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Abstract

Neuroimaging has suggested that amygdala reactivity to emotional facial expressions is associated 

with antisocial behavior (AB), particularly among those high on callous-unemotional (CU) traits. 

To investigate this association and potential moderators of this relationship, including task/stimuli 

effects, subregional anatomy of the amygdala, and participant race, we used fMRI in a sample of 

167 racially diverse, 20 year-old men from low-income families. We found that AB, but not CU 

traits, was negatively related to amygdala reactivity to fearful faces. This result was specific to 

fearful faces and strongest in the centro-medial subregion of the amygdala. Arrest record was 

positively related to basolateral amygdala reactivity to fearful and angry faces. Results were 

strongest among those identified as African American and not present in those identified as 

European American. Our findings suggest substantial complexity in the relationship between 

amygdala function and AB reflecting moderating effects of task stimulus, subregional anatomy, 

and race.
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Antisocial behavior (AB), which includes aggression and rule breaking, is a major public 

health concern because of its high prevalence and the extended negative financial, social, 

and emotional impact on perpetrators, victims, and their families (Foster & Jones, 2005; 

Nock, Kazdin, Hiripi, & Kessler, 2006; Odgers et al., 2007). AB, captured by the DSM-5 

diagnoses of conduct disorder in youth and antisocial personality disorder in adults 

(American Psychiatric Association, 2013), typically peaks in late adolescence and early 

adulthood, making this developmental period an important one for understanding the 

persistence or desistence of AB. When these behaviors begin early and persist, there is a 

characteristic escalation into more violent and dangerous behaviors that can continue 

through adulthood and lead to the onset of other psychiatric disorders such as addiction and 

depression (Hyde, Burt, Shaw, Donnellan, & Forbes, 2015; Loeber & Hay, 1997). Thus, 

there is a critical need to develop effective strategies for early identification of individuals at 

greater risk for developing AB and subsequently implement effective interventions. Towards 

this end, many researchers have begun to emphasize the need to better account for the 

significant heterogeneity in specific behavioral and clinical symptoms across individuals 

generally high in AB, which can lead towards more effective and personalized treatments 

(Frick & Nigg, 2012; Kahn, Frick, Youngstrom, Findling, & Youngstrom, 2012; Moffitt et 

al., 2008).

 Dimensions and subtypes of AB

One prominent subtyping approach, recently added to the DSM-5 (American Psychiatric 

Association, 2013), is to identify the relative expression of callous-unemotional (CU) traits 

in those high on AB. CU traits are defined by a lack of empathy and guilt, as well as shallow 

affect. CU traits have been shown to identify a subgroup of youth with more heritable, 

severe, and persistent AB (Frick & White, 2008). In adults, a similar distinction has been 

made between AB present in antisocial personality and intermittent explosive disorder 

diagnoses versus AB present in those with high psychopathic traits (Patrick, 2007). Just as 

with CU traits, psychopathy is associated with more persistent and severe AB and a host of 

maladaptive personality traits, including callousness, low empathy and guilt, and shallow 

affect (Patrick, 2007).

Another subtyping approach is to identify the age of onset of AB. A wealth of studies have 

shown that early starting AB (before age 10) is associated with greater antecedent risk and 

more persistent and violent outcomes (Moffitt, 1993; Moffitt, Caspi, Harrington, & Milne, 

2002; Patterson, Reid, & Dishion, 1992). CU traits and adult psychopathy have both been 

linked to significantly attenuated fear responses (Lykken, 1957), which may reflect 

dysfunction of the amygdala (Blair, 2007; Blair, Peschardt, Budhani, & Pine, 2006). 

Additionally, early starting AB has been linked to early neurocognitive deficits also 

hypothesized to reflect neural dysfunction (Moffitt, 1993). Thus, recent studies have used 
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functional neuroimaging to better understand the pathophysiology of these subtypes of 

individuals high on AB.

 Neural correlates of AB

Youth high on AB and CU traits, as well as adults high on psychopathic traits, have been the 

main focus of neuroimaging studies of AB. These studies have generally found that those 

with CU traits demonstrate decreased amygdala reactivity to emotional stimuli, particularly 

social signals of interpersonal distress, such as fearful facial expressions with a direct eye 

gaze (Jones, Laurens, Herba, Gareth, & Viding, 2009; Kiehl et al., 2001; Marsh et al., 2008). 

However, when CU traits are not assessed or study participants exhibit high levels of 

impulsive aggression, increased amygdala reactivity to fearful faces, as well as social signals 

of interpersonal threat such as angry facial expressions, have been observed (Beaver, 

Lawrence, Passamonti, & Calder, 2008; Carré, Fisher, Manuck, & Hariri, 2012; Coccaro, 

McCloskey, Fitzgerald, & Phan, 2007; Decety, Michalska, Akitsuki, & Lahey, 2009; Sterzer, 

Stadler, Krebs, Kleinschmidt, & Poustka, 2005). This subtype divergence in expression-

specific amygdala reactivity has led to prominent dual pathway models based on the 

presence or absence of CU traits. Youth demonstrating high AB and low levels of CU traits 

(AB+/CU−) are posited to be emotionally dysregulated, with hyper-reactive threat responses 

associated with increased amygdala reactivity (Blair, Leibenluft, & Pine, 2014; Hyde, Shaw, 

& Hariri, 2013; Viding, Fontaine, & McCrory, 2012). Dual pathway models are consistent 

with wealth of behavioral studies on AB and reactive aggression (e.g., Dodge, Bates, & 

Pettit, 1990). In contrast, those demonstrating high levels of AB and high levels of CU traits 

(AB+/CU+) are posited to have relatively decreased amygdala reactivity to other’s distress, 

potentially associated with impaired fear learning. Developmentally, impairments in this 

learning process posited to emerge from amygdala dysfunction are thought to impair the 

development of empathy and lead to CU traits (Blair et al., 2014).

Bridging these findings, several recent studies in youth and adults have shown that when a 

range of both CU traits and AB are measured within the same study, AB and CU traits show 

divergent relationships with amygdala reactivity to angry and fearful facial expressions 

(Carré, Hyde, Neumann, Viding, & Hariri, 2012; Hyde, Byrd, Votruba-Drzal, Hariri, & 

Manuck, 2014; Lozier, Cardinale, VanMeter, & Marsh, 2014; Sebastian et al., 2012). For 

example, this model is nicely illustrated by a study showing that AB+CU− youth showed 

high amygdala reactivity, whereas AB+CU+ youth showed low amygdala reactivity, to 

fearful expressions (Viding, Sebastian, et al., 2012). Although this theory is gaining 

empirical support, only a few studies have decoupled the potential effects of AB versus CU 

traits on amygdala reactivity, as much of this work has been conducted with small samples 

of extreme clinical or forensic participants categorized dichotomously on both AB and CU 

traits (Kiehl et al., 2001; Viding, Sebastian, et al., 2012). In most of these studies, 

participants are high on both AB and CU traits (e.g., Jones et al., 2009; Marsh et al., 2008), 

which precludes the examination of whether amygdala reactivity is related specifically to 

level of CU traits or potentially to the severity of AB.

Moreover, as evidence continues to accumulate emphasizing the dimensional nature of AB 

(Blonigen, Hicks, Krueger, Patrick, & Iacono, 2006; Krueger, Markon, Patrick, Benning, & 
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Kramer, 2007), studies are needed that examine AB and CU traits dimensionally, allowing 

for the examination of the specific contribution of AB versus CU traits on amygdala 

reactivity, particularly in samples that have a range of AB and CU traits (i.e., the only 

studies that have examined these questions dimensionally have been conducted with very 

healthy community samples: Carré, Hyde, et al., 2012; Hyde et al., 2014). Thus, the first 

goal of the current study was to examine the relationship between amygdala reactivity to 

angry and fearful facial expressions and dimensions of AB and CU traits in a large sample of 

young men in which a wide range of AB and CU traits are present.

 Other important considerations

Within our goal of examining the relationship between dimensions of AB and amygdala 

reactivity, we also aimed to explore several sources of variance that have been theoretically 

linked to the direction and strength of this relationship (Hyde et al., 2013). First, most work 

examining amygdala reactivity and AB has contrasted fearful and angry expressions with 

neutral expressions to isolate the effects to emotional features (e.g., wide eyes of a fearful 

expression) (Jones et al., 2009; Marsh et al., 2008). However, any resulting differential 

response could reflect less reactivity to fearful expressions or more reactivity to neutral 

expressions (e.g., Somerville, Kim, Johnstone, Alexander, & Whalen, 2004). As neutral 

expressions elicit amygdala reactivity (Ahs, Davis, Gorka, & Hariri, 2014; Arloth et al., 

2015; Fitzgerald, Angstadt, Jelsone, Nathan, & Phan, 2006) and neutral faces with directed 

eye gaze may be perceived differently (i.e., as more threatening) by those who are aggressive 

(Coccaro et al., 2007; Crick & Dodge, 1996; Dannlowski et al., 2007), previous findings 

may be as much due to differential response to neutral, as to fearful, expressions. Thus, we 

examined this relationship with a task that allowed a decoupling of amygdala reactivity to 

fearful, angry, and neutral expressions, as well as the differential reactivity between 

expressions.

A second important issue is that the amygdala is not structurally or functionally 

homogenous, but a heterogeneous collection of subnuclei, many with very different putative 

roles in threat, emotion, attention, and learning (LeDoux, 2000; LeDoux & Sciller, 2009). 

Recent neuroimaging studies and a wealth of animal studies have begun to systematically 

distinguish reactivity of two major amygdala subregions critically important for fear learning 

(Amunts et al., 2005) and hypothesized to have different roles in psychopathy (Moul, 

Killcross, & Dadds, 2012). The centromedial (CM) subregion encompasses the central 

nucleus, which serve as principal output structures driving innate and acquired threat 

responses via projections to the hypothalamus and brainstem (Duvarci & Pare, 2014). In 

contrast, the basolateral (BL) subregion encompasses the lateral, basal and accessory basal 

nuclei important for associative learning and through which prefrontal and hippocampal 

inputs can guide the appropriate expression of fear (Davis & Whalen, 2001; Duvarci & Pare, 

2014). Though these subregions play different roles in emotion and fear behavior, little 

empirical work has examined how subregional reactivity may be differentially related to AB 

(e.g., Carré, Fisher, et al., 2012; Hyde et al., 2014).

Third, to our knowledge, almost all studies examining this topic have been primarily, if not 

entirely, composed of participants that identify as White, European, or European American. 
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This issue is consistent with a broader lack of representative and ethnically/racially diverse 

samples in neuroscience (Falk et al., 2013). However, the inclusion of under-represented 

minorities, particularly African Americans, is important based on African Americans’ 

disproportionate exposure to low-income, dangerous neighborhoods, which are potent 

predictors of AB (Leventhal & Brooks-Gunn, 2000). Moreover, children living in such 

communities are exposed to these stressors beginning in early childhood (e.g., harsh 

parenting, material hardship), with others increasing in intensity as children spend more time 

outside of the home during middle childhood and adolescence (e.g., exposure to 

neighborhood and school violence, exposure to deviant peers and adults in the 

neighborhood, discrimination based on race and income) (Shaw & Shelleby, 2014). Chronic 

exposure to these stressful contexts within and outside of the home may contribute to 

differences in neural reactivity (e.g., Burghy et al., 2012; Gianaros & Manuck, 2010; Mays, 

Cochran, & Barnes, 2007), which could lead to different neurodevelopmental trajectories 

towards AB in those of different racial, ethnic, or socioeconomic background. Moreover, 

behavioral studies of psychopathy have emphasized that many “well-established” findings, 

including the fear deficit hypothesized to emerge from amygdala hypo-reactivity, do not 

replicate in samples of African Americans (e.g., Baskin-Sommers, Newman, Sathasivam, & 

Curtin, 2011; Kosson, Smith, & Newman, 1990; Lorenz & Newman, 2002; Newman, 

Schmitt, & Voss, 1997; Newman & Schmitt, 1998), indicating a pressing need to examine 

these questions in racially diverse samples and to examine the extent to which race may 

moderate findings.

Thus, the second major aim of our study was to examine the relationship between 

dimensions of AB and subregional amygdala reactivity to facial expressions (i.e., fearful, 

angry, and neutral expressions). Moreover, we examined these aims in a racially diverse 

sample, where we could examine these questions separately for those identified as European 

American versus African American.

 Age of Onset

Finally, as most research in this area has focused either on AB broadly or on AB in the 

context of CU and psychopathic traits, our final aim was to examine whether another 

dominant approach to subtyping AB (i.e., age of onset) was related to amygdala reactivity. 

Early starting youth are posited to have a neurodevelopmental basis for their AB, as 

evidenced by verbal and executive function deficits and differences in temperament and 

emotional reactivity (Moffitt, 1993; Passamonti et al., 2010). Moreover, early starters have 

also been shown to have the greatest history of harmful contextual risk factors (Moffitt, 

Caspi, Dickson, Silva, & Stanton, 1996; Shaw, Bell, & Gilliom, 2000; Shaw, Hyde, & 

Brennan, 2012) and these risk factors (e.g., poverty, maltreatment) are beginning to be linked 

to differences in brain structure and function (Burghy et al., 2012; Hackman, Farah, & 

Meaney, 2010; McCrory et al., 2013), further suggesting that early starters should have 

unique neural correlates. The single fMRI study to examine age of onset of AB as a 

predictor of amygdala reactivity in adolescence (age 16 – 21) found a robust negative 

relationship between AB and amygdala reactivity to angry facial expressions (Passamonti et 

al., 2010). However, few differences were found between early and late starting AB, and CU 

traits were not related to amygdala reactivity. As this study is the largest of its kind (N = 75) 
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with a sample high on AB, the results emphasize the need for more research in larger 

samples that assess multiple subtypes/dimensions of AB, including age of onset and CU 

traits to rule out the potential conclusion that many findings in the literature are simply due 

to a relationship between the severity of AB and amygdala reactivity, rather than to a 

different etiology connected to age of onset or CU traits.

 The current study

Therefore, the goal of the current study is to examine the relationship between amygdala 

reactivity and AB dimensionally with attention to the extent to which stimulus type and 

contrast, amygdala subregion, and participant race could affect findings, with additional 

analyses examining age of onset of AB. We examined these questions in a relatively large (N 
= 167) prospective longitudinal study of young men who are at higher risk for AB based on 

gender, low familial socioeconomic status, and urbanicity. Moreover, within this sample we 

were able to explore the relative contribution of multiple measures of AB (e.g., self-report, 

clinical interview, official records), CU traits, and age of onset to amygdala reactivity to 

emotional faces. We used an fMRI task that allowed for comparisons of amygdala reactivity 

as a function of differential processing of emotional facial expressions including angry and 

fearful facial expressions in comparison with neutral facial expressions, as well as a low-

level non-face control condition. We also examined these questions at the transition to 

adulthood when violence and other forms of serious AB peaks, and when both child and 

adult measures of AB may be applied. We examined behaviors dimensionally to address the 

increasing conceptualization of psychopathology as dimensional (Krueger & Markon, 2011; 

Markon & Krueger, 2005) and to address recent studies showing a suppressor effect, 

wherein only dimensional models examining the unique effects of AB versus CU traits (i.e., 

those partialling the constructs’ overlapping variance) predict neural reactivity (Hyde et al., 

2014; Lozier et al., 2014; Viding, Sebastian, et al., 2012). Moreover, we examined these 

important questions in a community sample where comorbidity between AB and CU traits is 

lower and a wide range of AB is present from normative to clinical levels.

Consistent with past research, we hypothesized that AB would be positively correlated, and 

CU traits negatively correlated, with amygdala reactivity to angry and fearful facial 

expressions respectively. We expected that those with early starting AB would have the 

highest amygdala reactivity to angry expressions (though see Passamonti et al., 2010), 

consistent with a literature suggesting neurocognitive and emotion regulation deficits to be 

primary in this group (Moffitt, 1993). Consistent with past studies, we also hypothesized that 

results in those high on CU traits would be specific to fearful facial expressions, whereas AB 

itself would be correlated with amygdala reactivity to both fearful and angry expressions. 

We expected these findings to be consistent whether we examined a contrast of angry or 

fearful versus neutral expressions or versus a non-face control condition. We expected that 

findings would be the strongest in the CM subregion of the amygdala based on previously 

studies in our group linking CM functioning to AB (Carré, Fisher, et al., 2012; Carré, Hyde, 

et al., 2012) and the subregion’s role in driving behavioral and physiological responsiveness 

to threat, which are disrupted in various forms of AB (Patrick, 2007). Finally, we did not 

make specific hypotheses regarding the moderating role of race of the participants, but 

wanted to test if findings would be stronger in the young men who were identified as 
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European-American, as most previous research has focused on this group and several studies 

of psychopathy have shown a lack of replication in African American samples.

 Method

 Participants

Participants in this study are part of the Pitt Mother & Child Project (PMCP), an ongoing 

longitudinal study of 310 low-income boys and their families recruited in 1991 and 1992 

from Allegheny County Women, Infant and Children (WIC) Nutritional Supplement Clinics 

when boys were between 6 and 17 months old (Shaw, Gilliom, Ingoldsby, & Nagin, 2003; 

Shaw et al., 2012). Target children and their mothers were seen almost yearly from age 1.5 – 

20 in the laboratory and/or home with assessments that included questionnaires, a 

psychiatric interview, and at age 20, an fMRI scanning session. At the time of recruitment, 

53% of the target children in the sample were European-American, 36% were African-

American, 5% were biracial, and 6% were of other races (e.g., Hispanic-American or Asian-

American). Two-thirds of mothers in the sample had 12 years of education or less and the 

mean per capita income was $241 per month ($2,892 per year) with a mean Hollingshead 

SES score of 24.5, indicative of a working class to impoverished sample. Thus, a large 

proportion of the boys/men in this study could be considered at high risk for antisocial 

outcomes because of their familial socioeconomic standing and urban residence. Retention 

rates have generally been high at each of the time points from age 1.5- to 20-years old, with 

sufficient data from age 10 – 17 for trajectory analyses (used for age of onset) on 268 

participants (Shaw et al., 2012). For the fMRI component of the study, data were available 

on 167 participants. Although attrition to the age 20 visit was quite low for such a long-term 

study (i.e., 256 young men participated at age 20; 83% retention across 19 years), the fMRI 

component introduced several sources of data loss because of participants who did not want 

to take part in the MRI portion, had a history of head injury, had bullet or metal fragments in 

their body, or whose fMRI data did not meet quality standards (see Supplemental Table 1). 

Of the 167 participants included in the present analyses, 87 (52%) were reported to be 

European-American 66 (40%) were reported to be African American and were reported to 

be 14 (8%) “other” (including biracial) by their mothers at age 1.5. When compared with 

those who dropped out at earlier time points, participants who were included in imaging 

analyses did not differ on the CBCL externalizing scores at ages 2, or 3.5, maternal age, 

income or educational attainment (ps = 0.1 to .8). Participants were reimbursed for their time 

at the end of each assessment and all procedures have been approved by the IRB of the 

University of Pittsburgh.

 Procedures

 Amygdala reactivity paradigm—The experimental fMRI paradigm consisted of four 

blocks of a perceptual face processing task interleaved with five blocks of a sensorimotor 

control (Carré, Hyde, et al., 2012; Hyde et al., 2014; Manuck, Brown, Forbes, & Hariri, 

2007). During the face processing task, subjects viewed a trio of faces and selected one of 

two faces (bottom) identical to a target face (top; see Figure 1). Each face processing block 

consisted of six images, balanced for sex, all derived from a standard set of pictures of facial 

affect (i.e., “Ekman faces”; Ekman & Friesen, 1976). Each of the four face processing 
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blocks consisted of a different emotional facial expression (i.e., anger, fear, surprise, 

neutral), and participants were randomly assigned to one of four different orders of block 

presentation. During the sensorimotor control blocks, participants viewed a trio of simple 

geometric shapes (circles, vertical and horizontal ellipses) and selected one of two shapes 

(bottom) identical to a target shape (top). All blocks are preceded by brief instructions 

(“Match Faces” or “Match Shapes”) lasting 2 s. In the face processing blocks, each of the six 

face trios was presented for 4s with a variable interstimulus interval of 2—6s (mean = 4 s) 

for a total block length of 48s. A variable interstimulus interval was used to minimize 

expectancy effects and resulting habituation, as well as to maximize amygdala reactivity 

throughout the paradigm. In the sensorimotor control blocks, each of the six shape trios was 

presented for 4s with a fixed inter-stimulus interval of 2s for a total block length of 36s. 

Total task time was 390s. Subject performance (accuracy and reaction time) was monitored 

during all scans.

 BOLD fMRI acquisition parameters—Each participant was scanned with a research-

dedicated Siemens 3-T Tim Trio. Blood oxygen level–dependent (BOLD) functional images 

were acquired with a gradient-echo echoplanar imaging (EPI) sequence (repetition time/

echo time=2000/29 milliseconds, field of view=200×200), which covered 34 interleaved 

axial slices (3-mm slice thickness) aligned with the AC-PC plane and encompassing the 

entire cerebrum and most of the cerebellum to maximum coverage of limbic structures. All 

scanning parameters were selected to optimize the quality of the BOLD signal while 

maintaining a sufficient number of slices to acquire whole-brain data. Before collecting 

fMRI data for each participant, a reference echoplanar imaging scan was acquired and 

visually inspected for artifacts (e.g., ghosting) and good signal across the entire volume of 

acquisition, including the amygdala. Additionally, an autoshimming procedure was 

conducted before the acquisition of BOLD data in each participant to minimize field 

inhomogeneities. Higher-order shimming also was implemented as needed.

 Image processing and analysis—Whole-brain image analysis was completed using 

the general linear model of SPM8 (http://www.fil.ion.ucl.ac.uk/spm/). Structural images for 

each participant were grey matter segmented and functional images were realigned to the 

mean volume in the time series and unwarped to correct for head motion, co-registered to 

high resolution structural scans (MPRAGE), spatially normalized into a standard stereotactic 

space (MNI template) using a 12-parameter affine model, and smoothed to minimize noise 

and residual difference in gyral anatomy with a Gaussian filter set at 6 mm FWHM. 

Voxelwise signal intensities were ratio-normalized to the whole-brain global mean. After 

preprocessing, the Artifact detection Tools (ART) software package (http://www.nitrc.org/

projects/artifact_detect/) was used to detect global mean intensity and translation or 

rotational motion outlier volumes (>4.5 SD from the mean global brain activation, >2mm 

movement or 2° translation in any direction) within each participant’s data and to create a 

regressor accounting for the possible confounding effects of volumes as outliers. 

Additionally, because of the relatively extensive signal loss typically observed in the 

amygdala, single-subject BOLD fMRI data were only included in subsequent analyses if 

there was a minimum of 90% signal coverage in the amygdala bilaterally using our 

amygdala ROI (Carré, Hyde, et al., 2012).
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 BOLD fMRI data analysis—The general linear model (GLM) of SPM8 was used to 

conduct fMRI data analyses. Linear contrasts employing canonical hemodynamic response 

functions were used to estimate condition-specific (i.e., fear > shapes) BOLD activation for 

each individual and scan. These individual contrast images (i.e., weighted sum of the beta 

images) were then used in second-level random effects models that account for both scan-to-

scan and participant-to-participant variability to determine mean expression-specific 

reactivity using one-sample t-tests. The main goal of this study was to examine amygdala 

reactivity to emotional faces relative to “neutral” faces, with a focus on fearful and angry 

expressions as has been examined in previous research (e.g., Jones et al., 2009; Marsh et al., 

2008). Thus, we present results first with the contrasts of fear>neutral and anger>neutral. 

Next, as our goal was additionally to explore expression-specific amygdala reactivity in 

which we could separate out the unique effect of each face type, we also report findings 

from following contrasts to confirm that any findings from our fear>neutral or anger>neutral 

are not being driven by differential response to neutral: 1) fear > shapes, 2) anger > shapes, 

and 3) neutral > shapes (e.g., see Arloth et al., 2015).

As our focus was on subregions of the amygdala, we used two regions of interest (ROI). We 

defined amygdala centromedial (CM) and basolateral (BL) ROIs using maximum 

probability maps of cytoarchitectonic boundaries developed by Amunts et al (2005) and 

implemented through the SPM Anatomy Toolbox (Eickhoff et al., 2005). We then examined 

reactivity within these specific ROIs. We conducted all amygdala analyses using a small 

volume correction via the 3DClustSim program which uses a Monte Carlo simulation to 

provide thresholds that will achieve a Family-Wise Error (FWE) correction for multiple 

comparisons of p < .05 within each ROI. We used a voxel-wise threshold of p < .01 which 

resulted in cluster thresholds of k = 7 - 20 contiguous voxels depending on the contrast and 

resulting smoothness estimate. Note that although these cluster thresholds may seem small, 

the ROIs are relatively small and using a voxel-level threshold of p < .01 decreased the size 

of the cluster needed to achieve a FWE correction of p < .05.

 Measures

 Self-reported Antisocial Behavior—To assess self-reported AB, the Self-Report of 

Delinquency Questionnaire (SRD) (Elliott, Huizinga, & Ageton, 1985) was administered 

from age 10 – 20 containing age-appropriate items (33 items from ages 10–12, 62 items 

from ages 15–17, and 53 at age 20) (see Hyde et al., 2015). At age 20, these items were 

summed to form a dimensional measure of AB and demonstrated good internal consistency 

(α = .87 in the imaging subsample).

 Age of Onset of Antisocial Behavior (age 10 – 17)—Age of onset of AB was 

assessed using previously constructed trajectory groups (see Shaw et al., 2012). Within these 

previous analyses, SRD scores at ages 10, 11, 12, 15, 16, and 17 were used to create 

trajectory groups using Nagin’s semi-parametric group-based mixture modeling in Proc Traj 

in SAS 9.2 (Nagin, 2005). Trajectory group models were evaluated using the following 

criteria: BIC scores, no groups smaller than 4% of the sample, and high posterior probability 

of group membership. These analyses yielded 4 distinct groups: a low group (n = 171; 63%), 

a late-starting moderate group (n = 54; 20%), an early high/late desisting group (n = 15; 

Hyde et al. Page 9

Clin Psychol Sci. Author manuscript; available in PMC 2017 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



6%), and an increasing high group (n = 28; 10%). These groups were previously shown to 

discriminate both court involvement and clinical diagnoses of conduct disorder and 

oppositional defiant disorder at age 17, as well as antisocial personality disorder and 

substance use at age 20 (Shaw et al., 2012). As the size of the “early high/late desisting” 

group was relatively small, especially in the smaller imaging subsample, and as these youth 

also demonstrated early starting behaviors, this group was combined with the “increasing 

high” group to create an early starting group. Moreover, even though the “early high/late 

desisting” group appeared to be “desisting,” they were rated as higher on “lying” at age 10 

by their parent, and had antecedent risk and outcomes commensurate with the other early 

starting group as shown in several recent reports on these trajectories (Hyde et al., 2015; 

Shaw et al., 2012), leading us to believe that this group may be more accurately 

characterized as “early starting.” These trajectory analyses were used to create 3 groups in 

participants with overlapping trajectory and fMRI data (n =157): never antisocial (n = 97; 

62%), late starting (n = 30; 19%), and a group that combined two small early starting groups 

(n = 20; 13%). The proportion of youth in each trajectory group in the imaging subsample 

was similar to that in the full sample (i.e., 62%, 22%, and 15% respectively).

 Antisocial Personality Disorder Symptoms—To assess AB using clinical 

diagnostic criteria, symptoms of antisocial personality disorder (APD) were made using the 

SCID-II (First & Gibbon, 1997). The SCID-II is a structured interview that assess DSM-IV 

adult Axis-II psychiatric symptoms across the lifetime. To establish reliability, clinical 

interviewers participated in an intensive training program by the training director of the 

onsite PhD clinical psychology training center who is a licensed clinical psychologist and 

teaches assessment courses to clinical psychology PhD students. This training was 

augmented by further supervision and training from advanced doctoral-level clinical 

psychology students. All examiners were tested for agreement on clinical training video 

tapes and observed multiple times by experienced examiners before administering the 

interview. Additionally, every case in which a participant approached or met diagnostic 

criteria was discussed at regularly held consensus diagnosis meetings, which included all 

interviewers and the second and last authors, who are licensed clinical psychologists with 

decades of combined experience in structured clinical interviews. Of the 167 participants 

with fMRI data available, 16 (9.6%) met criteria for antisocial personality disorder.

 Adult Arrest Record—To assess AB from official records, each young man’s 

involvement with the legal system during early adulthood was assessed as an outcome of 

interest. We used the Pennsylvania state public court records website to search for the young 

man’s name and date of birth. These records were last checked in February of 2014 when 

almost all boys were at least 21 years old (and up to 24 years old). Of the full cohort that 

was searched, 91 young men (29%) had at least one arrest (44 of 167 in the current 

subsample). Arrest record was dichotomized (0 = absent; 1 = present/any arrest).

 Callous/Unemotional Traits—To assess CU traits, we used a sum of five of six items 

from the CU factor from self-report on the Antisocial Process Screening Device (APSD) 

(Frick, Bodin, & Barry, 2000) These 5 items from the APSD assess lack of empathy and 

affect, and callousness (e.g., you are concerned about the feelings of others) on a 3-point 
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rating scale (1 = not at all true, 2 = sometimes true, 3 = definitely true). At age 20, 

exploratory and confirmatory factor analyses with MLR estimation in Mplus 5 supported the 

6 original CU items loading on one factor. However, because one item (‘you hide your 

emotions from others’) had a poor loading (−.11) and consistent with our previous work 

with this measure in this sample (Hyde et al., 2015), this item was excluded, leading to the 

use of a 5-item factor with modest internal consistency (α = .60), consistent with internal 

consistency of this measure in past studies (see Dillard, Salekin, Barker, & Grimes, 2013).

 Covariates—To assess the extent to which any relationships between AB and amygdala 

reactivity were unique to AB and not linked to other comorbid psychopathology, we used 

lifetime symptom counts from the Structured Clinical Interview for the DSM-I (SCID-I) 

(First, Spitzer, Gibbon, & Williams, 1996) for the diagnoses of Generalized Anxiety 

Disorder, Social Anxiety Disorder, and Substance Use Disorders, as well as any present 

symptoms of a Major Depressive Episode. Consistent with DSM-IV criteria, Substance Use 

Disorders were controlled for by using 4 covariates: Alcohol Abuse symptoms, Alcohol 

Dependence symptoms, Substance Abuse symptoms, and Substance Dependence symptoms, 

with all symptoms referring to lifetime diagnostic criteria (see Hyde et al., 2015).

 Results

 Behavioral results

Zero-order correlations between behavioral variables are reported in Supplemental Table 2. 

As expected, different measures of AB were significantly related to each other. Self-reported 

AB correlated moderately with APD symptom counts (r = .41), but more modestly with 

arrest record (r = .19). CU traits demonstrated positive but unexpectedly small, non-

significant relationships with most measures of AB (self-report AB, r = .12, APD 

symptoms), and a more modest correlation with arrest record (r = .22).

 Neural correlates of AB

As shown in Table 1, greater AB was negatively correlated with right CM reactivity for the 

contrast of fear greater than neutral expressions (see Figure 1). This result extended across 

both self-report of AB and clinically assessed APD symptoms. Moreover, this result was 

consistent when examining reactivity from the contrast of fearful expressions versus shapes. 

This fear versus shapes contrast further revealed two clusters in the left CM in which 

reactivity was negatively correlated with AB. There was little evidence that response to 

neutral faces affected the findings, as there were no relationships between AB or CU traits 

and amygdala reactivity to neutral faces versus shapes. AB was not related to amygdala 

reactivity to angry faces versus neutral faces, nor when decoupling the contrasts and 

examining amygdala reactivity to angry or neutral faces versus shapes.

Thus, in contrast to our hypothesis, there was consistent evidence that AB was negatively 

correlated with CM reactivity to fearful faces (regardless of comparison condition) and this 

relationship did not extend to angry faces1. Most of the results linking AB to amygdala 

reactivity to fearful faces, particularly when contrasted to shapes, continued to be significant 

even after controlling for other possible comorbidities, including substance use, anxiety, and 
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depression, as well as when accounting for overlapping variance with CU traits. 

Interestingly, there was some evidence of suppression: When controlling for CU traits, new 

clusters emerged in the left CM and BL ROIs for the contrast of fearful versus neutral faces 

that were negatively correlated with self-reported AB (see Table 1).

In sum, in contrast to our hypotheses that AB would be related to greater amygdala 

reactivity to fearful and angry faces, AB was related to less amygdala reactivity and this 

result was specific to fearful faces. Moreover, these results extended across both self- and 

clinician-rated AB with some indication of suppression effects when including CU traits in 

the model. These results were mostly found within the CM subregion of the amygdala.

 Neural correlates of CU traits

CU traits were not related to CM or BL reactivity to fearful or angry faces when contrasted 

to neutral faces in zero-order analyses. However, there was evidence of suppression in that a 

negative relationship between CU traits and BL reactivity to angry versus neutral faces 

emerged when controlling for the overlap with AB. CU traits were not related to reactivity of 

the amygdala to any of the facial emotions when contrasted with shapes. Thus, in contrast to 

our hypothesis, there was little evidence of a negative relationship between CU traits and 

amygdala reactivity to fearful faces. Moreover, there was an unexpected suppression 

relationship in which CU traits predicted less BL reactivity to angry faces when controlling 

for self-reported AB, suggesting that only the variance unique to CU traits (and not 

overlapping with AB) was related to BL reactivity.

 Neural correlates of age of onset

Age of onset was not related to CM or BL reactivity to fearful faces when contrasted to 

neutral faces or shapes (see Table 2). Age of onset trajectory groups were related to 

reactivity to angry faces versus neutral faces. In this case, early and late starters had more 

CM reactivity than those in the low AB group, but early and late starters did not differ from 

each other. However, this result appeared to be related to differences in reactivity to neutral 

rather than angry faces. That is, there was not a relationship between age of onset and 

reactivity to angry faces versus shapes, but early and late starters had less CM reactivity to 

neutral faces than those low on AB (and thus more relative reactivity to anger > neutral in 

this contrast). Overall, however, there was little evidence that amygdala reactivity was 

different between early versus late starters, and rather that only those in an AB group (early 

or late starting) were lower on CM reactivity to angry faces than those in the low AB group.

 Neural correlates of history of arrest

We present correlations with history of arrest separately. Although arrest records are an 

“objective” measure of AB, many other factors contribute to who is and is not arrested (e.g., 

income, race, neighborhood). Interestingly, results for arrest record were quite divergent 

relative to findings using clinical and self-reported AB (see Table 2). History of arrest was 

not related to CM or BL reactivity to either primary contrast (i.e., fearful > neutral; angry > 

neutral facial expression), but was positively correlated with BL reactivity to fearful and 

angry faces when contrasted with shapes (see Supplemental Figure 1). These results are in 

contrast to findings using self-reported AB in which the correlation was negative and within 
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the CM subregion. The divergence in direction and subregional location of effects between 

arrest record and APD symptoms are highlighted in Supplemental Figure 1.

 Race-specific relationships

Overall, across all analyses, most results appeared to be largely driven by the African 

American participants (see Supplemental Table 3). There were no significant relationships 

between CM or BL reactivity to any contrast and AB or CU traits in the European American 

subsample. Many of the significant relationships found in the total sample were present in 

the African American subsample, but these relationships were not as robust in this smaller 

subsample. For example, within the African American subsample, self-reported AB was 

negatively related to CM reactivity to fearful faces (contrasted with neutral faces or shapes); 

however, APD symptoms were not related to CM or BL reactivity to any contrast.

 Discussion

The current study sought to better understand the relationship between AB and CU traits and 

amygdala reactivity to angry and fearful facial expressions as indicators of interpersonal 

threat and distress, respectively, in an at-risk sample of urban men during the transition to 

adulthood. With a relatively large sample and a substantial range of AB and CU traits, we 

were able to examine dimensional relationships between AB and CU traits. We further 

considered the importance of amygdala subregion, participant race, and age of onset of AB. 

When focusing on the most studied and specific contrast of fearful versus neutral facial 

expressions, we found that multiple dimensions of AB (but not CU traits) were negatively 

correlated with CM reactivity. These results were specific to reactivity in the CM amygdala, 

to fearful expressions contrasted to neutral expressions or to a non-face baseline, and were 

robust to controlling for relevant psychiatric comorbidities. These results were strongest 

within the African American men in the sample. In fact, the associations were not significant 

in the European American men in the sample, thus failing to replicate previous reports.

 Dimensional Analyses

Our analyses focusing on dimensional measures of AB and CU traits demonstrated that AB, 

but not CU traits, were negatively correlated with reactivity in the CM subregion to fearful 

facial expressions across different measures of AB. That these results were robust across 

contrasts of fearful versus neutral expressions and fearful expressions versus a control, non-

face condition allays concern that results from previous studies were affected by more 

reactivity to neutral expressions. At the same time, our results linking AB, but not CU traits, 

to less amygdala reactivity to fearful expressions stand in contrast to much of the extant 

literature that has suggested CU traits specifically are linked to less amygdala reactivity both 

dimensionally (Carré, Hyde, et al., 2012; Hyde et al., 2014; Lozier et al., 2014) and 

categorically (Jones et al., 2009; Marsh et al., 2008; Viding, Sebastian, et al., 2012).

One major limitation in many of the studies conducted in this area is that their samples were 

recruited to contain groups extreme on both AB and CU traits, which may confound severity 

of AB with the presence of CU traits. Even within a recent study well-designed to address 

this confound that utilized a control group and two groups high on AB (i.e., AB+CU+ versus 
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AB+CU−), the AB+CU+ group still had the highest levels of AB (Viding, Sebastian, et al., 

2012). The current results suggest that the severity of AB, and not the presence of CU traits, 

underlies the negative association with amygdala reactivity to fearful facial expressions. This 

conclusion, if replicated in future studies, would have important implications for our 

understanding of the neural correlates of AB and challenge many of the current 

neurobiological models of CU traits and psychopathy, which assume that lower amygdala 

reactivity is uniquely associated with AB in the presence of high CU traits or with CU traits 

specifically.

At the same time, our results may not be comparable to these other studies in several ways. 

First, many of the studies examining this question categorically have done so in samples that 

compare youth high on AB and high versus low on CU traits (Jones et al., 2009; Marsh et 

al., 2008; Viding, Sebastian, et al., 2012). However, even within the current sample that had 

greater than a 30% arrest rate in adolescence and in early adulthood, few young men met 

criteria for APD (or even conduct disorder at age 17) with a “diagnosis” of CU traits/limited 

prosocial emotions (see Hyde et al., 2015). Thus, we could not examine large subgroups 

with clinically meaningful levels of both AB and CU traits. It may be that CU traits have a 

different relationship with amygdala reactivity when in the presence of very high and 

clinically meaningful AB, than when considered dimensionally across a range of levels of 

AB. To address this potential issue, we ran several regressions in which we examined the 

interaction of AB and CU traits dimensionally and found no evidence that this interaction 

term predicted amygdala reactivity to fearful or angry facial expressions (results not shown). 

Future studies that compare categorical versus dimensional measures of AB and CU traits in 

samples with a wide range of AB and CU and heavy enrichment for AB could help to clarify 

the extent to which the relationship between CU traits and amygdala reactivity may be 

dependent on the level of AB.

Second, this sample is comprised only of young men during the transition to adulthood 

within a narrow age range (i.e., age 20). Most of the studies in this area have focused on 

extreme groups of youth in early to mid-adolescence with a wider age range (e.g., Viding, 

Sebastian, et al., 2012), relatively healthy young adults (e.g., Carré, Hyde, et al., 2012), or 

incarcerated adults (Kiehl et al., 2001), leaving few studies of comparable age and of 

comparable distribution of AB and CU traits. The age of participants is likely important, as 

mean levels of amygdala reactivity to emotional facial expressions change throughout 

childhood, adolescence, and adulthood (Hare et al., 2008), with increased maturation of top-

down prefrontal control of limbic regions (Giedd et al., 1996; Shaw et al., 2008). Thus, 

studies are needed that explore age as a potential moderator of the relationship between AB 

and amygdala reactivity (Hyde, 2015).

Third, our fMRI task is different than the one used in many prior studies. In most of these 

studies (e.g., Jones et al., 2009; Marsh et al., 2008), the participant is shown one face and 

asked to identify the face as either “male” or “female”. In our study, participants saw three 

faces and were asked to match two identical faces. Our task consistently elicits amygdala 

reactivity, however, it differs with regards to perceptual processing and attentional demands 

because the participant matches multiple faces based on perceptual features, rather than 

identifying the gender of a single face. Research has shown that the attentional load of the 
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task may affect the relationship between AB and amygdala reactivity (White et al., 2012), 

that low eye contact may underlie emotional deficits in those high on CU traits (Dadds, El 

Masry, Wimalaweera, & Guastella, 2008; Han, Alders, Greening, Neufeld, & Mitchell, 

2011), and that attention to the eye region of the face affects amygdala reactivity (Demos, 

Kelley, Ryan, Davis, & Whalen, 2008). If our task required more attention to the eyes than a 

gender decision task, then that difference could have normalized the amygdala reactivity of 

those higher on CU traits (Han et al., 2011). The use of eye-tracking during these common 

fMRI tasks will help address this question.

Fourth, within this sample we have found that our measure of CU traits does not seem to be 

a robust predictor of many AB outcomes. In a previous behaviorally-focused report (Hyde et 

al., 2015) and the current neuroimaging study, we have seen few relationships between the 

current measure of CU traits in this sample and expected outcomes, such as greater AB 

across time (for more information on this measure and its distribution compared to other 

samples see Hyde et al., 2015). It could be that self-reported CU trait items “mean” 

something different within this low-income, racially diverse sample. Alternatively, it could 

be that applying this measure to young adults is inappropriate or that the well-documented 

psychometric issues with the measure (Dillard et al., 2013) may have led to an 

underestimation of the effects of CU traits in this sample (i.e., our measure had a relatively 

low internal consistency and was not highly correlated with AB, which could lead to an 

underestimation of effects; see Supplemental Tables 2 and 5 for descriptive statistics and 

correlations). Our null findings could reflect poor measurement of the construct and analyses 

with a more extensive measure of CU traits (e.g., the Inventory of Callous-Unemotional 

traits; Kimonis et al., 2008), an age-appropriate self-report measure of psychopathy (e.g., the 

Self-Report of Psychopathy, see Carré, Hyde, et al., 2012), or a structured interview (e.g., 

the Psychopathy Checklist), may have yielded different results. We did try analyzing these 

data with an augmented measure of CU traits that combines the current items of the 

Antisocial Process Screening Device with items tapping empathy from the Child and 

Adolescent Disposition Scale (Lahey et al., 2008) to generate a measure of “limited 

prosocial emotions” (Waller, Shaw, Forbes, & Hyde, 2014). However, this measure did not 

yield significant relationships with amygdala reactivity either.

 Suppression

We did find some evidence of suppression when examining dimensional measures of AB. 

These effects were not large (i.e., no evidence of cross-over suppression where the direction 

of the relationship changes), but controlling for the overlap of CU traits and AB, did appear 

to strengthen the relationship between amygdala reactivity to fearful expressions and AB 

and even uncovered a relationship between CU traits and amygdala reactivity to angry 

expressions. It should not be surprising that these suppression effects were not particularly 

large based on the fairly low correlation between AB and CU traits. Suppression is likely to 

be more pronounced when the overlap between variables is larger (Hyde et al., 2014; 

Paulhus, Robins, Trzesniewski, & Tracy, 2004). However, these results continue to support 

the notion that controlling for the overlap between AB and CU traits may uncover specific 

relationships with criterion variables and that variance unique to AB versus CU traits may be 

the most highly related to amygdala reactivity.

Hyde et al. Page 15

Clin Psychol Sci. Author manuscript; available in PMC 2017 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



 Age of onset

For the most part, age of onset was not predicted by amygdala reactivity to any of the 

stimuli. Although early and late starters differed from the low AB group in reactivity to 

fearful and neutral faces, there was little evidence for differences in neural reactivity 

between early and late starters. Our generally null findings with regard to separating early 

versus late starters are consistent with the one previous study examining age of onset that 

found a main effect for AB, but few differences between early and late starters (Passamonti 

et al., 2010). Interestingly, in this study the only difference found between early and late 

starters was in response to sad facial expressions, which our task did not contain. Thus, we 

may not have found differences because they are specific to sad facial expressions. On the 

other hand, amygdala reactivity may not the best neural measure for examining etiological 

differences between early and late starters. Many of the neurocognitive differences found 

between early and late starters have been related to executive functioning (Moffitt, 1993), 

and tasks that tap cortical regions subserving these functions are important for future 

research aiming to understand the neural differences between these groups.

 History of arrest

Examining a categorical measure of arrest led to a more complex picture of the results. In 

this case, arrest was not related to the fearful or angry versus neutral expressions, but was 

positively related to amygdala reactivity to fearful and angry facial expressions when 

contrasted with the control, non-face condition. Although this positive relationship appears 

to contradict the negative relationship we found between other measures of AB and 

amygdala reactivity to fearful expressions, closer inspection suggests a potential explanation 

for this finding. In this case, the findings with adult arrest were found exclusively within the 

BL subregion, which could highlight divergence in the relationship between AB and 

amygdala reactivity depending on subregion (see Supplemental Figure 1 to compare these 

regions). In fact, if we lowered the multiple comparison statistical threshold on our analysis 

of dimensional measures of AB (i.e., self-reported AB, APD symptoms) correlating with 

amygdala reactivity, this same positive relationship with reactivity to fearful facial 

expressions emerged in the BL (results not shown, as these thresholds do not adequately 

address multiple comparison concerns). Albeit thought-provoking, we consider this 

explanation very tentative.

The potential explanation that AB could have a divergent relationships with amygdala 

reactivity in the CM versus BL subregions would be broadly consistent with the recently 

proposed “Differential Amygdala Activation Model” (DAAM; Moul et al., 2012). However, 

the DAAM posits the basolateral amygdala to be underactive and the central amygdala 

average or overactive in psychopathy, which is the opposite direction of our current findings. 

Though our findings are at odds with this model, it may be difficult for our results to address 

the DAAM for two reasons. First, our findings and sample are not focused on those 

diagnosed with psychopathy. Second, as noted above, our neuroimaging task requires 

matching faces which constrains eye movement. This aspect of the task may “force” 

attention and could normalize any potential etiological differences in the automatic 

allocation of attention. Thus, our task may not be ideal for testing the DAAM model. At the 

very least, our findings emphasize the need to examine different subregions of the amygdala.
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Beyond an anatomical explanation for the positive relationship between BL reactivity and 

arrest, it is important to consider that arrest record is a complex, multifaceted outcome 

subject to many factors outside of the behaviors of the participant. For example, the type of 

AB, where it occurs, and the race of the participant all affect the probability of arrest 

(Krisberg et al., 1987; Smith, 1986). Thus, factors that contribute to arrest may have 

different neural correlates than those that involve ABs not resulting in arrest (Gao & Raine, 

2010).

 Race specific findings

Overall, many of our results appeared to be most robust among African Americans. To the 

extent that our findings diverge from the extant literature, our race-specific analyses may 

help to explain the divergence and suggest, along with studies in psychopathy (e.g., Baskin-

Sommers et al., 2011; Lorenz & Newman, 2002), that building a literature on samples that 

are mostly or exclusively European in origin may be problematic and lead to “well-

established” findings that do not replicate in minority samples (Falk et al., 2013), the latter 

of which also tend to have lower socioeconomic status. Within the European American 

subsample, the sample size (n = 87) was still much larger than most existing studies in this 

area, and yet, we found no significant relationships between AB or CU and amygdala 

reactivity to angry or fearful facial expressions. Thus, it is important to consider the 

subsample results as a potential failure to replicate past studies, which is important for this 

fast-growing field.

We should also consider an additional caveat about this task (and many other similar tasks), 

when interpreting the findings in the African American subsample: the faces all came from 

the original Ekman set (Ekman & Friesen, 1976), which were generated by actors of 

apparent European ancestry (i.e., White). A growing literature has shown that amygdala 

reactivity is modulated by the race of the model (Hart et al., 2000). The extent to which the 

faces use in our task are seen as in-group versus out-group members (Van Bavel, Packer, & 

Cunningham, 2008) may modulate the extent to which they function as a probe of “threat” 

(Phelps et al., 2000) or the extent to which pictures of distress in outgroup members 

stimulates empathy and affective response in participants (Gutsell & Inzlicht, 2012). A more 

balanced set of faces with multiple races represented (e.g., Tottenham et al., 2009) would 

allow for an examination of the extent to which the race of the face presented moderates the 

current findings and we are currently collecting such data to examine this question.

A final and critical consideration in interpreting our findings that are specific to African 

Americans (and largely in the opposite direction as past literature), is that African 

Americans, particularly those in this high risk, urban sample, are often exposed to a higher 

rate of a broad range of acute and chronic stressors, even relative to the European American 

men in this sample (Williams, Yu, Jackson, & Anderson, 1997). Moreover, African 

Americans face specific stressors including micro-aggressions, structural racism, and overt 

racism, not experienced by European Americans, even those of the same low SES (Mays et 

al., 2007). Although life stress has been linked to greater amygdala reactivity (Burghy et al., 

2012; McCrory et al., 2013), these studies have been carried out with samples of youth that 

are composed of primarily European Americans. It could be that the broader and more 
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chronic stressors faced by the African American men in this sample across 20 years may 

contribute to race-based differences in allostatic load and to differential patterns of amygdala 

response to fearful faces in early adulthood (e.g., a blunting over time of response to threat 

in a subset of participants that are at increased risk for AB) (Mays et al., 2007; Ng-Mak, 

Salzinger, Feldman, & Stueve, 2004). These findings are important from a measurement and 

theoretical standpoint emphasizing that research only focusing on those of European origin 

is quite limited and that those of different races, ethnicities, and economic strata may have 

different neurodevelopmental pathways towards AB. These findings further highlight the 

need to consider the context participants live and grew-up in when studying or theorizing 

about pathways to AB (Raine, 2002). Therefore, important next steps in this field are to 

leverage longitudinal data to better understand how these individual differences in amygdala 

reactivity emerge and if they differ across development and context.

 Limitations

Whereas our study has several strengths, including a relatively large sample size, a racially 

diverse sample of participants, longitudinal measurement of AB trajectories, multi-method 

measurement of AB, a well-studied neuroimaging task, and dimensional measures of AB 

and CU traits, there are several limitations worth noting. First, as noted above, our sample 

and methodology differs in many ways from previous studies including the use of a different 

task and a different age group. The use of a measure of CU traits, rather than an adult 

measure of psychopathy, may have affected our findings among these emerging adults. 

Moreover, our measure of CU traits was self-reported and there have been debates in the 

field about validity of self-reports of CU and psychopathic traits (Lilienfeld, 1994). Second, 

this study involved a sample of high-risk urban men and thus may not generalize to samples 

of girls and women, those of higher socioeconomic status, or those outside of urban areas. 

Third, even though the sample was practically enriched for AB, it was a longitudinal, high-

risk design, rather than a case-control design, and thus there was not a large proportion of 

young men meeting criteria for clinical diagnoses of APD. Moreover, several of our 

participants were not able to participate because of current incarceration, further limiting the 

representation of more severe AB. Hence, our findings are not comparable to clinical or 

forensic studies.

 Future Directions

Our findings may offer more questions than they answer, but they also make clear the 

importance of attending to “nuances” in study design and analysis including the importance 

of amygdala subregion, and the age, SES, race, and ethnicity of participants. The next 

important studies in this field will need to examine these questions simultaneously in a 

variable and person-centered approach in large samples that contain substantial proportions 

of individuals high on AB, with substantial variability in CU traits, and with multiple fMRI 

tasks that tap different functions of the amygdala (e.g., Viding, Sebastian, et al., 2012; White 

et al., 2012). Moreover, longitudinal studies with diverse samples are needed with multiple 

neuroimaging time points to examine the impact of race and developmental stage on the 

direction of findings (Hyde et al., 2013). Finally, as studies begin to articulate the role 

amygdala reactivity plays in various forms of AB, the next important question is how these 

individual differences in amygdala reactivity arise, which will involve specifying the specific 
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interactions between experience and biology that shape neurodevelopmental and behavioral 

trajectories across childhood and adolescence (Hyde, 2015). To accomplish this goal will 

require measuring and conceptualizing the complex development of AB at multiple levels of 

analysis within studies that consider multiple factors (e.g., parenting, genetic variation, 

different behavioral manifestations) over time in an interactive and mechanistic framework 

(e.g., Beauchaine & McNulty, 2013).

 Conclusions

In sum, we found that self-reported and clinical ratings of AB were negatively related to 

amygdala reactivity, specifically to fearful facial expressions. These results appeared to be 

strongest in the CM subregion and within the African American subsample of our relatively 

large, diverse, and high-risk sample of young men. CU traits and age of onset showed few 

significant associations with amygdala reactivity, but arrest record was positively correlated 

with BL reactivity to both fearful and angry expressions. These findings challenge the notion 

that amygdala hypoactivity observed in past studies is specific to CU traits and may instead 

map onto the severity of AB. Moreover, our results suggest that the CM and BL subregions 

of the amygdala play different roles in AB and CU traits, with CM reactivity appearing most 

important for AB. Finally, our results call for greater attention to examining neural correlates 

of AB in more diverse samples, as our findings were not equivalent across those identified as 

European American and African American. Clearly the association between amygdala 

reactivity to emotional facial expressions and AB is complex and likely affected by task 

demands, sample demographics, developmental stage, subregional anatomy, and 

measurement of AB and CU traits (Hyde et al., 2013). Consideration of these nuances, 

however, will be necessary to fully inform our understanding of the etiology and treatment 

of AB.
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Figure 1. 
Self-reported antisocial behavior predicts less centro-medial amygdala reactivity to fearful 

versus neutral faces.

Caption: (A) Self-report AB was is negatively correlated with amygdala reactivity to fearful 

faces versus neutral faces in the right centro-medial amygdala. The colored area in the right 

amygdala identified the region in which a negative correlation exists with self-reported AB 

(centered at the peak voxel, MNI: 28, −8, −8; t = 2.89, k = 23). (B) An example of the fMRI 

stimuli used. Participants are asked which face on the bottom matches the face on the top 

(fearful faces shown). (C) (D) Scatter plot of the relationship between reactivity to fearful 

versus neutral faces in the left centro-medial amygdala (cluster shown in Panel A) versus 

scores on the self-report of delinquency.
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Table 1

Dimensions of antisocial behavior as they relate to amygdala reactivity

Measure Direction of
relationship

Basolateral ROI (MNI)
t and voxel extent (k)

Centro-medial ROI
(MNI)

t and voxel extent (k)

Fear > Neutral

Self-report AB

-
Right: 28, −8, −8

t = 2.89, k = 23+*

Suppression
(−)

Left: −20, −6, −14

t = 3.38, k = 17+
Left: −22, −4, −10

t = 3.11, k = 9+

APD symptoms -
Right: 28, −10, −10

t = 2.74, k = 9+*

CU Traits ns

Anger > Neutral

CU Traits Suppression
(−)

Right: 36, −4, −20

t = 2.78, k = 12+*

No relationships with measures of AB found

Fear > Shapes

Self-reported AB - Left: −22 −4 −12+*
t = 4.06; k=19

Left: −22 −4 −10+*
t = 4.44, k = 12

Left: −30 −12 −10+*
t = 3.33, k= 7

Right: 28 −8 −8+*
t = 4.65, k = 49

APD symptoms - Right: 28 −8 −10+*
t = 2.55; k = 7

CU traits ns

Anger > Shapes

No significant relationships with AB or CU traits found

Neutral > Shapes

No significant relationships with AB or CU traits found

+
Note: indicated clusters that survived control for CU traits or self-reported AB;

*
indicated clusters that survived control for CU traits/self-reported AB as well as other psychiatric diagnostic covariates (depression, generalized 

anxiety disorder, social anxiety disorder, alcohol and substance abuse and dependence symptoms). Suppression indicates clusters that emerged only 
when controlling for the overlap of self-reported AB and CU traits.

MNI = coordinates in the atlas by the Montreal Neurological Institute. AB = Antisocial Behavior. APD = Antisocial Personality Disorder. CU = 
Callous Unemotional.
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Table 2

Neural reactivity in relationship to person-centered measures of antisocial behavior

Measure Direction of
relationship

Basolateral ROI (MNI)
t and voxel extent (k)

Centro-medial ROI (MNI)
t and voxel extent (k)

Fear > Neutral

No significant relationships with age of onset or arrest record found

Anger > Neutral

No significant relationships with age of onset or arrest record found

Age of onset Low AB < Early
+ Late Starters

Right: 32, −10, −12

t = 2.84, k = 6+*

Fear > Shapes

Adult arrest +

Left: −20 −4 −20+*
t = 4.12, k = 104

Right: 24 −4 −18+*
t = 4.01, k = 44

Age of onset ns

Anger > Shapes

Adult arrest +

Left: −22, −4, −16+*
t = 3.03, k = 28

Right: 24, −6, −12+*
t = 3.64, k = 20

Age of onset ns

Neutral > Shapes

Adult arrest +

Age of onset

Low AB > Early
+ Late starters

Right: 32, −10, −10
t= 2.93, k = 6

Suppression:
Low AB >
Early+ Late

starters

Right: 32, −12, −12+*
t = 3.23, k = 13

+
Note: indicates clusters that survived controlling for CU traits;

*
indicated clusters that survived control for CU traits as well as other psychiatric diagnostic covariates (depression, generalized anxiety disorder, 

social anxiety disorder, alcohol and substance abuse and dependence symptoms) AB = Antisocial Behaviors; MNI = coordinates in the atlas by the 
Montreal Neurological Institute.
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