





2.3.2.2 Covariate Analysis ofLeast Informative vs. Most Informative Contrast

To examine the effect that CH scores had on the differences in neural activity
between the least informative (eyes removed) and most informative (eyes only)
conditions of fearful faces, we used AFNI 3dttest ++ to perform this contrast with each
participants’ percentile score on this subscale entered as a covariate. The results of this
analysis corroborated the original contrasts, indicating that lower CH scores were
associated with a larger differential effect of the least informative versus the most
informative conditions for fearful faces in bilateral medial frontal gyrus, left superior

frontal gyrus, and bilateral inferior parietal lobule (see Table 3).
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Figure 10. Covariate analyses revealed that lower CH scores were associated with larger

differential effects of the least informative versus the most informative conditions for

fearful faces in (a) right medial frontal gyrus and (b) left medial frontal gyrus (p <.001;

.05 corrected).
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Figure 11. Covariate analyses also revealed that lower CH scores were associated with

larger differential effects of the least informative versus the most informative conditions

for fearful faces in (a) left superior frontal gyrus, (b) left inferior parietal lobule, and (c)

right inferior parietal lobule {p < .001; .05 corrected).
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the opposite pattern; recognition accuracy was lowest when participants were presented
with the eyes only portion, suggesting that information outside this region is the “most
informative” for the recognition of these emotions. At a functional level, differences
between the high and low CH groups were most pronounced when participants had to
identify the emotion without critical cues available, relative to when the same cues were
isolated. When asked to identify fearful faces with the most informative cues occluded,
individuals with low relative to high CH scores showed significantly greater activity in
regions previously implicated in emotion and attention, including the amygdala, medial
frontal gyrus (BA 10, 32), middle frontal gyrus (BA 8, 9), superior frontal gyrus (BA 9),
inferior parietal lobule (BA 2, 40), and cingulate gyrus (BA 9). A similar pattern of
activity was seen in response to happy faces, in the amygdala, fusiform gyrus (BA 37),
and middle temporal gyrus (BA 13, 39) for individuals with low relative to high CH
scores. Community samples of individuals with high scores on the CH subscale exhibit
emotion-related functional brain abnormalities relative to their low CH peers. We discuss
the implications of these findings in terms of the amygdala’s role in emotional face

processing and current neurocognitive models of psychopathy.

2.4.2 Implicationsfor views on the role ofthe amygdala and emotional empathy

These findings have important implications for two views concerning the
amygdala’s involvement in emotional empathy. The traditional view has been that the
amygdala’s role in emotion processing is to encode distress (Blair, 2003; LeDoux, 1998).

Several predictions can be generated from this model. First, one possibility is that
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amygdala activity in individuals with low CH scores should be greatest in conditions
where distress is the most apparent (e.g. fear eyes only relative to eyes removed).
Second, given evidence that focusing attention on the eyes alleviates fear recognition
impairments in clinical populations, individuals with high CH scores might show either
normalized amygdala activity or the recruitment of a compensatory network of brain
regions when eyes are isolated. Our primary results were not consistent with this model.
Individuals with low CH scores showed enhanced amygdala activity when the most
diagnostic region of a distressed facial expression was missing (fear eyes removed).
Individuals with high CH scores showed the opposite pattern, with increased amygdala
activity when fearful eyes were isolated. However, it is noteworthy that although the
level of amygdala activity was increased in this condition for the high CH group, activity
remained below baseline levels. In addition, the level of activity was less than that

elicited by the least informative condition in the low CH group.

Adolphs (2010) has recently proposed an alternate view of amygdala function that
implicates this substrate in orienting attention to the “most salient” portion of a stimulus,
or the area that contains information critical for disambiguating the emotion seen.
According to this theory, when the most salient portion is missing, this mechanism will
become more engaged in an attempt to gather as much information as possible from that
stimulus. In line with this perspective, we found that the individuals with low CH scores
in our study showed greater amygdala activity when viewing fearful and happy faces with
the most salient region missing, relative to when that region was isolated. In sharp
contrast, individuals with high CH scores showed greater amygdala activity when the

most salient region of fearful and happy faces were isolated relative to when these
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regions were missing. The finding of increased amygdala activity in response to happy
faces implies that an updated model of amygdala function should also include responses

to biologically salient positive affect in the environment.

It is important to note that although this perspective offers a specific model of
amygdala function for emotional expression recognition, a similar pattern of activity was
observed in other neural regions in the low CH group including prefrontal cortex, parietal
cortex, and fusiform gyrus. One possibility is that these areas work in concert with the
amygdala to direct attention towards the emotionally salient features of a stimulus.
Although the relative importance of these neural regions in performing this function
remains unclear, the data elicited from lesion studies (e.g. Adolphs, Tranel, Damasio, &
Damasio, 1995) suggest the amygdala is crucial for performing this function.
Nevertheless, the medial prefrontal cortex has been linked to emotion processing
(Adolphs, 2002; Mattavelli, Catteneo, & Papagno, 2011). It has dense connections with
the amygdala, and plays a role in regulating limbic function (for a review, see Mitchell,
2011). The medial prefrontal cortex and anterior cingulate are also associated with
cognitive control (Ridderinkhof, Ullsperger, Crone, & Nieuwenhuis, 2004), and might
provide top-down assistance to the amygdala when the disambiguation of a stimulus is
particularly challenging, such as the least informative conditions of our PFE task.
Enhanced activity in the fusiform gyrus was also associated with amygdala activity in
response to the least informative condition of happy faces. Previous studies have
indicated that this region is associated with emotion perception (Haxby, Hoffman, &
Gobbini, 2000), that it has substantial connections with and is influenced by the amygdala

(Fairhall & Ishai, 2007; Vuilleumier & Pourtois, 2007). Based on this line of evidence,
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perhaps the amygdala augments representations in the fusiform gyrus to assist in
deciphering which emotion is present when given the most challenging stimulus

condition.

2.4.3 Implicationsfor neurocognitive models ofpsychopathy

Although the pattern of results observed in the low CH group was consistent with
newly emerging theories of the role of the amygdala in emotional expression processing,
a strikingly divergent pattern was observed in the high CH group. Consistent with
previous studies involving clinical populations, we observed functional abnormalities in
amygdala and medial prefrontal cortex during facial expression processing in our
community sample of individuals with high CH scores. These findings are broadly
consistent with current neurocognitive perspectives of psychopathy, particularly the
Integrated Emotion Systems model (Blair, 2004). However, our findings have potentially
important implications for extending these models. For example, the high CH group in
our study showed an inverse pattern of activity relative to the low CH group, with greater
activity in the amygdala and prefrontal cortex for the most informative condition of
fearful and happy faces, relative to the least informative. This pattern suggests that
individuals with high CH scores are not utilizing this amygdala-medial prefrontal system
properly to orient attention to critical components of emotional cues when most needed.
Furthermore, our experimental manipulation also revealed reduced activity in the inferior
parietal lobule, for the high CH group relative to the low CH group, although most
studies have indicated that these regions are functionally intact in psychopathy (Blair &

Mitchell, 2009; Blair, Mitchell, & Blair, 2005). One possibility is that the functional
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abnormalities observed in frontoparietal areas may be downstream effects of a primary
amygdala dysfunction. The low CH group could be identifying the emotion when the
least informative region is shown by utilizing both bottom-up (amygdala) and top-down
(parietal cortex) interactions. Although speculative, one possibility is that, in the low CH
group, attention areas like inferior parietal cortex are recruited in response to frustrated
attempts of the amygdala and medial prefrontal cortex to locate the key disambiguating
information. This idea is supported by studies showing that similar regions of medial
prefrontal cortex respond to unexpected processing conflict caused by salient emotional
stimuli (Bishop, Duncan, Brett, & Lawrence, 2004). In contrast, the high CH group may
not have generated these subcortical and prefrontal signals in response to the least
informative conditions, and the abnormalities observed in other attention-related (dorsal
prefrontal and parietal cortices) and ventral visual system areas (fusiform gyrus) are
secondary to dysfunction of the amygdala-medial prefrontal network. In fact, the activity
seen in the parietal cortex was opposite in the high CH group, and appeared to harness

attention only when the most informative portion of fearful faces was shown.

2.4.4 Detecting between-group differences in a community sample

Since participants in this study were taken from a community sample, we
anticipated that neuroimaging may provide a more sensitive measure of between-group
differences that were not discernable behaviourally. Functional differences were more
subtle and elusive using a community sample of individuals with high and low CH

scores. For example, contrasts performed between fearful and neutral whole faces was
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not sufficient to detect differences in amygdala activity between the high and low CH
groups in our study, although these contrasts have been used to detect differences in
clinical samples of individuals with high psychopathic traits (Jones, et al., 2009; Marsh,
et al., 2008). However, differences emerged using the least informative versus most
informative portion contrast, a test that may be more sensitive to subtle between-group
functional abnormalities. The least informative fearful face condition may have acted as
a “stress-test” which challenged the neurocognitive system for emotion recognition, and
provided a higher level of difficulty required to uncover the abnormalities associated with

high psychopathic traits in a community sample.

2.4.5 Limitations andfuture directions

A possible caveat of our study is that the functional differences seen might be
explained by a “time-on-task” effect; driven by one group requiring longer time to
complete the given task. This explanation is unlikely because it suggests that individuals
in the high CH group, who showed reduced activity, were faster at identifying happy and
fearful faces in the least informative condition. In addition, the Partial Face Encoding
task instructed participants to identify the emotion only when the response screen was
presented, so that the BOLD response associated with viewing the emotional stimuli did
not overlap with the motor planning, motor response, or other elaborative processes
during identification. As a consequence, response times were not included in our analysis
because they were not accurate representations of the time participants needed to identify

the emotion. To empirically compare reaction times between the groups, a modified
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version of our study could be replicated, which allows participants to make responses free
of time constraints. The reaction time data could then be subjected to stochastic
mathematical modelling approaches that have been used to great effect to clarify the
nature ofa cognitive process or its deficit in other studies (as described in Neufeld,

Boksman, Vollick, George, & Carter, 2010).

Our findings raise several additional questions that will guide future research.
Although behavioural differences in recognition accuracy were not seen in the high and
low CH groups, our findings did not include direct evidence that individuals with high
CH scores were using a compensatory network to perform the task. As a consequence,
the mechanism by which our high CH group were able to perform the task in the presence
of the observed functional abnormalities is unclear. An additional unanswered question
concerns how the amygdala determines which portion of the facial expression is
“salient”. Another neural structure may be responsible for coding salience and
communicate this information to the amygdala, although such a structure was not
identified by our manipulations. Finally, our findings are consistent with the idea that the
amygdala is not the substrate responsible for labelling affect. Another substrate, not yet
identified, may label affect but was not uncovered by our experimental manipulation.
Future studies can help disentangle these issues by applying functional neuroimaging in
conjunction with lesion studies. Future work that applies similar attentional
manipulations in combination with eye tracking could also be useful, particularly in a

clinical population.
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2.4.6 Conclusions

This study investigated whether individuals with high versus low Coldheartedness
exhibit differences in functional neuroanatomy on an emotion recognition task that
strategically isolated the most and least informative portions of facial expressions.
Neuroimaging provided a more sensitive measure of between-group differences in a
community sample of individuals with high and low CH scores that were not discemable
via behavioural measures. In line with recent accounts of amygdala function that
emphasize orienting to cues necessary to disambiguate a stimulus, individuals with low
CH scores showed increased amygdala activity in the most ambiguous conditions of
fearful and happy faces. In sharp contrast, individuals with high CH scores were
characterized by reduced amygdala activity in the most ambiguous recognition condition,
and increased or normalized activity in the least ambiguous condition. The findings of
our study also extend current theories of emotional orienting, suggesting that regions
outside of amygdala may also contribute to this process. Specifically, medial areas of the
prefrontal cortex and fronto-parietal attention network were activated when the most
versus least informative conditions of fearful faces were contrasted in individuals with
low CH scores. High scores on the CH subscale of the PPI-R are associated with
functional abnormalities in this network. Future studies that utilize a combined
neuroimaging and eye tracking approach in populations with clinical psychopathy may
help delineate how these impairments are linked to the social dysfunction associated with

this disorder.
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CHAPTER 3

3 General Discussion and Conclusions

3.1 Summary ofmajorfindings

This study demonstrated that processing emotional faces can be associated with
functional abnormalities in a community sample of individuals with high
Coldheartedness (CH) scores on the Psychopathic Personality Inventory - Revised
(Lilienfeld & Widows, 2005) relative to their low CH peers. Scores on the CH subscale
are thought to represent a lack of empathy (R. J. Blair, 2005; Lilienfeld & Widows,
2005), which is one of the core features of psychopathy (Hare, 1996). Participants in our
study were tested on a novel emotion recognition task that isolated different portions of
fearful, happy, angry, disgusted, and neutral faces. Neuroimaging measures successfully
detected subtle between-group differences in the functional neuroanatomy of the high
versus low CH groups that were not otherwise discemable by behavioural measures.
Group differences were the most pronounced when contrasts were performed between the
neural activity associated with the most and least informative conditions of fearful and
happy faces.

Individuals with low CH scores showed significantly greater activity in networks
involved in emotion and attention, specifically, the amygdala, fusiform gyrus (BA 37),
medial frontal gyrus (10, 32), superior frontal gyrus (BA 9), middle frontal gyrus (BA 8,
9), and inferior parietal lobule (BA 2, 40), when viewing the most ambiguous condition
of fearful and happy faces. In contrast, the high CH group showed abnormal activation in

this network, and showed the greatest activity during the most informative condition of
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fearful and happy faces, relative to the least informative. Since our task did not identify
an alternate neural network that compensates to successfully perform this strategy in the

high CH group, this suggests a potential direction for future studies.

3.2 Implications ofthe current study on theories on amygdalafunction

The traditional view of amygdala function posits that the amygdala is responsible
for encoding or representing distress (R. J. Blair, 1995, 2003; LeDoux, 1998). This view
suggested that the greatest amygdala activity would be seen in the low CH group when
the eyes of fearful faces were isolated, as this condition would be expected to most
clearly communicate distress. However, this pattern of findings was not reflected in our
study. Instead, the pattern of activity seen in our low CH group supported the recent
proposal that the amygdala orients attention in order to disambiguate a stimulus
(Adolphs, 2010). As predicted by this view, individuals with low CH scores showed the
greatest amygdala activity when the least informative portion of fearful (and happy) faces
was viewed, relative to the most informative portion. A major finding of this study was
that the prediction that was made regarding amygdala functioning was not limited to this
substrate. Other regions that have been implicated in emotion processing and attention
also appear to assist the amygdala in orienting attention toward emotional salience in the

environment.
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3.3 Distributed brain networksforprocessing ambiguous emotionalfaces

Our findings suggest that a network of brain regions in the prefrontal and parietal
cortices may work in concert with the amygdala to orient attention. These emotion and
attention regions may be recruited downstream by the amygdala to assist in
disambiguating challenging stimuli. One possibility is that medial prefrontal cortex
recruits attentional assistance from the inferior parietal lobules when presented with a
highly ambiguous and biologically relevant stimulus. Although speculative, this idea is
supported by evidence that the medial prefrontal cortex possesses dense connections with
the amygdala (Mitchell, 2011), is associated with cognitive control (Ridderinkhof,
Ullsperger, Crone, & Nieuwenhuis, 2004), and responds to processing conflict in the
presence of salient emotional stimuli (Bishop, Duncan, Brett, & Lawrence, 2004).
Amygdala and/or medial prefrontal cortex abnormalities, similar to those seen in clinical
psychopathy populations (R. J. Blair, 2007b; Marsh et al., 2008) could render the high
CH group unable to recruit assistance from the emotion and attention network when it is

most needed for disambiguation.

3.4 Implications ofthe current study on neurocognitive models ofpsychopathy

Individuals with high CH scores exhibit a very different pattern of neural activity
than individuals with low CH scores when viewing portions of emotional faces that
isolate or occlude critical features. While the low CH group utilized a network of regions
implicated in emotion and attention during the least informative condition of fearful and

happy faces, the high CH group showed greater activity across these regions when the
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most informative portion of fearful and happy faces was isolated, relative to the least

informative portion.

Although reduced amygdala activity was seen in the high CH group relative to the
low CH group, it is important to note that the amygdala activity of the high group did
vary across different conditions. Increased amygdala activity was shown in this group
during the most informative portion of fearful and happy faces, relative to the least
informative. This suggests that individuals with high CH scores are characterized by
amygdala function that is abnormal, but still susceptible to modification via behavioural
manipulations. An important caveat of this finding is that the level of amygdala activity
still remained below baseline levels, so the functional significance of this modification
remains unclear.

In our community sample of individuals with high CH scores, abnormalities in
neural activity were also seen in regions of the frontal and parietal cortices. The
abnormal frontal cortex activity seen in our high CH group is consistent with reports from
previous studies suggesting that psychopathy may be associated with dysfunction in
regions of the orbitofrontal cortex and the ventrolateral prefrontal cortex (K. S. Blair et
al., 2006; R. J. Blair, 2007a, 2007b; R. J. Blair, Colledge, & Mitchell, 2001; Finger et al.,
2008). In contrast, abnormal functioning of the parietal cortex is a novel finding. Since
parietal cortex abnormalities are not typically associated with psychopathy, the
abnormalities seen in our study may be downstream effects of amygdala dysfunction.
The inferior parietal lobules are known to be involved in attention, and as we have

mentioned, activity in these regions may be produced in response to heightened conflict-
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related activity in the amygdala and medial prefrontal cortex when presented with a

stimulus that is highly ambiguous.

3.5 Clinical implications

Community samples of individuals with high psychopathic traits, such as the high
CH group in the current study, may possess neurocognitive abnormalities that are similar
(though less severe) to those observed in forensic or clinical samples of individuals with
psychopathy. Performing research on community samples has the potential to illuminate
our understanding of the aggression and antisocial behaviours often associated with
clinical psychopathy, without the confounds of criminality or institutionalization (Hare &
Neumann, 2009). Ultimately, gaining a more thorough understanding of psychopathic
traits could help develop early intervention strategies for children who display emotional
difficulties, to lower the risk of those children developing offending behaviours.
Increasing our knowledge of this area may also suggest strategies for instilling empathy

in healthy populations of developing children.

Prior research indicates that individuals with clinical psychopathy do not benefit
from prison treatment programs that are based on emotions, talk-therapy, psychodynamic,
or those aimed at developing empathy, conscience and interpersonal skills (R. J. Blair,
2008; Harris & Rice, 2007a, 2007b; Wong & Burt, 2007). Our findings raise the
possibility that the amygdala dysfunction and fear recognition deficits associated with
psychopathy may stem from impaired orientation of attention towards biologically

relevant stimuli in the environment, similar to that exhibited by our high coldheartedness
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group. Perhaps improving distress cue recognition via these means could provide an
alternate route for early intervention strategies for youth at risk of antisocial and
aggressive behaviours. It is important to emphasize that our findings were obtained from
a community sample of individuals identified as high scorers on a subscale of
psychopathic traits that reflect a lack of empathy. Whether these findings can be
extended to clinical psychopathic and severely conduct disordered individuals remains to
be tested. Further validation of these findings should be obtained by performing
additional studies of partial face encoding in children and adults with clinical
psychopathy, using an approach that combines neuroimaging with measures of eye-

tracking.
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