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processes in psychopathology as a function of intervention.
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INTRODUCTION
Research on emotion and its relationship with cognition has gar-
nered much attention in recent years (e.g., Phelps, 2006; Levin
et al., 2007; Pessoa, 2008; Miller, 2010; Dolcos et al., 2011), evi-
dent in the increasing popularity of the term “emotion-cognition
interactions” in the literature. This body of literature has come
to appreciate the intimate and closely interacting nature of
these processes and is expanding to understand the relationships
between motivational and cognitive processes (Spielberg et al.,
2008, 2011b; Pessoa, 2009; Pessoa and Engelmann, 2010; Chiew
and Braver, 2011). We define emotion as a system of multiple
related processes (including relevant thoughts, experiences, and
preparations for action, manifesting in physiology, overt behav-
ior, and language; Lang, 1968; Kozak and Miller, 1982; Roseman,
2008) that “attempt to promote adaptation by responding to the
pursuit and attainment (or lack of attainment) of individuals’
needs, goals, and concerns” (Berenbaum et al., 2003, pg. 208).
Similar to cognition and emotion, emotion and motivation are
related constructs but are not identical (for further discussion,
see Chiew and Braver, 2011). Although emotions and motiva-
tions both have a hedonic component, motivations are typically
conceptualized as processes that drive goal-directed behaviors
aimed at achieving desired outcomes and avoiding undesired ones
(Carver, 2006; Roseman, 2008). Pessoa (2009) described moti-
vation as “what makes one work to obtain a reward or to avoid
punishment.”

Although some have argued that emotions and motivations
cannot be separated (Buck, 2000; Laming, 2000), many argue that
these constructs are related yet distinguishable, and differ in their
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effects on cognition and behavior (for a review, see Chiew and
Braver, 2011). These psychological processes are implemented via
both shared and distinct brain regions. Carver (2006) proposed
that emotion is the affect that emerges from comparing the actual
versus expected progress toward a goal, whereas motivation is
what drives progress toward that goal. When there is a mismatch
between actual and expected progress, changes in emotional states
occur and alter subsequent motivations, impeding or promot-
ing goal attainment. Further, changes in motivation may modify
expectations about future events, which can then result in changes
in emotions.

Accumulating evidence demonstrates that performance on
tasks commonly considered nonemotional can be influenced by
emotional and motivational states, more enduring emotion- and
motivation-related traits, and the emotional qualities of situa-
tions. Cognitive processing is also an integral part of emotion and
motivation and affects the degree to which they influence ongoing
activities and behaviors. It has become increasingly clear that cog-
nition, emotion, and motivation are intricately intertwined, and
it is difficult to determine where to draw the line between them
(Pessoa, 2008, 2009; Miller, 2010). Complex relationships among
these psychological processes appear to play an important role
in the development and maintenance of psychopathology and in
treatment effectiveness. As demonstrated below, a review of the
cognitive difficulties experienced by individuals with anxiety and
depression makes clear that it is virtually impossible to separate
these difficulties from their emotional and motivational influ-
ences. Conversely, the emotional and motivational disruptions
that are characteristic of anxiety and depression are embedded in
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abnormal cognitions, as has been well established for some time
(e.g., Beck, 1976; Levin et al., 2007) and can be targeted effectively
in treatment paradigms.

Recent years have also seen advances in elucidating the
functional and structural brain mechanisms that support the
effects of emotion and motivation on cognition and vice versa
(for reviews, see Gray, 2004; Phelps, 2006; Pessoa, 2008, 2009;
Chiew and Braver, 2011; Dolcos et al., 2011; Ochsner et al,
2012). Researchers have often used neuroimaging data to sup-
port the notion of functional specialization in the brain, carv-
ing it into distinct “cognitive,” “affective,” and “motivational”
regions. Growing sophistication in theory and methodological
approaches has led to empirical evidence suggesting that these
processes are not only interdependent but effectively integrated
in at least some areas of the brain (e.g., Gray, 2004; Pessoa,
2008, 2009; Miller, 2010). Cognitive, emotional, and motiva-
tional processes are implemented by overlapping networks of
regions that play various roles depending on the task/context.
These networks include prefrontal cortex (PFC), cingulate, amyg-
dala, striatum, hypothalamus, hippocampus, insula, and parietal
regions. Despite a growing body of research on this topic, much
work remains to be done, especially to advance concepts and the-
ories to guide the work (Miller, 1996, 2010). There continues to
be enormous but unrealized potential to apply these findings to
psychopathology and treatment (Miller et al., 2007; Carrig et al.,
2009; Fu et al., 2012). A better understanding of the psychologi-
cal and neural mechanisms involved in the complex relationships
between cognition, emotion, and motivation can aid in advancing
the development of such new applications.

The goals of this paper are (1) to integrate findings of stud-
ies exploring relationships between cognitive, emotional, and
motivational processes, and their associated neural mechanisms
in anxiety and depression and (2) to highlight psychological
and biological processes implicated in emotion-cognition and
motivation-cognition interactions that are amenable to ongoing
modification and can be targeted with interventions. Thus, this
review will convey the current state of the field and highlight the
potential synergy between basic and treatment-related research
that can move the field forward.

In the present review, neuroplasticity refers to functional
and structural flexibility of brain systems, regions, and struc-
tures over time, such that a given system is able to change
in response to input (which may include experience or other
interventions) and does not harden into rigidity with matu-
ration. In some cases a functional change might reflect alter-
ations in dynamic neural processes as inferred by modifications
in activity and metabolism or other aspects of physiology. In
such cases there is no presumption that the altered physiology
directly influences or reflects change in the structure of the neu-
ral tissue. In other cases, the neural tissue itself may be the
substrate of neuroplasticity inasmuch as there is alteration in cel-
lular and/or regional structure. The present review will focus on
anxiety and depression, but manifestations of other types of psy-
chopathology are also highly dependent on emotion-cognition
and motivation-cognition interactions. For example, the clinical
picture of schizophrenia is influenced significantly by emotional
adjustment, motivational dynamics (e.g., reward responsivity,
approach/avoidance coping style), and cognitive biases, each of

which interacts with the other and the clinical course of the
disorder (e.g., Rector and Beck, 2002). Explication of the dynam-
ics of emotion-cognition and motivation-cognition processes in
anxiety and depression may contribute to understanding similar
dynamics in other disorders.

EMOTION-COGNITION INTERACTIONS IN ANXIETY
AND DEPRESSION

Emotion-cognition interactions gone awry can lead to clinically
significant levels of anxiety and depression. For example, anxi-
ety and depression are characterized by information-processing
biases and cognitive dysfunction, which appear to contribute to
the onset and/or maintenance of symptoms, including persistent
negative affect and poor emotion regulation. A pervasive find-
ing in the anxiety literature is that anxious individuals exhibit
an attentional bias, such that they preferentially process threat-
related information (for reviews, see McNally, 1998; Bar-Haim
et al., 2007). Anxious individuals display facilitated orientation
toward threatening stimuli and have difficulty disengaging from it
once their attention is captured (for reviews, see Cisler et al., 2009;
Sass et al., 2010). This attentional bias appears to play a key role
in the etiology and maintenance of anxiety disorders (MacLeod
et al., 2002; Amir et al., 2009; Koster et al., 2009).

There is also some evidence that depressed individuals exhibit
an attentional bias to negative material, though this literature is
mixed (for reviews, see Levin et al., 2007; Gotlib and Joormann,
2010). When biased attention has been found in depression, it
has often been the case that stimuli were presented for relatively
longer durations (e.g., >500 ms, see Bradley et al., 1997; Gotlib
et al., 2004) than is typical in the anxiety literature, in which
stimuli are presented very briefly (e.g., <100 ms). Williams and
colleagues (1997) proposed that the attentional biases for threat
observed in studies of anxiety reflect earlier stages of processing
(e.g., orienting), whereas biases in depression reflect later stages
of processing (e.g., elaborative processing). However, some scalp
event-related brain potential (ERP) findings have indicated a bias
to attend to negative words as early as 200 ms post stimulus onset,
as well as later enhanced processing in depression with comorbid
anxiety (Sass et al., under review). Thus, evidence suggests that
impairments in control of attention, particularly in the face of
distracting emotional information, characterize both depression
and anxiety, although potentially in different ways or on different
time scales.

Hemodynamic neuroimaging work examining the success-
ful implementation of control of attention in the context of
emotional distractors has implicated several key areas, includ-
ing dorsolateral prefrontal cortex (DLPFC) and anterior cingulate
cortex (ACC; Whalen et al., 1998; Compton et al., 2003; Mohanty
et al., 2007; Banich et al., 2009; Herrington et al., 2010). Not sur-
prisingly, these areas appear to function abnormally in anxiety
and depression, such that dysfunction in DLPFC, as well as in
dorsal ACC (dACC) and rostral ACC (rACC), has been associ-
ated with difficulty ignoring distracting emotional information
(e.g., Engels et al., 2007, 2010; Bishop, 2008; Herrington et al.,
2010). Additionally, various parts of the parietal cortex play a
role in control of attention in both emotional and nonemotional
contexts (Banich et al., 2000; Compton et al., 2003; Corbetta et al.,
2008) and are disrupted in anxiety and depression (Bruder et al.,
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1997; Engels et al., 2007; for reviews, see Heller, 1993; Heller
et al., 2003). Together, these findings suggest that anxiety and
depression are associated with abnormal cognition in the pres-
ence of emotional distractors, from earlier selective attention to
later inhibition and response selection.

There is ample evidence that anxious individuals also exhibit
an interpretation bias, in which ambiguous information and situ-
ations are interpreted negatively (Mathews and MacLeod, 2005;
Zinbarg and Yoon, 2008). This bias is supported by two fMRI
findings (for a review, see Bishop, 2007). First, responsivity of
the amygdala to neutral stimuli increases as a function of anxi-
ety, suggesting that anxious individuals overinterpret such stimuli
as threatening (Somerville et al., 2004). Second, PFC is engaged
when healthy individuals attempt to decrease the impact of neg-
ative information via emotion-regulation strategies, including
generating new interpretations of situations. Individuals with
anxiety exhibit decreased PFC recruitment during such tasks, sug-
gesting that they have difficulty generating alternative meanings
of such stimuli in order to alter their initial and ongoing emo-
tional response (Goldin et al., 2009). This interpretation bias
appears to play a causal role in anxiety and can lead to distor-
tions in memory (Wilson et al., 2006; Hirsch et al., 2009; Hertel
and Brozovich, 2010).

It is unclear whether depression is also associated with an
interpretation bias, given mixed results in the literature (for
discussion, see Gotlib and Joormann, 2010). However, there is
consistent evidence that depression is characterized by a memory
bias, such that depressed individuals preferentially recall negative
over positive information (for review, see Mathews and MacLeod,
2005; Gotlib and Joormann, 2010). Depressed individuals also
tend to retrieve overgeneral autobiographical memories that lack
details, even when they are instructed to recall specific events
(Williams et al., 2007). Consistent with these findings, hypoacti-
vation of the hippocampus and parahippocampal gyrus has been
observed in individuals diagnosed with major depressive disor-
der (MDD) during an autobiographical memory task (Young
et al., 2012). Given deficits in DLPFC activation in depressed
individuals, difficulty implementing strategies to recall detailed
memories may be related to impaired connectivity between PFC
and hippocampal regions. Overgeneral memory recall has been
associated with longer depressive episodes (Raes et al., 2005),
delayed recovery from affective disorders (Dalgleish et al., 2001),
and less complete recovery from major depression (Brittlebank
et al., 1993).

EXECUTIVE FUNCTION DEFICITS IN ANXIETY

AND DEPRESSION

Anxiety and depression have been associated with deficits in exec-
utive function (EF; Levin et al., 2007; Snyder, 2013; Snyder et al.,
under review), which may contribute to the observed emotion-
cognition problems reviewed above. EF can be defined as the
“set of abilities required to effortfully guide behavior toward a
goal, especially in nonroutine situations” (Banich, 2009, p. 89).
Examples of EFs include planning and organizing, sequencing
steps to accomplish a task, inhibiting prepotent responses, updat-
ing and manipulating information in working memory, shifting
between strategies or tasks, and flexibly adjusting behavior to

environmental demands. A pervasive view in the literature is that
the EF deficits that characterize anxiety and depression are due
to the symptoms of psychopathology (e.g., Williams et al., 2000;
Eysenck et al., 2007) and hence resolve when symptoms remit.
However, others have asserted that these deficits are not simply
the result of current symptoms, and several studies have demon-
strated that individuals in remission from depression still exhibit
various EF deficits (Beats et al., 1996; Paradiso et al., 1997; Austin
et al., 2001). Given that executive dysfunction persists even when
symptoms improve, it is plausible that these EF deficits con-
tribute to initial onset or relapse, rather than merely resulting
from disorder.

There is evidence that anxiety is associated with deficits in
shifting between mental sets (Airaksinen et al., 2005; Johnson,
2009), although others have failed to replicate this finding
(Castaneda et al., 2010). In addition, anxiety has been linked
to working memory problems (MacLeod and Donnelan, 1993;
Derakshan and Eysenck, 1998; Eysenck et al., 2005), particularly
under stressful conditions (Eysenck et al., 2007). An influen-
tial proposal, the attentional control theory, considers anxiety
in relation to three EF components—inhibition, shifting, and
updating of working memory—based on a model proposed by
Miyake and colleagues (2000). This theory proposes that anx-
iety is characterized by an EF deficit in control of attention
due to worry impairing the central executive of the working
memory system (Eysenck et al., 2007). This impairment is accom-
panied by deficits in inhibition and shifting functions, as well
as an imbalance in two attention systems. Specifically, anxiety
decreases the influence of a goal-directed, top-down attention
system and increases the influence of a stimulus-driven, bottom-
up attention system. Little work has been conducted thus far
investigating key aspects of this theory, but some support of its
assertions is starting to accrue (for reviews, see Derakshan and
Eysenck, 2009; Eysenck and Derakshan, 2011; Snyder et al., under
review).

Using the three-component EF model developed by Miyake
and colleagues (2000), Warren et al. (under review) found that the
specificity of anxiety-related EF impairments depended on dif-
ferentiating dimensions of anxiety, specifically anxious apprehen-
sion or worry from anxious arousal or sympathetic hyperarousal.
Whereas anxious apprehension was associated with shifting
impairments only, anxious arousal was associated with broad
impairments in EF (shifting, updating, and inhibition), especially
updating and inhibition. These findings are generally consistent
with Eysenck et al’s (2007) prediction that anxiety impairs shift-
ing and inhibition, although they extend the attentional control
theory to suggest that distinct dimensions of anxiety are associ-
ated with specific patterns of executive dysfunction (Warren et al.,
under review). Future work should examine these dimensions
of psychopathology in relation to Miyake and Friedman’s (2012)
updated EF model in which the inhibition-specific component is
subsumed by a common EF factor. This factor is what is com-
mon across all 3 EFs (inhibition, shifting, and updating) and may
reflect the ability to “actively maintain task goals and goal-related
information” (Miyake and Friedman, 2012, p.11).

Deficits in inhibition appear to be associated with the
difficulties that depressed individuals have disengaging from
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mood-congruent negative information, which leads to further
elaboration of the negative information and contributes to the
attentional bias described above (for a review, see Gotlib and
Joormann, 2010). Some evidence suggests that this effect is
valence-specific, such that depressed individuals demonstrate
inhibition deficits selectively for negative information (e.g.,
Goeleven et al., 2006). In addition, depressed individuals have dif-
ficulty intentionally ignoring distracting information, whether it
is emotional or nonemotional in nature (Gotlib and Joormann,
2010; Snyder, 2013). Depression therefore appears to be associ-
ated with an increased vulnerability to distracting information,
but once attention has been captured, difficulties in disengaging
are specific to information with negative valence.

Depression-related difficulty disengaging from information
also appears to be related to deficits in other cognitive con-
trol mechanisms, specifically updating and removing previous
task-relevant information, both emotional and nonemotional in
nature, from working memory and flexibly switching attention to
the task at hand (Joormann and Gotlib, 2008; Banich et al., 2009;
Joormann, 2010; Warren et al., under review). These deficits likely
also contribute to prolonged processing of negative aspects of
stimuli, which in turn hinders emotion regulation processes and
leads to the sustained negative affect and rumination observed
during depressive episodes (Joormann, 2010). Further, depression
has been associated with a variety of other EF deficits, including
impairments in verbal fluency, verbal and visuospatial working
memory, and planning (for reviews, see Yee, 1995; Levin et al,,
2007; Snyder, 2013).

Studies of healthy individuals have consistently implicated
several subregions of PFC across a variety of EFs. Specifically,
DLPFC, ventrolateral PFC (VLPFC), and dACC are recruited dur-
ing tasks involving inhibition, shifting, working memory, and
planning (Wager and Smith, 2003; Wager et al., 2004; Collette
et al., 2005, 2006; Nee et al., 2007). Depression and anxiety have
both been associated with hypoactivation in these regions (Rogers
et al., 2004; Levin et al., 2007; Fitzgerald et al., 2008; Bishop,
2009). Impaired recruitment of PFC regions appears to be asso-
ciated with difficulty implementing various functions associated
with EF tasks, including maintaining task goals and goal-related
information. Further, activity in left DLPFC has been shown to
depend on levels of both anxiety and depression. Specifically,
comorbid anxious arousal and depression were associated with
reduced left DLPFC activity during an EF task, but only when
anxious apprehension was low (Engels et al., 2010). In addi-
tion, anxiety and depression are associated with altered activity
in a DLPFC-dACC network, albeit in distinct ways (Silton et al.,
2011).

MOTIVATION-COGNITION INTERACTIONS IN ANXIETY

AND DEPRESSION

Numerous behavioral and psychophysiological studies have pro-
vided evidence that depression is associated with motivation-
related deficits. These are reflected in decreased responsivity
to positive or rewarding stimuli and reduced approach-related
behaviors (for reviews, see Fernandes and Miller, 1995; Pizzagalli
et al., 2011). Relative to healthy controls, individuals with MDD
exhibit blunted responsiveness to pleasant films and scenes

(Berenbaum and Oltmanns, 1992; Sloan et al., 1997), to cues
signaling the potential for reward (Pizzagalli et al., 2009a), and
to receipt of actual rewards (Henriques and Davidson, 2000;
Pizzagalli et al., 2009a). Depressed individuals also fail to demon-
strate the bias toward attending and responding to positive and
rewarding stimuli that nondepressed controls show (McCabe and
Gotlib, 1995; Pizzagalli et al., 2009b).

Hemodynamic neuroimaging studies of reward tasks have
demonstrated that depression is associated with decreased activa-
tion in key brain areas associated with the processing of reward-
related information, specifically nucleus accumbens and caudate,
as well as decreased activation in left PFC, an area that has been
associated with approach-related motivation and the processing
of positive stimuli (Davidson and Henriques, 2000; Herrington
et al., 2005, 2010; Pizzagalli et al., 2009a; Wacker et al., 2009;
Miller et al., 2013). Decreased activation in striatal areas has been
found during both anticipatory and consummatory phases of
reward processing (Pizzagalli et al., 2009a; Smoski et al., 2009).
Other brain areas display abnormally increased activation in rela-
tion to reward processing in depression, including orbitofrontal
cortex (OFC), implicated in the assessment of risk and reward,
and dACC, implicated in predicting response value (Knutson
et al., 2008; Smoski et al., 2009).

In addition to deficits in processing reward and decreased
approach behavior, depression appears to be associated with
increased avoidance behavior and an enhanced sensitivity to neg-
ative cues and punishment, consistent with a bias toward negative
information as reviewed above (see also Pizzagalli et al., 2011).
Furthermore, depressed individuals exhibit abnormal responses
to errors and perceived failure and demonstrate problems adjust-
ing their behavior appropriately after making mistakes and receiv-
ing negative feedback (Elliott et al., 1996, 1997; Heller and
Nitschke, 1997; Murphy et al., 2003; Holmes and Pizzagalli, 2007,
2008). Studies examining brain activation in relation to the antic-
ipation of and response to negative cues, feedback, and making
errors have found hyperactivity in several areas associated with
threat-related processing, including amygdala, ACC, and medial
PFC (mPFC) along with hypoactivity in lateral PFC (Tucker et al.,
2003; Holmes and Pizzagalli, 2008).

Although the literature on motivation and approach/
avoidance behavior in psychopathology has typically focused on
depression, there is evidence of abnormality in anxiety as well.
Anxious individuals appear to be hypersensitive to negative or
punishment-related stimuli, consistent with being prone to inter-
pret information as threatening (for reviews, see Gray, 1975, 1982;
Sass et al., 2010). Further, anxious individuals exhibit increased
activation in threat-related brain regions when responding to
negative stimuli, including PFC, dACC, amygdala, and pari-
etal and temporal areas (Heller et al., 2003; Engels et al., 2007,
20105 Bishop, 2008; Olvet and Hajcak, 2008). Similar to depres-
sion, anxiety is associated with enhanced avoidance motivation
(Spielberg et al., 2011a), such that anxious individuals habitually
avoid potentially threatening situations (Barlow, 2002). The ten-
dency for anxious individuals to engage in risk-avoidant behavior
is due in part to exaggerated perceptions of the likelihood and cost
of negative outcomes (Maner and Schmidt, 2006). Anxiety has
been associated with increased activity in the insula while making
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risky decisions and learning to avoid monetary loss (Paulus et al.,
2003; Samanez-Larkin et al., 2008; Damsa et al., 2009). The
insula is a key brain area involved in both the experience and
the anticipation of negative outcomes, as well as decision-making
about risky behaviors (for a review, see Samanez-Larkin et al,,
2008).

Furthermore, anxious individuals display hyper-reactivity to
making errors, as evidenced by increased ACC activation and an
enhancement in error-related negativity (ERN), an ERP compo-
nent that indexes error processing (for a review, see Olvet and
Hajcak, 2008). Anxiety also appears to be characterized by hyper-
sensitivity to rewards, as it is associated with faster responses to
potential rewards (Hardin et al., 2006) and increased activation in
areas involved in reward processing (e.g., ventral striatum; Guyer
et al., 2006, 2012; Bar-Haim et al., 2009). Thus, anxiety appears
to be associated with exaggerated responses to both rewards
and punishments, indicating enhanced sensitivity to incentives
irrespective of valence.

It is likely that at least some of the observed motivation-related
dysfunction associated with anxiety and depression is related to
the EF deficits that also characterize these disorders. Adaptive
motivational processing relies on intact EF, such that goals can be
selected based on their predicted value, behaviors can be initiated
to achieve these goals, and goal-directed action can be maintained
across time, particularly in the face of distraction (Spielberg
et al., 2012a,b). Many of the abnormal approach- and avoidance-
related behaviors associated with anxiety and depression are likely
due at least in part to dysfunction in specific EFs. For example,
depressed individuals have difficulty sustaining reward respon-
siveness over time (Heller et al., 2009), which may be due to
problems maintaining the contents of working memory, partic-
ularly when distractors are present (Yee and Miller, 1994). Heller
and colleagues (2009) found that problems in reward responsive-
ness were linked to dysfunction in frontal and subcortical areas,
which interact to implement goal-directed behavior.

Just as EFs appear to influence motivational processes, there
is also evidence that motivation affects these cognitive processes
in anxiety and depression. In healthy individuals, altering moti-
vational processing via monetary incentives has been associated
with enhancements of various EFs, including cognitive control,
attention, set-shifting, and working memory (Pochon et al., 2002;
Taylor et al., 2004; Engelmann and Pessoa, 2007; Engelmann
et al., 2009; Jimura et al., 2010; Savine et al., 2010). In contrast,
depressed adults and adolescents failed to adaptively adjust their
performance during EF tasks in order to optimize their chances of
winning money in rewarding and punishing contexts (Henriques
and Davidson, 2000; Jazbec et al., 2005). Similarly, high trait-
anxious individuals did not improve their performance during
a demanding EF task when monetary incentives were offered,
while low trait-anxious individuals demonstrated the expected
enhanced performance in the reward condition (Eysenck, 1985).
In a sample of anxious adolescents, incentive-related modula-
tion of performance on a cognitive control task was significantly
weaker than in healthy adolescents (Hardin et al., 2007).

The failure of motivational manipulations to appropriately
modulate EFs in individuals with anxiety and depression is likely
related to the observed dysfunction in brain networks associated

with incentive processing and task-relevant cognitive process-
ing. As reviewed above, anxiety and depression are associated
with dysfunction in areas involved in processing both positive,
rewarding stimuli and negative, punishing stimuli (e.g., puta-
men, caudate, and nucleus accumbens). Additionally, anxiety and
depression have been associated with abnormal function in a
network of brain regions involved in implementing EFs during
various tasks, including DLPFC, dACC, rACC, and parietal cortex
(Bruder et al., 1997; Heller et al., 2003; Engels et al., 2007, 2010;
Bishop, 2008; Herrington et al., 2010). Furthermore, it is likely
that networks involved in implementing motivation-related pro-
cesses and EFs fail to interact appropriately in order to integrate
various functions and successfully execute goal-driven behav-
ior. Studies of healthy individuals have implicated several “hub”
regions that link the two networks and integrate incentive-related
processes with EFs: DLPFC, ACC, and posterior cingulate cortex
(PCC; Pochon et al., 2002; Taylor et al., 2004; Locke and Braver,
2008; Pessoa, 2009; Jimura et al., 2010; Pessoa and Engelmann,
2010), all three of which have been associated with dysfunction
in anxiety and depression (Bench et al., 1993; Mayberg, 1997;
Mayberg et al., 1999; Engels et al., 2007, 2010; Bishop, 2008;
Herrington et al., 2010).

RELATIONSHIPS AMONG EF, EMOTION, AND MOTIVATION

Evidence reviewed above establishes many interactions among
cognition, emotion, and motivation and clearly indicates that
these interactions contribute to psychopathology. However, the
mechanisms remain mostly speculative, and a question of interest
concerns whether deficits in one domain predict or cause deficits
in another, so as to affect the onset and/or maintenance of psy-
chopathology. Although it is generally assumed that deficits in
cognition and EF are caused by emotional and motivational dis-
turbances, it has also been postulated that deficits in specific EFs
(e.g., inhibition, shifting) are at least partly responsible for key
cognitive, emotional, and motivational features of psychopathol-
ogy, including cognitive biases, motivation-related dysfunction,
and impaired emotion-regulation abilities (Levin et al., 2007;
Gotlib and Joormann, 2010). For example, a bias to attend to
negative information in anxious and depressed individuals may
be driven in part by difficulties inhibiting distracting informa-
tion or shifting attention to relevant aspects of a task. EFs may
affect motivational processes, such that they alter ability to eval-
uate potentially pleasurable stimuli or activities or implement
approach-related behaviors. EF deficits make it difficult to select
goals based on their anticipated benefits and to implement strate-
gies aimed at achieving these goals, particularly when distractions
are present in the environment (Banich, 2009). EF deficits could
also make it challenging for individuals to initiate and/or main-
tain emotion-regulation strategies aimed at promoting pleasant
emotion or engaging adaptive coping behaviors that would buffer
against the effects of stress (Monroe and Reid, 2009).

Some support for EF deficits contributing to emotion-related
symptoms of psychopathology has been provided by recent
research. Bredemeier and Berenbaum (in press) found that, when
controlling for initial levels of worry, reduced working mem-
ory capacity predicted worry levels several weeks later. Similarly,
research in our laboratory found that self-reported working
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memory difficulties predicted increases in symptoms of depres-
sion several months later, above and beyond the effects of initial
depression (Letkiewicz et al., under review). Alexopoulos and
colleagues (2000) found evidence that scores on measures of
initiation and perseveration predicted early relapse, recurrence
of depression, and the course of depressive symptoms post-
remission. Interestingly, a treatment study of the response of
depressed individuals to the antidepressant fluoxetine found that
nonresponders performed significantly worse on pre-treatment
measures of EF (Wisconsin Card Sorting Task, Stroop task;
Dunkin et al., 2000). Determining which deficits come first, or
understanding the causal and temporal mechanisms of the rela-
tionship between difficulties in EF and psychopathology, will
depend in part on the availability of longitudinal data. It is likely
that the relationships among EF, emotion, and motivation are
bidirectional and/or multidirectional, such that deficits in one
foster deficits in another, creating a snowball effect and in turn,
exacerbating the initial deficits.

Regardless of the nature of causality among these psychological
and biological processes (Miller, 2010), the relationships among
EFs, emotion, and motivation in anxiety and depression are likely
related to dysfunction in brain networks that are involved in inte-
grating aspects of these processes, particularly DLPFC and ACC
(Gray et al., 2002; Koechlin and Hyafil, 2007; Kouneiher et al.,
2009; Pessoa, 2009). Evidence suggests that DLPFC and ACC
merge input from various regions involved in subprocesses of
cognition, emotion, and motivation (Gray et al., 2002; Gray, 2004;
Pessoa, 2008, 2009; Spielberg et al., 2012a,b). DLPFC has sub-
stantial connectivity to regions involved in determining the emo-
tional significance and motivational value of stimuli, including
more medial PFC structures, such as pre-supplementary motor
area (pre-SMA), dACC (Kouneiher et al., 2009), and frontopolar
cortex (Koechlin and Hyafil, 2007). Further, research in our labo-
ratory showed that DLPFC regions associated with approach and
avoidance motivation demonstrated increased connectivity with
OFC, ACC, amygdala, and basal ganglia during an EF task involv-
ing goal maintenance in the face of distraction (Spielberg et al.,
2012a).

ACC also seems a likely candidate for integrating aspects
of emotion, motivation, and EF, evidenced by its connectivity
to both the amygdala and nucleus accumbens, as well as OFC
and ventral striatum (Pessoa, 2009), key areas involved in emo-
tion and motivation. Hence, subregions of ACC are involved in
assessing events for their emotional and motivational relevance,
error and conflict monitoring, and predicting value of poten-
tial rewards and punishments (Rushworth et al., 2004, 2007;
Banich, 2009; Pessoa, 2009). In addition, DLPFC and ACC inter-
act in order to utilize emotional and motivational information to
develop and implement goal-directed strategies (Beckmann et al.,
2009; Spielberg et al., 2012a). In anxiety and depression, DLPFC
and ACC appear to be dysfunctional in integrating emotion-
and motivated-related information when recruited to implement
cognitive control/EFs and exhibit decreased connectivity (Silton
etal., 2011).

Other research explicitly examining functional connectivity
between regions also suggests that anxiety and depression are
associated with dysfunctional communication between regions.

For example, individuals with MDD exhibited decreased con-
nectivity in a fronto-parietal network relative to healthy controls
during a working memory task (Vasic et al., 2009). Individuals
with social phobia displayed less functional connectivity between
the amygdala, medial OFC, and PCC than healthy individuals
during rest (Hahn et al., 2011), as well as altered connectivity
between various regions (e.g., amygdala, mPFC, inferior pari-
etal lobule) during a face perception task (Danti et al., 2010).
Thus, it is likely that the dysfunction observed in individuals
with anxiety and depression is related to problematic commu-
nication between regions, rather than just altered activity in
isolated regions.

INTERVENTION AND NEUROPLASTICITY

Numerous interventions, both psychological and biological, have
been developed to target disruptions in cognition, emotion, and
motivation interactions associated with anxiety and depression.
In addition, a growing body of research has aimed to eluci-
date the mechanisms of neuroplasticity by characterizing the
experience-dependent functional and structural changes in the
brain associated with these interventions. As reviewed above,
anxiety and depression are associated with impaired executive
control, dysfunctional relationships among cognitive, emotional,
and motivational processes, and abnormal activity in brain
regions that are part of networks implementing these processes.
Psychological/behavioral, pharmacological, and direct physiolog-
ical (e.g., electroconvulsive therapy [ECT]) interventions have
been shown to reduce emotional symptoms, decrease negative
thoughts and beliefs, and alter maladaptive motivational and
behavioral styles (for reviews, see Mayberg, 2000; Mayberg et al.,
2005; DeRubeis et al., 2008; Frewen et al., 2008; Clark and Beck,
2010). Importantly, they appear to normalize function and struc-
ture in the brain regions and networks that exhibit dysfunction
prior to treatment in individuals who respond to treatment.

Although a large body of literature demonstrates improve-
ments in psychological symptoms associated with various types
of interventions, it should be noted that not everyone responds
to one or more of these treatments. For example, Cognitive
Therapy (CT), a type of psychotherapy with much empirical sup-
port, is effective for approximately 40-60% of individuals with
depression (APA, 2000). Less than half of individuals with depres-
sion who receive either psychotherapy or pharmacotherapy are
able to attain full remission (Casacalenda et al., 2002). Butler
and colleagues (1991) found that only 32% of individuals with
Generalized Anxiety Disorder (GAD) who received CT scored
within the healthy range on three measures of anxiety imme-
diately after treatment. Further, many individuals who respond
initially to treatment ultimately relapse, regardless of the type of
treatment received. However, there is evidence that psychotherapy
leads to lower relapse rates than does pharmacotherapy (Gould
etal., 1995, 1997; Hollon et al., 2006). There continues to be great
room for improvement in treatments in order to increase recovery
rates and prevent relapse. If we can better understand the psy-
chological and neural mechanisms through which treatment is
effective for responders, this knowledge can be used to improve
treatments, as well as match specific treatments to those who are
likely to benefit from it.
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Cognitive behavioral therapy (CBT) is one of the most effec-
tive psychological treatments for anxiety and depression and
addresses emotion-cognition and motivation-cognition interac-
tions that are altered in these disorders. The cognitive component
of CBT (and CT) emphasizes changing problematic patterns of
thinking and maladaptive beliefs, which leads to improvements
in emotional and motivational function and enhances approach
behavior. The behavioral component of CBT and a related thera-
peutic approach, Behavioral Activation (BA), target problematic
behavioral patterns (e.g., avoidance of negative stimuli/situations
and punishment-related outcomes) and use positive reinforce-
ment to facilitate engagement in pleasant, rewarding activities
(Martell et al., 2001; Kuyken et al., 2005). In addition to increas-
ing more adaptive, approach-related behaviors, these behavioral
strategies lead to alterations in cognition and emotion. Thus, CBT
and CT emphasize the interconnection of thoughts, emotions,
and motivations.

Successful CBT/CT for anxiety and depression has consistently
been shown to alter activity in several brain regions, including
DLPFC, VLPFC, and ACC (for reviews, see Frewen et al., 2008;
Clark and Beck, 2010; Miller, 2010). Some studies have found that
CBT and CT for depression are associated with decreased amyg-
dala activation and increased prefrontal activation during tasks
that recruit various cognitive, emotional, and motivational pro-
cesses relative to pre-treatment activation (see DeRubeis et al.,
2008). Others have found that prefrontal activation decreased
during a resting-state condition (e.g., Goldapple et al., 2004). It
has been suggested that maintaining lower frontal resting-state
activity is adaptive in that it allows for more flexible activity dur-
ing EF task conditions, with the amount of activity depending on
the context and task demands (DeRubeis et al., 2008).

Similar to CBT studies of depression, studies of successful
CBT for anxiety disorders highlight the neuroplasticity of several
brain regions that play key roles in cognition, emotion, and moti-
vation. For example, individuals diagnosed with posttraumatic
stress disorder (PTSD) were given treatment involving imaginal
exposure to feared situations and cognitive restructuring, two key
components of CBT for PTSD that target avoidance behaviors
and distortions in thought patterns (Felmingham et al., 2007).
Researchers found that treatment was associated with PTSD-
symptom improvement, as well as increased rACC activation
and decreased amygdala activation when viewing fearful ver-
sus neural faces. Thus, treatment normalized dysfunctional pre-
treatment activity in regions involved in emotional experience
and regulation.

Treatment for obsessive-compulsive disorder (OCD) that
focused on changing maladaptive behavior patterns was associ-
ated with decreased caudate activity during rest (Schwartz et al.,
1996; Nakatani et al., 2003) as well as alterations in functional
connectivity between areas in the caudate-orbital-thalamic cir-
cuit for CBT treatment responders (Baxter et al., 1992; Schwartz
et al., 1996). Individuals with spider phobia exhibited decreased
symptoms post-CBT along with significant reductions of pre-
treatment hyperactivity in insula and ACC (Straube et al., 2006)
as well as DLPFC and parahippocampal gyrus (Paquette et al.,
2003). Clark and Beck (2010) reviewed studies of CBT for anxiety
disorders and reported that treatment leads to increased activity

in ventral and dorsal ACC, mPFC, and VLPFC, regions that
exhibit pre-treatment hypoactivity relative to controls, as well as
decreased activity in amygdala, hippocampus, and anterior and
medial temporal cortex, which show pre-treatment hyperactivity.
Thus, CBT alters activity in regions involved in diverse cognitive,
emotional, and motivational processes, including more bottom-
up, stimulus-driven processing and top-down processing (Clark
and Beck, 2010).

As with CBT/CT, numerous studies examining the effects
of antidepressant medication treatment have found decreases
in depressive symptoms with concomitant alterations in activa-
tion in several brain regions involved in a range of cognitive,
emotional, and motivational processes. Successful antidepres-
sant treatment has been associated with decreased activation in
regions involved in threat and punishment-related responses such
as the amygdala, subgenual cingulate, and striatum in response
to affective stimuli (Mayberg et al., 2000; Sheline et al., 2001;
Davidson et al., 2003; Fu et al., 2004). Prior to treatment, these
regions appeared to be hyperactive relative to healthy individuals.
In addition, antidepressant treatment has been shown to increase
activation in several cognitive control regions that are typically
hypoactive in depressed individuals, including prefrontal cor-
tex and rACC (Mayberg et al., 2000; Davidson et al., 2003; Fu
et al., 2004). Supporting these results, a meta-analysis of 9 studies
found that antidepressant treatment for depression was associated
with increased activation in DLPFC, VLPFC, and dorsomedial
PEC, along with decreased activation in amygdala, hippocampus,
parahippocampal gyrus, ACC, PCC, OFC, insula, and parietal
regions (Delaveau et al., 2011). It has been proposed that antide-
pressant medication does not target prefrontal activity directly;
rather, it targets amygdala activity, which in turn prompts pre-
frontal disinhibition (DeRubeis et al., 2008) with the effect of
increasing activity supporting cognitive control. Further, antide-
pressant medication appears to enhance functional connectivity
among brain regions in depressed individuals (Anand et al,
2007), shown in other work to be disrupted (e.g., Silton et al.,
2011).

Antidepressant medication has been used to treat anxiety as
well. Studies examining its effects on neural activity in individ-
uals with anxiety disorders have found that it also appears to
normalize activity in regions and networks that were dysfunc-
tional prior to treatment in medication responders. For example,
obsessive-compulsive disorder (OCD) has been associated with
hyperactivity in frontal-subcortical circuits relative to healthy
individuals, and antidepressant treatment has been shown to
decrease activity in OFC and caudate nucleus (Saxena et al,
1999). In addition, antidepressant treatment has been associated
with decreased activity in medial temporal cortex in individu-
als with PTSD (Seedat et al., 2004). Further, after antidepressant
treatment, individuals with social phobia displayed attenuated
activity in amygdala, hippocampus, and parahippocampal cortex
during a public speaking task (Furmark et al., 2002, 2005).

These functional changes associated with successful medica-
tion and psychotherapy treatment are supported by structural
changes. Antidepressants appear to reverse various structural
abnormalities observed in depression and anxiety. For example,
there is evidence that chronic antidepressant treatment enhances
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neurogenesis, prevents neuronal atrophy, and promotes neuronal
sprouting and dendritic branching (Vaidya and Duman, 2001;
Pittenger and Duman, 2008). It also stimulates new synapse
formation, strengthens synaptic connectivity, and alters neu-
rotrophic signaling cascades (Manji et al., 2003; Pittenger and
Duman, 2008; Andrade and Rao, 2010). These cellular and
molecular changes are associated with more macro-level changes,
including increased regional brain volume (e.g., hippocampus;
Vermetten et al.,, 2003; Malykhin et al., 2010). There is lit-
tle direct evidence of cellular and regional changes associated
with psychotherapy specifically; however, such changes have
been observed after various learning-related experiences similar
to those involved in psychotherapy (Kolb and Whishaw, 1998;
Liggan and Kay, 1999), and the neuroplastic effects of structured
behavioral interventions more generally are well established (e.g.,
Elbert et al., 1995).

Studies examining the neurobiological effects of pharmacolog-
ical versus psychological treatments have been inconsistent, with
some reporting similar results (e.g., Baxter et al., 1992; Furmark
et al., 2002), and others reporting diverging results (for reviews,
see Mayberg, 2003; DeRubeis et al., 2008). Seminowicz and col-
leagues (2004) asserted that different types of treatment (e.g.,
CBT, medication) alter activity in some of the same regions,
though in different ways (e.g., CBT increases or decreases activity
in a region, whereas medication does the opposite). Regardless,
psychotherapy and antidepressant medication appear to have at
least some similar effects, though they likely have distinct mech-
anisms of change (e.g., Kumari, 2006; DeRubeis et al., 2008). It
has been hypothesized that CBT/CT and antidepressant medi-
cation both ultimately affect prefrontal, limbic, and subcortical
regions, though they differ in their “proximal mechanisms of
action” and direct targets, such that CBT/CT directly enhances
prefrontal function and top-down emotion regulation and cogni-
tive control, whereas antidepressant medication alters amygdala
activation and bottom-up, stimulus-driven processes (Linden,
2006; DeRubeis et al., 2008). This hypothesis is consistent with
anecdotal reports that medication can be helpful in diminish-
ing the intensity of emotional and motivational symptoms in
a way that allows more intentional cognitive strategies to be
deployed effectively. This may explain why the combination of
antidepressants and CBT is more effective than either alone in
difficult-to-treat cases of depression (Keller et al., 2000b). To our
knowledge, no research has examined the neural changes asso-
ciated with combined medication and psychotherapy treatment.
Future research in this area will be useful to determine if pharma-
cotherapy and psychotherapy have additive or interactive effects
on brain activation.

The studies reviewed above are limited in that they reflect
neural changes in individuals who responded to treatment and
showed at least some symptom improvement. However, as men-
tioned above, numerous individuals do not respond to medica-
tion and/or psychotherapy. Although uncommon, a few studies
have examined neural patterns in treatment nonresponders. For
example, Mayberg and colleagues (2000) found that, relative to
responders, nonresponders showed an inverse activation pattern
in some areas (e.g., hippocampus, PCC) as well as no change in
subgenual cingulate and prefrontal cortex. In addition, an exciting

line of research has begun to examine how findings from studies
of neural mechanisms involved in psychological and pharmaco-
logical interventions can be used to inform treatment selection for
individuals, given that not everyone responds. Numerous studies
have found that pre-treatment activity in rACC and subgenual
portions of ACC (sgACC) is consistently predictive of who will
respond to treatment (for a review, see Mayberg, 2003). For exam-
ple, Siegle and colleagues (2006) scanned depressed individuals
prior to 16 sessions of CBT while they performed an emotional
information processing task. They found that low pre-treatment
sgACC and high amygdala activation in response to negative
words were associated with increased response to CBT. The results
regarding sgACC were replicated in two separate samples (Siegle
et al., 2012), suggesting that baseline sgACC activity is a reliable
measure that can be used to increase response rates by providing
CBT to those individuals most likely to benefit from it. Such evi-
dence of pretreatment psychophysiological reactivity predicting
psychotherapy response adds to a long tradition of such literature
(e.g., Lang et al., 1970).

Similar to CBT, several antidepressant studies have found that
greater pre-treatment activity in rACC consistently predicted bet-
ter response to antidepressant treatment in individuals with anxi-
ety and depressive disorders (Mayberg et al., 1997; Pizzagalli et al.,
2001; Davidson et al., 2003; Whalen et al., 2008; Nitschke et al.,
2009). Activity in other regions, including OFC and amygdala, has
also been found to predict greater improvement with treatment
(Saxena et al., 1999; McClure et al., 2007). In addition, patterns
of connectivity between regions in a network shown to be dys-
functional in depression (e.g., PFC, sgACC, OFC, hippocampus)
have been used to distinguish antidepressant medication respon-
ders from nonresponders (Seminowicz et al., 2004). Measures of
pre-treatment structural neuroanatomy, particularly rACC vol-
ume, have also been used to predict response to antidepressant
medication and CBT in individuals with MDD and PTSD, respec-
tively (Bryant et al., 2008; Costafreda et al., 2009). Although much
work remains to be done before routinely applying such findings
to clinical practice, matching individuals with treatments likely to
be effective based on pretreatment psychophysiological and neu-
roantatomical characterization is a promising method that can be
used in the future to enhance response rates.

COGNITIVE BIAS MODIFICATION

Another line of research has explored improving response rates
with strategies other than treatment-matching. Some researchers
have argued that using methods that more directly target cog-
nitive processes, specifically the biases observed in anxiety and
depression, will improve current treatment approaches. Thus
far, evidence suggests that decreasing cognitive biases leads to
enhanced emotional function (for review, see Koster et al., 2009;
Hertel and Mathews, 2011). This literature developed in part to
test the theory that cognitive biases play a role in the etiology of
anxiety and depressive disorders and are an important target for
therapeutic intervention. Numerous studies have now provided
support that cognitive biases 1) play a causal role in psychopathol-
ogy, 2) can be modified, and 3) lead to improvements in clinical
symptoms and emotional reactivity to stress when these biases
are reduced or alleviated. In fact, cognitive bias modification
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(CBM) has received so much recent attention that a special sec-
tion in Journal of Abnormal Psychology (Volume 118, Number 1)
was devoted to it, numerous reviews have already been pub-
lished (e.g., Beard, 2011; Hertel and Mathews, 2011; MacLeod,
2012), and meta-analyses have been conducted (e.g., Hakamata
et al., 2010; Hallion and Ruscio, 2011; Beard et al., 2012). This
literature encompasses a variety of experimental procedures, typ-
ically computerized, that are used to systematically alter cognitive
processing styles.

Given the prolific research focusing on the role of attentional
bias in anxiety, it is not surprising that there is also a large CBM
literature investigating the alteration of this bias (for review, see
Bar-Haim, 2010). For example, individuals with GAD exhibited
reduced anxiety symptoms after undergoing a training procedure
involving a probe task that induced a bias to orient attention away
from threatening information toward neutral words (Amir et al.,
2009). In fact, 50% of those individuals in the 8-session computer
training condition no longer met criteria for a diagnosis of GAD
after training versus 13% in the control condition. These results
provide support for the assertion that an attentional bias to nega-
tive information plays a causal role in the development of GAD
symptoms. Similarly, individuals who suffered from recurrent
depression exhibited significant reductions in depression, anxiety,
automatic negative thoughts, and rumination after undergoing
attention training involving monitoring external auditory stimuli
under conditions of selective attention, attention switching, and
divided attention (Papageorgiou and Wells, 2000).

Research has also found that modifying attentional biases
buffers against the negative effects of stressors in real-world con-
texts (Hakamata et al., 2010). For example, See and colleagues
(2009) found that, in addition to reducing trait anxiety scores,
an attentional bias modification procedure led to decreased state
anxiety in response to the real-life stress associated with mov-
ing to a new country to start college. In a series of studies,
Dandeneau and colleagues (2007) demonstrated that attentional
training reduced a bias toward threatening social information and
led to decreased stress responses in both school and work set-
tings. Based on their meta-analysis, Hallion and Ruscio (2011)
proposed that cognitive biases exert their influence on anxiety and
depressive symptoms only after being activated by stressors.

In addition to targeting attention, cognitive bias modifica-
tion procedures have also been developed to alter other types
of biases, including the negative interpretation bias observed in
anxious individuals and the overgeneral autobiographical mem-
ory bias that accompanies depression. Hirsch and colleagues
(2009) implemented a procedure that allowed individuals high in
worry to practice accessing benign instead of threatening mean-
ings of homographs and emotionally ambiguous scenarios. These
individuals reported fewer negative thought intrusions and less
worry during a breathing focus task than participants in a con-
trol training condition. Further, individuals who underwent the
benign-meaning training demonstrated greater residual working
memory capacity despite being instructed to worry, suggesting
that this intervention also enhances a key cognitive process that
appears to play a role in anxiety development and exacerbation.

Several studies have demonstrated that interpretation biases
contribute to observed distortions in memory (for review, see

Hertel and Brozovich, 2010; Hertel and Mathews, 2011). Thus,
alleviating this bias likely improves memory as well. As reviewed
above, depression is associated with overgeneral autobiographi-
cal memory. Watkins and colleagues (2009) found that provid-
ing concreteness training to dysphoric individuals reduced their
tendency to engage in abstract and overgeneral processing and
decreased depressive symptoms, rumination, and self-criticism.

Little is known about the neural mechanisms associated with
the psychological changes induced by CBM procedures. One
study examining the effects of attentional training with healthy
individuals found altered activity in lateral PFC spanning dor-
solateral and ventrolateral regions during a novel attention task
(Browning et al., 2010). Specifically, activity in lateral PFC
increased when participants attended to faces that were the
valence they were trained to avoid (i.e., fearful faces for those in
the avoid-threat condition, neutral faces for those in the attend-
threat condition). In addition, connectivity analyses indicated
that lateral PFC influenced activity in visual sensory cortex, con-
sistent with studies showing that both regions are part of a
network involved in control of attention.

It has been suggested that the mechanisms through which
CBM procedures exert their effects are distinct from those asso-
ciated with CBT and pharmacological interventions, specifically
that they operate at different stages of processing (e.g., Browning
etal., 2010). However, conflicting theories exist about which stage
of processing CBM affects. For example, Browning and colleagues
(2010) suggested that, whereas pharmacological interventions
affect the initial deployment of attention and involve a bottom-
up, stimulus-driven system including the amygdala, CBM targets
later stages of attentional processes involving PFC. In contrast,
Hallion and Ruscio (2011) asserted that CBM targets earlier, more
automatic cognitive processes, whereas CBT targets later stages.
Future work will likely benefit from employing hemodynamic and
electromagnetic neuroimaging methods to help determine which
stages of processing are affected by various interventions.

There are numerous additional questions to address regarding
CBM. For example, it is not clear how much training is needed
(e.g., number and length of sessions), how long their effects
last, how effective CBM techniques are relative to other treat-
ments, or what factors moderate their effectiveness. The CBM
literature has not explicitly considered the impact that such inter-
ventions may have on motivational processes, including real-life
behavioral outcomes. However, it is likely that CBM-induced
improvements in cognitive and emotional function translate into
enhanced motivational function, such as decreasing avoidance
and increasing pro-social behavior. Future work will need to
test this hypothesis. In addition, several researchers have sug-
gested that combining CBM with other therapies (e.g., CBT) may
enhance their effectiveness (e.g., Bar-Haim, 2010; Browning et al.,
2010; Hallion and Ruscio, 2011), but this has yet to be systemat-
ically assessed. To the extent that EF deficits actually drive biases
associated with anxiety and depression, it may be that CBM pro-
cedures actually enhance EF processes (e.g., control of attention,
working memory capacity) that in turn reduce biases. Thus, using
interventions that more directly target specific EFs (e.g., inhibi-
tion, working memory) may be even more effective and lead to
more long-lasting changes.
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EXECUTIVE FUNCTION TRAINING

Evidence is accruing that EF can improve with training (e.g.,
Olesen et al., 2004; Erickson et al., 2007; Dahlin et al., 2008)
and that interventions targeting specific EFs directly are associ-
ated with improvements in symptoms of psychopathology (e.g.,
Papageorgiou and Wells, 2000; Siegle et al., 2007). A small but
growing number of studies demonstrate that training-related
increases in working memory ability can yield improvements in a
range of cognitive skills (Chein and Morrison, 2010; Jaeggi et al.,
2011; Brehmer et al.,, 2012), improvements in cognitive func-
tion in clinical populations with known inhibitory impairment
(e.g., Klingberg et al., 2005; Popov et al., 2011), and improve-
ments in quality of life (e.g., Vogt et al., 2009). The generalizability
of training-related increases in working memory ability to non-
trained tasks is hypothesized to occur when the transfer task
recruits overlapping cortical regions (e.g., Jonides, 2004; Olesen
et al.,, 2004). Identifying specific EF deficits and their associ-
ated neural mechanisms in anxiety and depression could improve
the focus of cognitive remediation interventions, as well as their
transfer effects to real-world applications (e.g., promoting goal
attainment, approach behavior, or emotion-regulation abilities).

Because of the importance of working memory in general
cognition (Kane and Engle, 2002), many cognitive training pro-
grams have been developed to target it. The hope has been that
related cognitive abilities (e.g., inhibition, updating, attention)
will subsequently improve and lead to enhanced emotional and
motivational function. Numerous studies have shown that frontal
and parietal regions are key nodes in a network involved in imple-
menting working memory (for a review, see D’Esposito, 2001).
Working memory training with healthy individuals was associ-
ated with increases in activation in prefrontal and parietal regions,
specifically middle frontal gyrus and superior, intraparietal and
inferior parietal cortex (Olesen et al., 2004). Not surprisingly,
research suggests that working memory capacity is correlated with
the structural integrity of white matter connecting frontoparietal
regions (Klingberg, 2006). Working memory training increased
the white matter structural integrity of a region adjacent to intra-
parietal sulcus, which connects this region to frontal cortex, and
a region adjacent to the body of the corpus collosum, which
connects bilateral DLPFCs (Takeuchi et al., 2010). It was hypoth-
esized that more effective communication of brain regions via
increased myelination accounts for enhanced working memory
post-training.

As interest in the potential role of EF as a target of inter-
vention is increasing (Chein and Morrison, 2010; Jaeggi et al.,
2011; Brehmer et al., 2012), identification of specific EF deficits
and associated patterns of brain activity in psychopathology will
likely serve the development and/or modification of effective
interventions (such as “neurobehavioral interventions” as dis-
cussed in Siegle et al., 2007). In fact, difficulties with different
aspects of EF may present barriers to current treatment methods.
For example, an individual who has trouble shifting might need
help planning strategies to transition more easily between daily
tasks. It has been shown that the efficacy of current psychologi-
cal treatments depends on adequate EF (Mohlman and Gorman,
2005). For example, CBT involves reappraisal, hypothesis gener-
ation, and self-monitoring, which all require EF (Mohlman and

Gorman, 2005; Gotlib and Joormann, 2010). In addition, there
is some evidence that EF training actually improves response to
CBT (Mohlman, 2008), although research is needed to examine
which aspects of EF are most crucial for the efficacy of these inter-
ventions and might benefit most from training. More research
is clearly needed to explore how EF training might improve
treatment outcomes.

Many individuals do not fully recover after receiving therapy or
relapse after therapy has completed (Kendall and Sugarman, 1997;
DeRubeis et al., 1999). It may be advantageous for these indi-
viduals to receive interventions that initially target and enhance
EFs, which could allow them to engage in and benefit more
from other components of the treatment. There is some prelim-
inary data that adding EF training to treatment as usual (TAU)
leads to better outcomes in depressed individuals (Siegle et al.,
2007). Specifically, Siegle and colleagues added Cognitive Control
Training (CCT) to enhance working memory and attention to
TAU, which included group psychotherapy, case management,
and psychotropic medication. They found that individuals who
received CCT in addition to TAU displayed greater improve-
ments in depressive symptoms than did those in the TAU alone
condition, as well as normalization of activation in DLPFC and
amygdala.

MINDFULNESS-BASED INTERVENTION

Not much research has been conducted examining the out-
comes of specific EF training procedures utilizing EF tasks in
individuals with anxiety and depression beyond the preliminary
study described above. However, outcomes related to mindful-
ness are an area of increasing interest because it is considered
an intervention that trains control of attention and other EFs.
A large body of evidence has demonstrated that mindfulness-
based stress reduction (MBSR) is an effective intervention for a
range of psychological disorders, including anxiety and depres-
sion (Hofmann et al., 2010). It has been hypothesized that the
improvement in emotional symptoms associated with mindful-
ness is due to the fact that it utilizes cognitive strategies that
involve strengthening EFs, including sustaining attention, flex-
ibly switching the focus of attention, and inhibiting elabora-
tive processing (Bishop et al., 2004). Mindfulness interventions
have been associated with significant improvements in perfor-
mance on working memory and sustained attention tasks, as
well as concomitant decreases in rumination, depressive symp-
toms, and negative affect relative to a control group (Chambers
et al., 2008). Mindfulness also appears to decrease rates of relapse
in individuals who have experienced several depressive episodes
(Teasdale et al., 2000). Similar to CBM, the mindfulness liter-
ature has not directly assessed alterations in motivation-related
processes and behaviors, though it is likely that the improve-
ments in cognitive and emotional function enhance motivational
processing.

The cognitive improvements and symptom reductions gained
through mindfulness training are accompanied by mindfulness-
induced neuroplasticity (for a review, see Holzel et al., 2011).
Healthy adults who completed an 8-week MBSR training course
and expert meditators exhibited reduced activation in brain
areas associated with a visceral sense of self, including anterior
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insula, ventral ACC, and mPFC during the act of meditation
(Ives-Deliperi et al., 2011) and while processing emotional stim-
uli, which also corresponded with reduced amygdala activation
(Desbordes et al., 2012). These effects suggest that experience
with MBSR and other types of meditation results in reduced
reactivity to both physical and emotional stimuli. In addition,
there is evidence of increases in activity in brain regions associ-
ated with attention and executive control. Studies have observed
increases in PCC during active meditation (Ives-Deliperi et al.,
2011) and less activity in major nodes of the default-mode net-
work, including mPFC and PCC, during periods of rest in expe-
rienced meditators (Brewer et al., 2011), suggesting decreased
mind wandering. A study utilizing ERPs during a Stroop task
found that individuals with MBSR experience displayed increased
early-latency responses recorded over right posterior cortex to
all stimuli, suggesting increased deployment of early attentional
resources, and reduced later centro-parietal potentials to all
stimuli but especially incongruent stimuli, indicating more effi-
cient processing and control of these conflict stimuli (Moore
et al., 2012). Although little research has examined these effects
in clinical populations, one study found that individuals diag-
nosed with social anxiety disorder (SAD) who underwent MBSR
training exhibited reduced amygdala activation and increased
dorsomedial PFC, ventromedial PFC, mPFC, and PCC activa-
tion in response to negative stimuli (Goldin and Gross, 2010).
These effects suggest that these individuals were better able
to control their emotional response to negative stimuli via
reduced bottom-up, stimulus-driven reactivity and/or increased
top-down control.

Other noteworthy neuroimaging effects observed in indi-
viduals with MBSR experience comes from research employ-
ing techniques that examine structural changes in the brain.
Increased cortical thickness has been observed in several regions
in individuals with MBSR experience, including PFC, PCC, OFC,
hippocampus, and anterior insula (Lazar et al., 2005; Luders
et al., 2009; Holzel et al., 2011). These increases in gray mat-
ter density were found to positively correlate with meditation
experience (Lazar et al., 2005). Individuals with MBSR experi-
ence have been shown to exhibit increased connectivity among
major fiber tracts in the brain, including whole brain fiber tracts,
major tracts in both hemispheres, and the two largest interhemi-
spheric fiber tracts than did healthy controls (Luders et al., 2011).
Brewer et al. (2011) found increased connectivity among DLPFC,
dACC, and PCC in experienced meditators, which again sug-
gests increased self-monitoring ability and enhanced cognitive
control. Finally, increased gyrification, or an increase in cortical
gray matter and synaptogenesis, has been observed in precentral
gyrus, fusiform gyrus, cuneus, and dorsal insula in individuals
with MBSR experience (Luders et al., 2012). Among these areas
showing increased gyrification, only dorsal anterior insula was
correlated with meditation experience. This area is involved in
integrating aspects of autonomic, affective, and cognitive pro-
cesses and may contribute to decreased mind wandering, day-
dreaming, and ruminating, which are all key aspects of successful
meditation.

Although the study by Goldin and Gross (2010) appears to be
the only one to directly examine the neural effects of MSBR in

individuals diagnosed with an anxiety or depressive disorder thus
far, the growing body of research on brain changes associated with
MBSR in healthy populations has implications for how it may
mitigate or prevent anxiety or depression. Some of the neuroplas-
tic effects observed in healthy individuals with MBSR experience
occur in areas exhibiting dysfunction in anxiety and depression,
as reviewed above. Thus, it is likely that MBSR practice in indi-
viduals with anxiety and depression normalizes activity in these
regions, in addition to reducing symptoms and increasing control
over rumination and worry.

LIMITATIONS AND FUTURE DIRECTIONS

In terms of neuroplasticity, many of the structural changes have
been examined in relation to medication. Much less work has
been done to understand the structural changes associated with
psychological interventions. In fact, a pervasive premise, and
not only among the general public, is that biological abnormal-
ities should be treated with biological interventions. Yet there is
now abundant evidence that psychological treatments alter biol-
ogy, just as biological treatments alter psychology (Miller, 1996,
2010). Further, despite a large body of research examining the
functional changes associated with various types of psycholog-
ical and biological interventions, there is much we do not yet
know because of the limited contexts in which these changes
have been assessed. These functional changes have been assessed
almost entirely using tasks tapping basic emotional processing
(e.g., viewing negative versus neutral faces). Understanding of
the neural changes associated with such interventions would
be greatly enhanced by examining changes across a variety of
tasks and contexts recruiting a range of cognitive, emotional,
and motivational processes. This would permit testing whether
interventions lead to greater flexibility and dynamic range of
neural activity, such that the degree of activation depends on
the context and task demands rather than being habitually high
or low, or whether interventions lead to consistently moderate
responses.

In addition to research that examines a broader range of
contexts, interventions would greatly benefit from future work
that is informed by the psychological and biological research
reviewed in the present paper. Current treatments (e.g., CBT,
medication) may be enhanced by the initial implementation
of targeted strategies that more directly boost activity in EF-
related regions (e.g., cognitive control/working memory train-
ing) and/or decrease activity regions that play key roles in
initial reactivity to stimuli (e.g., mindfulness). Although these
strategies may not be sufficient alone, they could poten-
tially address specific deficits that in turn allow individuals to
more fully engage in challenging treatment techniques. Further,
research on shared brain mechanisms that contribute to vari-
ous forms of psychopathology (e.g., connectivity between DLPFC
and ACC) could inform nonspecific treatment strategies that
address symptoms present in a range of disorders (Siegle et al.,
2007).

Several other methodological and theoretical limitations that
are pervasive in the field also need to be addressed. The vast
majority of the treatment studies reviewed reported results at the
level of individual areas. However, the field is moving towards
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a network approach in order to better understand interactions
among cognitive, emotional, and motivational processes, which
involve a complex array of operations that engage distributed net-
works of brain regions. There is some, albeit minimal evidence
starting to accrue that treatment normalizes functional com-
munication between regions in individuals with anxiety and
depression. Anand et al. (2005) found that after 6 weeks of
antidepressant treatment, individuals with depression exhibited
increased connectivity between ACC and various regions (amyg-
dala, thalamus, and striatum) at rest and after viewing neutral
and positive but not negative pictures. Further, measures of pre-
treatment connectivity, rather than just the activity of a single
region, may also be useful for predicting who will respond to
treatment. Salvadore and colleagues (2010) found that less func-
tional connectivity between pregenual/subgenual ACC and left
amygdala during a working memory task prior to antidepressant
treatment was associated with greater symptom improvement
post-treatment. Thus, the field would greatly benefit from future
studies that utilize a network perspective in order to better under-
stand the mechanisms through which various treatments exert
their effects.

As reviewed above, various antidepressant and psychological
treatments appear to target processes that rely heavily on top-
down EF (e.g., interpretation of negative information), as well
as dampen reactivity to emotional stimuli. This is reflected in
treatment-related enhancements of activity in regions involved
more in top-down processing and decrements in activity in
regions involved more in bottom-up, stimulus-driven process-
ing. Although some researchers have theorized that a specific
type of treatment primarily targets one or the other type of
processing, it is likely that ultimately both are affected, given
the functional connectivity and interactive nature of the sys-
tems/networks that implement these processes. Future work
explicitly examining functional connectivity should directly test
this hypothesis.

In addition, very few studies take into account the frequency
at which anxiety and depression co-occur (Sanderson et al., 1990;
Kessler et al., 1994; Brown et al., 2001). Comorbidity is present in
at least one-half of those diagnosed with an anxiety or depres-
sive disorder (for reviews, see Gersh and Fowles, 1979; Breier
et al.,, 1985; Clark, 1989) and leads to a greater impact than
either disorder alone. Comorbidity is associated with greater
impairments in psychosocial function, greater severity of disor-
der, elevated rates of suicidality and morbidity, increased health
service use, increased treatment resistance, and poorer short- and
long-term outcomes (Judd et al., 1998; Lydiard and Brawman-
Mintzer, 1998). Without taking comormidity into account, it is
unclear whether patterns of brain activity are specific to depres-
sion or anxiety or if instead they reflect their co-occurrence. Some
evidence indicates that co-occurring anxiety and depression have
additive and interactive effects on brain function (e.g., Bruder
et al., 1997; Keller et al., 2000a; Kentgen et al., 2000; Pizzagalli
et al., 2002; Engels et al., 2010). Much work needs to be done to
better understand how co-occurring levels of anxiety and depres-
sion alter brain network function during tasks involving a range
of cognitive, emotional, and motivational processes as well as how
treatment alters these patterns.

Another issue that warrants consideration in the hemody-
namic neuroimaging treatment literature is the reliability of
the blood-oxygen-dependant-level (BOLD) signal across time,
given that various factors that can affect it (e.g., caffeine, nico-
tine, movement, breathing rate; MacDonald and Jones, 2009).
Carrig and colleagues (2009) reviewed research investigating
the test-retest reliability of fMRI and determined that stud-
ies examining intraclass correlation coefficients (ICC) have
found good to excellent reliabilities. However, Plichta and col-
leagues (2012) found that the stability of within-subject ampli-
tude varied depending on the specific task being examined
(emotional vs. motivational and cognitive). Little work has
been done in examining the reliability of the BOLD signal
specifically in patients, an issue that is particularly relevant
for the treatment literature. One study found that individu-
als with schizophrenia exhibited low reliability (ICC = 0.2) in
DLPFC, whereas control participants exhibited excellent reli-
ability (ICC = 0.81; Manoach et al., 2001). Thus, future
research would benefit from examining reliability of the BOLD
signal in individuals with anxiety and depression prior to
treatment.

CONCLUSION

It has become clear just how interconnected the cognitive, emo-
tional, and motivational deficits in anxiety and depression are,
such that it is difficult to distinguish their influences. The
present review has demonstrated how basic research on the
relationships among cognition, emotion, and motivation in psy-
chopathology and related neural mechanisms has been used to
inform treatment-related research. In fact, there continues to be
rich potential for the synergy between these literatures. Despite
numerous advances, we do not fully understand the mecha-
nisms that lead to psychopathology, or how to harness these
mechanisms most effectively for successful interventions.

This review has highlighted numerous gaps in the litera-
ture. It is clear that motivation is related to the cognitive and
emotional symptoms observed in psychopathology, but little
work has been done to understand exactly how motivation
interacts with and affects emotion and cognition. Additionally,
much of the treatment-related research has focused on emotion-
cognition interactions and neglected to examine how interven-
tions may lead to alterations in motivational processes. This
work could lead to the development and refinement of treat-
ments that better target the motivational deficits observed in
psychopathology. Further, there is much excitement about the
application of CBM procedures and EF training to better treat
psychopathology, but much research remains to be done before
these methods are used in common practice. For example,
it is not clear how their effects translate to everyday perfor-
mance or how long they last. If it is determined that they
are as effective as current treatment methods or useful in
improving the effectiveness of current methods, these train-
ing paradigms could likely be employed easily at home, via
internet or computer software, for little cost. There is much
promise in capitalizing on the synergy between neuroscience and
intervention research to better prevent and treat psychological
disorders.
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