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ABSTRACT
BACKGROUND:Maternal exposure to adversity during pregnancy has been found to affect infant brain development;
however, the specific effect of prenatal crime exposure on neonatal brain connectivity remains unclear. Based on
existing research, we hypothesized that living in a high-crime neighborhood during pregnancy would affect neonatal
frontolimbic connectivity over and above other individual- and neighborhood-level adversity and that these
associations would be mediated by maternal psychosocial stress.
METHODS: Participants included 399 pregnant women, recruited as part of the eLABE (Early Life Adversity, Bio-
logical Embedding, and Risk for Developmental Precursors of Mental Disorders) study. In the neonatal period, 319
healthy, nonsedated infants were scanned using resting-state functional magnetic resonance imaging (repetition
time = 800 ms; echo time = 37 ms; voxel size = 2.0 3 2.0 3 2.0 mm3; multiband = 8) on a Prisma 3T scanner and
had at least 10 minutes of high-quality data. Crime data at the block group level were obtained from Applied
Geographic Solution. Linear regressions and mediation models tested associations between crime, frontolimbic
connectivity, and psychosocial stress.
RESULTS: Living in a neighborhood with high property crime during pregnancy was related to weaker neonatal
functional connectivity between the thalamus–anterior default mode network (aDMN) (b = 20.15, 95% CI = 20.25
to 20.04, p = .008). Similarly, high neighborhood violent crime was related to weaker functional connectivity
between the thalamus-aDMN (b = 20.16, 95% CI = 20.29 to 20.04, p = .01) and amygdala-hippocampus
(b = 20.16, 95% CI = 20.29 to 20.03, p = .02), controlling for other types of adversity. Psychosocial stress
partially mediated relationships between the thalamus-aDMN and both violent and property crime.
CONCLUSIONS: These findings suggest that prenatal exposure to crime is associated with weaker neonatal limbic
and frontal functional brain connections, providing another reason for targeted public policy interventions to reduce
crime.

https://doi.org/10.1016/j.biopsych.2022.01.020
Pregnancy is a crucial time for fetal brain development,
beginning with neural tube formation in the first 4 weeks after
conception and progressing to the establishment of functional
brain connectivity (1). Functional networks, albeit in an imma-
ture state, have been observed in the second and third tri-
mesters of pregnancy in studies of fetuses and premature
neonates (2–4). By the time of birth, the neonatal brain is
organized into a collection of resting-state networks that
include thalamocortical, interhemispheric, and intrahemi-
spheric connections (5,6). Prior research has demonstrated
associations between prenatal stressor exposure and later
functional connectivity in offspring (7,8). Specifically, prenatal
depression has been shown to alter connectivity between the
amygdala and both subcortical and prefrontal areas (9–12). In
addition, increases in the number of stressful life events during
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pregnancy has been associated with reduced amygdala–
medial prefrontal cortex connectivity (13). These associations
may be driven by stress- and inflammation-related mediators,
including cytokines, tryptophan, catecholamines, and cortisol,
which can cross the placenta (14). In fact, cortisol concentra-
tions and interleukin 6 levels have been related to neonatal
amygdala connectivity and subsequent psychiatric symptoms
at age 24 months (15,16). Preclinical models also indicate that
the hippocampus, in addition to the amygdala, is affected by
prenatal stress and corticotropin-releasing hormone (17–20).

Given the rapid brain development and sensitivity to stress
in the prenatal period, neural development in utero may be
especially vulnerable to various forms of individual and envi-
ronmental adversity that increase maternal stress. However, it
is unclear whether prenatal exposure to neighborhood crime
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(i.e., levels of crime in a neighborhood even when an individual
has not had a personal victimization experience) is a specific
form of adversity associated with brain development over and
above other stressors. It is plausible that neighborhood crime
relates to brain function over and above direct violence
exposure, similar to how neighborhood poverty relates to brain
structure and function when controlling for personal income
(21–23). Furthermore, neighborhood crime may have distinct
effects from neighborhood poverty (or other socioeconomic
adversity) based on conceptual models that emphasize the
differences between threat and deprivation (24–26) or highlight
the importance of a chronic lack of safety (27).

While there are few studies of neighborhood crime, prior
literature has demonstrated associations between neighbor-
hood crime, stress, brain development, and mental health.
Specifically, neighborhood crime has been related to greater
perceived stress in mothers during pregnancy (28) as well as
blunted cortisol reactivity to a social stressor in children, even
when controlling for directly witnessing violence (29). Survey
measures combining direct and neighborhood (i.e., indirect)
crime exposure have also been associated with limbic,
cingulate, and prefrontal volumes and function in task-based
and resting-state functional magnetic resonance imaging
(fMRI) paradigms in middle childhood and adolescence
(30–33). These brain alterations may have effects on behavior
because exposure to neighborhood crime has been related to
a variety of physical and mental health problems, including
posttraumatic stress disorder and externalizing problems
(30,34–36). Overall, living in a high-crime area may be an
important form of adversity that is related to greater maternal
and child stress, altered brain function, and elevated physical
and mental health risk; however, it remains unclear whether
neighborhood crime affects brain development in the prenatal
period over and above other forms of adversity.

This study aims to fill these gaps in the literature by focusing
on the prenatal period, using objective crime data (as opposed
to self-reports of community violence exposure), and begin-
ning to examine mechanisms by which neighborhood crime
may relate to altered brain function. First, we characterized the
relationship between block group–level crime (one of the
smallest units of area defined by the U.S. Census), other forms
of adversity, and maternal psychosocial stress. Second, we
examined the relationship of prenatal exposure to neighbor-
hood crime to functional connectivity within and between
limbic and prefrontal regions in neonates. These brain regions
were chosen based on prior studies that have found fronto-
limbic associations with violence exposure in children and
adolescents (31,37). Finally, we investigated whether observed
functional connectivity differences are mediated by psycho-
social stress. We hypothesized that living in an area with higher
levels of crime would be associated with greater socioeco-
nomic adversity, but that exposure to neighborhood crime
would be associated with decreased functional connectivity
between the limbic system and higher-level emotion regulation
areas over and above other forms of adversity. In addition, we
hypothesized that the relationship between crime and neonatal
fMRI would be mediated by psychosocial stress. By investi-
gating these hypotheses, we sought to elucidate whether
prenatal crime exposure contributes to intergenerational neu-
rodevelopmental risk.
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METHODS AND MATERIALS

Participants

Participants included 399 mother-infant dyads recruited as
part of the eLABE (Early Life Adversity, Biological Embedding,
and Risk for Developmental Precursors of Mental Disorders)
study from two outpatient obstetrics clinics at Washington
University in St. Louis. Written informed consent was obtained
from mothers prior to participation in the study. All study
procedures were approved by the Washington University
Institutional Review Board. Survey measures of adversity and
psychosocial stress were obtained during each trimester, with
exact timing varying based on subject availability at clinical
appointments. Neonatal imaging was performed shortly after
birth (mean postmenstrual age [PMA] = 41 weeks, range =
37–45 weeks). Inclusion criteria for this study included
speaking English, maternal age 18 years or older, and
singleton birth. Excluded were women with self-reported
alcohol or illicit substance use, other than marijuana, during
pregnancy (see the Supplement for analysis excluding mari-
juana). Anatomical MR images were reviewed by a neuroradi-
ologist (JSS) and pediatric neurologist (CDS). Participants were
excluded from the study if they had evidence of brain injury
(i.e., any parenchymal abnormality detected on neonatal MRI
by a pediatric neuroradiologist and neonatal neurologist).
Additional exclusion criteria included maternal congenital in-
fections and known fetal abnormalities, including intrauterine
growth restriction.

Of the 399 neonates who were recruited for eLABE, 319
were included in these analyses (mean gestational age [GA] =
38 weeks, range = 28–41 weeks) (see the Supplement for full-
term infant analysis). Participants were excluded for the
following reasons: missing neonatal MRI scans owing to
COVID-19 restrictions (n = 14), evidence of brain injury (n = 17),
no fMRI data collected (n = 1), no usable T2 for registration (n =
30), did not have $10 minutes of usable fMRI data after motion
censoring (n = 11), and visible artifacts in functional connec-
tivity data (n = 7). Participants with usable fMRI did not differ
significantly from subjects without usable fMRI on GA at birth,
adversity levels, or psychosocial stress levels; however, par-
ticipants with usable fMRI data were significantly (p , .05)
younger at the time of MRI scan (PMA = 41.2 weeks) than
subjects without usable fMRI data (PMA = 41.8 weeks).

Measures

Geocoding and Crime Rates. Maternal addresses were
collected up to four times during pregnancy, spaced across all
three trimesters. The addresses were geocoded using appli-
cation programming interfaces (APIs) from MapQuest, Open
Street Map Contributors, and the censusxy package (38) in R
studio. The addresses were then categorized into their
respective block groups based on the Block API from the
Federal Communications Commission and the censusxy
package using the 2010 Decennial Census. Block groups from
the birth time point were used because all mothers had ad-
dresses collected at birth, with supplemental analyses con-
ducted for mothers who moved during pregnancy (see the
Supplement). Of the 319 mothers included in the fMRI anal-
ysis, 87% (n = 278) had addresses obtained at multiple time
urnal
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points. Of those mothers, 74% did not move during pregnancy
(n = 207), 25% moved once during pregnancy (n = 69), and
,1% of mothers moved more than once (n = 2).

Crime data at the block group level were obtained from
Applied Geographic Solution’s CrimeRisk Database, which is a
commercial dataset that combines data from more than 16,000
law enforcement agencies (39). Applied Geographic Solution
crime data is indexed in comparison to the national average,
which is set at a value of 100. The two variables of interest in
these analyses are crimes against persons (hereafter referred
to as violent crime), which combines data on murder, rape,
robbery, and aggravated assault, and property crimes, which
combines data on burglary, larceny, and motor vehicle theft.
Maps of violent crimes and property crimes in the St. Louis
area are displayed in Figure 1. The analyzed crime rates do not
assess personal exposure to crime. Additional analyses
controlled for direct exposure to crime or legal difficulties, as
well as physical danger, over the life span using the Stress and
Adversity Inventory (see the Supplement for details).

Functional MRI. Imaging was performed without sedating
medications using a 3T Prisma scanner (Siemens Corp.) and
64-channel head coil. After feeding, the infant was swaddled,
placed in a head-stabilizing vacuum fix wrap, and positioned in
the scanner. Heart rate and blood oxygenation were measured
continuously, and infants were monitored visually via video.
Based on visual monitoring, infants slept through scans as
indicated by eye closure and minimal movements. A registered
nurse was present at all MRI scans in case of emergency.
During the scan, T2-weighted images (sagittal, 208 slices,
0.8-mm isotropic resolution, echo time = 563 ms, tissue T2 =
160 ms, repetition time = 3200 or 4500 ms) were collected.
Resting-state functional imaging data were collected using a
blood oxygen level–dependent gradient-recalled echo-planar
Figure 1. (A) The 2020 property crime rates relative to the national average (set
rates relative to the national average (set as 100) in St. Louis city and surround
established in the 2010 census.

Biological
multiband sequence (72 slices, 2.0-mm isotropic resolution,
echo time = 37 ms, repetition time = 800 ms, multiband fac-
tor = 8). FIRMM (40) was used during scanning to monitor real-
time participant movement.

MRI data underwent standard blood oxygen level–
dependent preprocessing followed by functional connectivity
processing (see the Supplement) done in surface space for
cortical areas and volume space for subcortical areas because
there is no corresponding surface for deep structures. A min-
imum of 10 minutes (750 frames) of low-motion (framewise
displacement ,0.25 mm) neonatal data were required for in-
clusion. Resting-state functional connectivity measures were
computed as the Fisher z-transformed Pearson correlation
between time courses from pairs of surface vertices or surface
parcels. Values were arranged into a connectivity matrix based
upon age-specific resting-state network assignments that
were determined and validated using previously published
methods (41,42). A total of 11 networks were identified and are
displayed in Figure S1. In the neonatal networks, the default
mode network (DMN) and frontal parietal network were split
into anterior and posterior portions because that was the best
fit for the data based on community segregation algorithms
(C.M. Sylvester, M.D., Ph.D., et al., unpublished data, 2021).
The anterior portions were subsequently examined based on
hypotheses derived from prior literature.

Adversity and Psychosocial Stress. Structural equation
modeling was used to create composite measures of socio-
economic advantage and psychosocial stress (43). The model
resulted in two factors: one representing socioeconomic
advantage and one representing psychosocial stress. The
components in the advantage factor included income-to-
needs ratio (self-reported family income and household size
compared with the federal poverty level), insurance status
as 100) in St. Louis city and surrounding counties. (B) The 2020 violent crime
ing counties. The borders on the maps represent block group boundaries
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Figure 2. The brain regions of interest (teal = amygdala; pink = hippo-
campus; green = thalamus; red = anterior default mode network; navy =
anterior frontal parietal network) on the neonatal brain. The facial recon-
struction was created from an atlas containing multiple neonatal scans.
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verified at delivery, mother’s self-reported highest level of ed-
ucation, area deprivation index, and maternal nutrition. The
area deprivation index is a geotracking measure that ranks
neighborhoods by socioeconomic disadvantage compared
with the national average based on census block data,
including factors for the domains of income, education,
employment, and housing quality (40,44). Maternal nutrition
was assessed using the Healthy Eating Index, a validated di-
etary assessment tool available through the National Institutes
of Health used to measure diet quality based on U.S. Dietary
Guidelines for Americans (45,46). Dietary information for
Healthy Eating Index calculation was obtained using the Diet
History Questionnaire (47,48). Higher scores on the advantage
factor represent higher levels of advantage, whereas lower
scores represent lower levels of advantage (mean = 0, SD = 1).
Lead levels were not included in the advantage composite;
however, because lead has previously been related to crime
(49), additional analyses controlled for census-tract lead levels
using data from the Missouri Department of Health and Senior
Services (see the Supplement for details).

The components of the psychosocial stress factor included
measures of prenatal depression, perceived stress, lifetime
stressor exposure, and racial discrimination. Prenatal depres-
sion was measured using the Edinburgh Postnatal Depression
Scale (50) at each trimester. Perceived stress was assessed at
each trimester using the Perceived Stress Scale (51). Lifetime
exposure to major life stressors was measured using the total
count and severity scores from the Stress and Adversity In-
ventory (52). Experiences of racial discrimination were
assessed using the Everyday Discrimination Scale (53). Higher
scores on the psychosocial stress factor represent higher
levels of psychosocial stress, whereas lower scores represent
lower levels of psychosocial stress (mean = 0, SD = 1). Race
itself was not included in the models because it is not a bio-
logically meaningful variable and is instead a proxy for racism
and discrimination, which were assessed.
Data Analysis

All analyses were conducted using R and RStudio, specially
using the tidyverse, psych, and stats packages (54,55). Dis-
tributions of and correlations between crime levels, adversity,
and stressors were examined. Initial bivariate correlations be-
tween crime rates and hypothesized frontolimbic neonatal
brain connections were computed and corrected for multiple
comparisons using the Benjamini-Hochberg procedure for
false discovery rate in the corr.test function from the psych
package (56). Frontolimbic regions were chosen based on prior
research (limbic structures: amygdala, hippocampus, thal-
amus; frontal regions: anterior DMN [aDMN] and anterior
frontal parietal network) (Figure 2). Two negative control re-
gions (motor-motor and motor-aDMN) that have not been
previously associated with crime exposure were also exam-
ined. For a complete bivariate correlation table with corrected
p values, see Table S1. Significant bivariate associations were
then further related to property and violent crimes in separate
linear regression models controlling for GA at birth and PMA at
scan (sex was considered but was not related to the inde-
pendent or dependent variables). Each set of linear regressions
(i.e., property and violent crimes) were corrected for multiple
142 Biological Psychiatry July 15, 2022; 92:139–148 www.sobp.org/jo
comparisons again using the Benjamini-Hochberg procedure
for false discovery rate correction (56,57). Next, the adversity
composite was added to the models to determine whether
neighborhood crime had an effect on neonatal brain function
over and above other forms of adversity. Results were once
again corrected for multiple comparisons using the false dis-
covery rate procedure (56,57), and the full set of tests are
described in the results. Finally, we examined potential medi-
ators of the associations that remained significant after con-
trolling for advantage and correcting for multiple comparisons.
Mediation models were then tested for significant connections
using the psychosocial stress variable as a mediator and
nonparametrically bootstrapped using 1000 simulations with
the mediation package in R (58).
RESULTS

Associations Between Crime, Adversity, and
Psychosocial Stress

High levels of block group violent crime were negatively related
to advantage, meaning that disadvantaged mothers tended to
live in areas with higher crime levels, whereas advantaged
participants tended to live in areas with low crime levels
(r = 20.52, 95% CI = 20.59 to 20.43, p , .001) (Figure 3A).
Disadvantaged mothers (n = 193; advantage z scores, 0) were
widely distributed across both safe and dangerous
urnal
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neighborhoods, whereas advantaged mothers (n = 126,
advantage z scores . 0) were clustered in safe neighborhoods
with low levels of violent crimes (Figure S2). Greater levels of
violent crime were also associated with more psychosocial
stress in mothers (r = 0.25, 95% CI = 0.14 to 0.35, p , .001)
(Figure 3B). Similarly, high levels of property crime were nega-
tively related to advantage because disadvantaged mothers
tended to live in areas with higher property crime (r = 20.27,
95% CI = 20.16 to 20.37, p , .001). Higher levels of property
crime were also associated with more psychosocial stress
among mothers (r = 0.23, 95% CI = 0.13 to 0.33, p , .001).

Prenatal Neighborhood Crime Exposure and
Neonatal Functional Connectivity

In linear regression models controlling for GA at birth and PMA
at scan, functional connectivity between the thalamus-aDMN
(b = 20.22, 95% CI = 20.34 to 20.12, p , .001), thalamus–
anterior frontal parietal network (b = 20.16, 95% CI = 20.27
to 20.05, p = .005), amygdala-hippocampus (b = 20.12, 95%
CI = 20.24 to 20.02, p = .02), and amygdala-aDMN
(b = 20.17, 95% CI = 20.29 to 20.07, p = .002) was weaker
for infants born to mothers living in areas with high rates of
violent crime after correcting for multiple comparisons. Violent
crime was also associated with reductions in amygdala-
thalamus (b = 20.11, 95% CI = 20.22 to 0.00, p = .059) and
amygdala-amygdala (b = 20.11, 95% CI = 20.22 to 0.00, p =
.053) connectivity, but these relationships did not meet the
threshold for statistical significance. When advantage was
added to the significant models, only decreases in the
amygdala-hippocampus (b =20.16, 95% CI =20.29 to20.03,
p = .02) and thalamus-aDMN (b = 20.16, 95% CI = 20.29
to 20.04, p = .01) connectivity continued to be related to vi-
olent crime exposure, after correcting for multiple comparisons
(Table 1 and Figure S3). Prenatal exposure to neighborhoods
with high rates of property crimes was related to weaker
neonatal functional connectivity between the thalamus-aDMN
(b = 20.15, 95% CI = 20.25 to 20.04, p = .008) after con-
trolling for advantage (Table 2 and Figure S3). In the negative
control analysis, neither motor-motor nor motor-aDMN
Figure 3. (A) Association between advantage (higher numbers represent incr
violent crime), scaled to the national average of 100 (n = 319). (B) Association b
stress) and violent crime levels, scaled to the national average (n = 319). Each tren
The R and p values of this model are displayed in the upper right-hand corner.

Biological
connectivity was related to violent or property crime (all p
values . .2) (Table S2). Results largely remained unchanged
when accounting for the percentage of blood tests with
elevated lead levels (Table S3) and lifetime exposure to phys-
ical danger (Table S4).

Mediations by Maternal Psychosocial Stress

Maternal psychosocial stress partially mediated the direct as-
sociations between the thalamus-aDMN and both violent and
property crimes (indirect effects; p = .03 and p = .03, respec-
tively). These were partial mediations because the direct effects
remained significant after accounting for the mediation pathway
(Figure 4). No other associations between crime and functional
connectivity that contributed variance over and above adversity
were mediated by maternal psychosocial stress.

DISCUSSION

Consistent with hypotheses, our data show that prenatal
exposure to objectively identified violent and property crimes is
related to weaker connectivity between the amygdala, hippo-
campus, thalamus, and aDMN after accounting for other types
of adversity. Both violent and property crime exposure during
pregnancy were related to weaker thalamus-aDMN connec-
tivity, with violent crime exposure being additionally related to
weaker amygdala-hippocampus connectivity. Associations
between prenatal crime exposure and thalamus-aDMN con-
nectivity were mediated by self-reported levels of maternal
psychosocial stress. These results suggest that living in an
unsafe neighborhood may have additional effects on neonatal
brain function over and above living in an impoverished area,
which is consistent with prior research and conceptual models
of adversity (24,25,27), and that maternal psychosocial stress
plays a role in these associations.

Frontolimbic Connectivity and the Role of the
Thalamus

These results are consistent with prior studies showing that
that frontolimbic connectivity is related to survey measures of
violent crime exposure in children and adolescents (31,37). In
eased advantage) and violent crime levels (higher numbers represent more
etween psychosocial stress (higher numbers represent more psychosocial
d line was created from a linear model representing the bivariate correlations.
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Table 2. Property Crime and Neonatal Frontolimbic
Connectivity

Characteristic

Thalamus-aDMN

b 95% CI p Value q Value

Intercept 0.00 20.10 to 0.11 ..90 ..90

Property Crime 20.14 20.25 to 20.04 .008a .008a

PMA at Scan 0.20 0.08 to 0.32 .001a .001a

GA at Birth 20.05 20.17 to 0.06 .40 .40

Advantage 0.16 0.05 to 0.27 .004a .004a

No. of Observations 319

R2/R2 Adjusted 0.11/0.10

Model p Value ,.001a

q Values corrected for multiple comparisons using a false discovery
rate procedure.

aDMN, anterior default mode network; GA, gestational age; PMA,
postmenstrual age.

aStatistically significant at a = 0.05.
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addition, studies using task-based fMRI paradigms of youths
exposed to violence showed increased activation in the
amygdala in response to angry faces (59) as well as increased
amygdala, hippocampal, and ventromedial prefrontal cortex
activation in an emotional response inhibition task (37). These
findings broadly align with our results, although we also
discovered several associations between prenatal crime
exposure and neonatal thalamic connectivity.

Despite its role in the limbic system, the thalamus has
previously received limited attention, especially in relation to
neighborhood crime. The thalamus is classically thought of as
a relay station or gatekeeper for sensory information that flows
from primary cortices to higher-level association cortices
(60,61); yet it is important to highlight that the medial dorsal,
anterior, and lateral dorsal nuclei also relay limbic and visceral
information (62). The medial dorsal nucleus (commonly called
the paraventricular thalamic nucleus) relays signals from the
amygdala and other subcortical regions to the anterior cingu-
late, orbitofrontal, and prefrontal cortices (62). Preclinical
models have shown that the paraventricular nucleus de-
termines reactions to threats (63) and controls fear circuits in
the amygdala (64). Furthermore, the paraventricular nucleus
has been consistently shown to be responsive to both acute
and chronic stressors because it is densely innervated by
neurotransmitters involved in the stress-response system
(65,66). This nucleus also plays a role in habituation to chronic
stress and may use a cholecystokinin-mediated pathway to
alter hypothalamic-pituitary-adrenal axis function in chronically
stressed individuals, as evidenced by studies in rodent models
(67,68). Although the development of the paraventricular nu-
cleus and its prenatal function (69) is not well studied, it is
possible that the thalamus is responding to chronic maternal
stress signals arising from living in a high-crime area, which
may in turn affect later regulation of threat and the
hypothalamic-pituitary-adrenal axis. Neonatal alterations in
thalamic connectivity may also be important for behavior
because alterations in the paraventricular nucleus, among
other portions of the thalamus, have been associated with a
variety of poor psychiatric outcomes (65,70).
urnal
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Figure 4. (A) The mediation model containing vi-
olent crime (independent variable), psychosocial
stress (mediator), and thalamus–anterior default
mode network (aDMN) connectivity (dependent var-
iable). (B) The mediation model containing property
crime (independent variable), psychosocial stress
(mediator), and thalamus-aDMN connectivity
(dependent variable). The numbers displayed on

each path are the F statistics with the c0 path in parentheses. ***p , .001, **p , .01. In a bootstrapping analysis with 1000 simulations, all paths remained
significant. Data from 319 subjects are presented.
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Type of Crime Exposure

While living in a neighborhood with either high violent or high
property crime was related to decreases in thalamus-aDMN
connectivity, violent crime exposure was related to
amygdala-hippocampus connectivity whereas property crime
was not. However, these standardized beta weights were not
significantly different from one another using the Z test
described in Paternoster et al. (71) (see the Supplement).
Furthermore, different areas had high property crime levels as
opposed to high violent crime levels, so different mothers in
our sample may have been affected by different types of crime
(Figure 1). Future studies would be needed to further investi-
gate whether the type of crime exposure, including specific
crimes within these categories (e.g., murder), have differential
effects on brain function.

Psychosocial and Biological Stress

The results indicate that self-reported maternal psychosocial
stress partially mediated the relationship between prenatal
crime exposure and neonatal thalamus-DMN connectivity,
but not the other associations investigated. One potential
explanation for this is that psychosocial and biological stress
levels are not always correlated, especially in chronically
stressed individuals (72,73). Although acute laboratory-based
stressors have been shown to induce biological stress reac-
tivity [e.g., as indexed by cortisol and cytokines], these bio-
logical responses are not always strongly related to
individuals’ self-reported stress experiences (74,75). In addi-
tion, it is possible that perceived psychosocial stress mea-
sures more closely index some mechanisms of stress (e.g.,
cortisol, cytokines, tryptophan, catecholamines) than others
(76). As such, biological stress pathways that are not well
indexed by psychosocial stress may be mediating crime-brain
relationships and not accounted for in our models. It is also
possible that multiple biological stress mechanisms may
respond to neighborhood crime and, in turn, affect different
functional connections in the brain. Finally, mothers may be
underreporting their psychosocial symptoms because these
were assessed in a survey rather than a clinical interview.
Future studies will need to examine which mechanisms of
biological stress, if any, mediate the relationships between
living in a high-crime area and functional connectivity.

Limitations

While there are several strengths of using objective crime
metrics as opposed to survey measures of violence exposure,
we were unable to control for direct exposure to crime that
occurred during pregnancy because these measures were not
included in the study. The crime/legal and physical danger
Biological
domains of the Stress and Adversity Inventory were examined
in supplementary analyses, but these measures represent
lifetime stressor exposure that included, but was not limited to,
pregnancy. Future work will be necessary to distinguish be-
tween the effects of living in a high-crime area and being either
a victim or witness of criminal behavior. In addition, this study
was not able to assess how long each mother lived in a high-
crime neighborhood. It may be the case that chronic exposure
to dangerous neighborhoods (or even exposure during a
particular period, such as early childhood) shapes mothers’
stress responsivity to crime.

Future Directions

This study demonstrates neonatal alterations in frontolimbic
resting-state functional connectivity that are associated with
living in high-crime areas during pregnancy; however, the long-
term impacts are unclear. In adolescents, studies have found
that changes in brain function associated with exposure to
community violence may be protective in certain domains,
such as cardiac health (77), but maladaptive in other domains,
such as externalizing behavior (30). Future studies are needed
to determine how the neonatal functional brain alterations
associated with prenatal neighborhood crime exposure are
related to later behavior. Additional research is also needed to
determine whether reductions in neonatal frontolimbic con-
nectivity persist and alter the trajectory of brain development.
Finally, future investigations comparing multiple time points of
crime exposure throughout development are needed to
establish whether pregnancy is a sensitive period for these
effects and determine whether there are sensitive periods for
resiliency.

Overall, this study provides evidence of intergenerational
transmission of an environmental stressor, specifically
exposure to neighborhood crime, that may alter brain function
at birth. These early alterations in brain development
demonstrate perpetuation of systemic injustice and inequity
across generations, which could pose particular problems if
future studies demonstrate that they persist and negatively
affect behavior. Although evidence-based crime prevention
and reduction is already a well-established goal of public
policy, this study provides further evidence of its potential as
a tool to avoid associated intergenerational changes in brain
function.
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