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A B S T R A C T

The processing of emotional facial expressions is important for social functioning and is influenced by en-
vironmental factors, including early environmental experiences. Low socio-economic status (SES) is associated
with greater exposure to uncontrollable stressors, including violence, as well as deprivation, defined as a lack or
decreased complexity of expected environmental input. The current study examined amygdala and fusiform
gyrus response to facial expressions in 207 early adolescents (mean age= 13.93 years, 63.3% female).
Participants viewed faces displaying varying intensities of angry and happy faces during functional MRI. SES was
assessed using the income-to-needs ratio (INR) and a measure of subjective social status. Cumulative exposure to
violence was also assessed. When considered in isolation, only violence exposure was associated with heightened
amygdala response to angry faces. When considered jointly, violence exposure and lower INR were both asso-
ciated with increased amygdala response to angry faces and interacted, such that lower INR was associated with
increased amygdala reactivity to anger only in those youth reporting no exposure to violence. This pattern of
findings raises the possibility that greater amygdala reactivity to threat cues in children raised in low-SES
conditions may arise from different factors associated with an economically-deprived environment.

1. Introduction

Experimental work has demonstrated that individual differences in
the processing of emotional facial expressions are related to social
functioning (Hooker et al., 2006; Meffert et al., 2015; Rosen et al.,
2018a,b,c) and psychopathology, including anxiety (Blackford and
Pine, 2012), disruptive behavior (Blair, 2013), and depressive disorders
(Kerestes et al., 2013). Neuroimaging research has begun to illuminate
the neural mechanisms underpinning this type of social communication
(for a review, see Blair, 2003) and implicates the amygdala (Pessoa and
Adolphs, 2010) and lateral fusiform gyrus (Martin, 2007) in processing
animate stimuli, including faces. Meta-analytic findings confirm that
these regions are involved in the processing of facial expressions
(Arsalidou et al., 2011). Emotional face processing reflects a process
that is partially experience-dependent and that is impacted by variation
in environmental experience during childhood and adolescence. Here,
we examine how socio-economic status (SES) and related aspects of

children’s experiences, including exposure to violence, relate to emo-
tional face processing in early adolescence.

Conceptual models argue that exposure to violence alters emotional
processing in ways that facilitate the rapid identification of environ-
mental threat—an adaptive response to being raised in dangerous en-
vironments (McLaughlin et al., 2014; Sheridan & McLaughlin, 2014).
Consistently, increased amygdala reactivity to threatening social sti-
muli has been consistently observed in violence exposed youth
(McCrory et al., 2011; McLaughlin et al., 2015; Suzuki et al., 2014).
Moreover, meta-analytic work has confirmed increased amygdala re-
activity to threatening images in violence exposed youth (Hein and
Monk, 2016), though this analysis included youth who had been ne-
glected without exposure to violence. This suggests that negative
emotional expressions are more salient to children who have experi-
enced violence than those who have not.

Conceptually similar arguments have been advanced for children
from families of low SES (Miller et al., 2011). Low-SES youth appear to
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develop an information-processing style where even ambiguous stimuli
are interpreted as threatening (Chen and Matthews, 2003). It has been
hypothesized that this may be due to greater than typical exposure to
stressors that are uncontrollable. Uncontrollable stressors include vio-
lence-exposure, but also non-violent stressors such parental separation,
family conflict, noise, crowding, food insecurity, and lack of secure
access to other basic necessities like shelter, clothing, transportation,
and heating (Evans, 2004; Evans and English, 2002). However, the
relationship between SES and emotional face processing has not been
extensively considered. Among college students retrospectively char-
acterizing the social standing of their families of origin, lower standing
was associated with greater amygdala reactivity to threatening faces
(Gianaros et al., 2008). Similarly, young adults from lower SES back-
grounds exhibited had greater amygdala responses to threat vs. happy
faces (Javanbakht et al., 2015).

Low SES is also associated with an increased likelihood of experi-
encing deprivation, defined as a lack or decreased complexity of ex-
pected social and cognitive environmental inputs (McLaughlin and
Sheridan, 2016; McLaughlin et al., 2014). Critically, the kinds of de-
privation that are common for low-SES children (in countries with
developed economies) largely involve the quantity and quality of social
interactions with caregivers (Bradley and Corwyn, 2002; Bradley et al.,
2001; Hackman et al., 2015; Romeo et al., 2018; Rosen et al.,
2018a,b,c; Weisleder and Fernald, 2013). This suggests that early de-
privation may also be related to aspects of face processing. Indeed,
children exposed to severe forms of deprivation, such as institutional
rearing and neglect, exhibit difficulty discriminating facial emotion
(Hwa-Froelich et al., 2014; Pollak et al., 2000). It is possible that similar
patterns will be observed in children from low-SES families. Consistent
with this possibility, a recent study observed reduced fusiform gyrus
activation during a working memory paradigm involving emotional
faces among children from low-SES families; in this paradigm, reduced
fusiform activation was associated with worse memory of facial ex-
pressions (Rosen et al., 2018a,b,c). The degree of cognitive stimulation
in the home environment in childhood has also been linked to fusiform
gyrus structure in adolescence (Avants et al., 2015).

Although existing evidence suggests that SES might influence the
development of neural responses to facial emotion, existing research is
based solely on studies of adults and the specific aspects of environ-
mental experience that are associated with SES that may be driving this
relationship remain unclear. Accordingly, the current study had three
goals. First, we sought to understand how children’s SES relates to
BOLD responses during a face-processing task. Second, recognizing that
SES is a multidimensional construct, we considered two distinct com-
ponents of SES. These components included the household’s income-to-
needs ratio, an objective indicator of material resources that is com-
monly used in the neurodevelopmental literature (e.g., Noble et al.,
2015; Rosen et al., 2018a,b,c), as well as the family’s subjective per-
ception of their social standing. These objective and subjective di-
mensions of SES reflect different pathways through which SES might
influence children’s development and have been shown in multiple
studies to be independently related to mental and physical health
(Cohen et al., 2008; Goodman et al., 2001; McLaughlin et al., 2012).
Third, we sought to examine how children’s histories of violence ex-
posure relate to BOLD responses during face-processing. Finally, re-
cognizing that low-SES children, on average, have more exposure to
violence (Sampson et al., 1997; Selner-O’Hagan et al., 1998), we ex-
amined an exploratory model including both violence exposure and SES
to delineate their independent (and synergistic) associations with BOLD
responses to facial emotion. This additionally allowed us to evaluate
whether SES associations with neural response to facial emotion persist
over and above the effects of violence exposure.

To address these questions, we recruited a large sample of eighth-
grade youth, with high levels of ethnic, racial, and economic diversity,
and had them complete a fMRI gender judgment paradigm involving
faces displaying varying levels of angry expressions. Based on the

findings reviewed above (Gianaros et al., 2008; McCrory et al., 2017;
Mogg and Bradley, 1998; Rosen et al., 2018a,b,c), we hypothesized that
greater violence exposure and lower SES would be associated with in-
creased amygdala response to angry faces. We also predicted that SES
would be positively associated with responses in the lateral fusiform
gyrus, given existing evidence for a link between deprivation and de-
velopment of this region.

2. Methods

2.1. Participants

Participants were 277 youth recruited from the greater Chicago area
through advertising, schools, and direct mail campaigns. Youth and a
parent completed a phone screen to determine eligibility. Youth were
eligible if they i) had no history of chronic medical or psychiatric ill-
ness; ii) were free of infectious diseases during the past two weeks, iii)
were not taking any prescription medication during the prior three
months, and iv) were not pregnant. Informed consent and assent were
obtained from each participant family. The procedures in this study
were approved by the Northwestern University Institutional Review
Board.

2.2. Procedures

Eligible youth and one of their parents completed a laboratory visit,
during which the parent completed interviews about the family’s SES
and youth completed psychosocial questionnaires and behavioral tasks.
Youth completed an MRI scan at Northwestern University’s Center for
Translational Imaging on a separate day. Of the 277 youths enrolled in
the study, useable MRI data was not available for 70 youth. Of these 70
youth, data was not collected for 40 youth due to i) technical problems
(N=11; computer/MRI problems), time constraints (N=16, e.g.,
participant late arrival), refusal to scan (N=8, e.g., scanner anxiety)
and scheduling issues (N=5, e.g., multiple canceled appointments).
Data was not useable for 29 youth due to technical problems (N=4,
e.g., brain outside field-of-view) and movement (N=25, defined as
greater than 20% of TRs censored; see below for details). Exposure to
violence data was not available for 1 participant. Thus, the final ana-
lytic sample was 207 youth. Demographic information for these 207
participants is displayed in Table 1.

2.3. Measures

2.3.1. History of chronic medical or psychiatric illness
Participant youth could not have a history of chronic medical or

psychiatric illness. This was assessed initially via a phone-screen with
parents. Youth were excluded if they had: i) any standing medication

Table 1
Participant Descriptive Statistics.

Number Percentage
Gender 131 females 63.3% female

Racial/Ethnic Breakdown
European-American Youth (non-Hispanic) 92 44.44%
African-American 74 35.75%
Hispanic Youth 63 30.43%
Asian American 13 6.28%
Native American 5 2.42%
Hawaiian/Pacific Islander 2 0.97%

Mean Standard Deviation
Age 13.93 .55
Income-to-Needs Ratio 3.91 3.99
Exposure to Violence 0.93 1.20
Subjective Social Status 5.60 1.92
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regimen in the previous 3 months, ii) a hospitalization in the previous
12 months, or iii) any history of pervasive developmental disorder.
Moreover, at the initial lab visit, youth completed the brief Revised
Child Anxiety and Depression Scale (Chorpita et al., 2000). Nine of the
youth included in the sample endorsed clinically significant levels of
anxiety and/or depression.

2.3.2. Socioeconomic status
Consistent with previous research (Luby et al., 2013; Noble et al.,

2015, 2012), we used the income-to-needs ratio (INR) to characterize
the SES of children in the study. During the laboratory visit, a parent or
guardian reported on all sources of household income during the pre-
vious calendar year, including wages, other income, social security,
disability and unemployment benefits, worker's compensation, in-
heritances, and help from relatives. The parent also described the
composition of the household, and the ages of any children and ado-
lescence. Using this information, and the federal government’s poverty
threshold for the calendar year before the child enrolled in the study,
we computed income-to-needs ratio for each participant. Higher scores
indicate greater income relative to poverty. Participants INRs ranged
from 0.095 to 34.54 with an average INR of 3.91 (SD=3.99). The INR
of participants covered a large range. As a rule of thumb, scores from 0
to 0.99 are below the poverty threshold, scores from 1.00 to 1.99 are
lower income, 2.00 to 3.99 are considered middle income and 4.00 and
greater are considered high income (U.S. Census Bureau, 2004). INR
scores had skewness of 3.31 and kurtosis of 18.27, which is inconsistent
with the assumption of a normal distribution (George and Mallery,
2016). To reduce the skewness and kurtosis of the data, a Rankit
transformation (Bliss et al., 1956) was conducted on the INR scores.
Post transformation skewness was reduced to -0.002 and kurtosis was
reduced to -0.083.

To capture the subjective aspect of SES, we had each child’s parent
or guardian complete the MacArthur Scale of Subjective Social Status.
Parents were shown an illustration of a 9-rung ladder and asked to place
an X on the rung that reflected where they stood “at this time in their
livesrelative to other persons in the United States” with regard to income,
education, and occupational standing. This measure has been ex-
tensively validated and is associated with health outcomes over and
above the effects of income (Adler et al., 2000, 2007; Cohen et al.,
2008; Operario et al., 2004).

2.3.3. Exposure to violence
Exposure to violence was measured with a validated self-report in-

strument (Thomson et al., 2002), which assesses whether the child has
experienced and/or witnessed various types of violence, including
being shot with a gun, attacked with a knife, and punched, kicked, or
pushed in a fight (see Table 1). It also assessed whether the child’s fa-
mily and/or friends had been hurt or killed by violence. Personal ex-
posure to serious violence was somewhat rare in this sample, with just 7
children reporting a history of gun or knife attacks. Accordingly, to
maximize variability, we constructed a count variable reflecting the
number of different experiences of violence each child reported. Par-
ticipants’ exposure to violence scores ranged from 0 to 6 with an
average of 0.93 (SD=1.20). Exposure to violence scores had accep-
table skewness of 1.64, but kurtosis of 2.89, which is inconsistent with
the assumption of a normal distribution (George and Mallery, 2016). To
reduce the skewness and kurtosis of the data, a Rankit transformation
(Bliss et al., 1956) was also conducted on the exposure to violence
scores reducing skewness to 0.745 and kurtosis was reduced to -0.276.

2.3.4. The morphed faces fMRI task
The current paradigm used a modified version of the morphed faces

task that has been used previously (Blair et al., 1999; Marsh et al.,
2008). During MRI scanning (see below), participants saw a facial ex-
pression displayed for 2000ms, followed by a blank screen for 1000ms
and a jittered inter-stimulus interval (500–2500ms). Participants were

required to indicate, via button press, the gender of the face. The facial
expression stimuli consisted of still photos of four male and four female
actors drawn from a widely used stimulus set (Ekman and Friesen,
1976). For each actor, five angry and five happy images where shown at
varying levels of intensity (20%, 40%, 60%, 80% and 100% of proto-
typical). Each image was displayed once in pseudo-random order. Eight
trials were presented at each level of intensity for each expression (80
trials total) in a single run lasting 7min and 21 s.

2.4. MRI parameters, preprocessing, and individual level analysis

Participants were scanned at the Center for Translational Imaging at
Northwestern University using a Siemens Prisma 3 T scanner with a 64
phased-array head/neck coil. A total of 202 functional images were
taken with a T2* weighted gradient echo planar imaging (EPI) sequence
(repetition time= 2000ms; echo time= 27ms; 240mm field of view;
94× 94 matrix; 90° flip angle). Whole-brain coverage was obtained
with 43 axial slices (voxel size 1.694×1.694×1.7 mm3). Structural
imaging consisted of a high-resolution navigated multiecho magneti-
zation prepared rapid acquisition gradient echo sequence (MPRAGE,
TR=2300ms, TE=1.86, 3.78; flip angle= 7°; FOV=256×256;
matrix= 320×320; 208 slices; voxel size= 0.8 mm3).

Functional MRI data were analyzed using Analysis of Functional
Neuroimages (AFNI; Cox, 1996). Functional images were despiked and
slice-time and motion corrected. The anatomical scan for each partici-
pant was registered to the base volume of their functional images and
then warped to Talairach space (Talairach and Tournoux, 1988). Each
volume of a participant’s functional data was then aligned to this base
volume and also warped to Talairach space. All volumes were re-
sampled to 2mm3. Functional images were spatially smoothed with a
6mm full-width-half-maximum Gaussian kernel. The time series were
then normalized by dividing the signal intensity of a voxel at each time-
point by the mean signal intensity of that voxel for each run and mul-
tiplying the result by 100. The resultant regression coefficients re-
present a percentage of signal change from the mean.

The individual level model characterized BOLD response to both
angry and happy faces parametrically (or amplitude) modulated by
intensity of facial expression. In other words, BOLD response was
multiplied by a factor corresponding to facial expression intensity
(here, 20%, 40%, 60%, 80% and 100% of prototypical). This reveals
brain regions showing BOLD activation that varies with the level of the
modulator (here, expression intensity). Thus, regressors included in the
model were the six motion regressors obtained in preprocessing (see
above) and the following task regressors: indicator functions for the (i)
angry faces; (ii) happy faces; (iii) angry faces multiplied by intensity of
facial expression; and (iv) happy faces multiplied by intensity of facial
expression. All regressors were convolved with a canonical hemody-
namic response function from the onset of the face image onset to ac-
count for the slow hemodynamic response. Linear regression modeling
was performed using the 10 regressors described above, plus regressors
to model a third-order baseline drift function to correct for slow
movement over the course of the scan. Additionally in this regression
model, volumes showing 0.5 mm or greater movement from the pre-
vious volume were censored. This produced β coefficients and asso-
ciated t statistics for each voxel and regressor.

2.5. fMRI data analysis: group analysis

Group analysis was conducted on the individual level coefficients for
the angry faces modulated by morph level. The voxel-level correlation
between modulated BOLD response to angry facial expressions and ex-
posure to violence, INR and Ladder ratings were examined separately
and simultaneously using AFNI’s 3dMVM program for a total of four
analyses. Consistent with our hypotheses, a region-of-interest (ROI) ap-
proach was taken, examining anatomically derived left and right amyg-
dala and fusiform gyrus ROIs. The amygdala ROI was derived from the
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Eickhoff-Zilles Architechtonic Atlas 50% probability mask (Amunts et al.,
2005), while the fusiform gyrus ROI was drawn from the AFNI TT
Daemon Atlas (Talairach and Tournoux, 1988). In light of concerns
within the neuroimaging literature regarding type I error (Eklund et al.,
2016), the AFNI 3dClustSim autocorrelation function (-acf) and an initial
threshold of p=.002 were used (Cox et al., 2017) to generate extent
thresholds for a corrected p value of .05. This yielded small-volume
corrected extent thresholds of k=3.2 for the amygdala and k=8.8 for
fusiform gyrus. All reported results exceeded these thresholds. Post-hoc
testing was conducted on the average BOLD response extracted from the
significantly activated voxels within each ROI. For completeness, a
whole-brain analysis was also conducted for both angry and happy faces
and is included in the Supplemental Materials.

3. Results

3.1. Behavioral results

3.1.1. Zero-order correlations
Significant correlations between the predictor variables were ob-

served. Exposure to violence was inversely associated with both INR
[r= -0.269, p < 0.001] and subjective social status [r= -0.169, p=
0.015]. IRN and subjective social status were positively associated
[r=0.529, p < 0.001].

3.1.2. Accuracy and response latency results
Participants were 90.94% (SD=14.66) accurate for angry faces and

91.86% accurate (SD=15.00) for happy faces. Participants had an
average response time of 845.22ms (SE= 120.04ms) for angry faces
and 835.10ms (SE=112.42ms) for happy faces. Participants were
significantly more accurate [t=2.97, p= .003] and faster [t=2.36,
p= .019] when responding to happy relative to angry faces. No asso-
ciations were found between INR, subjective social status, or exposure
to violence and accuracy or response times for either happy or angry
faces [r’s= -.086 to .062, p > .222].

3.2. fMRI results

3.2.1. Amygdala
Exposure to violence, when entered alone, was significantly asso-

ciated with increased modulated BOLD response to angry faces within
the right amygdala [k=10, r= .265, p < .001; see Table 2]. Neither

SES measure (i.e., INR nor subjective social status) was associated with
modulated BOLD response in the amygdala when considered in isola-
tion.

Exposure to violence, INR, and subjective social status were also
considered simultaneously. In the fully-adjusted model, a significant
positive association between exposure to violence and modulated BOLD
responses was again observed within right amygdala after adjusting for
both SES measures [k=23, r= .260, p= .003; see Fig. 1 and Table 2].
A significant negative correlation was also observed between INR and
modulated BOLD responses in the left amygdala [k=4, r=-0.207, p=
.003; see Table 2], such that lower income was associated with greater
amygdala activation. Furthermore, a significant exposure to violence-
by-INR interaction was observed in the left amygdala (k=14), where a
larger magnitude, negative association [Fisher’s Z=2.99, p=0.003]
was observed between INR and modulated BOLD response to angry
faces in the youth with no exposure to violence [r= -.336] relative to
youth who had been exposed to violence [r= .073]. In other words,
lower income was associated with greater left amygdala response to
angry faces in youth not exposed to violence (no endorsement of a
violent experience), but INR was not associated with amygdala re-
sponse in children who had experienced violence (endorsed 1 violent
experience) Significant exposure to violence-by-ladder score, INR-by-
ladder score and exposure to violence-by-ladder score-by-INR interac-
tions were not observed in the amygdala.

3.2.2. Fusiform gyrus
When entered alone, higher INR was significantly associated with

decreased modulated BOLD response to angry faces in an anterior re-
gion of the right fusiform gyrus [k= 16, r= -0.284, p < .001; see
Table 2]. Subjective social status, when considered independently, was
negatively associated with modulated BOLD response in a posterior
region of left fusiform gyrus [k=13, r= -0.277, p < .001; see
Table 2]. Exposure to violence was not significantly associated with
modulated BOLD response in fusiform gyrus when considered in iso-
lation.

No significant main effects or interactions were observed within
fusiform gyrus when exposure to violence, INR, and subjective social
status were considered simultaneously.

3.3. Confounding factors

To ensure that the above findings were not due to the inclusion of
the nine youth who endorsed clinically significant anxiety and/or de-
pression, the analyses were re-conducted without these youth. In all
regions, activations in proximal regions were observed albeit the ex-
posure to violence-by-INR interaction observed in the left amygdala
was attenuated [p= .0023]. See Supplemental Table 4.

4. Discussion

The current study sought to the describe the associations between
SES, violence exposure, and the processing of angry facial expressions
in early adolescence. There were four main findings. First, violence
exposure was positively associated with BOLD response in amygdala.
Second, lower INR was not associated with increased BOLD response in
amygdala when considered independently, but was negatively asso-
ciated with amygdala response in a model controlling for violence ex-
posure. Further, lower INR and lower subjective social status were also
associated with increased BOLD response to angry facial expressions
within fusiform gyrus. Third, when INR, subjective social status and
violence exposure were considered simultaneously, violence exposure
and lower INR were each significantly associated with increased
amygdala responsiveness, and these main effects were qualified by an
interaction between INR and violence exposure in the amygdala, such
that the association between INR and amygdala activity was only ob-
served in adolescents with no exposure to violence.

Table 2
Regions within Amygdala and Fusiform Gyrus Showing Significant Correlations
with Exposure to Violence, Income, and Subject Social Status Considered
Individually and Simultaneously.

Coordinates of Peak Activationa

Region Left/
Right

x y z F p Voxels Cohen’s d

Amygdala
Exposure to Violence

Right 25 −1 −22 13.32 0.0003 10 .550
Fully-adjusted model

Main Effect of Exposure to Violence
Right 25 −3 −21 15.50 0.0001 23 .539

Main Effect of Income
Left −24 −2 −10 13.13 0.0004 4 .423

Exposure to Violence-by-Income Interaction
Left −23 −7 −14 13.38 0.0003 14 .468

Fusiform Gyrus
Main Effect of Income

Right 45 −14 −27 18.81 < 0.0001 16 .592
Main Effect of Subjective Social Status

Left −35 −45 −18 16.82 < 0.0001 13 .577

Note.
a Based on the Tournoux & Talairach standard brain template.
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Consistent with predictions, exposure to violence was significantly
associated with increased amygdala responsiveness to angry faces. It
has been argued that early exposure to violence alters emotional pro-
cessing in ways that facilitate the rapid identification of threat in the
environment and that these changes are adaptive in dangerous en-
vironments (McLaughlin et al., 2014; Sheridan & McLaughlin, 2014).
Indeed, youth exposed to violence, relative to those not exposed to
violence, perceive angry expressions at lower intensities (Pollak et al.,
2009), at high rates in ambiguous stimuli (Ardizzi et al., 2015; Pollak
and Sinha, 2002), and show attentional biases towards angry faces
(Pollak and Tolley-Schell, 2003; Shackman and Pollak, 2014; Shackman
et al., 2007). The amygdala is a structure that is critical in identifying
threatening stimuli in the environment (Phelps and LeDoux, 2005) and
angry facial expressions convey threat information (Oatley and
Johnson-Laird, 1987). Consistent with the idea that exposure to vio-
lence is associated with neural changes that facilitate the rapid identi-
fication of threat, both previous research (Hein and Monk, 2016;
McCrory et al., 2017; McLaughlin et al., 2015) and the current data
indicate that violence exposure is associated with increased amygdala
response to angry expressions.

Consistent with hypotheses, there was a negative association be-
tween income and amygdala response to angry faces; however, this
relationship appeared to be driven by youth without a history of ex-
posure to violence. This pattern of findings raises the possibility that
greater amygdala reactivity to threat cues in children raised in low-SES
conditions may arise from exposures besides violence. Extensive evi-
dence demonstrates that low-income children, on average, experience
more violence than their affluent peers (Evans and English, 2002). And
as the findings here illustrate, violence exposure is positively associated
with amygdala reactivity. However, the interaction between violence
exposure and SES suggests that others factors associated with low SES
may also influence amygdala reactivity. These could include differences
in parenting, family conflict, parental separations, crowding, ambient
noise, nutritional intake and pollutant exposure, and exposure to other
uncontrollable stressors (i.e., insecure access to basic necessities like
food, shelter, clothing, transportation, and heating; Evans and English,
2002). These potential explanations need to be studied in future

research.
Notably, the relationship between income-to-needs ratio and

amygdala response to threat cues was seen youth with no exposure to
violence. Because violence exposure was associated with amygdala
reactivity independent of SES, these findings suggest that the relative
contribution of exposure to violence to heightened amygdala reactivity
is greater than the contribution of SES. In other words, high SES is not a
protective factor in the presence of exposure to violence. Indeed, in-
creased amygdala responses to threat cues following exposure to vio-
lence are seen in affluent populations (Dückers et al., 2016). However,
this does not necessarily suggest that low-SES and exposure to violence
do not interact in an additive fashion, even though this was not ob-
served in the current study. More work will be required to fully dis-
entangle the relationship between SES and amygdala response to threat
cues and to fully explore the interactive relationship between SES, ex-
posure to violence and amygdala response to threat cues.

Interestingly, the association between amygdala responsiveness and
SES was restricted to income; no relationship between subjective social
status and amygdala responsiveness was observed. Subjective social
status is a relative indicator, which captures how people view their
educational attainment, financial assets, and occupational prestige re-
lative to others. While it has clear implications for health (Adler et al.,
2000, 2007; Cohen et al., 2008; Operario et al., 2004), the current data
suggest that subjective social status does not relate to threat processing
like income or exposure to violence. These patterns suggest that factors
that material assets, and the resources they provide access to, may have
a stronger impact on neural processing of threat cues than relative so-
cial standing. However, additional work is needed to substantiate this
conclusion.

Evidence suggests that extreme forms of deprivation, such as in-
stitutional rearing and neglect, are associated with disrupted expression
recognition (Hwa-Froelich et al., 2014; Pollak et al., 2000) and pro-
cessing (Parker et al., 2005). Moreover, children from low-SES families
have shown reduced activation in fusiform gyrus during a working
memory task (Rosen et al., 2018a,b,c). Contrary to these predictions,
both lower income and subjective social status were associated with
increased, not decreased, BOLD response in fusiform gyrus and these

Fig. 1. Significant effects of exposure to vio-
lence and income-to-needs ratio within the
amygdala. Increased amygdala responsiveness
was associated with increased rankit trans-
formed exposure to violence scores (A). The
association between lower rankit transformed
income-to-needs ratio scores and amygdala
response was of larger magnitude in youth
with no exposure to violence than in violence
exposed youth.
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findings did not remain significant after including violence exposure in
the model. Importantly, prior studies finding associations of deprivation
with ventral visual stream function have involved complex cognitive
tasks that involve faces as stimuli, where activation of the fusiform has
been directly related to task performance (e.g., Rosen et al., 2018a,b,c;
Rosen et al., 2018a,b,c). It is possible that these types of differences
emerge only in tasks that require a sustained representation of stimuli
to be attended to for task performance, in contrast to the relatively
simple gender discrimination required in the current study. This war-
rants greater examination in future research.

While low-SES environments are associated with reduced social
interactions with care-givers (Bradley and Corwyn, 2002; Romeo et al.,
2018; Weisleder and Fernald, 2013), it is unclear whether children in
these environments actually see fewer angry expressions on individuals
around them. Indeed, it seems plausible that angry expressions in low-
SES contexts might be particularly common due to the high stress as-
sociated with low-SES environments. Children raised in these en-
vironments might not have the vocabulary to label facial expressions
accurately (Hwa-Froelich et al., 2014; Pollak et al., 2000), but angry
faces may remain highly salient cues. Indeed, this is consistent with
data showing that youth exposed to violence exhibit attention biases
toward angry faces and take longer to disengage from angry faces than
children who have not experienced violence (Pollak and Tolley-Schell,
2003; Shackman and Pollak, 2014; Shackman et al., 2007). Thus, while
deprivation associated with low-SES environments remains a research
topic of importance, it may not be related to increased sensitivity to
threat cues in the environment.

There are two important strengths of the current paper that are
important to consider. First, this sample was very large for a neuroi-
maging study. Given the moderate effect sizes of the relationships be-
tween exposure to violence, SES and BOLD response, large samples will
be needed to detect significant effects, particularly in small regions like
the amygdala. Second, the sample was racially, ethnically, and eco-
nomically diverse, and thus more closely representative of urban life in
contemporary America relative to previous studies. Unlike other studies
that have focused on samples exposed to severe, but uncommon en-
vironments (e.g., maltreatment, institutional rearing), the current study
examines the impact of relatively common environments, making the
results highly generalizable. It is also important to consider the results
in light of several limitations. First, approximately 25% of participants
were not included in the final analysis. While this is a fairly common
level of attrition in neuroimaging in this age group, excluded youth
were less likely to be European-American [χ2= 8.91, p= .003] and
had greater exposure to violence than included youth (see supplemental
Table 1). Mitigating this limitation, the final sample remained ethni-
cally and racially diverse and had a wide range of exposure to violence.
Second, measures of exposure to violence relied solely on self-report
and important nuance regarding exposure to violence, such as severity
and chronicity, were not accounted for. Such nuance may have im-
portant implications for understanding the neural correlates of violence
exposure. Finally, a complete mental health assessment was not per-
formed on the youth and it is possible that psychiatric symptoms were
driving the current findings. However, this limitation is mitigated by
the fact that the results remained largely consistent even once the youth
endorsing clinically significant anxiety and/or depression were ex-
cluded.

In summary, and consistent with previous findings, the current data
link exposure to violence and increased responsiveness to threat.
Notably, the data also suggest that low-SES, specifically low-income
levels, is associated with an increased responsiveness to angry faces
within the amygdala, but only in the absence of exposure to violence.
These data suggest that aspects of low SES environments beyond ex-
posure to violence, possibly including other uncontrollable stressors,
may lead to increased sensitivity to threat cues. These data indicate a
more in-depth exploration of the experience of low SES environments
and how exposure to these factors interact with neural functioning.
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