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Affective neuroscience is the subdiscipline of the biobe-
havioral sciences that examines the underlying neural
bases of mood and emotion. The application of this body
of theory and data to the understanding of individual dif-
ferences in affective style, mood regulation, and mood dis-
orders is helping to generale a new understanding of the
brain circuitry underlying these phenomena. At a more
general level, this approach is helping to bridge the wide
chasm between the literatures that have focused on nor-
mal emotion and the disorders of emotion. Historically,
these research traditions have had little to do with one
another and have emerged completely independently.
However, affective neuroscience has helped 1o integrate
these approaches into a more unified project that is fo-
cused on the understanding of normal and pathological
individual differences in affective style, its constituent
components, and their neural bases (see, e.g., Davidson,
Jackson, & Kalin, 2000; Davidson, 2000).

Affective neuroscience takes as its overall aims a proj-
act that is similar to that pursued by its cognate discipline,
cognitive neuroscience, though focused instead on affec-
tive processes. The decomposition of cognitive processes
into more elementary constituents that can then be stud-
ied in neural terms has been remarkably successful. We

no longer query subjects about the contents of their cog-
nitive processes since many of the processes so central to
important aspects of cognitive function are opaque to con-
sciousness, Inslead, modern cognitive scientists and neu-
roscientists have developed laboratory tasks to interrogate
and reveal more elementary cognitive function. These
more elementary processes can then be studied using im-
aging methods in humans, lesion methods in animals, and
the study of human patients with focal brain damage. Af-
feclive neuroscience approaches emation using the same
strategy. Global constructs of emotion are giving way to
more specific and elementary constituents that can be ex-
amined with objective laboralory measures. For example,
the time course of emolional responding and the mecha-
nisms that are brought into play during the regulation of
emolion can now be probed using objective labaratory
measures. These constructs may be particularly important
for understanding individual differences in affective style
since the key characteristic of variations in mood among
individuals is the extent to which negative affect persists
versus subsides rapidly. Moreover, these ideas have sig-
nificant import for understanding disorders of meod.
Some patients with mood disorders may have a particular
problem with persistence of negative affect while other
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patients may have a primary deficit in reactivity to posi-
tive incentives.

Previously, constructs such as emotion regulation have
mostly been gleaned from self-report measures whose va-
lidity has been seriously questioned (e.g., Kahneman,
1999). While the phenomenology of emotion provides crit-
ical information to the subject that helps guide behavior,
it may not be a particularly good source for making infer-
ences about the processes and mechanisms that underlie
emotion and its regulation. Though it is still tempting and
often important to oblain measures of subjects’ conscious
experience of the contents of their emotional states and
traits, these no longer constitute the sole source of infor-
mation about emotion.

Since there are recent reviews of the basic literature on
the circuitry underlying emotion and emotion regulation
(e.g.. Davidson & Irwin, 1999; Davidson, Jackson, et al.,
2000; Davidson, Putnam, & Larson, 2000; Rolls, 1999),
these data will not be systematically reviewed in this
chapter. We emphasize studies that have been published
in the past three years since lwo recent reviews cover
much of the literature prior to this time (Davidson, Aber-
crombie, Nitschke, & Putnam, 1999; Drevets, 1998). A ma-
jor focus of this chapter will be on individual differences
in affective style and how such variability across individ-
uals can be captured using objective laboratory probes
rather than relying exclusively upon self-report data.

We have two broad goals for this chapler:

1. To review the functional role of the prefrontal cor-
lices, anterior cingulate, hippocampus, and amyg-
dala in affect and emotion regulation (see Figure
2.1 for a depiction of these structures and their lo-
cations).

2. To review the functional and structural variations
in these regions that have been linked to affective
style and affective disorders.

The Circuitry of Emotion

Prefrontal Cortex (PFC)

PFC: Functional 2nd Anatomical Considerations
for Understanding Its Role in Affect

Although the prefrontal cortex is often considered to be the
province of higher cognitive control, it has also consis-
tently been linked to various features of affective process-
ing (see, e.g., Nauta, 1971, for an early preview). Miller and
Cohen (2001} have recently outlined a comprehensive the-
ory of prefrontal function based on nonhuman primate an-
atomical and neurophysiological studies, human neuroim-
aging findings, and computational modeling. The core
feature of their model holds that the PFC maintains the rep-

resentation of goals and the means to achieve them. Partic-
ularly in situations that are ambiguous, the PFC sends bias
signals to other areas of the brain to facilitate the expression
of task-appropriate responses in the face of competition
with potentially stronger alternatives. In the affective do-
main, we often confront situations where the arousa) of
emotion is inconsistent with other goals that are have al-
ready been instantiated. For example, the availability of an
immediate reward may provide a potent response alterna-
tive that may not be in the best service of the overall goals of
the person. In such a case, the PFC is required to producea
bias signal to other brain regions that guide behavior to-
ward the acquisition of @ more adaptive goal, which in this
case would entail delay of gratification. Affect-guided plan-
ning and anticipation that involves the experience of emo-
tion associated with an anticipated choice is the hallmark
of adaptive, emotion-based decision making that has re-
peatedly been found to become impaired in patients with
lesions of ventromedial PFC (Damasio, 1994). Affect-
guided anlicipation is most often accomplished in situa-
tions that are heavily laden with competition from poten-
tially stronger alternatives. In such cases in particular, we
wauld expect PFC activation to occur. Certain disorders of
emotional processing such as depression may be caused by
abnormalities of affect-guided anticipation. For example,
the failure to anticipate positive incentives and direct be-
havior toward the acquisition of appetitive goals are symp-
toms of depression thal may arise from abnormalities in the
circuitry that implements positive affect-guided anticipa-
tion. Our laboralory has contributed extensively to the lit-
erature on asymmelries in PFC function associated with
approach- and withdrawal-related emotion and mood (e.g.,
Davidson & Irwin, 1999; Davidson, Jackson, et al., 2000), In
this context, we sugges that left-sided PFC regions are par-
ticularly involved in approach-related, appetitive goals.
The instantiation of such goals, particularly in the face of
strong allernative responses, requires left-sided PFC acti-
vation and hypoactivation in these circuits has been linked
to depression. Right-sided PFC regions, alternatively, are
hypothesized to be particularly important in the mainte-
nance of goals that require behavioral inhibition and with-
drawal in situations that involve strong alternative re-
sponse oplions to approach. The prototype of such a
process has recently been captured in several neuroimag-
ing studies that involve variants of a go/no-go task where a
dominani response set is established to respond quickly,
except those trials on which a cue to inhibit the response is
presented. Two recent studies using event-related fMRI
have found a lateralized focus of activation in the right lat-
eral PFC (inferior frontal sulcus) to cues that signaled re-
sponse inhibition that were presenied in the context of
other stimuli toward which a strong approach set was es-
tablished (Garavan, Ross, & Stein, 1999; Konishi et al.,
1999).

Depressed individuals with hypoactivation in certain
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Figure 2.1 Key brain regions involved in affect and mood disorders. (A} Orbital pre-

frontal cortex {green) and the ventromedial prefrontal cortex red). (B) Dorsolateral pre-
frontal cortex (blue). (€) Hippocampus (purple) and amygdala (orange). (D) Anterior cin-
gulate cortex (yellow). (See color insert.)

regions of the PFC may be deficient in the instantiation of
goal-directed behavior and in the overriding of more auto-
matic responses that may involve the perseveration of neg-
ative affect and dysfunctional attitudes. Such deficits
would be expecled to be unmasked in situations where de-
cision making is ambiguous and where the maintenance of
goal-directed behavior is required in the face of potentially
strong alternative responses. As we will arpue below, when
the strong allernative responses involve affect, which they
often do, the ventromedial PFC is particularly implicated.
Recent neuroimaging and electrophysiological studies
suggest that the orbital and ventral frontal cortex in par-
ticular may be especially important for the representation
of rewards and punishments, and different sectors within
this cortex may emphasize reward versus punishment (Ka-
wasaki et al., 2001; O’Doherty, Kringelbach, Rolls, Hornak,
& Andrews, 2001). In particular, a left-sided medial region
of the oribitalfrontal cartex (OFC) appears particularly re-
sponsive to rewards while a lateral right-sided region ap-
pears particularly responsive to punishments (O’Doherty
el al., 2001). Kawasaki and colleagues (2001) recorded
from single units in the right ventral PFC of patients with
implanted depth electrodes for presurgical planning. They

found these neurons in healthy lissue to exhibit short-
latency responses to aversive visual stimuli. Such studies
provide important clues regarding the circuitry that might
be most relevant to undersianding differences among in-
dividuals in affective style. For example, there are indi-
vidual differences in responsivity to rewards versus pun-
ishments that can probed behaviorally using signal
delection methods (Henriques, Glowacki, & Davidson,
1994; Henriques & Davidson, 2000). Most normal individ-
uals exhibit systematic modification of response bias to
monetary reward, but some de not. Those who do not
showed elevated depressed mood. We would also predict
that left-medial OFC would be hyporesponsive to manip-
ulations of reward in such individuals while right-lateral
OFC to punishment would either be normal or perhaps
accentuated.

Anterior Cingulate Cortex (ACC): Functional and
Anatomical Considerations for Understanding Its
Role in Affect

Several theories have proposed that the ACC acts as a
bridge between attention and emotion (Devinsky, Morrell,
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& Vogl, 1995; Ebert & Ebmeier, 1996; Mayberg, 1997; Vogt,
Nimchinsky, Vogt, & Hof, 1995). in their recent review,
Thayer and Lane (2000} described the ACC as “a point of
integration for visceral, attentional, and affective infor-
mation that is critical for self-regulation and adaptability”
{(p. 211). In light of its anatomical connections (see below),
the ACC appears well equipped for assessing and respond-
ing to the behavioral significance of external stimuli.
Critical roles of the ACC in selective attention (i.c., pri-
oritizing incoming information), affect, and specific char-
acteristic mammalian social behaviors have been de-
scribed (Devinsky et al., 1995; Vogt, Finch, & Olson, 1992).
However, in order to fully understand the role of the ACC
in psychopathology, affective states, and emolional proc-
essing, it is critical 1o recognize that the ACC is far from
being a functionally homogeneous region, and at least two
subdivisions can be discerned (Devinsky et al., 1995: Vogt
et al., 1992, 1995). The first, referred to as the “affect sub-
division,” encompasses rostral and ventral areas of the
ACC (areas 25, 32, 33, and rostral area 24). The second,
referred to as the “cognitive subdivision,” involves dorsal
regions of the ACC (caudal area 24’ and 32', cingulate mo-
lor area). The affect subdivision possesses extensive con-
nections with limbic and paralimbic regions—such as the
amygdala, nucleus accumbens, OFC, periaqueductal grey,
anterior insula, and sutonomic brainstem motor nuclei—
and is assumed to be involved in regulating visceral and
aulonomic responses to stressful behavioral and emotional
events, emotional expression, and social behavior. Owing
to ils strong connections with the lateral hypothalamus,
the subgenual ACC (BA25) is considered the most impor-
tant region within the frontal cortex for regulating auto-
nomic function (f)ngﬁr. An, & Price, 1998).

Conversely, the cognitive subdivision is intimately con-
nected with the DLPFC (BA46/9), posterior cingulate, pa-
rietal cortex (BA7), supplementary molor area, and spinal
cord, and plays an important role in response selection
and processing of cognitively demanding information. In
functional neurcimaging studies, evidence suggesting a
functional differentiation between ventral {affective) and
dorsal {cognitive) ACC subdivisions is emerging (Bush et
al., 1998; Bush, Luu, & Posner, 2000; Whalen et al., 1998;
see Figure 2.2),

From a functional perspective, activation of the cogni-
tive subdivision of the ACC has been reported during in-
terference between compeling information (Pardo, Pardo,
Janer, & Kaichle, 1990), visual attention (Nobre et al.,
1997), monitoring of cognitive (Carter et al., 2000; Mac-
Donald, Cohen, Stenger, & Carter, 2000) and reward-
related (Rogers et al., 1999) conflicts, task difficulty (Paus
et al., 1997), and increased risk-associaled outcome un-
certainty (Critchley, Mathias, & Dolan, 2001), among other
experimental manipulations. A common denominator
among these experimental conditions is that they all re-
quired modulation of attention or executive functions and

menitoring of competition (Bush et al., 2000). The role of
the ACC in conflict monitoring has been especially em-
phasized by Cohen and colleagues (Carter, Botvinick, &
Cohen, 1999; Carter et al., 2000; Miller & Cohen, 2001).
These authors proposed that the ACC may serve an eval-
uative function, reflecting the degree of response conflict
elicited by a given task. Conflict occurs when two or more
possible task-related decisions compete with or interfere
with each other, According to the “competition monitor-
ing hypothesis,” the cognitive subdivision of the ACC
monitors conflicts or crosstalk between brain regions. If a
signal of competition emerges, this output signals the need
for controlled processing. The DLPFC (BA 9) is assumed
to be critical for this form of controlled processing, in that
it represents and maintains task demands necessary for
such control and inhibits (see, e.g., Garavan et al., 1999)
or increases neural activity in brain regions implicated in
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Figure 2.2 Summary of functional brain imaging studies of
anterior cingulate cortex {ACC) involvement in depression as
well as during various cognitive and affective task manipula-
tions. Foci of ACC activation or deaclivation were registered to
a common stereotaxic brain atlas (Talairach & Tournoux, 1988}
and plotted on a sagittal brain slice {anterior part of the head
1o the left). The large red area and the black triangles show
the location of the ACC cluster found to be associated with
degree of treatment response in our previous EEG study (Piz-
zagalli et al., 2001). The studies of depressed subyjects showed
pretreatment hyperactivity among patients who responded to
treatment (1); posttreatment decreased activity in responders
{2); hypoactivity in depressed subjects (3; increased activity
with remission of depression {4); decreased activity with re-
mission of depression (5). Studies involving emotional (6} and
cognitive {7) tasks in nonpsychiatric subjects are also reported.,
Coordinates in mm (Talairach & Tournousx, 1988), origin at
anterior commissure; (X)=left(—) 1o right{+); ()= posterior{—}
to anterior{+), {Z)=inferior{—} to superior(+). Adapted from
Pizzagalli et al. {2001). (See color insert.)
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the competition, Thus, dorsal ACC activation leading 1o a
call for further processing by other brain regions may rep-
resent a mechanism for elfortful control.

From a functional perspective, activation of the affec-
tive subdivision of the ACC has been reported during var-
ious emotional states and manipulations (for reviews, see
Reiman, 1997; Bush et al., 2000; see also Figure 2.2).

What could be a common denominator underlying ac-
tivation of the rostral/ventral ACC in such disparate ex-
perimental conditions, such as pain, classical condition-
ing, transient mood, primal affect, Stroop task, and
perceiving facial expressions, all of which have been re-
ported in the literature? A possible answer to this question
is that the affective subdivision of the ACC may be critical
for assessing the presence of possible conflicts between
the current functional state of the organism and incoming
information with potentially relevant motivational and
emotional consequences. This suggestion is based on the
observation that the affective subdivision of the ACC is
involved in behaviors characterized by monitoring and
evaluation of performance, internal states, and presence
or reward or punishment, which often require change in
behavior.

Extant evidence suggests that ACC activation may be
present when effortful emotional regulation is required in
situations where behavior is failing to achicve a desired
outcome or when affect is elicited in contexts that are not
normative, which includes most laboratory situations
(Bush et al., 2000; Ochsner & Barrett, 2001). Relatedly, it
is not surprising that the ACC is one of the most consis-
tently activated regions in patients with different anxiety
disorders, such as OCD (Breiter et al., 1996; Rauch et al.,
1997), simple phobia (Rauch et al., 1995), and PTSD
(Rauch et al., 1996; Shin et al., 1997), in which conflicts
between response tendencies and environments are prom-
inent. Interestingly, psychosurgical lesions of the ACC has
been used as a treatment for mood and anxiety disorders
(e.g., Baer et al, 1995; for review, Binder & Iskandar,
2000), possibly because of a reduction of conflict moni-
toring and uncertainty that otherwise characlerize these
psychiatric conditions.

The interplay between the affective and cognitive sub-
division of the ACC is presently unknown. From a theo-
retical perspective, several authors have suggested that the
affective subdivision of the ACC may integrate salient al-
fective and cognitive information (such as that derived
from environmental stimuli or task demands), and subse-
quently modulate attentional processes within the cogni-
tive subdivision accordingly (Mega, Cummings, Galloway,
& Malloy, 1997; Mayberg, 1997; Mayberg et al., 1999; Piz-
zagalli et al., 2001). In agreement with this hypothesis,
dorsal anterior and posterior cingulate pathways devoted
lo attentional processes and amygdalar pathways devoted
to affective processing converge within area 24 (Mega et
al., 1997). These mechanisms may be especially important

for understanding the now replicated finding in depressed
patients that increased pre-treatment activity in the rostral
ACC is associated with eventual better treatment response
(Mayberg el al., 1997: Ebert, Feistel, & Barocka, 1991; Piz-
zagalli et al., 2001; Wu et al., 1992, 1999). In an influential
paper, Mayberg and colleagues (1997) reported that uni-
polar depressed patients who responded to treatment afier
six weeks showed higher pre-treatment glucose meta-
bolism in a rostral region of the ACC (BA 24a/b) compared
to both nonresponders and nonpsychiatric comparison
subjects. Recently, we (Pizzagalli et al., 2001) replicated
this finding with EEG source localization techniques and
demonstrated that even amang those patients who re-
spond 1o treatment, the magnitude of treatment response
was predicted by baseline levels of activation in the same
region of the ACC as identified by Mayberg et al. {1997).
In addilion, we suggested that hyperactivation of the ros-
tral ACC in depression might reflect an increased sensitiv-
ity to affective conflict such that the disparity between
one’s current mood and the responses expected in a par-
ticular context activates this region of ACC, which then in
turn issues a call for further processing to help resolve the
conflict. This call for further processing is hypothesized
lo aid the treatment response. In other words, individuals
exhibiting high levels of activation in the rostral ACC may
be affectively resilient since these individuals would be
motivated to resolve discrepancies between their current
mood state and the behavior that is most appropriate for
the situation at hand.

One of the major outputs from the ACC is a projection
to PFC. This pathway may be the roule via which the ACC
issues a call to the PFC for Further processing to address
a conflict that has been detected. Individual differences in
PFC function that are relevant to affeclive style may arise
as a consequence of variations in signals from ACC, or
may be intrinsic to the PFC, or both, There may ACC-
based variations in affective style that may be reflected
phenomenologically in the motivation or “will-to-change”
certain habits or patterns of affective reactivity. Individu-
als with low levels of rostral ACC activation would not
experience conflicl between their current state and the de-
mands of everyday life and would thus be unmotivated to
alter their behavior. PFC-based variations in affective style
may predominantly revolve around differences among in-
dividuals in the capacity to organize and guide behavior
in a goal-directed fashion.

An important issue not considered above is the anatom-
ical and functional connectivity between the different
regions of PFC and ACC. Future studies need to examine
both structural and functional variation in these connec-
lions since it is likely that some individual differences in
affective style are primarily associaled with connectivity
between PFC, ACC, and amygdala, rather than with acti-
vation differences in any single or even multiple regions.
We comment on this issue in more detail below.
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Hippocampus: Functional and Anatomical
Considerations for Understanding ts Role
in Affect

The hippocampus is critically involved in episodic, de-
clarative, contextual, and spatial learning and memory
(Squire & Knowlton, 2000; Fanselow, 2000). Additionally,
it is also importantly involved in the regulation of adre-
nocorticotropic hormone secretion (Jacobson & Sapolsky,
1991}. With respect to conditioning, in recent years, ro-
dent studies have convincingly shown that the hippocam-
pus plays a key role in the formation, storage, and con-
solidation of contextual fear conditioning {see Fanselow,
2000, for review). In this form of hippocampal-dependent
Pavlovian conditioning, fear (e.g., expressed in increased
freezing) is acquired to places or contexts (e.g., & specific
cage) previously associated with aversive evenls (e.g.,
shock). This fact has important implications for our un-
derstanding of the abnormalities in affective function that
may arise as a consequence of hippocampal dysfunction.

In functional neuroimaging studies, hippocampal/par-
shippocampal activation has been reported during percep-
tion of several negatively valenced stimuli and/or experi-
encing of negatively valenced affective states, such as
trace conditioning (Biichel, Dolan, Armong, & Friston,
1999}, perception of aversive complex stimuli (Lane, Fink,
Chau, & Dolan, 1997), threat-related words (Isenberg et al.,
1999), increasing music dissonance (Blood, Zatorre, Ber-
mudez, & Evans, 1999), tinnitus-like aversive auditory
stimulation (Mirz, Gjedde, Sodkilde-Jorgensen, & Peder-
sen, 2000}, vocal expressions of fear (Phillips et al., 1998),
aversive taste (Zald, Lee, Fluegel, & Pardo, 1998}, antici-
patory anxiety (Javanmard et al., 1999), procaine-induced
affect (Ketter et al., 1996; Servan-Schreiber & Perlstein
1897), and monelary penalties (Elliott & Dolan, 1999).
However, it seems that valence is not the critical variable
for evoking hippocampal activation. Indeed, hippocampal
activation has been also reported during experimental ma-
nipulation of positive affect, such as re-evoking pleasant
affective autobiographical memaories (Fink et al., 1996), in-
creases in winning in a game-like task (Zalla et al., 2000),
and perception of the loved person (Bartels & Zeki, 2000).
Also, hippocampal activation was carrelated with long-
term recognition memory for pleasant films (Hamann, Eby,
Grafton, & Kitts, 1999),

In order to reconcile these fndings, we suggest that
most of the experimental manipulations leading to hip-
pocampal activation contain contextual cues. That is, we
assume that they involve the consolidation of a memory
for an integrated representation of a context similar to that
associated with the presented stimulus (Fanselow, 2000).
This is clearly the case during Pavlovian and trace con-
ditioning, for instance, but also during presentation of
both positively and negatively valenced visual, olfactory,
and auditory cues that may induce reevocation and con-

solidation of contextual information associated with sim-
ilar situation in the past (see, e.g., Nader, Schafe, & Le-
Doux, 2000).

Although in humans the mechanisms underlying con-
textual conditioning are still unclear, it is possible thal
plasticity in functional connectivity between the hippo-
campus and regions crucially involved in decoding the
behavioral significance of incoming information, such as
the amygdala and the pulvinar, may critically contribute
to contextual learning (Morris, Friston, & Dolan, 1997;
Morris, Ohman, & Dolan, 1999), even when the informa-
tion is presented below the lavel of conscious awareness
(Morris et al., 1999). As recently reviewed by Davis and
Whalen (2001), animal studies clearly suggest that the
amygdala exerts a modulatory influence on hippocampal-
dependent memory systems, possibly through direct pro-
jections from the basolateral nucleus of the amygdala.
Consistent with this view, stimulation of the amygdala
causes LTP induction in the dentate gyrus of the hippo-
campus (Ikegaya, Abe, Saito, & Nishiyama, 1995). Con-
versely, lesions to (Ikegaya, Saito, & Abe, 1994) or local
anesthetics within (Ikegaya, Saito, & Abe, 1995) the ba-
solateral nucleus of the amygdala attenuate long-term po-
tentiation in the dentate gyrus. Although drawing conclu-
sions from these rodent studies to humans is at this stage
speculative, it is intriguing that most of the human neu-
roimaging studies reporting hippocampal activation dur-
ing aversive affective manipulations also found amygdalar
activation (Biichel ot al., 1999; Isenberg et al., 1999; Ketter
et al., 1996; Mirz et al., 2000; Servan-Schreiber & Perlstein,
1997; Zald et al., 1998). Future neuroimaging studies
should directly test the interplay between the hippocam-
pus and the amygdala in these processes and in fear-
related learning and memory, especially in light of recent
animal data suggesting an interplay between these regions
for modulating extinction of conditioned fear (Corcoran &
Maren, 2001).

In their recent review, Davidson and colleagues (David-
son, Jackson, et al., 2000) noted that various form of psy-
chopathology involving disorders of affect could be char-
acterized as disorders in context-regulation of affect. That
is, patients with mood and anxiety disorders often display
normative affective responses but in inappropriate con-
texts. For example, fear thal may be appropriate in re-
sponse to an actual physical threat but persists following
the removal of that threat, or sadness that may be appro-
priate in the acute period following a loss but persists for
a year following that loss are both examples of context-
inappropriate emotional responding. In these examples,
the intensity and form of the emotion would be perfectly
appropriate in response to the acute challenges, but when
they occur in the absence of those acute stresses they can
be viewed as context-inappropriate.

In a series of studies with non-human primates, Kalin
and colleagues (Kalin & Shellon, 2000) have used the hu-
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man intruder paradigm to probe the context specificity of
emotional responding. In this paradigm, the monkey is ex-
posed to different contexts that elicit a specific normative
pattern of affective responses. In response to the profile of
2 human intruder (ne eye contact, or NEC condition), the
animals tend to freeze while in response to the same hu-
man staring at the animal, agonistic, aggressive behavior
is elicited. When the animal is alone, freezing and aggres-
sion decline and the animals vocalize. These very well-
defined normative patterns can be used to identify re-
sponses that are context-inappropriate. In a large group of
monkeys (N = 100), approximately five show highly
context-inappropriate responding. The most dramatic ex-
ample of this is the small group of animals that frecze
during the Alone condition at levels that are comparable
to what they exhibit during the NEC condition. These are
the animals that we predict would have hippocampal dys-
function since they are regulating their emotions in a con-
text-appropriate fashion. These animals do have high lev-
els of cortisol and extreme right-sided prefrontal
activation derived from a noninvasive EEG measurement
(see Figure 2.3),

Given the preclinical and functional neuroimaging lit-
erature reviewed above, one may hypothesize that subjects

600

Seconds
[/~ ]
8

NEC ST

Figure 2.3 Freezing duration in seconds (out of a total of 600
seconds) in response to the No Eye Contact (NEC—exposure
of the monkey to a profile of a human) and the Stare (ST)
conditions in four groups of animals: One group shows very
long durations of freezing during the normative context (NEC)
but then freezes little during ST. Another group shows moder-
ately elevated freezing during NEC and then shows little dur-
ing ST. A third group shows virtually no freezing during either
NEC or ST. Finally, the fourth group exhibits high levels of
freezing in response to both NEC and ST. This is the group
that displays out-of-context freezing (i.e., during ST). The
group of three animals who show the out-of-context freezing
are the only animals in a group of 100 to exhibit this pat-
tern. From Kalin and Shellon (2000), copyright © 2000 by Ox-
ford University Press, Inc. Used by permission of Oxford Uni-
versity Press, Inc.

displaying inappropriate context-regulation of affect may
be characterized by hippocampal dysfunction. Consistent
with this conjecture, recent morphometric studies using
MRI indeed reported smaller hippocampal volumes in pa-
tients with major depression (Sheline, Wang, Gado, Cser-
nausky, & Vannier, 1996; Sheline, Sanghaui, Mintun, &
Gado, 1999; Shah, Ebmeier, Glabus, & Goodwin, 1998;
Bremner et al., 2000; von Gunten, Fox, Cipolotti, & Ron
2000; Steffens et al., 2000; Mervaala et al., 2000; but see
Vakili et al., 2000; Ashtari et al., 1999), bipolar disorder
(Noga, Vladar, & Torrey, 2001), posttraumatic stress dis-
order (Bremner et al., 1995; Bremner, Randall, et al., 1997:
Stein, Koverola, Hanna, Torchia, & McClarty, 1997), and
borderline personality disorder (Driessen et al., 2000) {for
review, see Sapolsky, 2000; Sheline, 2000). Where hippo-
campal volume reductions in depression have been found,
the magnitude of reduction ranges from 8 to 19%. Re-
cently, functional hippocampal abnormalities in major de-
pression have been also reported al baseline using PET
measures of glucose metabolism (Saxena et al., 2001).
Whether hippocampal dysfunction precedes or follows
onsel of depressive symplomatology is still unknown.

In depression, inconsistencies across studies may be
explained by several methodological considerations. First,
as pointed out by Sheline (2000), studies reporting posi-
tive findings generally used MRI with higher spatial reso-
lution (~0.5-2 mm) compared lo those reporting negative
findings {~3-10 mm). Second, it seems that age, severity
of depression, and most significantly, duration of recurrent
depression may be important moderator variables. Indeed,
studies reporting negative findings either studied younger
cohorts [e.g., Vakili et al. (2000): 38 + 10 years vs. Sheline
et al. (1996): 69 + 10 years; von Gunten et al. {2000); 58+ 9
years; Steffens et al. {2000): 72 =8 years] or less severe and
less chronic cohorts {Ashtari et al., 1999, vs. Sheline et al,,
1896; Shah et al., 1998; Bremner &l al., 2000). In a recent
study from our laboratory (Rusch, Abercrombie, Quakes,
Schaefer, & Davidson, 2001), we also failed to find hippo-
campal atrophy in a relatively young subject sample
(33.2+9.5 years) with moderate depression severity. No-
tably, in normal early adulthood {18-42 years), decreased
bilateral hippocampal volume has been reported with in-
creasing age in male but not female healthy subjects
(Pruessner, Collins, Pruessner, & Evans, 2001). Finally, in
females, initial evidence suggests that total life-time dura-
tion of depression, rather than age, is associated with hip-
pocampal atrophy (Sheline et al., 1999), inviting the pos-
sibility that hippocampal atrophy may be a symptom
rather than a cause of depression. Future studies should
carefully assess the relative contribution of these possible
modulatory variables in the hippocampal pathephysiology
and examine hippocampal changes longitudinally in in-
dividuals at risk for mood disorders.

Structurally, the hippocampal changes may arise due
to neuronal loss through chronic hypercortisolemia, glial
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cell loss, stress-induced reduction in neurotrophic factors,
or stress-induced reduction in neurogenesis, but the pre-
cise mechanisms are not completely known (Sheline,
2000). In depression, the hypothesis of an association be-
tween sustained, stress-related elevations of cortisol and
hippocampal damage has received considerable attention.
This hypothesis is based on the observation that the path-
ophysiology of depression invelves dysfunction in nega-
tive feedback of the hypothalamic-pituitary-adrenal (HPA)
axis (see Pariante & Miller, 2001, for a review), which re.
sults in increased levels of cortisol during depressive ep-
isodes {e.g., Carroll, Curtis, & Mendsla, 1976). Higher lev-
els of cortisol may, in turn, lead to neuronal damage in
the hippocampus, since this region possesses high levels
of glucocorticoid receptors (Reul & De Kloet, 1986) and
glucocorticoids are neurotoxic (Sapolsky, Krey, & Mc-
Ewan, 1986). Since the hippocampus is involved in
negative-feedback control of cortisol (Jacobson & Sapolsky,
1991), hippocampal dysfunction may result in reduction
of the inhibitory regulation of the hypothalamic-pituitary-
adrenal axis, which could then lead to hypercortisolemia.
Consistent with this view, chronic exposure to increased
glucocorticoid concentrations has been shown to lower
the threshold for hippocampal neuronal degeneration in
animals (Gold, Goodwin, & Chrousos, 1988; Sapolsky,
Uno, Robert, & Finch, 1990; McEwen, 1998) and humans
(Lupien et al., 1998). At least in nonhuman primales, this
association is qualified by the observation that chronically
elevated cortisol concentrations in the absence of chronic
“psychosocial” stress do not produce hippocampal neu-
ronal loss (Leverenz et al., 1999). Conversely, naturalistic,
chronic psychosocial stress has been shown to induce
structural changes in hippocampal neurons of subordinate
animals (Magarinos, McEwen, Flugge, & Fuchs, 1996). In
depression, hippocampal volume loss has been shown to
be associated with lifetime duration of depression {She-
line et al., 1999), consistent with the assumption that long-
tertn exposure to high cortisol levels may lead to hippo-
campal atrophy. However, this conjecture has not been
empirically verified in humans.

Although intriguing, these findings cannot inform us
about the causality between hippocampal dysfunction, el-
evated levels of cortisol, and most important, inappropri-
ate context-regulation of affect. Unfortunately, none of the
structural neuroimaging studies in depression investigat-
ing hippocampal volume were prospective and took into
account cortisol data in an effort to unravel the causal link
between cortisol output and hippocampal dysfunction.

The possibility of plasticity in the hippocampus de-
serves particular comment. In rodents, recent studies have
shown hippocampal neurogenesis as a consequence of an-
tidepressant pharmacological treatment (Chen, Rajkowska,
Du, Seraji-Bozorgzad, & Manji, 2000; Malberg, Eisch, Nes-
tler, & Duman, 2000), electroconvulsive shock (Madhav,
Pei, Grahame-Smith, & Zetterstrom, 2000), and most intri-

guingly, as a consequence of positive handling, learning,
and exposure to an enriched environment (Kempermann,
Kuhn, & Cage, 1997; see Gould, Tanepat, Rydel, & Has-
tings, 2000, for review). In humans, neurogenesis in the
adult human hippocampus has been also reported (Eriks-
son et al., 1998). Further, in patients with Cushing’s dis-
ease, who are characterized by very high levels of cortisol,
increases in hippocampal volume were significantly as-
sociated with magnitude cortiso] decrease produced by
microadrenomectomy (Starkman et al., 1998). As a corpus,
these animal and human data clearly suggest that plastic-
ity in the human hippocampus is possible (for reviews,
see Duman, Malberg, & Nakagawa, 2000; Jacobs, Praag, &
Gage, 2000; Gould et al., 2000}, a finding that suggests that
structural and functional changes in the hippocampus of
depressed patients may be reversible.

In summary, preclinical and clinical studies converge
in suggesting an association between context-modulation
of affective responding and hippocampal function. Future
sludies should (1) assess whether hippocampal atrophy
precedes or follows onset of depression or other sydromes
of affective dysregulation; (2) assess the causal relation be-
tween hypercortisolemia and hippocampal volume reduc-
tion; (3) directly test a putative link between inappropriate
contexi-dependent affective responding and hippocampal
atrophy: and (4) assess pultative treatment-mediated plas-
tic changes in the hippocampus.

Amygdala: Functional and Anatomical
Considerations for Understanding Its Role
in Affect

Although a link between amygdala activity and negative
affect has been a prevalent view in the literature, partic-
ularly when examined in response to exteroceptive aver-
sive slimuli (e.g., LeDoux, 2000), recent findings from in-
vasive animal studies, human lesion, and functional
neurcimaging studies are converging on a broader view
that regards the amygdala’s role in negative affect as a spe-
cial case of its more general role in directing attention to
affectively salient stimuli and issuing a call for further
processing of stimuli that have major significance for the
individual. Extant evidence is consistent with the argu-
ment that the amygdala is critical for recruiting and co-
ordinating cortical arousal and vigilant attention for opli-
mizing sensory and perceptual processing of stimuli
associated with underdetermined contingencies, such as
novel, “surprising” or “ambiguous” stimuli (see also Davis
& Whalen, 2001; Holland & Gallagher, 1999; Whalen,
1998). Most stimuli in this class may be conceptualized as
having an aversive valence since we tend to have a neg-
ativity bias in the face of uncertainty (Taylor, 1991).

Both structural and functional differences in the amyg-
dala have been repaorted in disorders of emotion, particu-
larly depression. Structurally, several recent studies re-
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ported en association between enlargement of amygdala
volume and depression. This association has been found
in depressed patients with bipolar disorders (Altshuler,
Bartzokis, Grieder, Curran, & Mintz, 1998; Strakowski et
al., 1999) as well as temporal lobe epilepsy (TLE; Tebartz
van Elst, Woermann, Lemieux, & Trimble, 1999, 2000). In
a recent study, Mervaala et al. (2000) observed significant
asymmelry in amygdalar volumes (right smaller than left)
in patients with major depressive disorder (MDD) but not
in the controls. In TLE patients with dysthymia, left amyg-
dala volume was positively correlated with depression se-
verity, as assessed with the BDI (Tebartz van Eist et al.,,
1999). Although these findings depicl a relation between
increased amygdalar volume and depression, it is impor-
tanl to stress that (1) the causal relations between the two
entities are still unknown, and {2) some inconsistencies
among studies are present. Indeed, some studies reported
either decreased bilateral volume in the amygdala core nu-
clei {Sheline et al., 1998) or nuil findings {Coffey et al,,
1993; Pantel et al., 1997; Ashtari et al., 1999). Although
the reasons are still unclear, it is interesting to note that
two null findings were found in geriatric depression (Pan-
tel et al., 1997; Ashtari et al., 1999).

Functionally, abnormal elevations of resting rCBF or
glucose metabolism in the amygdaia have been reported
in depression during both wakefulness (Drevets et al.,
1992) and sleep (Ho et al., 1996; Nofzinger et al., 1999).
In an FDG-PET study, Ho et al. (1996) reporied increased
absolute cerebral glucose metabolic in several brain
regions, particularly the amygdala (+44%]), in 10 unmed-
icaled men with unipolar depression during non-REM
sleep period. Further, in his recent review, Drevets (2001)
reports data from five consecutive studies, in which in-
creased rCBF or glucose metabotism has been consistently
replicated in depressives with familial MDD or melan-
cholic features. In a postmortem study, 5-HT2 receptor
densily was significantly increased in the amygdala of de-
pressive patients commitling suicide (Hrdina, Demeter,
Vu, Sotonyi, Palkovits, 1993). Abnormally increased
amygdalar activation has also been recently reported in
bipolar depression (Ketter et al., 2001) and anxiety disor-
ders, which often show a high degree of comorbidity with
depression (Birbaumer et al., 1998; Liberzon et al., 1999;
Rauch et al., 1996, 2000; Schneider et al., 1999; Semple
et al., 2000; Shin et al., 1997). Further eslablishing a link
between depression and amygdalar activation, twa studies
have reported a positive correlation between amygdalar
activation and depression severity or dispositional nega-
tive affect in patients with MDD {Drevets et al,, 1992; Ab-
ercrombie et al., 1998). After pharmacologically induced
remission from depression, amygdalar activation has been
observed to decrease to normative values [Drevets, 2001).
In familial pure depressive discase, however, increased
{left) amygdalar activation persists during the remitted

phases {Drevets el al,, 1992), suggesting at least in some
subtypes of depression amygdalar dysfunction may be
traitlike. Interestingly, remitted MDD patients showing
symptom relapse as a consequence of serotonin depletion
showed increased amygdalar activation prior to the deple-
tion compared to those who will not relapse (Bremner,
Innis, et al., 1997}. Finally, in one of the first fMRI studies
using an activation paradigm, Yurgelun-Todd et al. (2000)
reported higher left amygdalar activation for bipolar pa-
tients than controls in response to fearful faces.

In light of the pivotal role of the amygdala in recruiting
and coordinating vigilant behavior toward stimuli with
underdetermined contingencies, hyperactivation of the
amygdala in major depression may bias initial evaluation
of and response to incoming information. Although still
speculative, this mechanism may rely on norepinephrine,
which (1} is oftentimes abnormally elevated in depression
(e.g., Veith et al., 1994), (2) is involved in amygdala-
mediated emotional learning (Ferry, Roozendaal, & Mc-
Gough, 1999), and (3} is affected by glucocorticoid secre-
tion, which is often elevated in MDD (e.g., Carroll et al.,
1976}, Thus, these findings may explain cognitive biases
toward aversive or emotionally arousing information ab-
served in depression.

Increased amygdalar activation in depression may also
represent a possible biological substrate for anxiety, which
is often comorbid with depression. In this respect, ele-
vated levels of glucocortocoid hormones—which charac-
lerize at least some subgroups of patients with depres-
sion—may be especially relevanl, since elevated
glucocorticoid hormones have been shown to be associ-
ated with increased corticotropin-releasing hormone
(CRH) in the amygdala. Increased CHR availability may
increase anxioty, fear and expeclation for adversity
{Schulkin, 1994).

In light of evidence suggesting a link belween amyg-
dalar activation, on one hand, and memory consolidation
and acquisition of long-term declarative knowledge about
emotionally salient information, on the other hand, the
ohservations ol dysfunctionally increased amygdalar ac-
tivation in major depression are intriguing. As recently
peinted out by Drevets {2001), tonically increased amyg-
dalar activation during depressive episodes may favor the
emergence of rumination based on increased availability
of emationally negative memories. Although still un-
tested, it is possible that these aberrant processes may rely
on dysfunctional interactions between the amygdala, the
PFC, and the ACC. Notably, structural abnormalities have
been reported in territories of the PFC intimately con-
necled with the ACC (Drevets et al., 1997; Ongiir, Drevets,
& Price, 1998). ACC dysfunction, in particular, may lead
to a decreased capability of monitoring potential conflict
between memory-based ruminative processes and sensory
information coming from the environment.
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Summary and Conclusions

This chapter reviewed circuitry that underlies the repre-
senlation and regulation of emotion. It is this circuitry that
is responsible for many of the emotional variations among
people and for governing vulnerability and resilience in
the face of stressful events. Different territories of the PFC
and ACC, the hippocampus, and the amygdale were con-
sidered. These structures are all interconnected in region-
ally specific ways and exhibit bi-directional feedback. Var-
jations in the morphometry and functioning of each of
these structures have been reported in disorders of emo-
tion, and functional variations are associated with several
parameters of affective style in normal individuals. The
establishment of differences in brain function or structure
in cross-seclional studies that involve only a single as-
sessment have been informative, However, such studies
cannot specify which variations may be primary and
which may be a consequence of primary varialions. For
example, an individual may have a low threshold for ac-
tivation in the amygdala that will predispose him to react
with more intense and more prolonged negative affect in
response to a siressful event. Territories of the prefrontal
cortex may display accentuated activation as part of a reg-
ulatory strategy to attenuate aclivalion in the amygdala. In
this instance, one might refer to the amygdala difference
as primary and the PFC difference as secondary. In the
absence of longitudinal research, however, it will be dif-
Recult to tease apart.

In addition, a paucity of work has examined functional
and/or structural connectivity among these regions. Some
of the variations in affective style that have been identified
may arise as a consequence of variations in connectivity,
either funclional, structural, or both. Future research
should include measures of both functional {e.g., Cordes
et al,, 2000) and structural connectivity. The latier can be
measured with diffusion tensor imaging (Le Bihan et al.,
2001).

We have drawn upon the animal and human literature
on basic processes in emotion and emotion regulation to
help interpret normal and pathological variations in affec-
tive style and to highlight the kinds of studies that have
not yet been performed but are important 1o conduct. The
findings on the basic processes in animals and normal hu-
mans provide the foundation for a model of the major
components in affect representation and regulation. The
input to affect representation can be either a sensory stim-
ulus or a memory. Most sensory stimuli are relayed
through the thalamus and from there they can take a short
route to the amygdala (LeDoux, 2000) and/or go up to cor-
tex. From both association cortex and from subcortical
regions including the amygdala, information is relayed to
different zones of the PFC. The PFC plays a crucial role

in the representation of goals. In the presence of ambigu-
ous situations, the PFC sends bias signals lo other brain
regions lo facilitate the expression of task-appropriate re-
sponses in the face of competition with polentially
stronger alternatives. We argued that in the affective do-
main, the PFC implements affect-guided anticipatory pro-
cesses. Left-sided PFC regions are particularly involved in
approach-related appetitive goals while right-sided PFC
regions are involved in the maintenance of goals that re-
quire behavioral inhibition. Abnormalities in PFC func-
tion would be expected 1o compromise goal-instantiation
in patients with depression. Left-sided hypoactivation
would result in deficils specifically in pre-goal altainment
forms of positive affect while right-sided hyperactivation
would result in excessive behavioral inhibition and antic-
ipatory anxiely. Hypoactivation in regions of the PFC with
which the amygdala is interconnected may result in a de-
crease in the regulatory influence on the amygdala and a
prolonged time course of amygdala activation in response
to challenge. This might be expressed phenomenologically
as perseveration of negative affect and rumination.

The ACC is critically involved in conflict monitoring
and is activated whenever an individual is confronted
with a challenge that involves conflict among lwo or more
response options. According to an influential theory of
ACC function (Carter et al., $1999), the ACC monitors the
conflicts among brain regions. When such conflict is de-
tected, the ACC issues a call for further processing to the
PFC that then adjudicates among the various response op-
tions and guides behavior toward a goal. The ACC is very
frequently activated in neuroimaging studies of human
emation [see Bush et al., 2000, for review) in part because
when emation is elicited in the laboratory it produces re-
sponse conflict. There is the general expectation to behave
in an unemotional fashion since subjects are participating
in & scientific experiment, yet there are the responses that
are pulled for by the emotional challenge, such as certain
patterns of facial expression. This is commonly reported
by subjects and is associated with ACC activation. The
ACC is also activated when an individual is exposed to a
conflict among different channels of emational commun-
cation. For example, when the face and voice each express
inconsistent emotions simultaneously, a conflict in the
viewer is created and the ACC is activated (Dolan, Morris,
& de Gelder, 2001). Individuals with low levels of ACC
activation would be expected to be less sensitive lo or less
reactive to these inconsistent affective cues.

There is sometimes a conflict between an individual's
mood state and the behavior that is expected of the indi-
vidual in a particular social or role context. For example,
among depressed individuals, their dispositional mood
state may predispose them to set few goals and engage in
little intentional action, yet the demands of their environ-
ments may include expectations to behave and act in spe-
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cific ways. In an individual with normal levels of ACC
activation, the signal from ACC would issue a call to other
brain regions, the PFC being the most important, to resolve
the conflict and engage in the appropriale goal-directed
behavior. However, in an individual with abnormally low
levels of ACC activation, the conflict between her dispos-
itional mood state and the expectations of her context
would not be effectively monilored and thus, the usual
call for further processing would not be issued. The dala
on ACC function in depression mosl consistently reveal a
pattern of decreased activation in certain regions of the
ACC, Interestingly, those depressed patients with greater
activation in the ventral ACC before antidepressant treat-
ment are the ones most likely to show the largest treatment
responses. In normal individuals, activation of the affec-
tive subdivision of the ACC may also be associated phen-
omonologically with the “will to change.”

The hippocampus appears to play an important role in
encoding context. Lesions to the hippocampus in animals
impair context coaditioning. In addition, this structure
has a high density of glucocorticoid receptors, and ele-
vated levels of cortisol in animal models have been found
to produce hippocampal cell death. in humans, varicus
stress-related disorders, including depression, have been
found to be associated with hippocampal volume reduc-
tions. Whether such hippocampal volume differences are
a cause or a consequence of the depression cannct be an-
swered from extant data. However, to the extent that hip-
pocampal dysfunction is present, we would expect that
such individuals would show abnormalities in the
context-appropriate modulation of emotional behavior.
This type of abnormality would be expressed as the dis-
play of normal emotion in inappropriate contexts. Thus,
the persistence of sadness in situations that would ordi-
narily engender happiness could in part arise as a conse-
quence of a hippocampally dependent problem in the con-
text-modulation of emotional responses. We have shown
such effects in rhesus monkeys (see Davidson, Jackson, et
al., 2000, a for review) though they have not yet been stud-
ied systematically in humans. The exlensive connections
between hippocampus and PFC would presumably pro-
vide the requisite anatomical substrate for conveying the
contextual information to PFC to regulate emotional be-
havior in a context-appropriate fashion. The connections
between hippocampus and PFC are another potential tar-
get of dysfunction in depression and other disorders of
emotion. It is possible that a certain subtype of individual
exists wherein contextual encoding is intact and PFC-
implemented goal-directed behavior is intacl, but conlext
fails to adequately guide and reprioritize goals. In such
cases, the functional and/or anatomical connectivity be-
tween hippocampus and PFC might be a prime candidate
for dysfunction. The tools are now available to examine
both types of connectivity using noninvasive measures.

The amygdala has long been viewed as a key sile for

both the perception of cues that signal threat and the pro-
duction of behavioral and aulonomic responses associated
with aversive responding. As we have noted above, cur-
renl evidence suggests lhal the amygdala’s role in negative
affect may be a special case of its more general role in
directing attention and resources to affectively salient
stimuli and issuing a call for further processing of stimuli
that have potentially major significance for the individual.
As with other parts of the circuil we have addressed, there
are extensive connections between the amypdala and each
of the other structures we have considered. The amygdala
receives input from a wide range of cortical zones and has
even more extensive projections back to cortex, enabling
the biasing of cortical processing as a function of the early
evaluation of a stimulus as affectively salient. Also, like
the other components of the circuit we have described,
there are individual differences in amygdala activation
both at baseline (Schaefer et &l., 2000} and in response to
challenge (see Davidson & Irwin, 1999, for review). More-
over, it is likely that regions of the PFC play an important
role in modulating activation in the amygdala and thus
influencing the time course of amygdala-driven negative
affective responding. In light of the associations that have
been reported between individual differences in amygdala
activation and affect measures, it is likely that when it
occurs, hyperactivation of the amygdala in depression is
associated more with the fear-like and anxiety compo-
nents of the symptoms than with the sad mood and an-
hedonia. In our own work, we have found that amygdala
activation predicts dispositional negative affect in de-
pressed patients but is unrelated 1o variations in positive
affect (Abercrombie et al., 1998). Excessive activation of
the amygdala in depressed patients may also be associated
with hypervigilance, particularly toward threat-related
cues, which further exacerbales some of the symptoms of
depression.

There are several types of studies that critically need
to be performed in light of the extant evidence reviewed
in this chapter. First, studies are needed that relate specific
varialions in activation in particular brain regions te ob-
jective laboratory tasks that are neurally inspired and de-
signed to capture the particular kinds of processing that
are hypothesized to be implemented in those brain
regions. Relatively few studies of that kind have been con-
ducled. Most studies that examine relations between in-
dividual differences in neural activity and affective style,
either normal or abnormal, almost always relate such neu-
ral variation to either self-report or interview-based indi-
ces. In the future, it will be important to complement the
phenomenological description with laboratory measures
that are explicitly designed to highlight the processes im-
plemented in different parts of the circuit that we de-
scribed.

Such future studies should include measures of both
functional and structural connectivity to complement the



CHAPTER 2. PARSING THE SUBCOMPONENTS OF EMOTION AND DISORDERS OF EMOTION 19

activation measures. It is clear that interactions among the
various components of the circuitry we describe are likely
to play a crucial role in determining behavioral output.
Moreovaer, it is possible that connectional abnormalities
may exist in the absence of abnormalities in specilic struc-
tures.

Longitudinal studies of at-risk samples with the types
of imaging measures that are featured in this review are
crucial. We do not know if any of the variations discussed
above, both of a structural and a functional variety, pre-
cede the onset of a disorder, co-occur with the onset of a
disorder or follow by some time the expression of a dis-
order. It is likely that the timing of the abnormalities in
relation to the clinical course of the disorder varies for
different parts of the circuitry. For example, data showing
a relation between the number of cumulative days de-
pressed over the course of the lifetime and hippocampal
volume (Sheline et al., 1996, 1999) suggest that this ab-
normality may follow the expression of the disorder and
represent a consequence rather than a primary cause of
the disorder. However, before such a conclusion is ac-
cepled, it is important to conduct the requisite longitudi-
nal studies to begin to disentangle these complex causal
factors.

Finally, we regard the evidence presented in this re-
view as offering very strong support for the view that spe-
cific constituents of emotion regulation and affective style
will be identified that have not been directly uncovered
with self-report methods. For example, the rapidity of re-
covery from a stressful stimulus or variations in context-
sensitivity of emotional responding are each separable
processes that will influence self-reports of emotion, yet
such reports will not be revealing with respect to the con-
stituents that led to these influences. Thus, two individ-
uals who each report high levels of dispositional negative
affecl may be doing so because of variations in different
parts of the circuitry reviewed. It is also very likely that
some of the important variations in affective style, such as
individual differences in the rapidity of recovery from a
negative event, may not map precisely onto extant person-
ality or self-report descriptors. A major challenge for the
future will be to build @ more neurobiologically plausible
scheme for parsing the heterogeneity of emotion, emotion
regulation, disorders of emotion, and affective style, based
on the location and nature of the abnormality in the [fea-
tured circuitry. We believe that this ambitious effort will
lead to considerably more consistent findings at the bio-
logical level and will also enable us to more rigorously
characterize different endophenotypes that could then be
exploited for genetic studies.
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