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ArtiC{e history: In recent years, a call for increased research on bipolar disorder has been answered with
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! making, and neurobiological abnormalities in bipolar disorder. In order to further this spurt of
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research and to systematize our understanding of bipolar disorder, an integrative perspective is
warranted. The behavioral approach system (BAS) dysregulation theory, proposed by Richard
Depue and colleagues, provides such an integrated model for understanding psychosocial and
biological aspects of bipolar disorder. In this paper, we review studies on life events, cognitive
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Goal striving style and other psychosocial and neurobiological factors to examine whether the BAS
Hypomania dysregulation theory is supported by existing data. Then, we draw on recent advances in the
Mania study of emotion and motivation, and propose an expansion of the BAS dysregulation model of
Depression bipolar spectrum disorders to foster further biopsychosocial investigations of bipolar disorder.

This expanded model provides greater specificity in predictions, especially about the nature of
BAS dysregulation, environmental factors and psychological processes (e.g., appraisal
processes) featured in a causal chain culminating in bipolar symptoms. Finally, we discuss
the implications of the expanded BAS model for the course of bipolar spectrum disorders.
Published by Elsevier Ltd.
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..my classwork during these galvanized periods seemed straightforward, and I found examinations, laboratory work, and
papers almost absurdly easy during the weeks that the high-flying times would last. | would also become immersed in a variety
of political and social causes (...) But then as night inevitably goes after the day, my mood would crash, and my mind again
would grind to a halt. I lost all interest in my schoolwork, friends, reading, wandering, and daydreaming.— Kay Redfield Jamison
(1995, p. 43)

In the U.S., approximately 4.4% of the population will experience a form of bipolar disorder during their lifetime (Merikangas
et al., 2007). Bipolar disorder is a phenomenon of extreme contrasts both in mood (hypomanic/manic euphoria and irritability vs.
depression) and in functioning. As illustrated by certain famous musicians, writers, actors, politicians, etc., suspected to suffer from
bipolar disorder (see Goodwin & Jamison, 1990) and a study of prevalence among writers (Andreasen, 1987), bipolar disorder is
associated with achievement and artistic creativity. However, it is also coupled with severe impairment in many areas of
functioning, like erratic work performance, high rates of divorce, and substance abuse (Goodwin & Jamison, 1990; Harrow et al.,
1990; Strakowski, DelBello, Fleck, & Arndt, 2000). Individuals with bipolar disorder also have 12.3 times higher rates of suicide
compared to the general population (Angst, Stassen, Clayton, & Angst, 2002). Given that bipolar disorder is the sixth leading cause
of disability among physical and psychological disorders worldwide (Murray & Lopez, 1996), it also has significant cost for society.
Within bipolar disorder, a group of disorders appears to form a continuum or spectrum of severity from the milder cyclothymia, to
bipolar II disorder, to full-blown bipolar I disorder (Akiskal, Djenderedijian, Rosenthal, & Khani, 1977; Akiskal, Khani, & Scott-
Strauss, 1979; Cassano et al., 1999; Depue et al., 1981; Goodwin & Jamison, 1990). And, milder forms of bipolar disorder often
progress to the more severe forms (e.g., Akiskal et al., 1977, 1979; Shen, Alloy, Abramson, & Grandin, 2008). However, not all
research supports a bipolar spectrum model idea (e.g., Baldessarini, 2000).

Comprehensive understanding of bipolar disorder requires integration of empirical investigations that often stand on opposite
poles of the psychosocial-biological spectrum. For example, genetic work has revealed who is likely to develop a bipolar spectrum
disorder. A recent study of monozygotic and dizygotic twins estimated genetic heritability of bipolar disorder at 85% (McGuffin
et al., 2003). But, psychosocially oriented research plays a crucial role in exploring the course of bipolar disorder (e.g., exact timing
of episodes, a specific episode's polarity [hypomania/mania vs. depression], predominance of depression vs. hypomania/mania,
etc.; see Johnson & Kizer, 2002). In this regard, Akiskal (1986, p. 671) speculated, “..what is transmitted are these affectively
disregulated temperaments and that the progression to full-blown bipolar illness is due to environment.” Two decades ago,
researchers proposed one such integrative, psychobiological model of bipolar disorder. Specifically, they proposed that weak
regulation of the behavioral approach system! (BAS) might be involved in the rollercoaster of hypomanic/manic highs and
depressive lows that characterize bipolar spectrum disorders (Depue, Krauss & Spoont, 1987; Depue & lacono, 1989; Fowles, 1988,
1993; Gray, 1991).

Briefly, according to the BAS dysregulation model, individuals with bipolar disorder experience extreme fluctuations in
activation and deactivation of the BAS, a system involved in approach to reward, which are reflected in bipolar symptoms. The BAS
dysregulation model is scientifically compelling because it hints at both specific psychosocial factors and specific neurobiological
systems that may be relevant to bipolar disorder. The BAS has been hypothesized as functioning to get an organism in contact with
a reward or goal and as triggered by incentive cues in reward paradigms and safety cues (both internal and external) in active

T Depue and colleagues refer to the behavioral approach system as the behavioral facilitation or engagement system, while Gray (1982, 1991, 1994) and
Davidson (e.g., 1999) have referred to behavioral activation system and approach system, respectively. These systems are largely conceptually equivalent.
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avoidance paradigms (e.g., Depue & Collins, 1992; Depue & lacono, 1989; Gray, 1991; Fowles, 1987). At the behavioral level,
locomotor initiation, incentive-reward motivation, positive affect, anger, and complex cognitions are viewed as central
components of the activated BAS (e.g., Depue & Collins, 1999; Harmon-Jones & Allen, 1998; Harmon-Jones & Sigelman, 2001;
see also Carver, 2004). Fowles' (1988) hypothesis that obstructed reward is a trigger for BAS-related irritability suggests that
environmental cues likely influence whether a high BAS activation state is euphoric or irritable. On the other hand, an individual in
a state of low BAS activation should experience anhedonia, decreased energy, and exhibit few, if any, approach behaviors. Although
BAS-relevant cognitions are often overlooked, Fowles (e.g., 1988, 1993) related a high outcome expectancy of success to BAS
activation and hopelessness to BAS deactivation or shut down.

At the neurobiological level, Depue and colleagues (e.g., Depue & Collins, 1999; Depue & lacono, 1989) hypothesized that the
BAS involves dopaminergic (DA) projections from the A10 nucleus in the ventral tegmental area (VTA) to the frontal cortex,
amygdala, nucleus accumbens, ventral pallidum, septum, and hippocampus, with the DA activity in nucleus accumbens playing the
central role. In addition, Depue and Iacono, (1989) implicated specific frontal cortex regions, like dorsomedial prefrontal cortex,
anterior cingulate cortex (ACC), orbitofrontal cortex (OFC), and dorsolateral prefrontal cortex (DLPFC) in the neurobiological
underpinnings of BAS. Considerable research on BAS functioning in humans has focused on left frontal cortical activity as another
neurobiological index of this system (for review see Davidson, 1994, 1999). Studies have found a significant positive relationship
between relative left frontal cortical activity, as measured by electroencephalogram (EEG), and self-report measures of sensitivity
of the BAS (Harmon-Jones & Allen, 1997; Sutton & Davidson, 1997), experimentally manipulated reward motivational states (Miller
& Tomarken, 2001; Sobotka et al., 1992), and a positive dispositional affective style (for review see, Davidson, 1994; Davidson,
Jackson, & Kalin, 2000).

Moreover, the model provides a single theme—level of approach motivation—to organize an apparently diverse array of symptoms
(e.g., motor, affective, cognitive, vegetative) and account for both poles of bipolar disorder—depression and hypomania/mania.
Researchers have debated whether bipolar disorder is better conceptualized as two independent, comorbid illnesses (i.e., depression
and mania/hypomania) or as one illness (e.g., Joffe, Young, & MacQueen, 1999). According to the BAS dysregulation model, individuals
with bipolar disorder have a single vulnerability, a dysregulated BAS, but polarity-specific triggers for depressive and hypomanic/manic
episodes. The one-illness perspective distinguishes the present summary of BAS-relevant data and theory from other reviews that
focused on one pole only (e.g., for mania see Johnson, 2005; for depression see Mansell, Colom, & Scott, 2005).

Finally, the BAS dysregulation model's clinical significance can be discerned from bipolar individuals' descriptions of the
extreme “adrenaline rush” as they take on a challenge of obtaining a reward, as well as in their descriptions of the “crashes” in their
mood and energy level that sometimes follow. The quotation that began this article provides a potent example.

1. Early formulation of the BAS dysregulation theory of bipolar spectrum disorders

Depue, Fowles, and others provided groundwork for a BAS dysregulation theory. In this section, we integrate these initial views
into a succinct theoretical statement. Early formulations of the BAS dysregulation theory posited that hypomanic/manic and
depressive symptoms are reflections of an overly active and inactive BAS, respectively (e.g., Depue et al., 1987; Depue & lacono,
1989). Vulnerability to bipolar spectrum disorders lies in a dysregulated BAS (e.g., Depue et al., 1987). In brief, individuals with
weak BAS regulation are hyperresponsive to relevant environmental stimuli and the symptoms of bipolar disorder reflect extreme
manifestations (i.e., affect, thoughts, behaviors) of BAS activity or inactivity.

Thus, once the BAS is (over)activated in individuals with bipolar spectrum disorders, these individuals experience greatly
increased energy levels, pressured speech, decreased need for sleep, flight of ideas, increased involvement in goal-directed
behaviors, and exaggerated self-confidence in ability to obtain goals, often without regard for negative consequences. In other
words, they become hypomanic/manic (DSM-IV-TR, 2000). Furthermore, according to the BAS dysregulation theory, the extreme
positive affect (i.e., euphoria, expansiveness) and irritability/anger of hypomania/mania also reflect a highly activated BAS (e.g.,
Depue et al., 1987; Depue & lacono, 1989; Fowles, 1988; Gray, 1994). Finally, the theory links bipolar depression to decreased
activation of BAS (e.g., Fowles, 1988; Depue et al., 1987; Depue & lacono, 1989).

According to the BAS dysregulation theory, then, individuals prone to bipolar disorder exhibit trait-like hyperresponsivity of the
BAS to relevant stimuli (i.e., the inherited vulnerability or diathesis for bipolar spectrum disorders). This vulnerability, in turn, leads
such individuals to experience great variability in their state levels of BAS activation over time and across situations. In other
words, due to dysregulation, the BAS of individuals at risk for bipolar spectrum disorders is predisposed to greater peaks and
troughs than the BAS of individuals not at risk for these disorders. Of interest, Depue et al. (1987) further suggested that individuals
with bipolar spectrum disorders have genetically predetermined mean trait levels of BAS (i.e., average level of BAS activation across
time and situations) that predict which type of episodes (hypomanic/manic vs. depressive) will predominate the course of their
bipolar illness. For example, the lower the mean, the more likely it is that the course of the disorder will be predominantly
depressed. However, due to BAS dysregulation, there will be great variability of BAS activation around the mean.

According to Depue and colleagues (1987; Depue & lacono, 1989), relevant environmental stimuli—presence or absence of
rewards, safety cues, or punishment—exhibit great direct influence on state BAS activation and thereby help predict variability in
BAS response among individuals with weak regulation of the BAS (e.g., individuals with bipolar disorder). Thus, environmental
influences are suggested to play an important role in determining the exact timing of change in BAS activation and in partially
determining the magnitude of this change. Finally, the model suggested that strength of current BAS state activation influences not
only response to environmental stimuli but also their evaluation (e.g., more stimuli are pleasurable in a high BAS state; e.g., Depue
& Collins, 1992; Depue et al., 1987).
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2. Current state of affairs in research on bipolar disorder

The BAS dysregulation model of bipolar disorder provides researchers with an integrative model to guide methodologically
diverse studies towards more efficient exploration of bipolar disorder phenomena. Next, we review seemingly disparate studies on
life events, cognitive style and other psychosocial factors, and neurobiological abnormalities in bipolar disorder. Although the
present review is not exhaustive, it is distinctive in its integration of psychosocial and neurobiological data (for review focused on
reward system neurobiology data, see Leibenluft, Charney, & Pine, 2003), as well as in its discussion of the data's significance for
the current BAS dysregulation model and their implications for expansion of the model (e.g., causal chain of processes).

2.1. Life events

A seminal paper by Johnson and Roberts (1995) first explicated the implications of psychobiological models of bipolar disorder,
like the BAS dysregulation model, for life events research on bipolar spectrum disorders. Still, research on the role of life events in
bipolar spectrum disorders has overwhelmingly focused on the effects of the broadly defined category of negative life events (or
stress), especially independent and severe negative events (for review, see Alloy et al., 2005; Alloy, Abramson, Neeren, et al., 2006;
Alloy, Abramson, Walshaw, & Neeren, 2006; Johnson & Roberts, 1995). In recent years, a few studies have explored the role of
anger-evoking events, positive life events in general, and goal-attainment events more specifically.

2.1.1. Negative life events

Studies found that the broad category of negative life events predicts episode onset (e.g., Ellicott et al., 1990; Hammen & Gitlin,
1997; Hunt, Bruce-Jones, & Silverstone, 1992; Johnson et al., 1999; Swendsen et al., 1995) and up to 3 times longer recovery time
from the episode (Johnson et al., 1999; Johnson & Miller, 1997) in bipolar spectrum disorders. Moreover, one study reported that a
greater number of negative events preceded the onset of bipolar than unipolar depression (Perris, 1984). Negative life events have
predicted episode onset even in bipolar individuals currently on lithium (Kulhara et al., 1999).

Many of these studies combined depressive and manic/hypomanic episodes in their analyses of the effects of negative life
events on episode onset and recovery (e.g., Ellicott et al., 1990; Hammen & Gitlin, 1997; Johnson & Miller, 1997; Kulhara et al., 1999;
Swendsen et al., 1995). Other studies found no differences in negative events' relationship to onset of depressive vs. manic/
hypomanic episodes (e.g., Hunt, Bruce-Jones, & Silverstone, 1992; McPherson, Herbinson, & Romans, 1993; Reilly-Harrington, Alloy,
Fresco, & Whitehouse, 1999). This latter finding requires further specification by the BAS dysregulation model in the prediction of
which negative life events trigger depression vs. hypomania/mania.

2.1.2. Anger-evoking events

Bipolar disorder theorists and researchers alike have largely ignored a subclass of negative life events, anger-evoking events.
This is an important oversight given that hypomania/mania at times presents with irritable mood. A study by Harmon-Jones et al.
(2002) was the first to assess the response of individuals prone to bipolar symptoms to an experimentally manipulated anger-
evoking event. In this study, undergraduates prone to bipolar symptomatology, who also paid at least 33% of their own tuition,
were experimentally presented with a radio editorial proposing a tuition increase. In this experimental context, proneness to
depression was related to lower relative left frontal EEG activity in response to the editorial, whereas proneness to hypomania/
mania was related to greater left frontal EEG activity in response to the same editorial.

As was reviewed earlier, increased left frontal EEG activation has been related to increased self-reported BAS sensitivity
(Harmon-Jones & Allen, 1997; Sutton & Davidson, 1997). Thus, the Harmon-Jones et al. (2002) findings are consistent with the BAS
dysregulation perspective of bipolar disorder that emphasizes the hypersensitivity of the BAS in bipolar disorder to environmental
cues. However, their findings also emphasize yet again the need for greater specificity and expansion of the BAS dysregulation
model of bipolar disorder in order to explain how the same event triggers both increased and decreased BAS activation, as reflected
in greater vs. lesser relative left frontal activation.

2.1.3. Goal-attainment events

Johnson et al.'s (2000) study was the first to focus on goal-attainment life events and their effect on the course of bipolar disorder. In
this study, life events involving high goal-attainment were significantly related to higher levels of subsequent manic, but not depressive,
symptoms. Unlike goal-attainment events, positive events in general did not predict subsequent level of mania or depression. When
examining goal pursuit in everyday life, similar results emerge. Krumm-Merabet and Meyer (2005) found that adolescents with
hypomanic personality report spending more time in pleasurable activities (e.g., socializing, playing sports) than controls.

Nusslock, Abramson, Harmon-Jones, Alloy, and Hogan (2007) explored the effects of a goal striving event (a pre-goal-
attainment event) on the course of bipolar spectrum disorders. The goal striving event in this study was college final exams—a
challenge to achieve academic success. Thus, bipolar symptoms were assessed during the final exam period and a control period in
two groups—a bipolar spectrum group and a control group with no major psychopathology. Each group was further subdivided
into individuals currently attending a university and experiencing final exams and individuals not currently attending a university
and not experiencing final exams. Individuals in the bipolar group currently enrolled in a university, unlike the bipolar group not
currently enrolled in the university and the whole control group, exhibited more onsets of new hypomanic episodes in the final
exam period compared to the control period. Indeed, a full 42% of the bipolar individuals attending the university experienced
onset of a new hypomanic episode during the final exam period. This pattern of results was not found for depressive episodes.
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Other research has revealed that it is particularly challenging and rewarding events that activate part of the neural circuitry of
approach motivation in individuals with bipolar Il and cyclothymia (Harmon-Jones et al., in press). That is, as compared to control
participants, bipolar participants showed similar levels of relative left frontal cortical activation in response to easy and moderately
difficult tasks that promised rewards or punishments. However, when faced with very difficult tasks that promised rewards as
compared to punishments, bipolar individuals showed greater left frontal activation compared to controls.

In summary, the BAS dysregulation model, with some revisions, shows great promise to be a parsimonious explanation for the
research on life events' influence on bipolar disorder. Presently, the BAS dysregulation model proposes that individuals with
bipolar disorder are hypersensitive to environmental cues. Thus, findings of depression onset and prolonged recovery in response
to negative life events are consistent with the model. Also, preliminary data linking goal-attainment events to hypomanic/manic
episode onset and symptom exacerbation is also consistent with the BAS dysregulation model. However, the model needs greater
specificity and revision in order to address: 1) the specific nature of events that trigger depression vs. hypomania; 2) the specific
nature of events that trigger hypomania/mania with irritable vs. euphoric mood; and 3) the ability of negative events to predict
both hypomanic/manic and depressive episode onset. In short, the model needs to specify which environmental cues are BAS
activation-relevant vs. BAS deactivation-relevant and, thus, likely to lead to hypomania/mania vs. depression.

2.2. Cognitive style and other psychosocial factors

Certain psychological processes known to be involved in unipolar depression have been extended to research on bipolar
depression and bipolar spectrum disorders in general (e.g., Alloy, Reilly-Harrington, Fresco, Whitehouse, & Zechmeister, 1999;
Alloy et al., 2005; Alloy, Abramson, Neeren, et al., 2006; Alloy, Abramson, Walshaw, & Neeren, 2006). This approach has provided
some support for similar cognitive styles in unipolar and bipolar depression (Alloy et al., 2005; Alloy, Abramson, Neeren, et al.,
2006; Alloy, Abramson, Walshaw, & Neeren, 2006; Johnson & Kizer, 2002). But, some studies have ventured to identify
psychosocial factors that might be specific to bipolar disorder, like specific prodromes, cognitive styles, and outcome expectations
(e.g., Lam, Wong, & Sham, 2001; Lam, Wright, & Smith, 2004; Meyer, Beevers, & Johnson, 2004). We examine the relevance of this
data for the BAS dysregulation model of bipolar disorder and its implication for the model's expansion.

2.2.1. Cognitive style

Reviews on cognitive style in bipolar disorder concluded that, although negative cognitive styles characterize unipolar
depression and bipolar disorder alike (Alloy et al., 2005; Alloy, Abramson, Neeren, et al., 2006; Alloy, Abramson, Walshaw, &
Neeren, 2006; Johnson & Kizer, 2002), cognitive style in bipolar disorder has a distinctive, BAS-relevant aspect to it (Alloy et al.,
2005; Alloy, Abramson, Neeren, et al., 2006; Alloy, Abramson, Walshaw, & Neeren, 2006). Thus, the cognitive style of bipolar
individuals is marked by autonomy, perfectionism, and goal striving, all BAS-relevant characteristics, whereas there is considerably
weaker and more inconsistent support for sociotropic or dependent cognitive style in bipolar disorder (e.g., Alloy, Abramson,
Walshaw, Gerstein, et al., 2008; Francis-Raniere, Alloy, & Abramson, 2006; Hammen, Elicott, Gitlin, & Jamison, 1989).

Recently, Francis-Raniere et al. (2006) examined the effect of various cognitive styles on prospective symptoms among
individuals with cyclothymia, bipolar II, and bipolar NOS disorder. They found consistent support for the congruency effect (i.e., an
interaction of a cognitive style and congruent events predicting prospective symptoms) only for the BAS-relevant cognitive style
involving high self-standards, self-criticism and focus on performance. Specifically, the interaction of this BAS-relevant cognitive
style and the occurrence of congruent-negative events predicted prospective increases in depressive symptoms, whereas the
interaction of this same cognitive style and congruent-positive events predicted prospective increases in hypomanic symptoms
(Francis-Raniere et al., 2006).

This is consistent with findings of greater perfectionistic dysfunctional attitudes among individuals with bipolar I disorder
compared to controls (Scott, Stanton, Garland, & Ferrier, 2000). Additionally, in a factor analysis of dysfunctional attitudes among a
bipolar I sample, Lam et al. (2004) obtained three factors—Goal-attainment (i.e., striving for positive affect and valuing ability to
excel at anything), Dependency (i.e., need for approval), and Achievement (i.e., need to achieve). After controlling for current
clinical state, only the Goal-Attainment attitudinal scale differentiated between bipolar disorder and unipolar depression patients,
with bipolar patients exhibiting greater scores than unipolar patients. In the whole sample, goal-attainment dysfunctional
attitudes were positively related to number of past hospitalizations for bipolar episodes, and mania in particular (Lam et al., 2004).
In addition, whereas positive mood induction in unipolar depression led to decrease of Goal-attainment dysfunctional attitudes,
individuals with bipolar disorder did not show this change following the same mood induction (Wright, Lam, & Newsom-Davis,
2005). Similarly, Alloy et al. (2008) found that compared to matched normal controls, bipolar spectrum individuals exhibited
greater BAS-relevant cognitive styles of perfectionism, autonomy, self-criticism, and efficacy, but not greater non-BAS-relevant
styles of approval-seeking, sociotropy, and dependency. Moreover, the group differences on BAS-relevant cognitive styles were
mediated by differences in BAS sensitivity. Finally, Lozano and Johnson (2001) found that, among bipolar I disorder patients,
achievement striving and baseline clinical state predicted 30% of the variance in manic, but not depressive, symptoms during a 6-
month period.

Bipolar depressed individuals have exhibited more stable, global causal attributions for negative than positive events, as well as
lower self-esteem, and endorsed more negative self-descriptors in comparison to controls (Lyon, Startup, & Bentall, 1999).
Similarly, internal, stable, and global attributions for negative events—a signature cognitive style of unipolar depression—in
interaction with the occurrence of negative life events has been found to predict prospective increases in bipolar depressive
symptoms (Alloy et al., 1999; Reilly-Harrington et al., 1999). On the other hand, internal, stable, global causal attributions about
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positive events interacted with occurrence of positive life events to predict only prospective increases in hypomanic symptoms
(Alloy et al., 1999). Negative inferences about negative events in bipolar depression are likely to be accompanied by an extremely
low expectancy of being able to change the situation (low efficacy expectancy, or hopelessness). Thus, these findings are consistent
with both the hopelessness theory of depression (Abramson, Metalsky, & Alloy, 1989) and some hypotheses of the BAS
dysregulation theory of bipolar disorder (e.g., Fowles, 1988).

Some of the early formulations of BAS dysregulation in bipolar disorder have posited that hopelessness and hopefulness are
linked to depression and hypomania/mania, respectively (e.g., Fowles, 1988). The current data suggest that goal striving and
perfectionism are also cognitive styles relevant for bipolar disorder. Thus, the BAS dysregulation model needs to be expanded to
incorporate these new findings and specify BAS activation-relevant (i.e., hypomania/mania-relevant) and BAS deactivation-
relevant (i.e., bipolar depression-relevant) cognitive styles.

2.2.2. Goal appraisal and outcome expectancy

Studies have explored bipolar spectrum individuals' appraisals of goals, both within experimental tasks and in relation to real
life goals. For example, Meyer, Beevers, and Johnson (2004) found that proneness to hypomania among undergraduates was
related to more positive appraisal of major personal goals, whereas proneness to depression was related to more negative appraisal
of major personal goals. Moreover, positive goal appraisals were positively related to current hypomania and inversely related to
current depression. Another study of a large community sample of adolescents found that hypomanic personality was related to
overly optimistic (based on their current academic performance) expectations of long-term career and academic success, whereas
current depression was related to negative expectations (Meyer & Krumm-Merabet, 2003).

Stern and Berrenberg (1979) examined the relationship between mania and success expectancies for an anticipated task,
following experimentally manipulated success on a skill-task or chance-task. In this study, only individuals with manic tendencies
had greater success expectancies on an anticipated chance-task following success feedback on the skill-task. In addition, whereas
individuals without manic tendencies attributed only manipulated success on skill-tasks to their own agency, individuals with
manic tendencies attributed manipulated success both on skill- and chance-tasks to their own agency. In another study, Ruggero
and Johnson (2006) also found bipolar I individuals to have higher success expectancies than controls regardless of the type of
manipulated feedback.

Murphy et al. (2001) explored decision-making abilities in patients currently in a manic episode. The manic patients, in
comparison with controls and depressed patients, tended to choose significantly more often the less likely of two possibilities, and
consequently, failed on more trials. This tendency to choose the less likely outcome was positively related to the level of current
manic symptoms. In another study, proneness to hypomania was related to setting more difficult goals and a trend for greater
success expectancy following a success experience in the laboratory (Johnson, Ruggero, & Carver, 2005).

In sum, there is preliminary support for a positive relationship between hypomania/mania and exaggerated positive appraisal
of goal importance and high success expectancy, as well as more tentative support for an inverse relationship between these
appraisals and depression. The goal appraisal data with its focus on dysregulated expectancies as bipolar individuals approach
rewards and goals is significant for the BAS dysregulation model. However, the role of appraisals and outcome expectancies in the
causal chain of the BAS dysregulation model of bipolar disorder has been ignored and expansion of the model is necessary to
remedy it.

2.2.3. Prodromes

Lam and colleagues (Lam & Wong, 1997; Wong & Lam, 1999) investigated common prodromes, as well as strategies for coping
with prodromes, among individuals with bipolar I disorder. They found that individuals with bipolar I disorder most frequently
reported reduced sleep (58.3%) and increased goal-directed activity (55.5%) as first signs of mania, whereas anhedonia was the
most frequently reported (44.8%) first sign of depression. Furthermore, individuals with good coping strategies for prodromes, as
opposed to those with poor coping skills, were more likely to decrease goal-directed activity (e.g., restrain themselves, take extra
time for rest) to cope with mania/hypomania and increase their goal-directed activity (e.g., keep busy, become more social) to cope
with depression (Lam & Wong, 1997; Wong & Lam, 1999). In other words, individuals with successful coping strategies reported
effortfully regulating their BAS activity. Moreover, over an 18-month period, Lam, Wong, and Sham (2001) found that individuals
employing these BAS-relevant coping strategies were less likely to relapse (12.5% manic and 8.3% depressive relapses) than those
who were not using these strategies (45.5% manic and 46.2% depressive relapses). Accordingly, consistent with the BAS
dysregulation theory, Lam et al. (2003) modified traditional cognitive therapy to target excessive goal striving as well as traditional
depressogenic dysfunctional attitudes. This modified cognitive therapy significantly reduced relapse and hospitalization rates over
a 1-year period in bipolar I disorder (Lam et al., 2003). These findings further support the BAS dysregulation model of bipolar
disorder.

2.3. BAS sensitivity

2.3.1. Self-report data

Development of a self-report measure of BAS sensitivity by Carver and White (1994), the BAS scales of the BIS/BAS scales, has
aided recent, direct empirical testing of the BAS dysregulation theory. The BAS scales have positively related to a self-report
measure of hypomanic personality (Carver & White, 1994) and to proneness to hypomania (Meyer et al., 1999), in undergraduate
samples. Similarly, individuals with bipolar spectrum disorder diagnoses exhibited greater BAS sensitivity than individuals without
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psychopathology (UroSevic et al., 2007). In addition, bipolar spectrum individuals who exhibited a hypomanic personality trait had
greater BAS sensitivity compared to the rest of the bipolar sample (UroSevic et al., 2007). Individuals with a bipolar I diagnosis also
exhibited greater BAS sensitivity compared to a normative sample and high BAS sensitivity at the time of recovery predicted an
increase in manic symptoms over 6 months (Meyer et al., 2001).

Alloy, Abramson, Walshaw, Cogswell, et al. (2006) employed a behavioral high-risk design and selected individuals with high
vs. moderate levels of BAS sensitivity and examined their lifetime histories of mood disorders, current symptoms, and personality.
High BAS sensitivity individuals were more likely to receive a bipolar spectrum diagnosis and exhibited greater hypomanic
personality and current hypomanic, but not depressive, symptoms, than moderate BAS sensitivity individuals. Moreover, using a
prospective design, Alloy, Abramson, Walshaw, Cogswell, et al. (2008) found that high BAS sensitivity predicted prospective onsets
of hypomanic and manic episodes over a 2.5-year follow-up among individuals with bipolar spectrum disorders, controlling for
initial depressive and hypomanic symptoms.

Using a different self-report measure of BAS sensitivity, the Sensitivity to Reward scale of the Sensitivity to Punishment and
Sensitivity to Reward Questionnaire (SPSRQ), Salavert et al. (2007) found individuals with bipolar I disorder to exhibit higher BAS
sensitivity than controls. Furthermore, in the same study, bipolar individuals who experienced a hypomanic/manic relapse over
18 months had higher BAS sensitivity at the outset compared to controls, whereas bipolar individuals who experienced a
depressive relapse had a non-significant trend towards lower BAS sensitivity compared to controls. These self-report findings
support the BAS dysregulation model of bipolar spectrum disorders.

2.3.2. Experience-sampling data

In addition to prospective and retrospective behavioral high-risk designs, another powerful method of studying BAS variability
in bipolar disorder is experience-sampling. Accordingly, Depue et al. (1981) found that individuals with cyclothymia reported more
variability in BAS-relevant behaviors in a 28-day-long experience-sampling study. In another experience-sampling study, after
exposure to a naturalistic stressor, individuals with cyclothymia took longer to recover to their pre-stressor levels of BAS behaviors
and affect than controls (Goplerud & Depue, 1985).

Several experience-sampling studies have explored motor activity changes within day and across days using actigraphy. For
example, Jones, Hare, and Evershed (2005) found both greater intradaily and interdaily variability of motor activity, as measured by
actigraphy, among individuals with bipolar I disorder compared to controls. Another study of bipolar I individuals found that
higher daytime motor activity level during a euthymic period (on lithium) predicted manic relapses following discontinuation of
lithium (Klein et al., 1992). Moreover, review of actigraphy studies in bipolar I disorder samples found that currently depressed
individuals exhibited reduced activity, whereas currently manic individuals exhibited increased activity (Teicher, 1995). Given that
locomotion is theorized to be an integral part of BAS, these actigraphy studies allow for an objective measure of BAS activity and its
variability, with high temporal resolution. Thus, actigraphy studies are relevant to and supportive of the BAS dysregulation model
of bipolar disorder, especially the hypothesis that individuals with bipolar disorder have more variable BAS activity.

2.4. Neurobiology

Next, we turn to studies of neurobiological abnormalities in bipolar disorder. Recent reviewers (e.g., Soares & Mann, 1997a,b;
Videbech, 2000) have noted some promising leads for abnormalities in specific brain structures (e.g., DLPFC and prefrontal cortex
[PFC] in general) in bipolar spectrum disorders. However, they have warned about the preliminary nature of these findings due to
small sample sizes, methodological differences between studies, and a general scarcity of data (e.g. Videbech, 2000). In line with
these limitations, we would further add that there is a paucity of theoretically driven neurobiological studies of bipolar disorder.
Thus, we focus on findings that are most pertinent to the BAS dysregulation theory and involve PFC, dopaminergic functioning, and
certain subcortical structures.

2.4.1. Prefrontal cortex

Left frontal activity, as assessed by EEG, has been related to BAS (see above). Some of the earliest support for the contention that left
frontal cortical areas are involved in bipolar disorder came from studies of lesion patients. These studies found that the proximity of left
hemisphere lesions to the frontal pole is related to the severity of depressive symptoms (e.g., Narushima, Kosier, & Robinson, 2003),
suggesting that deactivation or shut down of left PFC is related to depression. Moreover, right hemisphere lesions, specifically lesions of
the structures implicated in the reward system (e.g., orbitofrontal cortex [OFC], basotemporal cortex, thalamus, and caudate), have
been related to secondary mania (Robinson, Boston, Starkstein, & Price, 1988). Further support for the idea that left frontal cortical areas
are also involved in bipolar disorder comes from EEG studies of frontal asymmetry. Allen, lacono, Depue, and Arbisi (1993) found lower
relative left frontal activity in current bipolar depression with a seasonal pattern, before and after light exposure therapy. Consistently,
Kano et al. (1992) found increased right frontal activity in major depressive disorder without melancholia (presumably a mix of
unipolar and bipolar depression) and increased left frontal activity in manic episode. Furthermore, in Harmon-Jones et al.'s (2002)
study of EEG response to an anger-evoking event, proneness to hypomania was related to greater left frontal activity (controlling for
baseline left frontal activity), whereas proneness to depression was related to decreased left frontal activity (again controlling for
baseline left frontal activity). Additionally, preliminary data support antidepressant effects of repetitive transcranial magnetic
stimulation (rTMS) of the left PFC in a sample of unipolar and bipolar depressed individuals (e.g., George et al., 2000).

An increasing number of studies has also reported neuronal abnormalities in the DLPFC in bipolar disorder (Cotter et al., 2002;
Law & Harrison, 2003; Rajkowska, Halaris, & Selemon, 2001; Winsberg et al., 2000). There is some preliminary support for a
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possibility of structural abnormalities being localized to the left DLPFC (Dickstein et al., 2005), especially in bipolar II disorder
(Winsberg et al., 2000). There is also some evidence of reduced gray matter in the left middle and superior PFC (portions of which
are part of the DLPFC; Lopez-Larson et al., 2002). Similarly, in currently manic patients, 'H MRS revealed increased glutamine levels
in the left DLPFC suggestive of glutaminergic dysfunction, which might be involved in the observed structural abnormalities
(Michael et al., 2003). Accordingly, a study with positron emission tomography (PET) of individuals with depression and
schizophrenia has related reduced regional cerebral blood flow (rCBF) in the left DLPFC not to any specific diagnosis but to the
symptom of psychomotor retardation (Dolan et al., 1993), suggesting that the DLPFC might index the psychomotor activation
aspect of BAS activity in bipolar disorder, too.

There is also a number of studies finding structural abnormalities in the subgenual PFC, and in ACC in general, in bipolar
disorder (e.g., Benes, Vincent, & Todtenkopf, 2001; Cotter et al., 2002; Drevets et al., 1997; Ongur, Drevets, & Price, 1998).
Specifically, reduced volume in the left subgenual PFC (Drevets et al., 1997; Ongur, Drevets, & Price, 1998) was found in individuals
with bipolar disorder and familial history of bipolar disorder. However, another study did not replicate this finding (but means
were in the same direction; Sharma et al., 2003). Several studies have found structural abnormalities in the ACC in general in
bipolar disorder (Benes et al., 2001; Chana et al., 2003; Cotter, Landau, et al., 2002), with Kyoon Lyoo et al. (2004) reporting a
reduction specifically in the left anterior cingulate gyrus volume.

As far as functional abnormalities in these two regions are concerned, Drevets et al. (1997) reported increased metabolism
during mania and decreased metabolism during depression in the left subgenual PFC of individuals with bipolar disorder and a
familial history of bipolar disorder. Likewise, increased rCBF in the left dorsal ACC, along with increased rCBF in the left caudate, has
been detected in mania vs. euthymia in bipolar I disorder (Blumberg et al., 2000). Moreover, in response to a gambling task,
currently manic individuals exhibited hyperactivity in the dorsal ACC and decreased activity in regions of ventromedial PFC
compared to controls (Rubinsztein et al., 2001).

In addition, recent studies have identified OFC structural and functional abnormalities as characteristic of bipolar disorder.
Cotter, Handsau, and Landau (2005) found reduced neuronal size in layer 1 of caudal OFC to differentiate bipolar disorder from
schizophrenia and healthy controls. Furthermore, increased glucose metabolism has been noted in left OFC in individuals with
bipolar disorder compared to healthy controls (Mah et al., 2007).

In summary, bipolar disorder is associated with structural abnormalities in various PFC regions, notably the DLPFC, OFC, ACC,
and subgenual PFC. Moreover, there is a tendency for greater abnormalities in the left hemisphere. The findings of dysfunction in
left PFC, coupled with reviewed EEG studies of left frontal cortical activity, are consistent with the BAS dysregulation model, as
basic research suggests a link between left PFC and BAS.

2.4.2. Dopaminergic system

Administrations of dopamine agonists have triggered mania in individuals with bipolar disorder (for review see Silverstone,
1985). Similarly, in response to amphetamine challenge, which increases dopamine levels in the nucleus accumbens by blocking
dopamine transporter, individuals with bipolar disorder exhibited a greater behavioral response than controls (Anand et al., 2000).
Another study of amphetamine challenge in bipolar disorder found increased dopamine release in striatum, which was not
affected by antipsychotic drug treatment (Breier et al., 1999). Pimozide, a dopamine receptor blocker, is associated with a decrease
in manic symptoms following treatment (Post, Jimerson, Bunney, & Goodwin, 1980). Furthermore, a study examining
administration of two forms of clopenthixol, with one form blocking dopamine receptors and the other not having this effect,
found only the former to have an antimanic effect (Nolen, 1983). Finally, L.-dopa administration has been found to trigger mania in
individuals with bipolar disorder (Buki & Goodnick, 1998). Thus, there is some preliminary data implicating abnormal
dopaminergic functioning in bipolar disorder, consistent with the BAS dysregulation theories (e.g., Depue & lacono, 1989).

2.4.3. Other brain structures

The neurobiological dysfunctions in bipolar spectrum disorder are not exclusive to the PFC regions. Several studies have
reported enlarged amygdala volume in individuals with bipolar I disorder (e.g., Altshuler et al., 1998, 2000; Brambilla et al., 2003;
Strakowski et al., 1999), although this difference has not been reliably replicated (e.g., Rosso et al., 2007), and reduced glial cell
numbers in amygdala in the postmortem brains of individuals with bipolar I disorder who were not treated with mood-stabilizers
(Bowley, Drevets, Ongur, & Price, 2002). In addition to amygdala, there is support for enlarged thalamus, pallidum, and striatum
(e.g., Strakowski et al., 1999). Moreover, pallidotomy has been related to transient manic behaviors (Okun et al., 2003). Thus,
subcortical structures proposed to play a role in the reward system and, thus, underlie the BAS, like ventral striatum and amygdala,
have been found to be dysfunctional in bipolar spectrum disorders.

3. Why is expansion of the BAS dysregulation model needed?

As can be seen from the review above, there has been a proliferation of data supporting the BAS dysregulation model of bipolar
disorder in recent years. This is an exciting development for the field of bipolar disorder research because the BAS dysregulation
model provides an integrative biopsychosocial perspective. However, for this research progress to continue, the BAS dysregulation
theory needs to be refined and expanded. Most notably, the model needs a more explicit causal chain for explaining how
hypomanic/manic and depressive episodes develop. Furthermore, ambiguities in definitions of environmental triggers for
hypomania/mania vs. depression and euphoric vs. irritable hypomania/mania need to be addressed. Also, some implicit ideas in the
early formulation of the BAS dysregulation model need to be made explicit, like specifying cognitive appraisals involved in the
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processes that lead to bipolar episode onset. Moreover, the early formulations of the BAS dysregulation model did not sufficiently
conceptualize and operationalize the construct of BAS dysregulation in bipolar disorder. Depue and Iacono (1989) did propose that
nucleus accumbens DA activity is core in initiation of goal-directed behavior, and in turn, is modulated by the PFC and serotonergic
system. Still, explicit details of how this might be translated into psychological processes are missing. Without clear specification of
the nature of BAS dysregulation in bipolar disorder, it has been difficult to empirically test this concept.

Finally, there have been many advances in basic research on emotion and motivation. We highlight two pertinent advances not
addressed by the early formulations of the theory:

1) Anger as a BAS emotion. Using a variety of methodologies, a growing body of work supports a connection among anger,
aggression and the BAS. Self-report measures of trait anger and different types of aggression have been related to EEG measures
of greater left frontal activity (Harmon-Jones & Allen, 1998), and to self-report measures of BAS (Harmon-Jones, 2003).
Additionally, induced anger has been related to BAS activation (Carver, 2004; Harmon-Jones et al., 2004; Harmon-Jones &
Sigelman, 2001; Wacker, Heldman, & Stemmler, 2003). Finally, Harmon-Jones et al. (2003) suggested that anger is more likely to
be related to approach in adverse situations with perceived control to remedy the situation. These data have clear implications
for the BAS dysregulation theory and especially call for further specification of conditions necessary and/or sufficient for
dysregulated hypomanic/manic anger.

2) Motivation. The need for elaboration of cognitive aspects and processes in the BAS dysregulation theory is highlighted by some
of the well-established social psychology theories of motivation (e.g., Eccles & Wigfield, 2002; Lazarus, 1991a; Wright & Brehm,
1989). Lazarus (1991b) postulated that certain cognitive processes (i.e., appraisals) are critical in motivation, because
“motivation without cognition too would be merely a diffuse, undifferentiated state of activation” (p. 353). Furthermore,
expectancy of a positive outcome, or more specifically, efficacy expectancy (i.e., belief in one's ability to bring about a desired
outcome), has been related to increased motivation in many theories of motivation, most prominently in the expectancy-value
theory of motivation (e.g., Eccles & Wigfield, 2002). Also, experimentally manipulated expectations of ability to affect a positive
outcome are related to a neurobiological index of BAS activation (Harmon-Jones et al., 2003). Thus, there is a pressing need to
address the implications of these social psychology theories of motivation for the cognitive processes that may be involved in
the BAS dysregulation theory.

Given recent advances and some gaps in the early formulations of this well supported model of bipolar disorder, the time is ripe
for expansion of the BAS dysregulation theory.

4. Expansion of the BAS dysregulation theory of bipolar spectrum disorders

Consequently, the expanded BAS dysregulation theory incorporates contemporary advances in motivation, affect, and bipolar
disorder to further specify and build on the pivotal ideas of early formulations. The expanded model retains the core idea that
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hypomanic/manic and depressive symptoms reflect extreme BAS activity and inactivity states, respectively. However, this core
hypothesis is expanded by specifying a causal chain of processes leading to extreme BAS activity and inactivity states (i.e.,
hypomania/mania and depression, respectively; see Fig. 1 for general description, Fig. 2 for the specific case of hypomania/mania
and Fig. 3 for depression). In addition, the expanded model provides specifics of cognitive processes involved in these causal
chains. The dysregulated, or hypersensitive, BAS is retained as a vulnerability to bipolar spectrum disorders, while the expanded
model extrapolates psychological processes reflective of BAS dysregulation. Like early formulations of the model, the expanded
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BAS dysregulation theory stresses the importance of environmental cues but goes beyond early formulations by elaborating on the
specific nature of BAS-relevant environmental factors.

We first provide an overview of the expanded model, then elaborate the revised factors in the model, followed by the causal
chains hypothesized to result in hypomania/mania vs. bipolar depression. Finally, we describe implications of the expanded model
for the course of bipolar disorder. Thus, we hope to provide both a unique integration of bipolar disorder empirical findings and
propose novel predictions that need additional empirical tests (e.g., causal chain).

4.1. Overview of the expanded BAS dysregulation model of bipolar disorder

The cornerstone of our expanded model is that individuals with bipolar spectrum disorders have abnormal (e.g., exaggerated,
more persistent, quicker) behavioral and neurobiological responses to cues signaling opportunity to gain, or lose, rewards. Fig. 1
depicts the causal chain specified by the expanded BAS dysregulation model that leads to bipolar symptomatology. In our
expanded model, environmental cues (i.e., events) play the crucial role of perturbing the BAS system. Assuming that the
environmental cues are heeded, two appraisal processes follow the occurrence of the event and change activation state of the BAS.
Importantly, these appraisals, termed relevance and efficacy appraisals, can be voluntary or automatic, effortful or effortless, with
or without awareness?. Relevance appraisal involves construal of an event as BAS-relevant (i.e., relevant to goals/rewards pertinent
to the individual) and construal of the event as congruent or incongruent with the individual's goals, whereas efficacy appraisal
involves efficacy expectancy about the future outcome (i.e., how strongly the individual feels that he/she will obtain the pertinent
goals/rewards). Although the two appraisals might be experienced as occurring simultaneously, the relevance appraisal precedes
the efficacy appraisal.

Our expanded model is also transactional—pre-event BAS state influences these appraisal processes, which, in turn, influence
subsequent BAS state. Additionally, our expanded model is transactional because the pre-event BAS state can result in selection
and/or creation of environmental cues (i.e., dependent BAS-relevant events) that affect subsequent changes in BAS activation.
Finally, the expanded model predicts that individuals with bipolar spectrum disorders exhibit some or all of the following types of
dysregulation in BAS response:

1) Greater number of events appraised as BAS-relevant and/or greater strength of the relevance appraisal of individual event as
BAS-relevant (e.g., a bipolar individual notices more opportunities and desires them more);

2) Creation of a greater number of BAS-relevant events (i.e., dependent events) due to the extreme pre-event BAS states (e.g.,
mania);

3) More extreme efficacy appraisal in both directions (e.g., “I am going to conquer the world,” “I can do nothing right”) and a larger
perceived domain of efficacy (e.g., “I am great at everything [ do”);

4) Greater magnitude of all aspects of BAS response to BAS-relevant events (e.g., greater locomotor activity or complete lack of this
activity); and

5) Dysregulated chronometry of BAS response (e.g., faster rise to peak, longer sustained response).

See Table 1 for additional novel predictions of the expanded model. The result of all these dysregulations is an individual with
bipolar disorder who experiences a more variable or extreme BAS response (i.e., a more sensitive BAS) than one without bipolar
disorder. Finally, across different forms of bipolar spectrum disorders, we propose that these dysregulations will be similar in
quality but differ in quantity, with severity of dysregulation increasing with severity of the disorder. For example, individuals with
bipolar I disorder and individuals with bipolar II disorder may present with qualitatively similar hypersensitivity to goal striving,
but the dysregulation of individuals with bipolar I disorder may present with much longer time to recovery following goal striving,
greater magnitude of response, etc.

4.2. Components of the expanded BAS dysregulation model of bipolar disorder

4.2.1. BAS-relevant events

Vulnerability of weak BAS regulation alone is not sufficient to explain why a vulnerable individual experiences hypomanic/
manic vs. depressive symptoms at a given point in time. Based on current data linking goal striving/attainment and hypomania/
mania (see above), we propose that BAS activation-relevant events are related to pertinent desires/goals of an individual and
involve an opportunity for attainment of those pertinent goals/rewards (i.e., congruent with individual's desires, biological needs,
etc.). Depue and Collins (1999) proposed a variety of rewards to be BAS-relevant—ranging from food, sex, social rewards, to long-
term goals. Thus, events like starting to work towards a degree, studying for an exam, meeting an attractive person, being at a party,
are all BAS activation-relevant due to the common feature of opportunity for goal/reward attainment. However, in our model,
consistent with current research on BAS and anger (Harmon-Jones, 2003), these rewards/goals do not need to be normatively
positive (e.g., the goal could be hurting another person).

Based on research on anger (Harmon-Jones, 2003), preliminary findings of anger-evoking events and hypomania (Harmon-
Jones et al., 2002), and partially on early formulations of the BAS dysregulation model (e.g., Depue et al., 1987), we propose that the

2 Note, although they have some overlap with appraisals described by Lazarus (1991b), our appraisal processes are not meant to be identical to those of Lazarus.
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Table 1
Novel predictions of the expanded BAS dysregulation model of bipolar disorder

1) BAS activation-relevant events (e.g., entering a contest) will trigger hypomania/mania and greater magnitude of BAS activation at all levels of analysis (e.g.,
behavioral, neurobiological) in individuals with bipolar spectrum disorders.

2) BAS activation-relevant events involving goal obstruction or insult will trigger irritable hypomania/mania and greater magnitude of BAS activation at all levels of
analysis (e.g., behavioral, neurobiological) in individuals with bipolar spectrum disorders.

3) BAS deactivation-relevant events (e.g., failing an exam) will trigger depression and greater magnitude of BAS deactivation at all levels of analysis (e.g., behavioral,
neurobiological) in individuals with bipolar spectrum disorders.

4) Individuals with bipolar spectrum disorders will construe a greater number of ambiguous events as BAS activation- and BAS deactivation-relevant (i.e.,
dysregulated relevance appraisal resulting in greater frequency of BAS-relevant events), as well as exhibit greater strength of this relevance appraisal, compared to
individuals with no psychopathology.

5) In comparison to individuals with no psychopathology, individuals with bipolar spectrum disorders will exhibit greater efficacy expectancy (i.e., dysregulated
efficacy appraisal) when presented with BAS activation-relevant events.

6) When presented with BAS deactivation events, individuals with bipolar spectrum disorders will exhibit lower (or lack of) efficacy expectancy (i.e., dysregulated
efficacy appraisal) than individuals with no psychopathology.

7) Individuals with bipolar spectrum disorders will be more likely to exhibit an unrealistically high efficacy expectancy (along with hypomania/mania) in response
to BAS activation-relevant events, take on unrealistic challenges, and thus be more likely to experience failure followed by depression—a possible process involved
in switching from hypomania/mania to depression.

8) Individuals with bipolar spectrum disorders will exhibit dysregulated chronometry of BAS response (e.g., faster rise to peak, longer recovery to baseline) at all
levels of analysis (e.g., affective, cognitive, behavioral, neurobiological).

9) The pre-event BAS state (i.e., activation/symptom level) will affect the magnitude of response to BAS-relevant events, mainly through the processes of relevance
and efficacy appraisal; in other words, all of the predictions above should be qualified by the pre-event BAS state.

following opportunities for goal-attainment (i.e., BAS activation-relevant events) may increase the likelihood of irritable and
aggressive BAS activation: 1) opportunity to remove an obstacle in the way of reward; and 2) verbal or physical insult with an
opportunity to attain revenge, or “get even.” Further research is needed to expand and validate the list of conditions leading to
irritable BAS activation and irritable approach (i.e., aggression).

On the opposite side, our expanded BAS dysregulation model posits that BAS deactivation-relevant events are related to and
involve failure to obtain or loss of pertinent rewards/goals (i.e., incongruent with an individual's goals, biological needs, etc.)*.
BAS deactivation-relevant losses/failures encompass the full range of life domains, from being rejected for a job, death of a loved
one, break up of a significant relationship, incarceration, failing an exam, failing to remove a bureaucratic obstacle, etc. It is
important to emphasize that BAS deactivation-relevant events involve both losses of previously attained rewards/goals (e.g.,
unwanted divorce) and failures to obtain rewards/goals (e.g., proposing marriage and being rejected). This definition of BAS
deactivation-relevant (i.e., depression-relevant) events is consistent with the above reviewed findings on the effect of negative
life events on onset, recovery, and relapse in bipolar disorder. In addition, BAS deactivation-relevant events may trigger both
unipolar and bipolar depression, but research needs to address whether the mechanisms through which they lead to symptoms
differs between these two disorders.

4.2.2. Relevance and efficacy appraisals

Relevance appraisal is a process of construing the event as pertinent to an individual's goals/desired rewards (i.e., determining
whether the event is BAS-relevant). This aspect of relevance appraisal might be viewed through the lens of the expectancy-value
perspective (e.g., Eccles & Wigfield, 2002) as assigning the event a high value (e.g., high utility, high need). It is important to note
that this aspect of relevance appraisal has a strong affective component (e.g., experienced as a strong feeling of wanting). The
second aspect of the relevance appraisal entails appraising whether the event is congruent or incongruent with one's goals and
desires. This aspect of relevance appraisal distinguishes BAS activation-relevant events from BAS deactivation-relevant events. For
example, if an individual construes an event as signifying the loss of a highly desired boyfriend, the event will become BAS
deactivation-relevant; but if an individual construes an event as an opportunity to attain a highly desired boyfriend, the event will
become BAS activation-relevant.

The efficacy appraisal entails evaluation of efficacy expectancy for the given situation, which is again consistent with the
expectancy-value theoretical perspective on motivation and slightly different from the outcome expectancy proposed by the early
formulation (e.g., Fowles, 1987). In our model, efficacy expectancy can be viewed as a special case of outcome expectancy, in which
one's own actions are expected to bring about success, and will result in increase of BAS activation regardless of the relevance appraisal.
In other words, if the event has been construed as BAS deactivation-relevant but the individual appraises that she can remedy the
situation of failure to obtain the reward, there will be an increase in BAS activation, possibly amelioration of depressive symptoms, or
possibly no depressive symptoms at all. Similarly, if the event has been construed as BAS activation-relevant and the individual
appraises that she can successfully take advantage of an opportunity to attain a desired goal/reward, there will be an increase in BAS
activation, in extreme cases leading to hypomanic/manic symptoms. The efficacy appraisal will be affected by individual differences

3 Debate exists about whether bipolar disorder episodes become more independent of environmental triggers over the course of illness through a process of
sensitization (Post, 1992). Thus, over time, bipolar episodes may be triggered by very minor environmental changes usually not captured by standard life events
assessments. Furthermore, there is a possibility of bipolar episodes, especially hypomania/mania, occurring without environmental triggers and through other
BAS-irrelevant mechanisms. These are some empirical issues that need further testing.
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related to how large the individual perceives his/her domain of competence. Note that the larger the domain of perceived competence
and greater the strength of the efficacy appraisal, the more likely the person is to exhibit hypomanic personality traits.

We hypothesize that individuals with bipolar spectrum disorders might exhibit any combination of the following: 1) in
relevance appraisal, a greater extent of events might be appraised as pertinent to goals/rewards (e.g., “I want it all”); 2) greater
strength of relevance appraisal that the event is pertinent to one's goals/rewards (e.g., “It's do or die,  must have it”); and 3) greater
strength of belief in extreme efficacy appraisal in a positive direction for BAS activation-relevant events and in a negative direction
for BAS deactivation-relevant events. Some of these predictions already have preliminary empirical support, like prediction of
extreme expectations of success on skill and chance-based tasks and real life tasks (e.g., Meyer & Krumm-Merabet, 2003; Murphy
etal., 2001; Ruggero & Johnson, 2006). Over time, these types of appraisals may lead to perfectionistic, achievement oriented traits
that seem to characterize bipolar disorder (e.g., Alloy, Abramson, Walshaw, Gerstein, et al., 2008; Francis-Raniere et al., 2006). In
contrast, we do not postulate that individuals with bipolar spectrum disorders have different relevance appraisals of whether the
event is goal-congruent vs. goal-incongruent compared to other individuals.

4.2.3. The nature of BAS dysregulation in bipolar disorder

According to our expanded model, the BAS dysregulation in bipolar disorder may consist of any combination of the following:
exaggerated magnitude of BAS response (e.g., high motor activity as one pursues reward), greater frequency of BAS-relevant events
(i.e., through greater creation/selection of BAS-relevant events) and dysregulated chronometry of BAS response. Importantly,
unlike in unipolar depression, BAS dysregulation characteristic of bipolar disorder reflects hypersensitivity to both BAS activation-
relevant and BAS deactivation-relevant events. In addition, severity of BAS dysregulation should reflect the severity of bipolar
condition (bipolar I vs. bipolar II disorder). The possibility of dysregulated chronometry of BAS response in bipolar disorder
requires further specification. For example, even if individuals with bipolar spectrum disorders were similar to the non-bipolar
population in the magnitude of their response to BAS-relevant events, they may exhibit a prolonged BAS response and/or have
quicker rise to peak of that response to BAS-relevant events. This postulation suggests new research on temporal aspects of BAS
functioning in bipolar spectrum disorders.

4.2.4. Possible neurobiological mechanisms of dysregulated BAS

Early formulations of the BAS dysregulation model implicated the VTA dopaminergic projections and the structures that they
innervate, like nucleus accumbens, ventral striatum, septum, pallidum, amygdala, and regions of frontal cortex, such as is
consistent with modern theories and data on the neurobiology of motivation, reward, and affect in general (for review, see
Berridge, 2003; Davidson & Irwin, 1999; Phillips et al., 2003; Schultz, 1997). Strides have been made towards identifying specific
functions of these brain structures, like identifying wanting (not liking) as a psychological process mediated by the dopamine
system (see Berridge, 2003; Berridge & Robbins, 1998). In addition, different regions of PFC have been proposed to have specialized
functions in affective and motivational processes (for review, see Davidson & Irwin, 1999; Davidson, Pizzagalli, & Nitschke, 2002).
For example, initial detection of rewards has been suggested to involve DLPFC, OFC, and ACC (as well as dorsal and ventral striatum,;
Schultz, 1997). DLPFC also has been implicated in goal representations (Davidson & Irwin, 1999), whereas OFC has been implicated
in assigning affective value to environmental cues (Davidson et al., 2002), thus suggesting that both may be involved in relevance
appraisal. Efficacy appraisal may involve OFC and ventromedial cortex due to outcome expectancies being suggested to involve
these regions (Davidson & Irwin, 1999; Schultz, 1997). Further, abnormalities in left PFC might lead to deficits in BAS-relevant
behaviors, while abnormalities in both PFC hemispheres might lead to anhedonia (e.g., Davidson et al., 1999; Harmon-Jones, 2003).

Thus, based on existing data, the expanded BAS dysregulation model proposes that individuals with bipolar spectrum disorders,
in comparison to individuals without this disorder, may have: 1) greater variability of left frontal activity over time reflective of
dysregulated BAS; 2) greater left frontal activity in response to BAS activation-relevant events and in hypomania/mania; and 3) less
left frontal activity in response to BAS deactivation-relevant events and in depression. In addition, the expanded theory would
predict that neuronal dysfunction in bipolar disorder may have greater involvement of left (compared to right) PFC regions.
However, it is important to note that the BAS is a system with many interrelated components. Thus, predicting that overall left
frontal activity, as measured by EEG, will index BAS activity does not imply that every single PFC region will have a positive
relationship with BAS activity and it is highly pertinent to explore dysregulation in connectivity of specific brain regions (e.g., PFC
and amygdala) in addition to single region activity. Moreover, it will be important to distinguish dysregulated PFC-subcortical
regions connectivity that characterize bipolar disorder from connectivity dysregulations more characteristic of schizophrenia and
other disorders with implicated PFC malfunction (e.g., OFC dysfunction may differentiate bipolar disorder from schizophrenia
[Cotter et al., 2005]). Finally, consistent with the formulation by Depue and Iacono (1989), the expanded model predicts that
individuals with bipolar spectrum disorders would have dysregulated dopaminergic activity in reward system structures (e.g.,
striatum or more specifically, nucleus accumbens).

4.2.5. Hypomania/mania

We now extrapolate from our general model (Fig. 1) to show how bipolar individuals develop symptoms of hypomania/mania
(Fig. 2) at a particular point in time. Fig. 2 depicts the temporal flow of processes that lead to hypomania/mania. There are two
prerequisites for development of hypomanic/manic symptoms—occurrence of a BAS activation-relevant event and the presence of
weak regulation of BAS that interacts with the individual's pre-event BAS state. According to our model, the weak regulation of BAS
is an inherited, or acquired early in life, vulnerability to bipolar disorder. In order for the causal chain to be set in motion, it is crucial
that an individual with bipolar disorder interprets an event in the environment (e.g., an assignment of a work presentation for
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potential clients) as an opportunity to gain a desired reward/goal (e.g., a new client for the company and in the process to impress
her superiors),* or as BAS activation-relevant. Alternatively, the individual may appraise the event as an opportunity to aggress
against an important enemy (e.g., a colleague competing for the same promotion), and, in turn, experience a negatively valenced
anger, and still trigger the processes depicted in Fig. 2 leading to hypomania/mania.

In our model, the pre-event, baseline BAS state (i.e., pre-event symptoms) influences BAS response at all levels, including relevance
appraisal. For example, if a bipolar individual is depressed prior to the onset of the event, this would attenuate her/his relevance appraisal
of the BAS activation-relevant event (e.g., weak feeling of wanting to gain the new client for the company), just as pre-event hypomania
would accentuate this appraisal or possibly lead to greater selection/creation of BAS activation-relevant events. Other potential influences
on this relevance appraisal of the event as BAS activation-relevant may stem from the other people present in the situation (e.g., a boss
says, “This is an opportunity for you to shine”), or life-long socialization to view certain situations as pre-goal-attainment cues.

The same factors affect efficacy appraisal. Thus, the individual with the weakest BAS regulatory system and the highest pre-event
BAS state will have the greatest efficacy expectancy for the given BAS activation-relevant event (e.g., the woman expecting to give the
best presentation her client has seen). However, as with the relevance appraisal, other influences (e.g., other people in the current
situation, socialization, such as being reared to believe that she has an outstanding gift of persuasion) may affect the efficacy appraisal
as well. In either case, the higher the efficacy appraisal in a given situation, the higher the BAS response as reflected in severity of
hypomanic/manic symptoms (e.g., the woman works through the night and experiences extremely high energy and racing thoughts).

Furthermore, as depicted in Fig. 2, an individual with an excessively high pre-event BAS state that is coupled with a weak
regulatory system incapable of reining in the BAS response will exhibit greater magnitude, quicker rise to peak, and/or longer
duration (i.e., more severe hypomania/mania with sudden onset and long recovery) compared to an individual with a lower pre-
event BAS state and/or a stronger regulatory system. In this sense, the weak BAS regulatory system may be viewed as amplifying
the dysregulated response to the BAS activation-relevant event and failing to provide any reality checking.

4.2.6. Depression

Fig. 3 describes the temporal flow of processes that lead to depression. The causal chain begins with an event being construed as
BAS deactivation-relevant in order to trigger the rest of the processes leading to depressive symptoms (e.g., learning that a work
presentation failed to attract the new client for the company). Once again, the relevance appraisal of the event as BAS deactivation-
relevant is influenced by the interaction of the weak regulatory strength, the pre-event BAS state, and other factors. The lower the
pre-event BAS state (e.g., the more depressed a person is already) and the weaker the regulatory system of BAS, the more likely it is
that the event is appraised as a failure or loss (i.e., BAS deactivation-relevant). In depression, as in hypomania/mania, other
influences on the relevance appraisal may exist, such as cues from other persons involved in the situation, life-long socializations,
and cultural norms. Thus, two individuals each can fail to gain a reward, but one of them may construe the event as a challenge to
regain the reward and as BAS activation-relevant, whereas the other individual may construe the event only as failure to obtain the
reward (i.e., BAS deactivation-relevant) and give up.

Once the event has been appraised as BAS deactivation-relevant, the efficacy appraisal comes into play. The lower the
expectations of a positive outcome of one's actions, or the more hopeless the individual becomes, the greater the subsequent BAS
deactivation will be (note the relation to the hopelessness theory here; Abramson et al., 1989, 2002). Moreover, the individual with
the weakest BAS regulatory system and the lowest pre-event BAS state will have the lowest efficacy appraisal (hopelessness) for
the given BAS deactivation-relevant event. This hopelessness will lead to depression, reflecting the post-event BAS deactivation or
shut down. However, as with hypomania/mania, other influences (e.g., other individuals in the situation, socialization, like being
reared to believe that one is too stupid to do well at work) may affect the efficacy appraisal here as well.

The pre-event BAS state and weak regulatory system interaction also influences the production of depressive symptoms
through dysregulation of magnitude and chronometry of BAS response. In this instance, an individual with an excessively low pre-
event BAS state that is coupled with a weak regulatory system incapable of stopping the plummeting of the BAS state level will
exhibit greater deactivation of the BAS post-event and more severe depressive symptoms compared to an individual with a higher
pre-event BAS state and/or stronger regulatory system. Similarly, the weak regulatory system can lead to dysregulated
chronometry in BAS deactivation (e.g., quicker fall to trough, longer recovery)®.

4.2.7. Summary and implications of the expanded BAS dysregulation model

The expanded BAS dysregulation model of bipolar disorder provides parsimonious explanation for novel data and issues they
raise. For example, our expanded model provides a plausible explanation for the seemingly inconsistent findings of negative life
events sometimes predicting onset of mania/hypomania and depression. More specifically, our expanded BAS dysregulation model

4 It is less clear whether an event that is construed as an achievement of reward (i.e., a post-attainment cue, like successful completion of the presentation and
achievement of the desired approval by the superiors, vs. pre-goal attainment cue as in our example) in itself would set in motion the rest of the processes in the
model, because there is no need to approach a reward that already has been received.

5 According to our expanded BAS dysregulation model, a path to euthymia is through the absence of major BAS activation- or BAS deactivation-relevant events.
In other words, even though regulatory strength of the BAS is weak and leads to a prolonged, more extreme response to BAS-relevant events, eventually BAS
activation returns to its pre-event level (“wears off”) if no further BAS-relevant events occur to perturb it further. A theory of bipolar disorder needs to be able to
explain the switching from hypomania/mania to depression, and vice versa, that often occurs (DSM-IV-TR, 2000). According to our expanded model, individuals
in a state of BAS activation or deactivation also can create or select the very events that trigger the opposite BAS activation state. For example, in a state of high
BAS activation coupled with weak BAS regulation, a bipolar individual may overestimate her/his abilities, set unrealistic goals, and, in turn, set herself/himself up
for a failure. Once she/he fails, a BAS deactivation-relevant event occurs and the processes leading to depression are set in motion.
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proposes that some negative events (e.g., goal obstruction, insult) will be appraised as BAS activation-relevant. Furthermore,
according to the expanded model, when these negative events are construed as incongruent with one's goals and when this
appraisal is coupled with a high efficacy appraisal, the negative event will lead to BAS activation and in turn to hypomania/mania
symptoms. Given that pre-event BAS state influences both relevance and efficacy appraisal in the expanded model, currently
hypomanic/manic individuals experiencing a negative life event may be especially likely to respond with increase in BAS activation
(i.e., exacerbation in hypomanic/manic symptoms).

We propose that BAS-relevant events also play an important role in predicting course and prognosis of bipolar disorder.
According to our model, the frequency of BAS activation- vs. BAS deactivation-relevant events will predict concurrent
predominance of hypomania/mania vs. depression, respectively. Over time for a subgroup of bipolar individuals, there might be an
increase in frequency and severity of BAS-relevant events (e.g., failures and losses) and the clinical picture should progressively
become more severe as well. Thus, an individual with cyclothymia experiencing progressively more severe failures due to his/her
own choices of unrealistic goals may, in turn, experience a major depressive episode and switch to a bipolar II disorder diagnosis.
Another important severity marker, presence of psychoses, may reflect more extreme BAS dysregulation or potentially
independent, comorbid pathological processes—a question ripe for empirical exploration.

In sum, early formulations of the BAS dysregulation theory provided a description of who will develop bipolar disorder (i.e., an
individual with dysregulated BAS). The expanded BAS dysregulation theory elaborates on this vulnerability to bipolar disorder by
specifying behavioral indications of this dysregulation. Moreover, the expanded theory explicates the causal chain of processes that
lead to depression vs. hypomania/mania. It also further specifies the nature of events that may trigger BAS activation (i.e.,
hypomania/mania) vs. BAS deactivation (i.e., depression). Future studies of bipolar spectrum disorders will need to examine
temporal parameters (e.g., rise time to peak, duration) of the BAS response (with both behavioral and physiological measures) to
experimentally manipulated BAS-relevant stimuli. Also, longitudinal research is needed to examine whether measures of weak
regulation of BAS interact with the occurrence of BAS activation- and BAS deactivation-relevant events to predict hypomanic/
manic and depressive episodes, respectively, in individuals with bipolar spectrum disorders. Thus, there are many opportunities
for future research to address specific predictions of the expanded BAS dysregulation model of bipolar disorder.
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