 3 to 5 m
onths post-

conception, and third trim
ester as 6 to 8 m

onths post-conception. 
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w
ho experienced m

ass shootings before or after pregnancy (as stated above), including w
om

en 

w
ho give birth in counties never experienced m

ass shootings in the estim
ation period.  

To m
aintain consistency w

ith our V
irginia analysis, w

e have defined the control and 

treatm
ent groups based on the expected date of birth instead of the actual date of birth. This 

approach is taken to avoid violating the excludability requirem
ent given the possibility that 

"realized gestational length" could be influenced by the treatm
ent. 

The validity of our research design relies on the assum
ption that the tim

ing of m
ass 

shootings is not related to w
ithin-county unobserved factors that m

ay potentially affect infant 

health outcom
es. A

ny system
atic pre-incident cross-county differences that influence incident 

tim
ing and infant health outcom

es sim
ultaneously m

ay bias estim
ates. C

onsistent w
ith the beltw

ay 

sniper analysis, our treatm
ent indicators do not predict the race, ethnicity, education, age, or m

arital 

status of the m
others (A

ppendix Table 10). Sim
ilarly, there is no correlation betw

een the treatm
ent 

indicators and the child’s gender or the singleton birth indicator.  H
ow

ever, w
e also include county-

specific linear tim
e trends in our m

ost com
prehensive specifications in order to control for any 

unobservable county-level com
positional changes that are trending linearly over tim

e and could 

be correlated w
ith birth outcom

es.   

To further assess the validity of this assum
ption, w

e estim
ate an event-study version of 

equation (3) expressed as follow
s: 

𝑦
(,- =

f
0
+
∑

k
! 𝑇𝑟𝑖,,-.

!
(

"!#
$
2

!¹$
2

+
𝑋
(,-
(
	f
3
+
	l
, +

	n
- +

	e(,- .
	(4)	

The set of coefficients {k
! 𝑇𝑟𝑖,,-.

!
(

} for q >
 0 are the variables of interest, estim

ating the 

trim
ester-specific exposure to m

ass shootings on infant health outcom
es. The lags represent 

separate indicators for exposure to m
ass shootings in/during post-pregnancy periods (q = -5 is the 

reference category).  
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N
ote that the specifications in equations (3) and (4) do not include county-specific linear 

trends to avoid potentially distorting dynam
ic treatm

ent effects as highlighted in B
orusyak et al. 

(2023) and M
iller (2023). Furtherm

ore, these m
odels are estim

ated w
ith the sam

ple of counties 

that experienced a m
ass shooting during our analysis period. A

s em
phasized by W

olfers (2006), 

unit specific trends are justifiable w
hen there is a sufficient sam

ple period available before the 

treatm
ent starts. In our case, w

e only include five pre-treatm
ent periods for each m

ass shooting in 

the national analysis (i.e., τ=-5 is the reference category).  

The research design for the m
ass shooting analysis em

ploys staggered treatm
ent, as m

ass 

shooting incidents occurred at various tim
es across different counties. H

ow
ever, the tw

o-w
ay fixed 

effects m
odels w

ith staggered treatm
ent can exhibit several form

s of biases (i.e., under-

identification and negative w
eighting) (Sun and A

braham
, 2021; B

orusyak et al., 2023).  To 

address these concerns, w
e adopt the im

putation estim
ator developed by B

orusyak et al. (2023) in 

our analysis of m
ass shootings.  

A
ppendix Table 11 presents a com

parison of m
eans for all child and m

other characteristics 

based on treatm
ent status (i.e., counties ever experienced m

ass shootings or “ever treated counties” 

vs. counties never experienced m
ass shootings during the estim

ation period or “never treated 

counties”). The final colum
n of A

ppendix Table 11 provides the disparity in m
eans and reports t-

test outcom
es for “ever treated counties” versus “never treated counties.” A

s indicated in colum
n 

3, all observable characteristics, including the outcom
e variables, are system

atically different in 

ever treated counties com
pared to never treated counties. Furtherm

ore, ever treated counties m
ight 

experience different trends for infant health outcom
es com

pared to the counties that have never 

w
itnessed m

ass shootings. To reduce such confounding factors, m
itigate any potential biases, and 

ensure the validity and reliability of our results w
e adopt the ever-treated counties as the prim

ary 
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sam
ple for our m

ain analysis (D
obkin et al., 2018; Sun and A

braham
s, 2021). H

ow
ever, as show

n 

in A
ppendix Table 12, our m

ain results are robust to conducting the D
iD

 analysis using both ever 

and never treated counties.  



Figu
re

A
1:TotalN

u
m

b
er

of
B

irth
s

b
y

B
irth

M
on

th
-Year

in
V

irgin
ia

N
otes:

T
he

fi
gu

re
show

s
the

totalnu
m

ber
of

births
by

birth
m

onth-year
betw

een
1998

and
2004

u
sing

the
V

ital
Statistics

N
atality

record
s

from
V

irginia.
T

he
vertical

red
lines

in
grap

h
d

enote
Janu

ary
2002

and
O

ctober
2002,resp

ectively.



Figu
re

A
2:D

yn
am

ic
E
ff

ects
of

Sn
ip

er
Sh

ootin
gs

on
In

fan
t

H
ealth

O
u

tcom
es:A

ltern
a-

tive
N

u
m

b
er

of
L

ead
s

w
ith

5
P

re-Treatm
en

t
In

d
icators

(a)
V

ery
L

ow
B

irth
w

eigh
t

(b
)

V
ery

P
rem

atu
re

N
otes:

E
ach

p
anelshow

s
the

coeffi
cient

estim
ates

w
ith

95%
confi

d
ence

intervals
based

on
equ

a-
tion

(2).
“1”

,
“2”,

and
“3”

d
enote

exp
osu

re
to

Snip
er

shootings
w

ithin
the

fi
rst,

second
,

and
third

trim
esters

of
p

regnancy,resp
ectively.

q
=
−

1
is

the
reference

category.
Stand

ard
errors

are
clu

stered
at

the
cou

nty
level.B

oth
ou

tcom
es

are
m

u
ltip

lied
by

100
for

ease
of

interp
retation.



Figu
re

A
3:

D
yn

am
ic

E
ff

ects
of

Sn
ip

er
Sh

ootin
gs

on
In

fan
t

H
ealth

O
u

tcom
es:

E
xclu

d
-

in
g

C
ou

n
ty

Sp
ecifi

c
L

in
ear

T
im

e
Tren

d
s

(a)
V

ery
L

ow
B

irth
w

eigh
t

(b
)

V
ery

P
rem

atu
re

N
otes:

E
ach

p
anelshow

s
the

coeffi
cient

estim
ates

w
ith

95%
confi

d
ence

intervals
based

on
equ

a-
tion

(2).
“1”

,
“2”,

and
“3”

d
enote

exp
osu

re
to

Snip
er

shootings
w

ithin
the

fi
rst,

second
,

and
third

trim
esters

of
p

regnancy,resp
ectively.

q
=
−

1
is

the
reference

category.
Stand

ard
errors

are
clu

stered
at

the
cou

nty
level.B

oth
ou

tcom
es

are
m

u
ltip

lied
by

100
for

ease
of

interp
retation.



Figu
re

A
4:D

yn
am

ic
E
ff

ects
of

M
ass

Sh
ootin

gs
on

In
fan

tH
ealth

O
u

tcom
es:Severe

an
d

B
road

B
irth

O
u

tcom
es

In
d

ices

(a)
Severe

B
irth

O
u

tcom
es

In
d

ex

(b
)

B
road

B
irth

O
u

tcom
es

In
d

ex

N
otes:

T
his

fi
gu

re
show

s
event

stu
d

y
estim

ates
u

sing
the

im
p

u
tation

estim
ator

from
B

oru
syak

et
al.(2022).

E
ach

p
anelshow

s
the

coeffi
cient

estim
ates

w
ith

95%
confi

d
ence

intervals
based

on
equ

ation
(4).

“1”
,“2”,and

“3”
d

enote
exp

osu
re

to
m

ass
shootings

w
ithin

the
fi

rst,second
,and

third
trim

esters
of

p
regnancy,resp

ectively.
q

=
−

5
is

the
reference

category.
Stand

ard
errors

are
clu

stered
at

the
cou

nty
level.



Figu
re

A
5:

D
yn

am
ic

E
ff

ects
of

Sn
ip

er
Sh

ootin
gs

on
In

fan
t

H
ealth

O
u

tcom
es:

In
clu

d
-

in
g

M
oth

ers
B

elow
18

(a)
V

ery
L

ow
B

irth
w

eigh
t

(b
)

V
ery

P
rem

atu
re

N
otes:

E
ach

p
anelshow

s
the

coeffi
cient

estim
ates

w
ith

95%
confi

d
ence

intervals
based

on
equ

a-
tion

(2).
“1”

,
“2”,

and
“3”

d
enote

exp
osu

re
to

Snip
er

shootings
w

ithin
the

fi
rst,

second
,

and
third

trim
esters

of
p

regnancy,resp
ectively.

q
=
−

1
is

the
reference

category.
Stand

ard
errors

are
clu

stered
at

the
cou

nty
level.B

oth
ou

tcom
es

are
m

u
ltip

lied
by

100
for

ease
of

interp
retation.



Figu
re

A
6:D

yn
am

ic
E
ff

ects
of

Sn
ip

er
Sh

ootin
gs

on
In

fan
t

H
ealth

O
u

tcom
es:N

o
G

es-
tation

alA
ge

R
estriction

s

(a)
V

ery
L

ow
B

irth
w

eigh
t

(b
)

V
ery

P
rem

atu
re

N
otes:

E
ach

p
anelshow

s
the

coeffi
cient

estim
ates

w
ith

95%
confi

d
ence

intervals
based

on
equ

a-
tion

(2).
“1”

,
“2”,

and
“3”

d
enote

exp
osu

re
to

Snip
er

shootings
w

ithin
the

fi
rst,

second
,

and
third

trim
esters

of
p

regnancy,resp
ectively.

q
=
−

1
is

the
reference

category.
Stand

ard
errors

are
clu

stered
at

the
cou

nty
level.B

oth
ou

tcom
es

are
m

u
ltip

lied
by

100
for

ease
of

interp
retation.



Figu
re

A
7:D

yn
am

ic
E
ff

ects
of

Sn
ip

er
Sh

ootin
gs

on
In

fan
t

H
ealth

O
u

tcom
es:N

o
M

ar-
italStatu

s
an

d
G

en
d

er
of

th
e

C
h

ild
C

on
trols

(a)
V

ery
L

ow
B

irth
w

eigh
t

(b
)

V
ery

P
rem

atu
re

N
otes:

E
ach

p
anelshow

s
the

coeffi
cient

estim
ates

w
ith

95%
confi

d
ence

intervals
based

on
equ

a-
tion

(2).
“1”

,
“2”,

and
“3”

d
enote

exp
osu

re
to

Snip
er

shootings
w

ithin
the

fi
rst,

second
,

and
third

trim
esters

of
p

regnancy,resp
ectively.

q
=
−

1
is

the
reference

category.
Stand

ard
errors

are
clu

stered
at

the
cou

nty
level.B

oth
ou

tcom
es

are
m

u
ltip

lied
by

100
for

ease
of

interp
retation.



Figu
re

A
8:P

laceb
o

E
stim

ates
of

Sn
ip

er
Sh

ootin
gs:M

agn
itu

d
es

of
th

e
Trim

ester
In

d
i-

cators

(a)
V

L
B

W
-First

Trim
ester

(b
)

V
ery

P
rem

atu
re-First

Trim
ester

(c)
V

L
B

W
-Secon

d
Trim

ester
(d

)
V

ery
P

rem
atu

re-Secon
d

Trim
ester

(e)
V

L
B

W
-T

h
ird

Trim
ester

(f)
V

ery
P

rem
atu

re-T
h

ird
Trim

ester
N
otes:E

ach
fi

gu
re

illu
strates

the
d

istribu
tions

ofcoeffi
cientestim

ates
for

each
trim

ester
ind

icator
concerning

the
sim

u
lated

shootings
generated

w
ithin

22-d
ay

w
ind

ow
s

p
artitioning

the
sam

p
le

p
eriod

.T
he

verticallines
rep

resent
the

actu
alestim

ates,and
the

x-axis
of

each
p

lot
d

isp
lays

the
ratio

of
p

lacebo
estim

ates
exceed

ing
the

actu
alestim

ates.



Figu
re

A
9:P

laceb
o

E
stim

ates
of

Sn
ip

er
Sh

ootin
gs:M

agn
itu

d
es

of
th

e
Treatm

en
t

In
d

i-
cators

(a)
V

ery
L

ow
B

irth
w

eigh
t

(b
)

V
ery

P
rem

atu
re

N
otes:E

ach
fi

gu
re

illu
strates

the
d

istribu
tions

of
coeffi

cient
estim

ates
for

single
binary

ind
icator

for
exp

osu
re

to
attacks

concerning
the

sim
u

lated
shootings

generated
w

ithin
22-d

ay
w

ind
ow

s
p

artitioning
the

sam
p

le
p

eriod
.

T
he

vertical
lines

rep
resent

the
actu

al
estim

ates,and
the

x-axis
of

each
p

lot
d

isp
lays

the
ratio

of
p

lacebo
estim

ates
exceed

ing
the

actu
alestim

ates.



Figu
re

A
10:D

yn
am

ic
E
ff

ects
ofM

ass
Sh

ootin
gs

on
In

fan
tH

ealth
O

u
tcom

es:In
clu

d
in

g
M

oth
ers

B
elow

18

(a)
V

ery
L

ow
B

irth
w

eigh
t

(b
)

V
ery

P
rem

atu
re

N
otes:

T
his

fi
gu

re
show

s
event

stu
d

y
estim

ates
u

sing
the

im
p

u
tation

estim
ator

from
B

oru
syak

et
al.(2022).

E
ach

p
anelshow

s
the

coeffi
cient

estim
ates

w
ith

95%
confi

d
ence

intervals
based

on
equ

ation
(4).

“1”
,“2”,and

“3”
d

enote
exp

osu
re

to
m

ass
shootings

w
ithin

the
fi

rst,second
,and

third
trim

esters
of

p
regnancy,resp

ectively.
q

=
−

5
is

the
reference

category.
Stand

ard
errors

are
clu

stered
at

the
cou

nty
level.B

oth
ou

tcom
es

are
m

u
ltip

lied
by

100
for

ease
of

interp
retation.



Figu
re

A
11:

D
yn

am
ic

E
ff

ects
of

M
ass

Sh
ootin

gs
on

In
fan

t
H

ealth
O

u
tcom

es:
N

o
G

es-
tation

alA
ge

R
estriction

s

(a)
V

ery
L

ow
B

irth
w

eigh
t

(b
)

V
ery

P
rem

atu
re

N
otes:

T
his

fi
gu

re
show

s
event

stu
d

y
estim

ates
u

sing
the

im
p

u
tation

estim
ator

from
B

oru
syak

et
al.(2022).

E
ach

p
anelshow

s
the

coeffi
cient

estim
ates

w
ith

95%
confi

d
ence

intervals
based

on
equ

ation
(4).

“1”
,“2”,and

“3”
d

enote
exp

osu
re

to
m

ass
shootings

w
ithin

the
fi

rst,second
,and

third
trim

esters
of

p
regnancy,resp

ectively.
q

=
−

5
is

the
reference

category.
Stand

ard
errors

are
clu

stered
at

the
cou

nty
level.B

oth
ou

tcom
es

are
m

u
ltip

lied
by

100
for

ease
of

interp
retation.



Figu
re

A
12:D

yn
am

ic
E
ff

ects
of

M
ass

Sh
ootin

gs
on

In
fan

t
H

ealth
O

u
tcom

es:N
o

M
ari-

talStatu
s

an
d

G
en

d
er

of
th

e
C

h
ild

C
on

trols

(a)
V

ery
L

ow
B

irth
w

eigh
t

(b
)

V
ery

P
rem

atu
re

N
otes:

T
his

fi
gu

re
show

s
event

stu
d

y
estim

ates
u

sing
the

im
p

u
tation

estim
ator

from
B

oru
syak

et
al.(2022).

E
ach

p
anelshow

s
the

coeffi
cient

estim
ates

w
ith

95%
confi

d
ence

intervals
based

on
equ

ation
(4).

“1”
,“2”,and

“3”
d

enote
exp

osu
re

to
m

ass
shootings

w
ithin

the
fi

rst,second
,and

third
trim

esters
of

p
regnancy,resp

ectively.
q

=
−

5
is

the
reference

category.
Stand

ard
errors

are
clu

stered
at

the
cou

nty
level.B

oth
ou

tcom
es

are
m

u
ltip

lied
by

100
for

ease
of

interp
retation.



Figu
re

A
13:B

irth
C

om
p

osition
in

N
ation

al
D

ata:Total
N

u
m

b
er

of
B

irth
s

b
y

Q
u

arter-
Year

N
otes:

T
his

fi
gu

re
show

s
qu

arterly
nu

m
ber

of
births

by
cou

nty
u

p
to

seven
qu

arters
p

reced
ing

a
m

ass
shooting

and
three

qu
arters

follow
ing

the
shootings

(betw
een

2006
and

2019)u
sing

U
.S.V

italStatistics
N

atality
record

s.



Appendix Table 1: Balancing Tests, Estimated Effects of Shooting Exposure on Maternal and Child Characteristics

(1) (2) (3) (4) (5) (6)
Whites Blacks Other Mother’s Gender of the Singleton

Race Age Child: Male

Panel A: (x100)
1st Trimester x 10 miles 0.004 -0.004 -0.013 -0.007 0.000 -0.000

(0.004) (0.004) (0.014) (0.031) (0.000) (0.000)

2nd Trimester x 10 miles 0.004 -0.004 -0.008 0.031 -0.000 0.000
(0.009) (0.009) (0.011) (0.045) (0.000) (0.000)

3rd Trimester x 10 miles -0.006 0.006 0.006 -0.002 -0.000 0.000
(0.009) (0.009) (0.010) (0.040) (0.000) (0.000)

Panel B: (x100)
Exposure to Shootings During 0.001 -0.001 -0.005 0.007 0.000 0.000
Pregnancy x 10 miles (0.006) (0.006) (0.011) (0.025) (0.000) (0.000)

Mean DV 0.718 0.174 0.107 29.331 0.512 0.965
Conception Day-Month-Year FE Yes Yes Yes Yes Yes Yes
County FE Yes Yes Yes Yes Yes Yes
Mother/Child Characteristics Yes Yes Yes Yes Yes Yes
County Specific Linear Trends Yes Yes Yes Yes Yes Yes
Observations 264,549 264,549 264,549 264,549 264,549 264,552

Notes: Each column in Panels A and B corresponds to a separate regression. Column headings indicate dependent vari-
ables. The estimates presented in Panel A represent interaction terms involving trimester indicators reflecting exposure to
Sniper shootings and the binary indicator variable Close. Estimates presented in Panel B replace the trimester indicators
with an overall measure of exposure to shootings during pregnancy. See text for more details about regression specifica-
tions and controls. Standard errors are clustered at the county level. *** p < 0.01, ** p < 0.05, * p < 0.1.
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Appendix Table 4 : Estimates from Placebo Analysis for Sniper Shootings

1998 1999 2000 2001

(1) (2) (3) (4) (5) (6) (7) (8)
Very Low Very Very Low Very Very Low Very Very Low Very

Birthweight Premature Birthweight Premature Birthweight Premature Birthweight Premature

Panel A: (x100)
1st Trimester x 10 miles 0.030 -0.138 0.141 0.042 0.105 0.151 -0.304 -0.061

(0.269) (0.338) (0.157) (0.262) (0.269) (0.169) (0.226) (0.290)

2nd Trimester x 10 miles 0.359 -0.080 0.191 -0.084 -0.109 0.058 -0.087 -0.122
(0.245) (0.277) (0.245) (0.239) (0.236) (0.179) (0.187) (0.213)

3rd Trimester x 10 miles -0.190 -0.160 -0.437* -0.548 -0.208 -0.469 0.002 0.018
(0.240) (0.235) (0.258) (0.348) (0.268) (0.295) (0.150) (0.147)

Panel B: (x100)
Exposure to Shootings During 0.027 -0.130 -0.064 -0.226 -0.080 -0.108 -0.128 -0.053
Pregnancy x 10 miles (0.208) (0.214) (0.165) (0.188) (0.180) (0.144) (0.116) (0.155)

Mean DV 1.130 1.330 1.160 1.351 1.227 1.424 1.250 1.447
Conception Day-Month-Year FE Yes Yes Yes Yes Yes Yes Yes Yes
County FE Yes Yes Yes Yes Yes Yes Yes Yes
Mother/Child Characteristics Yes Yes Yes Yes Yes Yes Yes Yes
County Specific Linear Trends Yes Yes Yes Yes Yes Yes Yes Yes
Observations 69,314 69,385 117,281 117,396 166,726 166,858 216,003 216,162

Notes: Each column in Panels A and B corresponds to a separate regression. Column headings indicate the years of simulated shootings. The odd
(even) columns employ Very Low Birthweight (Very Premature) as the dependent variable. The estimates presented in Panel A represent interac-
tion terms involving trimester indicators reflecting exposure to Sniper shootings and the binary indicator variable Close. Estimates presented in
Panel B replace the trimester indicators with an overall measure of exposure to shootings during pregnancy. See text for more details about regres-
sion specifications and controls. Outcomes and means of the dependent variables are multiplied by 100 for ease of interpretation. Standard errors
are clustered at the county level. *** p < 0.01, ** p < 0.05, * p < 0.1.



Appendix Table 5: Robustness Analyses: National Level Mass Shootings

Include Mothers No Gestational Age No Marital Status and Gender of
Below 18 Restrictions the Child Controls

(1) (2) (3) (4) (5) (6)
Very Low Very Very Low Very Very Low Very

Birthweight Premature Birthweight Premature Birthweight Premature

Panel A: (x100)
1st Trimester 0.066*** 0.075** 0.070*** 0.073** 0.073*** 0.077**

(0.024) (0.032) (0.025) (0.035) (0.024) (0.032)

2nd Trimester 0.017 0.021 0.019 0.023 0.020 0.021
(0.023) (0.030) (0.023) (0.031) (0.023) (0.030)

3rd Trimester 0.001 0.010 0.001 0.013 0.001 0.010
(0.020) (0.024) (0.021) (0.025) (0.020) (0.023)

Panel B: (x100)
Exposure to Shootings During 0.028 0.035 0.029 0.036 0.031 0.036
Pregnancy (0.019) (0.023) (0.019) (0.025) (0.019) (0.024)

Mean DV 1.225 1.401 1.245 1.449 1.219 1.394
Conception Quarter and Year FE Yes Yes Yes Yes Yes Yes
County FE Yes Yes Yes Yes Yes Yes
Mother/Child Characteristics Yes Yes Yes Yes Yes No
Observations 2,992,503 2,995,481 2,932,874 2,936,373 2,930,950 2,933,866

Notes: This table presents estimates of the effect of exposure to mass shootings between 2006 and 2019 on various infant health
outcomes. The coefficient estimates are obtained using imputation estimator from Borusyak et al.(2022). The odd (even) columns
employ Very Low Birthweight (Very Premature) as the dependent variable. Each column in Panels A and B corresponds a sep-
arate regression. The estimates presented in Panel A are trimester indicators reflecting exposure to mass shootings. Estimates
presented in Panel B replace the trimester indicators with an overall measure of exposure to shootings during pregnancy. See
text for more details about regression specifications and controls. Outcomes and means of the dependent variables are multi-
plied by 100 for ease of interpretation. Standard errors are clustered at the county level. *** p < 0.01, ** p < 0.05, * p < 0.1.



Appendix Table 6: Heterogeneous Treatment Effects of Mass Shootings by Education, Race/Ethnicity, and Maternal Age

More than High School Whites Blacks Mother’s Age Mother’s Age
High School or Less Less Than 30 More than 30

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
Very Low Very Very Low Very Very Low Very Very Low Very Very Low Very Very Low Very

Birthweight Premature Birthweight Premature Birthweight Premature Birthweight Premature Birthweight Premature Birthweight Premature

Panel A: (x100)
1st Trimester 0.158*** 0.177*** 0.067 0.159 0.097*** 0.073** -0.074 -0.038 0.038 0.019 0.105*** 0.136***

(0.055) (0.066) (0.071) (0.076) (0.028) (0.037) (0.080) (0.081) (0.030) (0.041) (0.037) (0.042)

2nd Trimester 0.106** 0.124** 0.067 0.114 0.008 0.003 -0.073 -0.065 0.013 -0.022 0.036 0.071**
(0.048) (0.059) (0.069) (0.084) (0.020) (0.027) (0.073) (0.082) (0.028) (0.036) (0.028) (0.035)

3rd Trimester 0.036 0.031 -0.040 0.040 0.001 0.004 -0.064 -0.101 -0.014 -0.014 0.033 0.052
(0.043) (0.055) (0.067) (0.061) (0.019) (0.022) (0.081) (0.075) (0.029) (0.031) (0.031) (0.035)

Mean DV 1.136 1.291 1.332 1.528 0.987 1.169 2.465 2.637 1.156 1.327 1.292 1.472
Conception Quarter and Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
County FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Mother/Child Characteristics Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 1,432,767 1,434,423 1,084,808 1,085,640 2,135,443 2,137,221 468,610 469,466 1,573,356 1,574,823 1,357,594 1,359,043

Notes: This table presents estimates of the effect of exposure to mass shootings between 2006 and 2019 on various infant health outcomes for different sub-groups of population. The coefficient estimates
are obtained using imputation estimator from Borusyak et al.(2022). Column headings explain the corresponding sub-groups used for analysis. The odd (even) columns employ Very Low Birthweight
(Very Premature) as the dependent variable. The estimates presented are trimester indicators reflecting exposure to mass shootings. See text for more details about regression specifications and controls.
Outcomes and means of the dependent variables are multiplied by 100 for ease of interpretation. Standard errors are clustered at the county level. *** p < 0.01, ** p < 0.05, * p < 0.1.



Appendix Table 7: The Effects of Exposure to Mass Shootings on Maternal Health Outcomes and Medical Procedures

(1) (2) (3) (4) (5) (6) (7)
Any Obstetric Induction Tobacco Use Number of 9 or More Gestational C-Section

Procedures of Labor During Prenatal Prenatal Hypertension
Pregnancy Care Visits Care Visits

Panel A: (x100)
1st Trimester 0.459 0.046 -0.036 -0.026 -0.202 0209** -0.207

(0.390) (0.213) (0.104) (0.045) (0.230) (0.096) (0.184)

2nd Trimester 0.318 0.094 -0.092 0.014 -0.192 0.044 -0.067
(0.457) (0.197) (0.082) (0.036) (0.196) (0.093) (0.168)

3rd Trimester 0.058 0.195 -0.125** -0.012 -0.193 0.134 0.083
(0.352) (0.178) (0.054) (0.028) (0.178) (0.104) (0.124)

Panel B: (x100)
Exposure to Shootings During 0.276 0.112 -0.084 -0.008 -0.196 0.1290* -0.062
Pregnancy (0.346) (0.172) (0.072) (0.034) (0.182) (0.075) (0.146)

Mean DV 34.503 18.657 3.649 11.348 80.986 4.615 33.444
Conception Quarter and Year FE Yes Yes Yes Yes Yes Yes Yes
County FE Yes Yes Yes Yes Yes Yes Yes
Mother/Child Characteristics Yes Yes Yes Yes Yes Yes Yes
Observations 2,506,760 2,929,952 2,441,946 2,808,143 2,808,142 2,505,673 2,930,405

Notes: This table presents estimates of the effect of exposure to mass shootings between 2006 and 2019 on various maternal health out-
comes. The coefficient estimates are obtained using imputation estimator from Borusyak et al.(2022). Each column in Panels A and B
corresponds to a separate regression. The estimates presented are trimester indicators reflecting exposure to mass shootings. See text
for more details about regression specifications and controls. Outcomes and means of the dependent variables are multiplied by 100 for
ease of interpretation. Standard errors are clustered at the county level. *** p < 0.01, ** p < 0.05, * p < 0.1.



Appendix Table 8: Calculating the Social Cost of Sniper Attacks and Mass Shootings on Pregnant Women

Channel Estimate Source

Sniper Attacks Mass Shootings

Cost due to infant death $1,295,006 $409,222 $36,260 Matthews et al. (2015) and Cutler and Meara (2000)

Infant medical care cost $251,734 $79,548 $7,049 Rogowski (1998)

Childhood disability cost $66,527 $21,022 $1,863 Hack et al. (2002) and Stabile and Allin (2012)

Cost due to reduction in adult income $20,824 $6,581 $583 American Communities Survey (2017) and Bharadwaj et al.
(2018)

Cost of adult disability (medical care) $84,609 $26,736 $2,369 Hack et al. (2002) and Anderson et al. (2010)

Cost of long-term mortality risk $1,258,778 $397,774 $35,246 Bharadwaj et al. (2018) and Lee et al. (2009)

Total Estimated Cost $2,977,477 $940,883 $83,369

Notes: This table presents the details of our calculation of the cost of exposure to sniper attacks and mass shootings. We use our estimated effects on the likelihood of very
low birthweight from the binary exposure to sniper attacks (0.316 in Table 3) and mass shootings (0.028 in Table 5) models. Following Currie et al. (2022), we consider in-
creased costs association with six channels including, higher rate of infant mortality, increased medical costs at and immediately following birth, increased costs associated
with childhood disability, decreases in adult income, increased medical costs associated with adult disability, and reductions in life expectancy. Dollar amounts have been
inflation adjusted to 2023 values using the US consumer price index. To determine the present discounted value of lifetime earnings, we aggregate over the distribution of
earnings data from ages 16 to 64 in the 2017 American Communities Survey, assuming that earnings are discounted using a 3 percent real rate (i.e., a 5 percent discount rate
with 2 percent wage growth) back to age zero.
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Appendix Table 10: Balancing Tests, Estimated Effects of Mass Shootings Exposure on Maternal and Child Characteristics
National Level Mass Shootings Analysis

(1) (2) (3) (4) (5) (6)
Whites Blacks Natives or Other Mother’s Gender of the Singleton

Race Age Child: Male Baby

Panel A: (x100)
1st Trimester 0.002 -0.002 -0.000 -0.003 0.001 -0.000

(0.002) (0.002) (0.001) (0.009) (0.001) (0.000)

2nd Trimester -0.000 0.000 -0.001 0.007 0.000 -0.001
(0.002) (0.002) (0.001) (0.008) (0.000) (0.000)

3rd Trimester 0.000 -0.000 -0.001 0.009 0.000 -0.000
(0.001) (0.000) (0.000) (0.006) (0.000) (0.000)

Panel B: (x100)
Exposure to MS During 0.000 -0.000 -0.001 0.005 0.001 -0.000
Pregnancy (0.001) (0.001) (0.001) (0.007) (0.001) (0.000)

Mean DV 0.729 0.159 0.112 28.930 0.512 0.967
Conception Month and Year FE Yes Yes Yes Yes Yes Yes
County FE Yes Yes Yes Yes Yes Yes
Mother/Child Characteristics Yes Yes Yes Yes Yes Yes
Observations 2,933,866 2,933,866 2,933,866 2,933,866 2,933,866 2,933,866

Notes: The coefficient estimates are obtained using imputation estimator from Borusyak et al.(2022). Each column in Panels A
and B corresponds a separate regression. The estimates presented in Panel A are trimester indicators reflecting exposure to mass
shootings. Estimates presented in Panel B replace the trimester indicators with an overall measure of exposure to shootings dur-
ing pregnancy. See text for more details about regression specifications and controls. Standard errors are clustered at the county
level. *** p < 0.01, ** p < 0.05, * p < 0.1.
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