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Childhood poverty negatively impacts physical and mental health in adulthood. Altered
brain development in response to social and environmental factors associated with
poverty likely contributes to this effect, engendering maladaptive patterns of social
attribution and/or elevated physiological stress. In this fMRI study, we examined the
association between childhood poverty and neural processing of social signals (i.e.,
emotional faces) in adulthood. Fifty-two subjects from a longitudinal prospective study
recruited as children, participated in a brain imaging study at 23–25 years of age using
the Emotional Faces Assessment Task. Childhood poverty, independent of concurrent
adult income, was associated with higher amygdala and medial prefrontal cortical
(mPFC) responses to threat vs. happy faces. Also, childhood poverty was associated
with decreased functional connectivity between left amygdala and mPFC. This study is
unique, because it prospectively links childhood poverty to emotional processing during
adulthood, suggesting a candidate neural mechanism for negative social-emotional bias.
Adults who grew up poor appear to be more sensitive to social threat cues and less
sensitive to positive social cues.

Keywords: poverty, neurocircuitry, amygdala, emotion, emotional faces

Introduction

One in four children in the US is now born into poverty (Carsey Institute, 2013). There is strong
evidence linking childhood poverty with adverse physical andmental health outcomes in adulthood,
irrespective of socioeconomic status (SES) later in life (Wadsworth et al., Forthcoming; Poulton
et al., 2002; Adler and Rehkopf, 2008; Shonkoff et al., 2009; Cohen et al., 2010; Birnie et al.,
2011). These effects may be explained by the plethora of adverse physical and social conditions
confronting disadvantaged children (Evans, 2004). Elevated chronic stress that leads to dysregulation
across multiple physiological systems is suggested as a mechanism involved in health inequalities
linked with poverty (Evans, 2003). Children from low-income families have higher chronic stress
levels, which, in part, are mediated by elevated exposure to cumulative physical and psychosocial
stressors (Evans and Schamberg, 2009). Low childhood SES is associated with greater physiological
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reactivity even to ambiguous social situations as reflected in
greater diastolic blood pressure and heart rate reactivity (Chen
et al., 2004). Furthermore, poverty is associated with poor mental
health (Wadsworth et al., Forthcoming), and childhood poverty
increases the risk of major depression, conduct disorder, and
PTSD in adolescence (Wadsworth et al., Forthcoming; Kessler
et al., 2014).

In addition to exposure to plethora of external stressors, grow-
ing up in povertymight also affect individual’s ability to deal effec-
tively with these stressors, by altering their expectations, percep-
tions, and emotional reactions. Emerging imaging data support
links between childhood poverty and anatomical and functional
changes in brain areas involved in the induction and regulation
of emotion, like the amygdala. The amygdala is engaged in emo-
tional learning, salience and threat detection (Davis and Whalen,
2001; Phelps and LeDoux, 2005), and activation of physiological
responses (Knigge, 1961; Herman et al., 1996; Rodrigues et al.,
2009). Aberrant amygdala function has been implicated in several
anxiety disorders (Etkin and Wager, 2007; Shin and Liberzon,
2010), and linked to a history of lower SES during development.
Changes in amygdala volume (Noble et al., 2012; Luby et al., 2013;
Hanson et al., 2015) and higher amygdala responses to angry facial
expressions (Muscatell et al., 2012) are reported in children and
adolescents with lower SES. We recently reported that amygdala
reactivity is negatively correlated with childhood family income
during emotion regulation task (Kim et al., 2013), in the same
cohort of subjects reported here. Gianaros et al. (2008) reported
associations between amygdala responses to emotional faces in
healthy young adults and their subjective perceptions of parental
SES. They interpreted the association between perceived parental
low SES and amygdala functional responses as suggestive of neg-
atively biased amygdala response to signs of threat. In support of
this interpretation, children from lower SES families were more
likely to appraise ambiguous social situations as negative or hostile
in intent (Chen et al., 2004). This bias may indicate vigilance and
screening for threat as a protective measure.

The amygdala response to emotional stimuli is regulated by
prefrontal cortical regions (Milad and Quirk, 2012) with ven-
trolateral (VLPFC), dorsolateral (DLPFC), medial (mPFC), and
rostral anterior cingulate cortex (ACC), all engaged in complex
regulation of affect and appraisal of emotional cues (Mayberg,
1997; Etkin et al., 2006; Kalisch, 2009; Ochsner et al., 2012; Prater
et al., 2013). Not surprisingly, aberrant function of prefrontal
regulatory areas, in addition to the amygdala, has also been linked
to abnormal emotional responses and psychopathological states
like anxiety disorders (Etkin and Wager, 2007; Shin and Liber-
zon, 2010). Emerging evidence also has linked lower childhood
SES with reduced ACC volume (Cohen et al., 2006), and with
reduced activations in ACC, hippocampus, posterior cingulate
cortex, insula, and caudate, in adulthood (Silverman et al., 2009).
Similarly, lower childhood SES has been linked to lower gray
matter volume in adult perigenual ACC (Gianaros et al., 2007),
and to lower dorsomedial PFC activation in response to angry
faces (Muscatell et al., 2012). The same cohort used in this study,
showed reduced VLPFC and DLPFC activity in an emotion regu-
lation task correlated with lower childhood SES (Kim et al., 2013).
Onemechanistic question that remains unanswered still – is lower

SES associated primarily with intrinsic amygdala-based deficits
or biases in emotional reactivity/responses, or the reported find-
ings are the results of diminished regulatory functions in cortical
regions, while amygdala responses are essentially normal.

In the current work, we sought to examine the prospective
relationship between childhood poverty and adult brain reactivity
to emotional faces, utilizing task devoid of explicit (or implicit)
emotional regulation components. Heightened amygdala reactiv-
ity to negative emotional stimuli might underlie negatively toned
emotional bias in individual with a history of childhood poverty
(toward negative and away from positive social cues). We utilized
a unique long-term, longitudinal cohort of poverty, following up
participants in early adulthood (23–25 years old), hypothesizing
that childhood poverty would be associated with elevated adult
amygdala responses to negative emotional faces relative to positive
emotional faces.We also expected to observe reduced connectivity
between mPFC (emotion regulatory area) and the amygdala in
relation with poverty.

Materials and Methods

Subjects
Demographic data are shown in Table 1. Fifty two healthy, un-
medicated Caucasian subjects, without current or past Axis I
psychiatric diagnosis confirmed by clinician-conducted Struc-
tural Clinical Interview for DSM-IV, participated in this study.
Participants were drawn from a 20-year longitudinal study of rural
poverty and child development. Twenty-five of the participants
(men and women, mean age of 24.4± 1.2 years) spent their child-
hood in low-income households (income-to-need ratio <1.5 in
New York State) and 27 participants (average age 23.1± 1.2 years)
grew up in middle-income households (income-to-need ratio
>1.5). Income-to-need ratio is a per capita index, adjusted annu-
ally for costs of living. A ratio equal to or less than 1.0 is defined by
the US Census Bureau as “poverty.” The lowest level of education
was high school graduate and there was no difference in the
level of education between the two groups [c2(6, N = 52)= 8.58,
P= 0.20]. All subjects were right handed, and none had a major
medical illness or contraindication for MRI (e.g., metallic/ferrous
materials in their body). This study was approved by the Uni-
versity of Michigan and Cornell University Institutional Review
Boards and all participants provided informed consent.

Experimental Task
We used a variant of an emotional faces matching task (Hariri
et al., 2002). This task has previously been shown to reliably and
robustly engage the amygdala and has been widely used to assess
amygdala’s reactivity to social cues. Participants viewed a trio of
faces on the screen and were instructed to choose one of the

TABLE 1 | Demographic data of the two groups of subjects.

Group Number of subjects M/F Age

Low SES 25 14/11 24.4±1.2
Mid SES 27 14/13 23.1±1.2

Low SES: low family of origin income; Mid SES: mid family of origin income.
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two faces on the bottom that expressed the same emotion as the
target face on top (Figure S1 in Supplementary Material). The
face photographs were selected from a validated stimulus set (Gur
et al., 2002). The identities of the three faces were different and
overall an equal number of male and female faces were presented.
The target and congruent probe faces displayed one of four expres-
sions (angry, fearful, happy, neutral); and the other (incongruent)
probe faces always displayed a neutral face (during emotional
target blocks) or a pseudo random emotional face (during neutral
target blocks). Equal numbers of angry, fearful, and happy faces
were randomly presented across trials. Blocks of face matching
tasks were interspersed with blocks of a baseline task of matching
geometric shapes (circles, rectangles, and triangles) with similar
instructions as above, to maintain attention and provide a non-
emotion processing contrast. Three blocks of each emotional face
were presented, interspersed with blocks of shapes; each block was
presented for 20 s.

Acquisition of MRI Data
All scanning was performed using a Philips 3 T MRI scanner
(Phillips Medical Systems, Andover, MA, USA) in the functional
MRI laboratory at the VA Ann Arbor. A total of 240 T2*-weighted
echo planar gradient-recall echo volumes (echo time= 30ms,
repetition time= 2000ms, 64× 64 matrix, flip angle= 90°, field
of view= 22 cm, 42 contiguous 3mmaxial slices per volume)were
acquired. Five additional volumes were discarded at the beginning
of each run to allow for equilibration of the MRI signal. A high-
resolution T1-weighted structural image was also obtained to
provide for more precise anatomical localization.

MRI Data Analysis
Data were analyzed using the statistical parametric mapping soft-
ware package, SPM8 (Welcome Department of Cognitive Neurol-
ogy, London, UK). Functional volumes were slice time corrected
to account for temporal differences in slice acquisition time,
realigned to the 10th volume to correct for head motion, seg-
mented into gray matter, white matter, and CSF using the voxel-
based morphometry toolbox (VBM8) and spatially normalized
to a standard template based upon the Montreal Neurological
Institute (MNI) reference brain using DARTEL high-dimensional
warping, and spatially smoothed using a 6-mm FWHM Gaus-
sian kernel. Single-subject analysis was performed using standard
GLM analysis in SPM8. Models consisted of regressors for task
conditions (angry, fearful, happy, neutral blocks) as well as nui-
sance regressors consisting of the motion correction parameters
from the realignment preprocessing step. Contrasts of responses
of each facial expression to shapes, and a priori defined linear
contrasts of interest – threat faces (Angry+ Fearful) vs. positive
(Happy) faces were generated for each subject, and then entered
into a second-level general linear model treating subject as a
random effect (random effects analysis). Given evidence sug-
gestive of different processing of angry and fearful threat cues
(Whalen et al., 2001, Fusar-Poli et al., 2009) to explore the poten-
tial specific signature effects of each of the threat faces (fearful
and angry) in comparison to positive faces, we then examined
the contrasts fearful> happy, and angry> happy. This approach
has previously been effective in isolating threat (angry, fearful)

vs. non-threat (happy) social signals while controlling for com-
mon face characteristics of the stimuli (Phan et al., 2008, 2013).
Regression analysis was performed on contrasts of threat vs. happy
faces, using childhood income-to-needs ratios as the predictor
of interest (controlled for age, gender, and current income-to-
needs). Analyses controlled for concurrent adult income-to-needs
to rule out the possibility that childhood poverty findings simply
reflect current SES. A priori defined regions of interests (ROI) –
amygdala and mPFC were examined for differences in emotional
activations based on the existing literature (see above). For ROI
analyses, small volume correction (SVC) with FWE-corrected P
value <0.05 was used. Bilateral amygdala and mPFC SVC masks
were created using anatomical AAL atlas. To explore direction of
the changes contributing to the observed effect in the amygdala in
contrast Fearful>Happy (see Results), betas for Fearful> Shapes
and Happy> Shapes contrasts were extracted using anatomical
amygdala masks.

To evaluate functional connectivity between amygdala (seed
region) and other brain regions during processing of emotional
faces, we utilized psychophysiological interaction (PPI) analy-
sis, comparing context-dependent connectivity during process-
ing of threat (angry, fearful) faces and the connectivity during
processing of positive/non-threatening (happy) faces. Amygdala
seeds (10mm diameter spheres) were created around voxels of
maximum activation in left and right amygdala using the all
faces> shapes contrast. Deconvolved time series for amygdala
seeds from each participant were multiplied by a block vector
representing the contrast of interest (Angry>Happy and Fear-
ful>Happy), and individual models contained regressors for the
amygdala seed time series, the original conditions, and the interac-
tion terms, and regressors were convolved with the canonical HRF
(McLaren et al., 2012.) Resulting contrast maps were entered into
second-level random effects regression analysis using income-
to-needs ratio. SVC for PPI analysis was performed using the
above-mentioned mPFC mask and threshold.

To see the effects of poverty at specific developmental epochs,
in a secondary analysis, we also examined the effect of income
to need at waves 2 and 3 of the cohort study (mean ages 13.4
and 17.3). Given evidence for chronic stress mediating effects of
poverty on brain function during emotion regulation in the same
cohort (Kim et al., 2013), we also examined association between
the measure of chronic stress and our neuroimaging variables.

Results

There was no between-group difference in facematching task per-
formance accuracy for each of the faces separately, or for match-
ing of shapes (all P values >0.05). As predicted, the Emotional
Faces Assessment Task (EFAT) robustly activated amygdala in
response to all four facial expressions (Figure S2 in Supplementary
Material). Also relative to control condition, a pattern of mPFC
deactivation was observed in all four facial expressions (Figure S3
in Supplementary Material). This is not unexpected as mPFC is
part of the default mode network and deactivates during tasks that
require attention. Of note, these patterns of amygdala activation
andmPFCdeactivationwere observed in both childhood low- and
mid-income groups of subjects when examined separately.
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Income-to-Need Ratio Regression Analyses
Results of regression analyses of income-to-need ratio are sum-
marized in Table 2.

Amygdala
Family income-to-need was negatively correlated with the amyg-
dala activation in contrast threat> happy faces (coordinates:−18,
2, −20; cluster size 11, cluster level FWE-corrected P= 0.036;
Z= 3.52). In further exploration, this effect was found to be due
to larger activation in Fearful>Happy contrast (see Table 2;
Figure 1, left). Family income during childhood explained a
substantial portion of the variance of amygdala reactivity to
both Fearful faces vs. Shapes (negative correlation of income-to-
needs ratio to amygdala activation parameter estimate, R2 = 0.10,

TABLE 2 | Small volume corrected coordinates, number of voxels, z score,
and cluster level FWE-corrected P values for amygdala and mPFC in
correlation with childhood income-to-need.

Region Area Z score FWE
P value

Cluster
size

x y z

Amygdala
Fearful–happy L AMYG 3.32 0.014 17 −21 2 −17

PFC
Angry–Happy mPFC 3.77 0.048 68 3 59 4

Masks are created from MNI anatomical atlas. Correlations are negative. Small volume
corrections were done for all the ROIs in all the three contrasts. Only significant findings
(P<0.05) are reported in the table.

P= 0.02), and to Happy faces vs. Shapes (positive correlation of
income-to-need to amygdala activation beta, R2 = 0.10, P= 0.02)
as shown in Figure 2.

Medial Prefrontal Cortical Region
Peak activation in the mPFC, in contrast threat> happy faces,
inversely correlated with childhood income to need ratio (trend
level) (coordinates: −3, 29, 40; cluster size 59, cluster level FWE
corrected P= 0.053; Z= 3.39). This effect was due to larger activ-
ity in mPFC in contrast Angry>Happy (see Table 2).

PPI Analysis
Connectivity between left amygdala (seed region coordinates:
−21, −7, −17) and mPFC in the contrast Angry>Happy was
positively correlated with childhood income-to-need. Adults with
higher income-to-need ratio during childhood exhibited higher
amygdala–mPFC connectivity (coordinates: −12, 53, 4; cluster
size 27, peak level FWE-corrected P= 0.015; Z= 4.14) (Figure 1,
right).

To examine the possibility of overcorrection of the effects by
controlling for current income to need ratio, we also did the
analysis without this correction, which revealed similar results
(left amygdala Fearful>Happy, coordinates: −24, 2, −20; clus-
ter size 17, peak level FWE-corrected P = 0.010; Z = 3.41; mPFC
Angry >Happy, coordinates: −3, 29, 40; cluster size: 69; peak
level FWE-corrected P = 0.031; Z = 3.90; left AMYG–mPFC PPI
Angry–Happy, coordinates: −12, 53, 4; cluster size 28, peak level
FWE-corrected P = 0.028; Z = 3.95).

FIGURE 1 | Left: correlation of adult amgydala response to emotional
faces with childhood family income. Small volume-corrected left amygdala
response in contrast Fearful>Happy faces is negatively correlated with
childhood income-to-need ratio. Right: correlation of childhood family income
and functional connectivity when viewing emotional faces. Small

volume-corrected regression analysis of the connectivity between left amygdala
and mPFC in contrast Angry>Happy is in correlation with income-to-need.
Correlation is positive (coordinates: −12, 53, 4; cluster size 27, peak level
FWE-corrected P= 0.015; Z= 4.14). Same analysis for contrasts
Fearful>Happy and Neutral>Happy was not statistically significant.
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FIGURE 2 | Correlations of adult amygdala responses to fearful and
happy faces with childhood family income. Relationship childhood
income-to-needs ratio (on x axis), and amygdala reactivity (on y axis) to fearful
faces – shapes (open circles) and happy faces – shapes (filled squares)
expressed as parameter estimate of extracted from anatomical amygdala ROI
(y axis). Fearful faces R2 = 0.106, P= 0.017; Happy faces R2 = 0.095,
P= 0.024.

Specific Developmental Epochs
A secondary analysis using the income to need at waves 2 and 3
(mean ages 13.4 and 17.3) did not show the above effects.

Chronic Stress
Chronic stress (see Kim et al., 2013) was not significantly
associated with the functional neuroimaging findings in the
amygdala (r= 0.210, P= 0.135) ormPFC (r=−0.076, P= 0.590).
Also, current Achenbach anxiety subscale was not correlated with
the childhood income-to-need ratio (r= 0.026, P= 0.857), or the
above brain activation findings.

Discussion

We investigated the link between childhood poverty at age 9 and
neural processing of emotional cues during adulthood. Lower
SES (as measured by income-to-needs) during childhood was
associated with greater amygdala reactivity to fearful faces, and
conversely, higher childhood SES was associated with higher
amygdala reactivity to happy faces. This is in line with previous
findings suggesting negative social bias in people with history of
childhood poverty (Chen and Matthews, 2001; Gianaros et al.,
2008; Muscatell et al., 2012; Kim et al., 2013). This bias could
reflect sensitization to and vigilance for threat cues due to expo-
sure to adverse social environment during childhood in people
from lower SES families (Chen and Matthews, 2001). This neg-
ative cue sensitization runs in parallel with reduced responsiv-
ity to positive emotional cues, which could be due to reduced

childhood exposure to such social cues. In other words, there
is enhanced perception/response to negative cues and decreased
perception/response to positive cues in subjects from lower SES
families. Interestingly, the effects of poverty were strongest at the
earlier developmental epochs.

These results are in line with previous reports of increased
amygdala reactivity to negative or potentially negative social cues
(Gianaros et al., 2008;Muscatell et al., 2012). Previous reports have
identified increased amygdala activity in people who perceived
their parents’ SES as low (Gianaros et al., 2008). This important
finding, however, relies on subjective, retrospective perception of
parental SES status. As such, the alternative possibility is that sub-
jects who perceive their childhood SES as low might be more sen-
sitive to angry expressions. Our prospective data with objectively
assessed poverty early in life strongly suggest that exposure to
childhood disadvantage is the likely explanation. While Gianaros
et al. (2008) found increased sensitivity to angry facial expres-
sion, our study showed a correlation between lower income and
stronger amygdala response particularly to fear faces. Amygdala
sensitivity to fearful expression, in particular, is consistent with
previous literature. For example, Whalen et al. (2001) reported
higher amygdala activation in response to fearful faces than to
angry faces. In a meta-analysis of 105 studies of neural processing
of emotional faces, Fusar-Poli et al. (2009) found that the highest
amygdala activation was in response to fearful faces. It has been
suggested that fearful faces may evoke more processing due to
the ambiguity of the source of threat. In other words, an angry
face already provides direct threat cues; whereas a fearful face
may require additional processing in order to detect the source
of threat (Whalen et al., 2001). As mentioned before, there is
evidence in the literature suggesting a bias toward interpreting
ambiguous social situations as negative in people from lower
SES (Chen and Matthews, 2001). On the other hand, it is also
possible that amygdala responses to angry faces were not as high
as those to fearful faces because of stronger regulation by higher
cortical structures. Indeed, we found that larger mPFC activity
in response to angry faces was correlated with lower childhood
SES. This result fits with our finding of increased connectivity
between left amygdala and mPFC only in response to angry faces.
Perhaps, the mPFC is downwardly regulating amygdala responses
to threatening, angry faces.

We observed an inverse correlation betweenmPFC activity and
lower childhood income (Angry>Happy faces contrast). Given
emotion regulatory function of this brain region, these findings
might reflect homeostatic recruitment of mPFC, aimed to modu-
late the above-mentioned increased amygdala response. Indeed,
diminished connectivity between left amygdala and mPFC in
lower income subjects observed in response to Angry>Happy
faces, in the context of increased activity in both regions, is
consistent with less-effective emotion regulation in adults from
more disadvantaged childhoods. In other words, in adults who
grew up with higher income backgrounds, less mPFC regulatory
activitymay be required tomodulate amygdala responses, perhaps
related to both lower amygdala activation and stronger connec-
tivity between the regions. On the other hand, it is possible that
higher amygdala responses and lower connectivity in childhood
poverty subjects require higher level of activity in mPFC, perhaps

Frontiers in Behavioral Neuroscience | www.frontiersin.org June 2015 | Volume 9 | Article 1545

http://www.frontiersin.org/Behavioral_Neuroscience/
http://www.frontiersin.org
http://www.frontiersin.org/Behavioral_Neuroscience/archive


Javanbakht et al. Childhood poverty and fronto-amygdala connectivity

signifying less-effective emotion regulation. Alternatively, mPFCs
have been implicated in other psychological processes processing
self-relevance of stimuli (Kelley et al., 2002; Kalisch, 2009; Moore
et al., 2014). It is possible that our finding of higher mPFC activity
in response to angry faces in correlation with childhood poverty
reflects assessment of negative emotional stimuli as more familiar
and self-relevant.

Kim and colleagues reported reduced VLPFC/DLPFC and
increased amygdala activation during a reappraisal emotion reg-
ulation task in the same cohort (Kim et al., 2013). It is important
to note that emotion processing is a large and diverse category of
multiple, discrete psychological functions like perception of emo-
tionally salient stimuli, emotional reactivity, cognitive appraisal,
and various aspects of emotion regulation (Ochsner et al., 2012).
Kim et al. described the effects of childhood poverty on the
neurocircuitry involved in reappraisal-related volitional cognitive
regulation of emotions, while the current work reports on the dif-
ferences in implicit emotional reactivity. Accordingly, the neuro-
circuits involved in these functions are not the same. Specifically,
DLPFC and VLPFC are regions involved in selective attention-
related emotion regulation and reappraisal (Wager et al., 2008;
Ochsner et al., 2012), while the vmPFC, for example, is involved
in more implicit forms of emotion regulation (e.g., extinction
learning; Etkin et al., 2010). Amygdala is involved in generation
of emotional response; however, increased amygdala activation
might represent different processes in different studies. In emo-
tional regulation experiments, for example, the increased amyg-
dala signal might represent failure of higher cortical regions to
regulate emotional signal. On the other hand, emotional reac-
tivity experiments allow probing more directly amygdala-based
processes. Thus, multiple complimentary approaches are required
to comprehensively describe complex functions of “emotional
processing and regulation.

There are some limitations to this study. Above all, like most
other studies of risk factors, this study reports associations that
while critically important, should not be interpreted as evidence of
causation. The objective assessment and the longitudinal design
render important confidence in our findings; however, they do
not eliminate the possibility of third explanatory factor associated
with both independent and dependent variables. As for the more
specific limitations, first, we infer functional effects (emotional
response) from amygdala/PFC activity. Indeed, there is a strong
body of evidence linking the two (Phan et al., 2004), and we
intentionally refrained from asking our subjects to report on
their experience – to avoid appraisal processes that could fur-
ther regulate and alter emotional response. Nevertheless, caution
is warranted with this inference. Second, inherent to all fMRI
experiments, scanner time is limited, thus using multiple con-
ditions necessarily diminishes potential power. As a result, the
condition that most consistently activates given neurocircuitry
will be better characterized (Sauder et al., 2013). This could be
one of the reasons for detecting stronger responses to fearful
faces. Third, mPFC is part of the default mode network, and
because the effect of task in this brain region is deactivation,
interpreting the differences in the level of activity between con-
trasts may be difficult. However, because the deactivation main
effect was observed in both groups (low and mid SES), the

differences observed in threat vs. happy faces seem to be due to
less deactivation in the low-SES group. Fourth, generalizability of
our findings from viewing emotional expression to experiencing
similar emotions and real-life functioning cannot be necessarily
assumed given the stimuli used. Although there are similarities in
the neurocircuitry involved in perception of emotions in others
and viewing emotion-provoking images (e.g., emotional IAPS
images), there are also differences. Previous studies have found
higher amygdala (Hariri et al., 2002), superior temporal gyrus,
insula, and anterior cingulate activation in response to negative
emotional faces than negative IAPS (International Affective Pic-
ture System) images (Britton et al., 2006). There is also evidence
that patterns of brain responses to faces alone may be different
than responses to faces in context. The addition of context to
faces can provide further information about the possible sources
of the emotion expressed in the face and reduce ambiguity. Lee
and Siegle (2014) reported larger and more sustained activation
in left lateral PFC and mPFC in response to faces presented
in context and higher activation in posterior cingulate cortex
and left anterior insula in response to faces presented devoid of
context. Fifth, in the present study, subjects were only presented
with facial expressions. Other communicative elements of real-life
experience of others’ emotions (auditory, verbal/cognitive, body
language, familiarity) (Kim et al., 2004;Mobbs et al., 2006; Lee and
Siegle, 2014) were not explored. Sixth, our study leaves open the
question of how underlying neurobiological processes might lead
from early-life poverty to the observed neurological functional
findings herein. Understanding and experimentally examining
these mechanisms will allow to make the critical transition from
understanding association to understanding causation. Finally,
we did not find significant effects of income to need ratios at
waves 2 and 3. Given N = 53, the study was powered to detect
a correlation of effect size 0.36. Our observed correlation with
Z= 3.30 produces an estimate of Cohen’s d= 0.46; thus, we had
sufficient power to detect correlation at the similar level or even
lower. Thus, it is possible that we were not powered to detect
weaker correlations between brain activity and income at other
waves that existed in this sample.

To our knowledge, this is the first prospective study of an
objective measure of childhood poverty and neurocircuitry of
emotional face processing among adults. Our findings suggest
a pattern of sensitization to negative social cues parallel with
desensitization to positive cues early in life among poor chil-
dren, supporting the presence of negative emotional bias in adults
raised in lower income (Chen and Matthews, 2001, Chen et al.,
2004). Results suggest potentially longstanding negative effects
of childhood poverty on adult social-emotional perception and
signify the importance of prioritizing attempts toward elimination
or reduction of this social problem as early in life as possible
to prevent these long-lasting effects. Recall that our prospective
findings are independent of concurrent adult income level. While
future research can focus on exploration of this bias during child-
hood (through attentional bias, or eye tracking tasks), prevention
of long-term negative outcomes might be even more important.
In this context, our findings provide grounds for understand-
ing and advocating for early detection of the possible altered
social perception in some children with background of poverty,
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especially in ambiguous or less safe social situations. Such per-
ceptive differences may lead to negative cognitive appraisal of
social situations and less adaptive behavioral response such as
avoidance or aggression (Wadsworth et al., Forthcoming). Such
maladaptive behaviors likely trigger further negative feedback
from the environment and reinforce the biased social percep-
tion in these children. Finally, the current study underlines the
importance of childhood family income in predicting neural out-
comes in young adults during emotion responses. Future stud-
ies of remediation strategies addressing these biases, such as
enhancement of cognitive skills (Brown et al., 2013) or treatments
focused on attention bias modification (Beard et al., 2012; Shech-
ner et al., 2012), across developmental stages may be informed
by similar brain-based approaches to reduce long-lasting neg-
ative effects of poverty on social, academic, and occupational
performance.

Acknowledgments

This research was partially funded by the National Institute
on Minority Health and Health Disparities, 5RC2MD00467, the
W. T. Grant Foundation, the John D. and Catherine T. Mac Arthur
Foundation Network on Socioeconomic Status and Health, the
Robert Wood Johnson Foundation and the University of Michi-
gan’s Injury Center (Centers for Disease Control and Prevention
Award Number U49/CE002099), and Center for Human Growth
and Development.

Supplementary Material

The SupplementaryMaterial for this article can be found online at
http://journal.frontiersin.org/article/10.3389/fnbeh.2015.00154/
abstract

References
Adler, N. E., and Rehkopf, D. H. (2008). U.S. disparities in health: descriptions,

causes, and mechanisms. Annu. Rev. Public Health 29, 235–252. doi:10.1146/
annurev.publhealth.29.020907.090852

Beard, C., Sawyer, A. T., and Hofmann, S. G. (2012). Efficacy of attention bias
modification using threat and appetitive stimuli: a meta-analytic review. Behav.
Ther. 43, 724–740. doi:10.1016/j.beth.2012.01.002

Birnie, K., Cooper, R., Martin, R. M., Kuh, D., Sayer, A. A., Alvarado, B. E., et al.
(2011). Childhood socioeconomic position and objectively measured physical
capability levels in adulthood: a systematic review and meta-analysis. PLoS ONE
6:e15564. doi:10.1371/journal.pone.0015564

Britton, J. C., Taylor, S. F., Sudheimer, K. D., and Liberzon, I. (2006). Facial
expressions and complex IAPS pictures: common and differential networks.
Neuroimage 31, 906–919. doi:10.1016/j.neuroimage.2005.12.050

Brown, J., Barbarin, O., and Scott, K. (2013). Socioemotional trajectories in black
boys between kindergarten and the fifth grade: the role of cognitive skills and
family in promoting resiliency. Am. J. Orthopsychiatry 83(2 Pt 3), 176–184.
doi:10.1111/ajop.12027

Carsey Institute. (2013). 2012 National Child Poverty Rate Stagnates at 22.6 Percent.
Durham, NH: Carsey Institute, University of New Hampshire. National Issue
Brief #65.

Chen, E., Langer, D. A., Raphaelson, Y. E., and Matthews, K. A. (2004). Socioeco-
nomic status and health in adolescents: the role of stress interpretations. Child
Dev. 75, 1039–1052. doi:10.1111/j.1467-8624.2004.00724.x

Chen, E., and Matthews, K. A. (2001). Cognitive appraisal biases: an approach
to understanding the relation between socioeconomic status and cardio-
vascular reactivity in children. Ann. Behav. Med. 23, 101–111. doi:10.1207/
S15324796ABM2302_4

Cohen, R. A., Grieve, S., Hoth, K. F., Paul, R.H., Sweet, L., Tate, D., et al. (2006). Early
life stress and morphometry of the adult anterior cingulate cortex and caudate
nuclei. Biol. Psychiatry 59, 975–982. doi:10.1016/j.biopsych.2005.12.016

Cohen, S., Janicki-Deverts, D., Chen, E., and Matthews, K. A. (2010). Childhood
socioeconomic status and adult health. Ann. N.Y. Acad. Sci. 1186, 37–55. doi:10.
1111/j.1749-6632.2009.05334.x

Davis, M., and Whalen, P. J. (2001). The amygdala: vigilance and emotion. Mol.
Psychiatry 6, 13–34. doi:10.1038/sj.mp.4000812

Etkin, A., Egner, T., Peraza, D. M., Kandel, E. R., and Hirsch, J. (2006). Resolving
emotional conflict: a role for the rostral anterior cingulate cortex in modulating
activity in the amygdala.Neuron 51, 871–882. doi:10.1016/j.neuron.2006.07.029

Etkin, A., Prater, K. E., Hoeft, F., Menon, V., and Schatzberg, A. F. (2010). Failure
of anterior cingulate activation and connectivity with the amygdala during
implicit regulation of emotional processing in generalized anxiety disorder. Am.
J. Psychiatry 167, 545–554. doi:10.1176/appi.ajp.2009.09070931

Etkin, A., and Wager, T. D. (2007). Functional neuroimaging of anxiety: a meta-
analysis of emotional processing in PTSD, social anxiety disorder, and specific
phobia. Am. J. Psychiatry 164, 1476–1488. doi:10.1176/appi.ajp.2007.07030504

Evans, G. W. (2003). A multimethodological analysis of cumulative risk and
allostatic load among rural children. Dev. Psychol. 39, 924–933. doi:10.1037/
0012-1649.39.5.924

Evans, G. W. (2004). The environment of childhood poverty. Am. Psychol. 59,
77–92. doi:10.1037/0003-066X.59.2.77

Evans, G. W., and Schamberg, M. (2009). Childhood poverty, chronic stress, and
adult working memory. Proc. Natl. Acad. Sci. U.S.A. 106, 6545–6549. doi:10.
1073/pnas.0811910106

Fusar-Poli, P., Placentino, A., Carletti, F., Landi, P., Allen, P., Surguladze, S., et al.
(2009). Functional atlas of emotional faces processing: a voxel-based meta-
analysis of 105 functional magnetic resonance imaging studies. J. Psychiatry
Neurosci. 34, 418–432.

Gianaros, P. J., Horenstein, J. A., Cohen, S., Matthews, K. A., Brown, S. M., Flory,
J. D., et al. (2007). Perigenual anterior cingulate morphology covaries with
perceived social standing. Soc. Cogn. Affect. Neurosci. 2, 161–173. doi:10.1093/
scan/nsm013

Gianaros, P. J., Horenstein, J. A., Hariri, A. R., Sheu, L. K., Manuck, S. B., Matthews,
K. A., et al. (2008). Potential neural embedding of parental social standing. Soc.
Cogn. Affect. Neurosci. 3, 91–96. doi:10.1093/scan/nsn003

Gur, R. C., Sara, R., Hagendoorn, M., Marom, O., Hughett, P., Macy, L., et al. (2002).
Amethod for obtaining 3-dimensional facial expressions and its standardization
for use in neurocognitive studies. J. Neurosci. Methods 115, 137–143. doi:10.
1016/S0165-0270(02)00006-7

Hanson, J. L., Nacewicz, B. M., Sutterer, M. J., Cayo, A. A., Schaefer, S. M., Rudolph,
K. D., et al. (2015). Behavioral problems after early life stress: contributions
of the hippocampus and amygdala. Biol. Psychiatry 77, 314–323. doi:10.1016/
j.biopsych.2014.04.020

Hariri, A. R., Tessitore, A., Mattay, V. S., Fera, F., and Weinberger, D. R. (2002).
The amygdala response to emotional stimuli: a comparison of faces and scenes.
Neuroimage 17, 317–323. doi:10.1006/nimg.2002.1179

Herman, J. P., Prewitt, C. M. F., and Cullinan, W. E. (1996). Neuronal circuit
regulation of the hypothalamo-pituitary-adrenocortical stress axis. Crit. Rev.
Neurobiol. 10, 371–394. doi:10.1615/CritRevNeurobiol.v10.i3-4.50

Kalisch, R. (2009). The functional neuroanatomy of reappraisal: time matters.
Neurosci. Biobehav. Rev. 33, 1215–1226. doi:10.1016/j.neubiorev.2009.06.003

Kelley, W. M., Macrae, C. N., Wyland, C. L., Caglar, S., Inati, S., and Heatherton, T.
F. (2002). Finding the self? An event-related fMRI study. J. Cogn. Neurosci. 14,
785–794. doi:10.1162/08989290260138672

Kessler, R. C., Duncan, G. J., Gennetian, L. A., Katz, L. F., Kling, J. R., Sampson,
N. A., et al. (2014). Associations of housing mobility interventions for chil-
dren in high-poverty neighborhoods with subsequent mental disorders during
adolescence. JAMA 311, 937–948. doi:10.1001/jama.2014.607

Kim, H., Somerville, L. H., Johnstone, T., Polis, S., Alexander, A. L., Shin, L. M.,
et al. (2004). Contextual modulation of amygdala responsivity to surprised faces.
J. Cogn. Neurosci. 16, 1730–1745. doi:10.1162/0898929042947865

Kim, P., Evans, G. W., Angstadt, M., Ho, S. S., Sripada, C. S., Swain, J. E., et al.
(2013). Effects of childhood poverty and chronic stress on emotion regulatory

Frontiers in Behavioral Neuroscience | www.frontiersin.org June 2015 | Volume 9 | Article 1547

http://journal.frontiersin.org/article/10.3389/fnbeh.2015.00154/abstract
http://journal.frontiersin.org/article/10.3389/fnbeh.2015.00154/abstract
http://dx.doi.org/10.1146/annurev.publhealth.29.020907.090852
http://dx.doi.org/10.1146/annurev.publhealth.29.020907.090852
http://dx.doi.org/10.1016/j.beth.2012.01.002
http://dx.doi.org/10.1371/journal.pone.0015564
http://dx.doi.org/10.1016/j.neuroimage.2005.12.050
http://dx.doi.org/10.1111/ajop.12027
http://dx.doi.org/10.1111/j.1467-8624.2004.00724.x
http://dx.doi.org/10.1207/S15324796ABM2302_4
http://dx.doi.org/10.1207/S15324796ABM2302_4
http://dx.doi.org/10.1016/j.biopsych.2005.12.016
http://dx.doi.org/10.1111/j.1749-6632.2009.05334.x
http://dx.doi.org/10.1111/j.1749-6632.2009.05334.x
http://dx.doi.org/10.1038/sj.mp.4000812
http://dx.doi.org/10.1016/j.neuron.2006.07.029
http://dx.doi.org/10.1176/appi.ajp.2009.09070931
http://dx.doi.org/10.1176/appi.ajp.2007.07030504
http://dx.doi.org/10.1037/0012-1649.39.5.924
http://dx.doi.org/10.1037/0012-1649.39.5.924
http://dx.doi.org/10.1037/0003-066X.59.2.77
http://dx.doi.org/10.1073/pnas.0811910106
http://dx.doi.org/10.1073/pnas.0811910106
http://dx.doi.org/10.1093/scan/nsm013
http://dx.doi.org/10.1093/scan/nsm013
http://dx.doi.org/10.1093/scan/nsn003
http://dx.doi.org/10.1016/S0165-0270(02)00006-7
http://dx.doi.org/10.1016/S0165-0270(02)00006-7
http://dx.doi.org/10.1016/j.biopsych.2014.04.020
http://dx.doi.org/10.1016/j.biopsych.2014.04.020
http://dx.doi.org/10.1006/nimg.2002.1179
http://dx.doi.org/10.1615/CritRevNeurobiol.v10.i3-4.50
http://dx.doi.org/10.1016/j.neubiorev.2009.06.003
http://dx.doi.org/10.1162/08989290260138672
http://dx.doi.org/10.1001/jama.2014.607
http://dx.doi.org/10.1162/0898929042947865
http://www.frontiersin.org/Behavioral_Neuroscience/
http://www.frontiersin.org
http://www.frontiersin.org/Behavioral_Neuroscience/archive


Javanbakht et al. Childhood poverty and fronto-amygdala connectivity

brain function in adulthood. Proc. Natl. Acad. Sci. U.S.A. 110, 18442–18447.
doi:10.1073/pnas.1308240110

Knigge, K. (1961). Adrenocortical response to stress in rats with lesions in hip-
pocampus and amygdala. Proc. Soc. Exp. Biol. Med. 180, 18–20. doi:10.3181/
00379727-108-26832

Lee, K. H., and Siegle, G. J. (2014). Different brain activity in response to emotional
faces alone and augmented by contextual information. Psychophysiology 51,
1147–1157. doi:10.1111/psyp.12254

Luby, J., Belden, A., Botteron, K., Marrus, N., Harms, M. P., Babb, C., et al. (2013).
The effects of poverty on childhood brain development: the mediating effect of
caregiving and stressful life events. JAMA Pediatr. 167, 1135–1142. doi:10.1001/
jamapediatrics.2013.3139

Mayberg, H. S. (1997). Limbic-cortical dysregulation: a proposed model of depres-
sion. J. Neuropsychiatry Clin. Neurosci. 9, 471–481. doi:10.1176/jnp.9.3.471

McLaren, D. G., Ries, M. L., Xu, G., and Johnson, S. C. (2012). A generalized form
of context-dependent psychophysiological interactions (gPPI): a comparison
to standard approaches. Neuroimage 61, 1277–1286. doi:10.1016/j.neuroimage.
2012.03.068

Milad, M. R., and Quirk, G. J. (2012). Fear extinction as a model for translational
neuroscience: ten years of progress. Annu. Rev. Psychol. 63, 129–151. doi:10.
1146/annurev.psych.121208.131631

Mobbs, D., Weiskopf, N., Lau, H. C., Featherstone, E., Dolan, R. J., and Frith, C. D.
(2006). The Kuleshov effect: the influence of contextual framing on emotional
attributions. Soc. Cogn. Affect. Neurosci. 1, 95–106. doi:10.1093/scan/nsl014

Moore, W. E. III, Merchant, J. S., Kahn, L. E., and Pfeifer, J. H. (2014). Like me?:
ventromedial prefrontal cortex is sensitive to both personal relevance and self-
similarity during social comparisons. Soc. Cogn. Affect. Neurosci. 9, 421–426.
doi:10.1093/scan/nst007

Muscatell, K. A., Morelli, S. A., Falk, E. B., Way, B. M., Pfeifer, J. H., Galinsky, A. D.,
et al. (2012). Social status modulates neural activity in the mentalizing network.
Neuroimage 60, 1771–1777. doi:10.1016/j.neuroimage.2012.01.080

Noble, K. G., Houston, S. M., Kan, E., and Sowell, E. R. (2012). Neural correlates
of socioeconomic status in the developing human brain. Dev. Sci. 15, 516–527.
doi:10.1111/j.1467-7687.2012.01147.x

Ochsner, K. N., Silvers, J. A., and Buhle, J. T. (2012). Functional imaging studies
of emotion regulation: a synthetic review and evolving model of the cognitive
control of emotion.Ann. N. Y. Acad. Sci. 1251, E1–E24. doi:10.1111/j.1749-6632.
2012.06751.x

Phan, K. L., Angstadt, M., Golden, J., Onyewuenyi, I., Popovska, A., and de Wit,
H. (2008). Cannabinoid modulation of amygdala reactivity to social signals of
threat in humans. J. Neurosi. 28, 2313–2319. doi:10.1523/JNEUROSCI.5603-07.
2008

Phan, K. L., Coccaro, E. F., Angstadt, M., Kreger, K. J., Mayberg, H. S., Liberzon,
I., et al. (2013). Corticolimbic brain reactivity to social signals of threat before
and after sertraline treatment in generalized social phobia. Biol. Psychiatry 73,
329–336. doi:10.1016/j.biopsych.2012.10.003

Phan, K. L., Wager, T. D., Taylor, S. F., and Liberzon, I. (2004). Functional
neuroimaging studies of human emotions. CNS Spectr. 9, 258–266.

Phelps, E. A., and LeDoux, J. E. (2005). Contributions of the amygdala to emotion
processing: from animalmodels to human behavior.Neuron 48, 175–187. doi:10.
1016/j.neuron.2005.09.025

Poulton, R., Caspi, A., Milne, B. J., Thomson, W. M., Taylor, A., Sears, M. R., et al.
(2002). Association between children’s experience of socioeconomic disadvan-
tage and adult health: a life-course study. Lancet 360, 1640–1645. doi:10.1016/
S0140-6736(02)11602-3

Prater, K. E., Hosanagar, A., Klumpp, H., Angstadt, M., and Phan, K. L. (2013).
Aberrant amygdala-frontal cortex connectivity during perception of fearful faces
and at rest in generalized social anxiety disorder. Depress. Anxiety 30, 234–241.
doi:10.1002/da.22014

Rodrigues, S. M., LeDoux, J. E., and Sapolsky, R. M. (2009). The influence of stress
hormones on fear circuitry. Annu. Rev. Neurosci. 32, 289–313. doi:10.1146/
annurev.neuro.051508.135620

Sauder, C. L., Hajcak, G., Angstadt, M., and Phan, K. L. (2013). Test-retest reliabil-
ity of amygdala response to emotional faces. Psychophysiology 50, 1147–1156.
doi:10.1111/psyp.12129

Shechner, T., Britton, J. C., Pérez-Edgar, K., Bar-Haim, Y., Ernst, M., Fox, N. A.,
et al. (2012). Attention biases, anxiety, and development: toward or away from
threats or rewards. Depress. Anxiety 29, 282–294. doi:10.1002/da.20914

Shin, L. M., and Liberzon, I. (2010). The neurocircuitry of fear, stress, and anxiety
disorders. Neuropsychopharmacology 35, 169–191. doi:10.1038/npp.2009.83

Shonkoff, J. P., Boyce, W. T., and McEwen, B. S. (2009). Neuroscience, molecular
biology, and the childhood roots of health disparities: building a new framework
for health promotion and disease prevention. JAMA 301, 2252–2259. doi:10.
1001/jama.2009.754

Silverman, M. E., Muennig, P., Liu, X., Rosen, Z., and Goldstein, M. A. (2009).
The impact of socioeconomic status on the neural substrates associated with
pleasure. Open Neuroimag. J. 3, 58–63. doi:10.2174/1874440000903010058

Wadsworth, M. E., Evans, G. W., Grant, K., Carter, J. S., and Duffy, S. (Forth-
coming). “Poverty and the development of psychopathology,” in Developmental
Psychopathology, ed. D. Cicchetti (New York, NY: Wiley).

Wager, T. D., Davidson, M. L., Hughes, B. L., Lindquist, M. A., and Ochsner,
K. N. (2008). Prefrontal-subcortical pathways mediating successful emotion
regulation. Neuron 59, 1037–1050. doi:10.1016/j.neuron.2008.09.006

Whalen, P. J., Shin, L. M., McInerney, S. C., Fischer, H., Wright, C. I., and Rauch, S.
L. (2001). A functionalMRI study of human amygdala responses to facial expres-
sions of fear versus anger. Emotion 1, 70–83. doi:10.1037/1528-3542.1.1.70

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Copyright © 2015 Javanbakht, King, Evans, Swain, Angstadt, Phan and Liberzon.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) or licensor are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Behavioral Neuroscience | www.frontiersin.org June 2015 | Volume 9 | Article 1548

http://dx.doi.org/10.1073/pnas.1308240110
http://dx.doi.org/10.3181/00379727-108-26832
http://dx.doi.org/10.3181/00379727-108-26832
http://dx.doi.org/10.1111/psyp.12254
http://dx.doi.org/10.1001/jamapediatrics.2013.3139
http://dx.doi.org/10.1001/jamapediatrics.2013.3139
http://dx.doi.org/10.1176/jnp.9.3.471
http://dx.doi.org/10.1016/j.neuroimage.2012.03.068
http://dx.doi.org/10.1016/j.neuroimage.2012.03.068
http://dx.doi.org/10.1146/annurev.psych.121208.131631
http://dx.doi.org/10.1146/annurev.psych.121208.131631
http://dx.doi.org/10.1093/scan/nsl014
http://dx.doi.org/10.1093/scan/nst007
http://dx.doi.org/10.1016/j.neuroimage.2012.01.080
http://dx.doi.org/10.1111/j.1467-7687.2012.01147.x
http://dx.doi.org/10.1111/j.1749-6632.2012.06751.x
http://dx.doi.org/10.1111/j.1749-6632.2012.06751.x
http://dx.doi.org/10.1523/JNEUROSCI.5603-07.2008
http://dx.doi.org/10.1523/JNEUROSCI.5603-07.2008
http://dx.doi.org/10.1016/j.biopsych.2012.10.003
http://dx.doi.org/10.1016/j.neuron.2005.09.025
http://dx.doi.org/10.1016/j.neuron.2005.09.025
http://dx.doi.org/10.1016/S0140-6736(02)11602-3
http://dx.doi.org/10.1016/S0140-6736(02)11602-3
http://dx.doi.org/10.1002/da.22014
http://dx.doi.org/10.1146/annurev.neuro.051508.135620
http://dx.doi.org/10.1146/annurev.neuro.051508.135620
http://dx.doi.org/10.1111/psyp.12129
http://dx.doi.org/10.1002/da.20914
http://dx.doi.org/10.1038/npp.2009.83
http://dx.doi.org/10.1001/jama.2009.754
http://dx.doi.org/10.1001/jama.2009.754
http://dx.doi.org/10.2174/1874440000903010058
http://dx.doi.org/10.1016/j.neuron.2008.09.006
http://dx.doi.org/10.1037/1528-3542.1.1.70
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Behavioral_Neuroscience/
http://www.frontiersin.org
http://www.frontiersin.org/Behavioral_Neuroscience/archive

	Childhood poverty predicts adult amygdala and frontal activity and connectivity in response to emotional faces
	Introduction
	Materials and Methods
	Subjects
	Experimental Task
	Acquisition of MRI Data
	MRI Data Analysis

	Results
	Income-to-Need Ratio Regression Analyses
	Amygdala
	Medial Prefrontal Cortical Region
	PPI Analysis
	Specific Developmental Epochs
	Chronic Stress


	Discussion
	Acknowledgments
	Supplementary Material
	References


