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Abstract

In this article, we present and review the evidence for two major biopsychoso-
cial theories of the onset and course of bipolar spectrum disorders (BSDs)
that integrate behavioral, environmental, and neurobiological mechanisms:
the reward hypersensitivity and the social/circadian rhythm disruption mod-
els. We describe the clinical features, spectrum, age of onset, and course of
BSDs. We then discuss research designs relevant to demonstrating whether
a hypothesized mechanism represents a correlate, vulnerability, or predictor
of the course of BSDs, as well as important methodological issues. We next
present the reward hypersensitivity model of BSD, followed by the social/
circadian rhythm disruption model of BSD. For each model, we review evi-
dence regarding whether the proposed underlying mechanism is associated
with BSDs, provides vulnerability to the onset of BSDs, and predicts the
course of BSDs. We then present a new integrated reward/circadian rhythm
(RCR) dysregulation model of BSD and discuss how the RCR model explains
the symptoms, onset, and course of BSDs. We end with recommendations
for future research directions.
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INTRODUCTION

Emotions vary along a continuum of severity, and affective lability is common. However, individ-
uals who experience extreme mood lability may qualify for a diagnosis of bipolar disorder. Bipolar
disorder is characterized by extreme swings of mood (euphoria or irritability versus sadness), be-
havior (excessive goal striving, supercharged energy, and increased talkativeness versus anhedonia,
fatigue, and lethargy), and cognition (grandiosity and racing thoughts versus worthlessness) oc-
curring within the same individual. As discussed below, bipolar disorder occurs on a continuum
of severity, and bipolar spectrum disorders (BSDs) are relatively common, occurring in 4.4% of
the US population (Merikangas et al. 2007). BSDs are among the leading causes of functional
disability worldwide for physical and psychological disorders (e.g., Miklowitz & Johnson 2006)
and are linked to high rates of interpersonal dysfunction and divorce, erratic work history, sub-
stance abuse, and suicide (for a review, see Miklowitz & Johnson 2006). However, BSDs also are
associated with high creativity and achievement (Miklowitz & Johnson 2006).

In this article, we describe two of the major biopsychosocial theories of BSD—the behavioral
approach system (BAS) or reward hypersensitivity model and the social/circadian rhythm
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disruption model—and review the evidence for these theories. These models are relatively unique
among theories of BSD in that each integrates neurobiological, behavioral, and environmental
factors in explaining the onset and course of BSDs and proposes a single underlying mechanism
that accounts for both poles of these disorders. In the sections that follow, we first describe the
clinical features, spectrum, age of onset, and course of BSDs. We then discuss research designs
that are relevant to demonstrating whether a hypothesized mechanism represents a vulnerability
to BSD or a course predictor, rather than simply a correlate of BSD, as well as methodological
difficulties in investigating mechanisms involved in the onset and course of BSD. We next
present the reward hypersensitivity model, followed by the social/circadian rhythm disruption
model of BSD. For each model, we review evidence regarding whether the proposed underlying
mechanism is associated with BSDs, provides vulnerability to the onset of BSDs, and predicts
the course of BSDs. We then present a new integrated reward/circadian rhythm dysregulation
model of BSD and discuss how the integrated model explains the features, onset, and course of
BSDs. We end with recommendations for future research directions.

BIPOLAR SPECTRUM DISORDERS: NATURE, ONSET, AND COURSE

In the sections that follow, we describe the clinical features, spectrum, age of onset, and course of
BSDs. These characteristics of BSDs represent clinical features that should be explained by the
reward hypersensitivity and social/circadian rhythm models.

Symptoms and Clinical Features

The fifth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM 5; Am. Psychiatr.
Assoc. 2013) defines BSDs as encompassing three diagnoses: cyclothymia, bipolar II disorder, and
bipolar I disorder. All three diagnoses involve extreme highs (hypomania or mania; in this article,
we use “hypo/mania” to refer to either hypomania or mania) and lows (depression) of mood,
motivation, cognition, and behavior, but they differ in severity, with bipolar I disorder being
the most severe and cyclothymia the least severe. Cyclothymia is diagnosed as the presence of
erratic depressive and hypomanic periods in the absence of a history of a full major depressive
episode. Bipolar II disorder is diagnosed when there is a history of at least one major depressive
episode and one hypomanic episode but no history of a manic episode. Bipolar I disorder is
diagnosed when there is a history of at least one manic or mixed episode, as currently defined. A
diagnosis of bipolar disorder not otherwise specified (NOS) is reserved for individuals who display
bipolar symptomatology that does not meet criteria for any of these three bipolar diagnoses.
There is a direct association between the severity of the bipolar diagnosis and indicators of clinical
impairment, including number of episodes, chronicity, and symptom severity (Nusslock & Frank
2011). Epidemiological studies relying on DSM criteria report lifetime prevalence estimates of
1.0% for bipolar I disorder, 1.1% for bipolar II disorder, 2.4% for subthreshold bipolar disorder,
and 4.4% overall (Merikangas et al. 2007).

Bipolar Spectrum Concept and Evidence

Having a milder form of bipolar disorder puts an individual at elevated risk for developing a more
severe variant of the illness, supporting the argument that bipolar disorders are on a spectrum
of severity. For example, retrospective studies suggest that individuals with bipolar I disorder
first experience less severe symptoms on average 12 years prior to being diagnosed (Berk et al.
2007a). Prospective studies indicate that approximately 5% to 17% of adults and 20% to 25%

www.annualreviews.org • Bipolar Disorder Development and Course 215



CP11CH09-Alloy ARI 3 March 2015 13:16

of children/adolescents with bipolar II disorder develop manic or mixed episodes and convert
to bipolar I disorder during follow-up (e.g., Alloy et al. 2012b, Birmaher et al. 2009). Rates of
conversion from cyclothymia or bipolar disorder NOS to a bipolar II diagnosis may be even
higher (Alloy et al. 2012b). Further evidence that cyclothymia is on the bipolar spectrum comes
from studies that show elevated familial risk for bipolar I disorder is associated with cyclothymia
(e.g., Akiskal et al. 1977, Chiaroni et al. 2005).

Age of Onset

Although the median age of onset for bipolar I and II disorders ranges from 17 to 31, the first
peak in rates of BSD is between ages 15 and 19 (for a review, see Nusslock & Frank 2011). This
four-year period is what Weissman et al. (1996) refer to as a “hazard period” for BSD onset.
Indeed, admixture analyses indicate that there are three high-risk periods in the onset of bipolar
disorder, with the earliest around mid-adolescence (e.g., Bellivier et al. 2001). Thus, the transition
from adolescence to young adulthood is a critical developmental period constituting an age of
risk during which bipolar conditions commence, consolidate, and often progress to a more severe
course.

Course

Moreover, BSDs are typically chronic and are characterized by frequent and recurrent symptoms.
Prospective naturalistic studies of individuals with BSDs have shown that although rates of recov-
ery from index episodes are high, in the range of 70% to 100%, of those who recover, a majority
will experience one or more syndromal recurrences over a period of 2 to 5 years (e.g., DelBello
et al. 2007). A topic of critical importance is identifying predictors of worsening prognosis. De-
mographic and clinical factors associated with worse longitudinal outcome include early age at
illness onset (childhood/adolescence), cyclothymic temperament, rapid cycling, psychosis, low so-
cioeconomic status, comorbid disorders, and poor adherence to pharmacological treatment (e.g.,
Birmaher et al. 2009, DelBello et al. 2007). In the present article, we argue that biopsychosocial
mechanisms underlying reward sensitivity and circadian/social rhythms also play a central role in
the nature, onset, and course of BSDs.

RESEARCH DESIGN AND METHODOLOGICAL ISSUES

The two major theoretical models of BSD reviewed below—the reward hypersensitivity and social/
circadian rhythm disruption models—hypothesize particular mechanisms as providing vulnera-
bility to the onset and contributing to variations in the course of BSD. In this article, we use the
term “vulnerability” to refer to factors that may contribute to the initial onset of BSD and thus
may be a causal mechanism, whereas we use the term “predictor of course” to refer to risk factors
that predict subsequent symptoms or functional status, relapse and recurrence of mood episodes,
or progression to more severe bipolar disorders along the spectrum. Such course predictors may
serve as mechanisms that maintain or worsen bipolar symptoms.

Given these distinctions, different research study designs are relevant to establishing that a par-
ticular factor is a vulnerability versus a course predictor versus a correlate of BSD. Cross-sectional
or retrospective studies that compare individuals with BSDs to healthy controls or individuals
with another disorder (e.g., unipolar depression) can establish factors that are correlates of BSD,
but they are inadequate to demonstrate that these factors serve as vulnerabilities or maintenance
factors because they cannot establish temporal precedence for the factor relative to symptom onset
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or exacerbation/recurrence. Even though cross-sectional or retrospective studies that compare re-
mitted or euthymic BSD individuals with controls, or that compare BSD individuals in depressed,
hypo/manic, and euthymic states, can demonstrate independence of the potential risk factor from
BSD symptoms, they cannot distinguish whether the factor is a vulnerability, a course predictor,
or a consequence of BSD. Thus, in our review of the evidence supporting the theoretical models
of BSD, we consider cross-sectional and remitted design studies in the sections on associations
with BSD.

We also review evidence from truly prospective longitudinal designs, in which the proposed
mechanism (e.g., reward hypersensitivity or social/circadian rhythm dysregulation) is assessed
prior to first onset of BSD, in the vulnerability sections below. In addition, studies that examine
the proposed causal mechanisms in individuals who do not yet exhibit BSD but are known to be at
risk for developing BSD, such as the offspring of parents with bipolar disorder or individuals with
hypomanic personality, are also relevant to establish vulnerability. Finally, prospective longitudinal
studies that assess the proposed mechanism prior to measures of course (relapse or recurrence,
symptom exacerbation, progression to more severe bipolar disorder) in samples already exhibiting
BSD are reviewed in the sections below on predictors of course.

Moreover, BSDs provide particular methodological challenges for demonstrating vulnerability
factors or course predictors that should be considered in interpreting the evidence for the theo-
retical models. First, these disorders are characterized by significant interepisode symptoms and
functional impairment, making it difficult to assess potential vulnerabilities and course predictors
at a time when the individual is asymptomatic so as to establish independence of the hypothesized
mechanisms from bipolar symptoms. Thus, there is a need to control for symptoms in studies in-
vestigating the hypothesized mechanisms. Second, many individuals with BSDs take psychotropic
medications, and these medications may either directly counteract the hypothesized mechanisms
underlying BSDs or produce effects that make it difficult to assess the hypothesized mechanisms.
In either case, medication use for bipolar disorder may confound study results, particularly studies
of correlates of BSD or course predictors, and needs to be statistically controlled.

REWARD HYPERSENSITIVITY MODEL OF BIPOLAR SPECTRUM
DISORDERS: THEORY AND EVIDENCE

In the sections below, we present the Reward Hypersensitivity Model of BSDs and review evidence
on whether reward hypersensitivity is a correlate, vulnerability, or predictor of the course of
BSDs. We include evidence on prodromes of bipolar mood episodes, self-report and behavioral
task measures, personality and cognitive styles, neurophysiological and neural measures, and life
events.

Reward Hypersensitivity Model

Individuals with BSDs may be characterized by a hypersensitive reward system. The reward system,
also known as the BAS, is a biobehavioral system that regulates approach motivation and goal-
directed behavior to attain rewards (Gray 1994). It has been linked to a dopaminergic fronto-striatal
neural circuit sensitive to reward-relevant stimuli (e.g., Depue & Collins 1999, Haber & Knutson
2010) and is activated by goal- or reward-relevant cues that may be external (e.g., an opportunity
for promotion) or internal (e.g., expectancy of winning an award). BAS activation is associated
with increased motor behavior, incentive motivation, and positive goal-striving emotions such as
hope and happiness (Depue & Collins 1999, Gray 1994), as well as with anger when goal striving
is frustrated or blocked (Carver 2004, Harmon-Jones & Sigelman 2001). Originally proposed by
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Figure 1
The reward hypersensitivity model of bipolar spectrum disorders (see text for details).

Depue & Iacono (1989) and expanded by Alloy and colleagues (e.g., Alloy & Abramson 2010,
Alloy et al. 2009a, Urošević et al. 2008) and Johnson and colleagues (e.g., Johnson 2005, Johnson
et al. 2012b), the BAS/reward model of BSD suggests a single dimension—approach motivation
and reward sensitivity—to organize diverse symptoms and account for both poles of BSD (see
Figure 1). Vulnerability to BSDs is hypothesized to be the result of an overly sensitive reward
system that is hyperreactive to goal- and reward-relevant cues. This hypersensitivity leads to
excessive reward motivation and approach-related affect in response to life events involving
rewards or goal striving and attainment, which, in turn, lead to hypomanic or manic symptoms
(red pathway in Figure 1). In particular, excessive BAS/reward activation is hypothesized to
lead to a cluster of hypo/manic psychomotor activation symptoms (elevated energy, increased
goal-directed activity, decreased need for sleep, increased confidence, and irritability when goal
pursuit is thwarted). This model also proposes that BSD individuals experience an excessive
downregulation or decrease in behavioral approach in response to nonattainment of goals or
rewards (e.g., definite failures), which, in turn, leads to depressive symptoms (blue pathway
in Figure 1), particularly anhedonia, psychomotor retardation, low motivation, fatigue, and
hopelessness. Thus, the hypothesized vulnerability to BSDs in the reward model is a propensity
toward excessive reward system activation and deactivation. It is important to distinguish this
vulnerability (trait) from the states of actual activation or deactivation (dysregulation) of the
reward system, which are considered the more proximal precursors of mood symptoms/episodes.

The reward theory of BSD also includes a transactional component in which individuals with
BAS or reward hypersensitivity not only react more strongly to goal- or reward-relevant life
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events, but also are exposed to such events more frequently via “stress generation” (Hammen
1991) processes (Alloy et al. 2009a, Urošević et al. 2008). That is, vulnerable individuals’ reward
hypersensitivity leads them to engage in behaviors that increase their exposure to the very goal- and
reward-related events that trigger excessive responses from their reward systems. This exposure
to goal- and reward-relevant events, in turn, triggers mood episode onset via a two-hit model (see
red and blue pathways in Figure 1).

Considerable evidence has accumulated in support of the reward hypersensitivity model of
BSDs. We review this evidence below.

Is Reward Hypersensitivity Associated with BSDs?

The association between reward sensitivity and BSDs has been evaluated in multiple ways, includ-
ing an examination of prodromes for BSDs, self-reports, responses to reward cues on behavioral
tasks, measures of reward-relevant personality or cognitive styles, and through electroencephalog-
raphy (EEG) and both functional and structural neuroimaging. Studies that establish an associ-
ation between reward hypersensitivity and BSD usually involve correlational or cross-sectional
designs that compare individuals with BSDs to healthy controls. In addition, some studies examine
reward-relevant constructs in individuals with BSDs in a remitted or euthymic state compared
with controls or across hypo/manic, euthymic, and depressive mood states. Such studies at least
can establish that reward hypersensitivity may be a more stable characteristic of individuals with
BSDs and not a simple consequence of a current mood state.

Evidence from prodromes. Prodromes refer to the earliest signs and symptoms that signal an
impending full-blown episode of disorder (Molnar et al. 1988). In line with the potential im-
portance of reward hypersensitivity in bipolar disorders, some of the most common prodromal
features of hypo/mania are increased goal-directed activity, extreme goal setting, and increased
success expectancies (Lam & Wong 1997, Lam et al. 2001), whereas anhedonia, decreased moti-
vation and goal setting, and low self-confidence characterize depressive prodromes in BSDs (e.g.,
Bauer et al. 2006, Molnar et al. 1988). Moreover, cognitive-behavioral deactivation strategies such
as restraining oneself, modifying high success expectancies, and engaging in calming activities dur-
ing manic prodromes have been found to reduce the likelihood of manic relapse (Lam et al. 2001),
whereas behavioral activation techniques have had success in reducing full-blown depression.

Self-report and behavioral task evidence. Consistent with the reward hypersensitivity model,
cross-sectional studies find that, controlling for bipolar mood symptoms, individuals all along the
bipolar spectrum exhibit higher self-reported BAS sensitivity than controls exhibit (e.g., Alloy
et al. 2008, Meyer et al. 2001, Salavert et al. 2007; but see Hayden et al. 2008 for contrary
findings). Higher BAS sensitivity also distinguished patients with BSD from patients with unipolar
depression (Quilty et al. 2014). In addition, parent reports of BAS sensitivity were associated with
both manic and depressive symptoms in an outpatient sample of adolescents (Gruber et al. 2013).
Even in a euthymic state, individuals with BSDs exhibit higher self-reported BAS sensitivity (Alloy
et al. 2008, Salavert et al. 2007), suggesting that the high reward sensitivity may be independent of
mood-related report biases. Moreover, self-reported BAS sensitivity is stable across mood states
in individuals with BSDs (Alloy et al. 2009a, Urošević et al. 2008), although states of BAS/reward
activation fluctuate in response to goal- or reward-relevant events.

Individuals with BSDs also exhibit greater emotional, behavioral, and cognitive responsiveness
to rewards on behavioral tasks. For example, Hayden et al. (2008) reported that euthymic bipolar
I patients showed greater behavioral responsiveness to small monetary rewards on a card-sorting
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task. Similarly, Swann and colleagues (2009) found that bipolar I patients exhibited an inability to
delay responding for rewards on a task compared to healthy controls. A meta-analysis of perfor-
mance on the Iowa Gambling Task, a measure of reward sensitivity, also indicated that euthymic
individuals with bipolar I disorder make more risky choices than do controls (Edge et al. 2012).
Johnson and associates (2005) observed that current hypomanic symptoms were associated with
greater positive affect and success expectancies following monetary reward and success feedback
on a button-pressing task. And, Ruggero & Johnson (2006) found that bipolar I patients exhibited
poorer cognitive performance than did controls following failure feedback on a concept-formation
task.

Personality/cognitive style evidence. According to the reward hypersensitivity model, individ-
uals with BSDs should exhibit personality features and cognitive styles related to high drive and in-
centive motivation, consistent with their highly sensitive reward/approach motivational systems. In
line with this hypothesis, individuals along the bipolar spectrum exhibit more ambitious goal striv-
ing and higher achievement motivation than do controls, controlling for current mood symptoms
( Johnson et al. 2009, 2012a; Lozano & Johnson 2001). The extreme goal setting is observed most
strongly for goals involving financial success and popular fame. In addition, individuals with BSDs
are less likely than controls to “coast” (i.e., decrease their goal-striving efforts) following unex-
pectedly high progress toward a goal (Fulford et al. 2010), suggesting that it is difficult for them
to curb their ambitious goal striving.

Some cross-sectional studies have found that individuals with BSDs exhibit cognitive styles
as negative as those of individuals with unipolar depression and more negative than those of
controls, even when they are euthymic, but other studies have not obtained this effect (for reviews,
see Alloy et al. 2005, 2006b). An important contributor to the mixed cognitive style findings in
BSDs may be the failure to consider the particular content of the cognitive styles. Indeed, more
recent research indicates that BSDs are uniquely associated with cognitive styles that have reward
system–relevant themes. Specifically, euthymic bipolar individuals exhibit a distinctive profile of
maladaptive cognitive styles characterized by perfectionism, self-criticism, and autonomy rather
than the dependency, attachment, and approval-seeking styles observed among unipolar depressed
individuals (Alloy et al. 2009b, Lam et al. 2004, Scott et al. 2000; for a review, see Alloy et al.
2009a).

Neurophysiological and neuroimaging evidence. Both neurophysiological and neuroimaging
research provide additional support for the BAS/reward model of BSD. With respect to neuro-
physiology, much of this work has focused on relative left versus right frontal EEG activity, a
neurophysiological index of approach system sensitivity and reward-related affect (for a review,
see Coan & Allen 2004). Increased relative left frontal EEG activity indicates a propensity to ap-
proach or engage a stimulus, whereas decreased relative left frontal activity indicates a propensity
toward reduced approach-related affect or increased withdrawal motivation (Coan & Allen 2004).
In line with the BAS/reward model, Harmon-Jones and colleagues (2008) reported that individuals
with BSDs displayed elevated relative left frontal EEG activity (i.e., more approach motivation)
during a reward-related laboratory task compared to healthy controls. Furthermore, BSD indi-
viduals in a hypo/manic episode displayed elevated relative left frontal EEG activity compared to
remitted and depressed BSD individuals (Kano et al. 1992, Nusslock et al. 2012b). Thus, frontal
EEG asymmetry not only is elevated in bipolar disorder but also appears to be sensitive to one’s
hypo/manic status. By contrast, individuals with unipolar depression display decreased relative left
frontal EEG activity during both depressive and euthymic states (for a meta-analytic review, see
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Thibodeau et al. 2006), reflecting reduced approach system sensitivity and blunted reward-related
affect (Kasch et al. 2002).1

With respect to neuroimaging, considerable data link the BAS, and reward processing more
generally, to a fronto-striatal neural circuit involving the ventral striatum (VS) and the orbitofrontal
cortex (OFC), among other regions (Haber & Knutson 2010, Kringelbach & Rolls 2004). Research
in both animals and humans indicates the fronto-striatal circuit plays a central role in dopamine
transmission, which, in the context of this circuit, helps facilitate reward responsivity, reward-
driven learning, prediction error, and goal-directed behavior (Haber & Knutson 2010, Schultz
2002). The VS is involved in processing both primary and secondary (e.g., monetary) rewards and
plays a central role in reward anticipation (Haber & Knutson 2010, Knutson et al. 2001). The OFC
appears to be particularly important for encoding reward value and assessing probability of reward
receipt (Haber & Knutson 2010). Drawing from research on reward-related neural activation in
bipolar disorder (Bermpohl et al. 2010, Nusslock et al. 2012a), we define the OFC as Brodmann
area (BA) 10, 11, and 47 for the present article. Elevated VS activity during reward anticipation
is associated with elevated self-reported BAS/reward sensitivity (Caseras et al. 2013, Hahn et al.
2009), and connectivity between the VS and the OFC predicts individual differences in reward
dependence (Cohen & Ranganath 2007).

Structural and functional neuroimaging studies implicate the fronto-striatal neural circuit in
the pathophysiology of BSD. Structural imaging studies report abnormalities in prefrontal vol-
ume (Lopez-Larson et al. 2002) and increased striatal size (Strakowski et al. 2002) in individuals
with bipolar disorder. Positron emission tomography studies report increased metabolism in the
striatum (among other regions) in both currently depressed (Ketter et al. 2001, Mah et al. 2007)
and manic (Blumberg et al. 2000) bipolar individuals, suggesting that elevated metabolic activity
in the striatum may be a state-independent marker of bipolar disorder (although see Brooks et al.
2009 for evidence of decreased metabolic activity in the striatum in bipolar depression).

In line with the BAS/reward model of BSD, functional MRI (fMRI) research indicates that
BSD is associated with an excessive increase in fronto-striatal reward-related neural activation
to positive or approach-related stimuli. For example, bipolar individuals display elevated striatal
(Hassel et al. 2008, Lawrence et al. 2004) and OFC (Elliott et al. 2004) activation to pictures of
happy faces or pleasant stimuli compared to healthy controls. The handful of studies on bipolar
disorder that have employed established fMRI reward paradigms provide additional evidence that
BSD is characterized by a fronto-striatal hypersensitivity to reward-relevant cues. Individuals with
euthymic bipolar I (Nusslock et al. 2012a) and bipolar II (Caseras et al. 2013) disorder display
greater VS, medial OFC (BA 10), and left lateral OFC (BA 47) activation during the anticipation of
monetary reward compared to healthy controls. The fact that reward-related neural activation was
abnormally elevated in bipolar individuals during remission suggests that this fronto-striatal hy-
peractivity reflects a trait-like profile of bipolar disorder. With respect to hypo/mania, Bermpohl

1Most studies on relative left frontal EEG activity in unipolar depression and bipolar disorder utilize a difference score
[ln(right) − ln(left) alpha power] to conveniently summarize the relative activity at homologous right and left electrodes.
The difference score, commonly referred to as an asymmetry index, provides a simple unidimensional scale representing the
relative activity of the right and left hemisphere. Given that alpha power is inversely related to cortical activity, higher scores
on this difference score reflect relatively greater left hemispheric activity. A limitation of this difference score, however, is that
it makes it difficult to identify the neuronal source underlying frontal EEG asymmetry. That is, elevated relative left frontal
EEG activity could be driven by elevated neuronal activation in the left prefrontal cortex, or decreased activation in the right
prefrontal cortex, or both. This issue, combined with the poor spatial resolution associated with EEG data more generally,
makes it difficult to draw inferences about the pathophysiological processes underlying abnormally increased or decreased
relative left frontal EEG activity. Future research using source localization or equivalent techniques is warranted to more
precisely identify the neuronal source underlying frontal EEG asymmetry in mood disorders.
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and colleagues (2010) reported that 15 bipolar I individuals in a manic episode displayed ele-
vated left lateral OFC (BA 47) activation during reward anticipation, whereas healthy participants
showed the inverse effect. In a second study, Abler and colleagues (2008) reported increased activa-
tion in the VS coupled with reward omission in manic versus healthy participants, suggesting that
bipolar individuals in a manic episode have a reduced capacity to discriminate between rewards
on the basis of their actual value and relevance. Finally, currently depressed bipolar I individuals
displayed elevated left lateral OFC (BA 47) activation during anticipation, collapsing across re-
ward and loss trials, compared to both currently depressed individuals with major depression and
healthy controls (Chase et al. 2013). Thus, even during depression, individuals with bipolar I dis-
order maintain heightened activation in regions of the fronto-striatal neural circuit. We propose
that elevated reward-related neural activation is likely the biological mechanism underlying ele-
vated self-report, behavioral, and neurophysiological indices of reward sensitivity that have been
documented in research on BSDs (see above sections).

Is Reward Hypersensitivity a Vulnerability for BSDs?

The strongest evidence for the role of reward hypersensitivity as a vulnerability for BSDs comes
from prospective studies that examine predictors of first onset of BSD, because such studies can
establish the temporal precedence of reward hypersensitivity relative to disorder onset. Additional
relevant evidence derives from research that examines reward sensitivity and related constructs in
samples at genetic, psychological, or behavioral risk for BSD, even if these studies do not demon-
strate prediction of BSD onset. We review research relevant to establishing reward hypersensitivity
as a vulnerability factor for BSD in this section.

Self-report and behavioral task evidence. In a retrospective behavioral high-risk design, Alloy
and colleagues (2006a) selected late adolescents (ages 18–24) with high versus moderate levels of
self-reported reward sensitivity (based on two different self-report BAS questionnaires) and com-
pared their lifetime histories of mood disorders, blind to their BAS scores. High-BAS-sensitivity
adolescents were six times more likely to meet DSM-IV-TR diagnostic criteria for a BSD (50%)
than were moderate-BAS-sensitivity adolescents (8.3%). Although these findings are consistent
with high reward sensitivity as a vulnerability for BSDs, the causal direction of the association
between high reward sensitivity and increased rates of BSD is unclear. Consequently, in a fully
prospective design, Alloy et al. (2012a) selected younger adolescents (ages 14 to 19) who scored in
the top 15% on two different self-report measures of BAS/reward sensitivity or who scored in the
middle 40% to 60% on both measures, but who had no prior lifetime history of a BSD or even
a single episode of hypomania, and followed them for over a year. Participants also completed
measures of goal setting and reward responsiveness on a behavioral task at baseline. Alloy et al.
(2012a) found that controlling for family history of BSD and baseline hypo/manic and depressive
symptoms, the high-BAS group was significantly more likely to develop a BSD (12.3% versus
4.2%) and had a shorter time to first onset of a BSD than the moderate-BAS group. Greater
reward responsiveness on the behavioral task also predicted a greater likelihood and shorter time
to first onset of BSD, even after controlling for BAS-risk group status. This is the first study to
identify psychological vulnerabilities that predict first lifetime onset of BSD.

Although the Alloy et al. (2012a) findings provide the strongest evidence for reward hypersen-
sitivity as a vulnerability to BSDs, studies of self-reported and behavioral reward responsiveness
in samples at risk for BSDs are also relevant. In genetic high-risk samples, Jones and colleagues
(2006) did not report differential self-reported BAS sensitivity in adolescent offspring of bipolar
versus control parents, whereas Chang and associates (2003) observed that children of bipolar
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parents reported a greater tendency to approach novel, rewarding situations on a temperament
scale than controls reported. Nurnberger et al. (1988b) also found greater self-reported sensation
seeking in the offspring of bipolar parents than of control parents. In addition, in comparison with
controls, individuals who have a high score on the Hypomanic Personality Scale (HPS; Eckblad
& Chapman 1986), a demonstrated risk factor for BSD (Kwapil et al. 2000), exhibit higher self-
reported BAS sensitivity (e.g., Johnson & Carver 2006, Meyer et al. 1999) and greater approach
motivation in response to threatening vignettes (Meyer et al. 2007). Participants with hypomanic
personality also show greater positive generalization and cognitive reactivity to success experiences
on a behavioral task (Carver & Johnson 2009, Eisner et al. 2008, Johnson et al. 2005).

Personality/cognitive style evidence. In the Alloy et al. (2012a) prospective behavioral high-
risk study, ambitious goal striving at baseline also predicted a greater likelihood and shorter
time to first onset of BSD, controlling for family history of BSD and initial mood symptoms.
Moreover, ambitious goal striving mediated the predictive association of BAS-risk group status
with first onset of BSD, indicating that highly ambitious goal setting also is a vulnerability to
BSD and may account for some of the risk effect related to self-reported reward sensitivity. In
addition, ambitious goal setting also has been observed in individuals at risk for BSD based on
high HPS scores (e.g., Carver & Johnson 2009, Johnson & Carver 2006, Johnson et al. 2005,
Meyer & Krumm-Merabet 2003) and in adolescents at high risk for BSD based on high self-
reported reward sensitivity (Stange et al. 2013). Stange et al. (2013) also found that participants
who were high in self-reported BAS sensitivity and at risk for BSD reported more perfectionistic
cognitive styles and tendencies to engage in positive overgeneralization than did participants who
were moderate in BAS sensitivity. Moreover, a cognitive style to overgeneralize from positive
experiences interacted with self-reported high reward sensitivity to predict increases in hypomanic
symptoms among adolescents with no prior history of BSD, controlling for baseline hypomanic
symptoms (Stange et al. 2012). Finally, other studies of individuals at genetic or behavioral high
risk for BSD have reported that high-risk participants exhibit more dysfunctional attitudes than do
low-risk participants (e.g., Jones et al. 2006, Knowles et al. 2005), but these studies didn’t examine
reward-relevant cognitive styles specifically.

Neurophysiological and neuroimaging evidence. To our knowledge, no studies have examined
neurobiological indices of reward sensitivity as predictors of first onset of BSD. There is, however,
preliminary evidence of elevated neurophysiological and neural indices of approach motivation
and reward-related affect in individuals at psychological and genetic risk for BSD. At the neuro-
physiological level, Harmon-Jones et al. (2002) examined the relationship between self-reported
proneness to hypo/mania and relative left frontal EEG activity (a neurophysiological index of BAS
sensitivity) to an anger-evoking laboratory task. Anger is an approach-oriented emotion, despite
its negative valence (Carver 2004). As predicted, individuals prone to hypo/manic symptoms, as
assessed by the General Behavior Inventory (GBI; Depue et al. 1989), had a greater increase in
relative left frontal EEG activity to the anger-provoking event.

Complementing neurophysiological research on relative left frontal EEG activity is work
employing event-related potentials (ERPs). Embedded within EEG data, ERPs are electrical
potentials that occur in preparation for, or in response to, discrete events, whether they are
internal or external to the participant. Increasing evidence suggests that reward sensitivity can
be measured using the feedback negativity, an ERP component elicited by stimuli that indicate
monetary gain versus loss (Hajcak et al. 2007). Mason and colleagues (2012) recently examined
the relationship between the feedback negativity to monetary gain/loss stimuli and hypomanic
traits, as assessed by the HPS (Eckblad & Chapman 1986). In line with the BAS/reward model,
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individuals with elevated HPS scores displayed greater reward responsiveness, as indexed by the
feedback negativity, compared with those with both moderate and low HPS scores.

At the neural level, gray matter deficits in the VS and the anterior cingulate cortex, a region
implicated in the fronto-striatal circuit (Haber & Knutson 2010), are present in individuals at
genetic risk for bipolar disorder but who have not yet developed the illness (McDonald et al.
2004). Furthermore, research employing established fMRI reward paradigms indicates that both
individuals with subsyndromal hypomanic symptoms (O’Sullivan et al. 2011) and individuals with
a hypomanic temperament who have not yet developed BSD (Harada et al. 2013) display elevated
VS activation and left-lateral OFC activation during reward processing. These findings suggest
that abnormalities in fronto-striatal neural circuitry reflect preexisting risk factors for BSD as
opposed to a consequence of the illness.

One of the most reliable findings to emerge from research on reward-related neural activation
in bipolar disorder is that the illness is associated with an abnormal increase in left lateral OFC
activation during reward anticipation. This has been observed across the entire bipolar spectrum,
including in individuals with bipolar I (Bermpohl et al. 2010, Nusslock et al. 2012a) and bipolar
II disorder (Caseras et al. 2013) and in individuals at risk for BSD who have not developed the
illness (Harada et al. 2013). Elevated left lateral OFC activation during reward anticipation also
has been observed across all phases of bipolar disorder, including mania (Bermpohl et al. 2010),
euthymia (Nusslock et al. 2012a), and depression (Chase et al. 2013). Collectively, these findings
suggest that there may be a trait-like, and perhaps endophenotypic, abnormality during reward
processing in this region in individuals at risk for BSD. Given the role of the lateral OFC in arousal
and salience processing (Kringelbach & Rolls 2004), these data suggest that individuals at risk for
BSD may be characterized by abnormalities in regulating arousal and behavioral activation during
reward processing and goal pursuit. Furthermore, the left lateralization of this effect is consistent
with neurophysiological data summarized above indicating that BSD is characterized by elevated
relative left frontal EEG activity (Harmon-Jones et al. 2002, 2008; Nusslock et al. 2012b).

Life events evidence. Characteristics of an individual’s environment influence the onset, expres-
sion, and course of BSDs. In particular, the occurrence of life events is associated with first onset
and recurrences of bipolar mood episodes (for reviews, see Alloy et al. 2005, 2006b, 2009a; Johnson
2005). There is evidence that both positive and negative life events precede onsets of hypo/manic
episodes, whereas only negative events precede depressive episode onset in individuals with BSD
(for reviews, see Alloy et al. 2005, 2006b, 2009a). An advantage of the reward hypersensitivity
model is that it makes predictions about the specific types of life events that should trigger bipolar
mood episodes. Hypo/manic episodes should be precipitated by BAS/reward-activation events
involving goal striving, goal attainment, or goal obstacles evoking anger/irritability, whereas de-
pressive episodes should be triggered by BAS/reward-deactivation events involving definite failures
or losses that cannot be remedied.

Although several studies find that reward-relevant events in particular predict the course of
BSDs (reviewed below), no study to date has examined goal- or reward-relevant events specifically
as predictors of first onset of BSD so as to demonstrate their role as vulnerabilities to BSD. Thus,
life event studies on first onset of BSDs are needed. However, evidence of stress generation,
particularly in individuals at risk for BSDs, may have relevance to the vulnerability status of life
events. Consistent with the transactional component of the reward hypersensitivity model, indi-
viduals with BSDs experienced more BAS/reward-activation and more BAS/reward-deactivation
life events over a six-month follow-up than do demographically similar controls (Urošević
et al. 2010). Moreover, high-BAS-sensitivity adolescents at risk for BSD also experienced more
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BAS/reward-activation and -deactivation events than did moderate-BAS-sensitivity adolescents
(Boland et al. 2014).

Does Reward Hypersensitivity Predict the Course of BSDs?

Self-report and behavioral task evidence. Several studies have examined whether self-reported
reward sensitivity predicts the course of BSD. Among bipolar I patients, Meyer et al. (2001) found
that BAS sensitivity following recovery from a mood episode predicted greater manic symptoms
over follow-up. Also, over an 18-month follow-up of bipolar I patients, Salavert et al. (2007) re-
ported that higher baseline BAS sensitivity predicted relapse with hypomanic or manic episodes,
whereas lower baseline BAS sensitivity predicted depressive episode relapse compared with pa-
tients who remained asymptomatic. The depressive relapse finding is inconsistent with the reward
hypersensitivity model, which would predict that high, rather than low, initial BAS sensitivity
would predict depressive relapse. Consistent with the reward hypersensitivity model, in a sample
of late adolescents with BSDs, Alloy et al. (2008) found that controlling for initial hypo/manic
and depressive symptoms, higher Time 1 BAS sensitivity predicted a shorter time to relapse of
hypomanic and manic episodes over a three-year follow-up, and higher Time 1 BAS reward re-
sponsiveness (a subscale of the BAS questionnaire) marginally predicted a shorter time to relapse
of depressive episodes. High BAS sensitivity also predicted progression to more severe disorders
along the bipolar spectrum. Controlling for initial hypo/manic and depressive symptoms, treat-
ment seeking, and family history of BSD, Alloy et al. (2012b) reported that high baseline BAS
sensitivity (and especially the fun-seeking subscale) predicted a greater likelihood of progression
to bipolar II disorder (onset of a major depressive episode) among individuals with cyclothymia
or bipolar NOS and a greater likelihood of progression to bipolar I disorder (onset of a manic
episode) among participants with bipolar II, cyclothymia, and bipolar NOS (when family history
was not controlled). In addition, the combination of high BAS sensitivity and high behavioral
inhibition system or threat/punishment sensitivity also predicted a greater likelihood of progres-
sion to bipolar I disorder. Furthermore, high baseline BAS sensitivity (especially the fun-seeking
subscale) also predicted increased substance use problems prospectively (Alloy et al. 2009c).

Personality/cognitive style evidence. Only a few studies have investigated whether goal- or
reward-relevant cognitive styles predict the course of BSDs. In a bipolar I sample, Lozano &
Johnson (2001) found that the goal-relevant style of high achievement motivation predicted
increases in manic symptoms over a six-month follow-up. In addition, Johnson et al. (2012a)
observed that ambitious goal setting for popular fame and financial success predicted increases in
manic symptoms over a three-month follow-up in individuals with bipolar I disorder. Among late
adolescents with BSDs, controlling for initial hypo/manic and depressive symptoms and past his-
tory of mood episodes, Alloy et al. (2009b) found that BAS-relevant cognitive styles involving high
self-criticism and autonomy predicted a greater likelihood of hypomanic and manic episodes over
a three-year follow-up. Moreover, an autonomous cognitive style mediated the predictive associ-
ation between high self-reported BAS sensitivity and prospective hypomanic and manic episodes.

Neurophysiological and neuroimaging evidence. To date, only one study has investigated
whether neural or neurophysiological indices of approach/reward-related affect predict the course
of BSDs (Nusslock et al. 2012b). In this study, 58 individuals with cyclothymia or bipolar II
disorder completed resting EEG recordings. In line with the BAS/reward model, elevated relative
left frontal EEG activity (a neurophysiological index of BAS sensitivity) prospectively predicted
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a greater likelihood of converting from cyclothymia or bipolar II disorder to bipolar I disorder
over the 4.7-year follow-up. This is the first study to identify a neurophysiological marker that
prospectively predicts conversion to bipolar I disorder.

Pharmacological studies also are relevant to understanding whether reward sensitivity predicts
the course of BSD. As indicated, dopamine transmission is at the heart of the fronto-striatal re-
ward circuit and reward processing more generally (Haber & Knutson 2010, Schultz 2002). In
line with the BAS/reward model of BSD, converging data highlight the central role of dopamine
in bipolar disorder, and pharmacological models suggest a role for increased dopaminergic drive
in the onset of hypo/mania and the converse in the onset of bipolar depression (for a review, see
Berk et al. 2007b). For example, administration of the dopamine precursor levdopa (L-DOPA) to
patients with bipolar disorder produces hypo/manic episodes (van Praag & Korf 1975). Similarly,
amphetamine, which increases levels of synaptic dopamine, can produce a hypomanic-like state in
otherwise healthy individuals ( Jacobs & Silverstone 1986) and hyperactivity in an animal model
of hypo/mania (Frey et al. 2006). By contrast, dopamine deficits play an important role in both
bipolar and unipolar depression, and symptoms of depression can arise in the context of low-
ered dopamine transmission (Berk et al. 2007b). Furthermore, psychiatric medications that target
dopamine neurotransmission are central to managing both the manic and depressive symptoms of
BSDs (e.g., Tohen et al. 2003, Vieta et al. 2005), and there is preliminary evidence that lithium,
perhaps the most effective mood stabilizer, decreases the amount of dopamine and its metabolites
in women with unipolar and bipolar disorders (Tohen et al. 2003).

Life events evidence. Consistent with the reward hypersensitivity model, in two studies of
patients with bipolar I disorder, Johnson and colleagues (2000, 2008) found that goal-attainment
life events predicted increases in manic but not depressive symptoms over follow-up; general
positive events did not predict manic symptom increases. Similarly, Nusslock and associates (2007)
reported that late-adolescent students with BSDs were more likely to develop a new episode of
hypomania but not depression following a goal-striving event (studying for and taking final exams)
than were other nonstudent bipolar adolescents who did not experience this event (42% versus 4%).
Anger-provocation events that also activate the BAS/reward system (e.g., goal obstacles, insults)
also have been found to predict increased hypomanic symptoms (e.g., Carver 2004, Harmon-Jones
et al. 2002). In contrast, failure or loss events frequently have been found to trigger depressive
episodes (for reviews, see Alloy et al. 2005, 2006b, 2009a).

Cognitive styles also have been found to interact with life events to predict bipolar mood
symptoms and episodes (for reviews, see Alloy et al. 2005, 2006b, 2009a), but only a few studies
have specifically examined BAS/reward-relevant cognitive styles in combination with life events
as predictors of BSD course. Hammen and colleagues (1989, 1992) reported that autonomous
cognitive styles did not interact with achievement events to predict symptom severity in individ-
uals with BSDs; however, they did not examine prediction to hypomanic and manic symptoms
separately. In contrast, in a late adolescent BSD sample, Francis-Raniere et al. (2006) found that
controlling for initial hypo/manic and depressive symptoms and the total number of events ex-
perienced, BAS/reward-relevant self-critical and perfectionistic cognitive styles interacted with
BAS/reward-activating positive events to predict increases in hypo/manic symptoms and with
BAS/reward-deactivating negative events to predict increases in depressive symptoms over follow-
up. Further studies of reward-relevant life events in combination with reward-related personality
or cognitive styles as predictors of BSD course are needed. Moreover, studies that examine other
self-report, behavioral, and neural indicators of reward sensitivity in combination with goal- and
reward-relevant events as predictors of BSD course also are yet to be conducted.
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SOCIAL/CIRCADIAN RHYTHM MODEL OF BIPOLAR SPECTRUM
DISORDERS: THEORY AND EVIDENCE

In the following sections, we describe the Social/Circadian Rhythm Disruption Model of BSDs
and review evidence on whether social and circadian rhythm disruption is associated with BSDs
or is a vulnerability for or predictor of the course of BSDs. We include evidence from prodromes
of bipolar mood episodes, self-report measures, circadian rhythm–relevant personality, sleep and
actigraphy measures, life events, and neurobiological and genetic studies.

Social/Circadian Rhythm Disruption Model

Biological processes that repeat about every 24 hours and persist with the same period in the ab-
sence of external cues are defined as circadian rhythms (e.g., Czeisler & Gooley 2007, Wever 1979).
The suprachiasmatic nucleus (SCN), or biological clock, located in the anterior hypothalamus,
regulates circadian rhythms (e.g., Reppert & Wever 2001). The SCN functions autonomously,
but under normal conditions, is entrained by external zeitgebers (German for “time givers”),
such as light (e.g., Roenneberg & Merrow 2007, Wever 1989), yielding a period of slightly more
than 24 hours in humans (e.g., Panda et al. 2002, Wever 1979). Circadian rhythms also can be
entrained or phase-shifted by nonphotic cues, including social stimuli, auditory stimuli, exercise,
and daily schedules or social rhythms (for a review, see Grandin et al. 2006). The sleep/wake cycle,
body temperature, cortisol, norepinephrine, and melatonin all show circadian rhythms (Reppert
& Wever 2001), with melatonin considered an accurate physiological marker of endogenous cir-
cadian function (Lewy & Sack 1989).

Circadian rhythm disruption (CRD) has been proposed to be a key mechanism in the neuro-
biological vulnerability to BSDs (e.g., McClung 2007, Murray & Harvey 2010) and may reflect
abnormalities either in the SCN itself or in the external entrainment of the SCN (Grandin et al.
2006; see Figure 2). According to the social zeitgeber theory of mood disorders (Ehlers et al. 1988,
Grandin et al. 2006), depicted in Figure 2, life events that disrupt social zeitgebers, defined as
daily social rhythms or schedules (e.g., bedtimes, mealtimes, start and end of school or a job; path
1 in Figure 2), precipitate BSD symptoms, particularly somatic symptoms such as sleep changes,
because they disturb circadian rhythms (paths 2 and 3 in Figure 2). Events that disrupt social
rhythms (e.g., causing a change in bedtime) may be associated with increased light exposure at
certain times of day, which can phase shift melatonin and other circadian rhythms (Roenneberg &
Merrow 2007, Stetler et al. 2004, Wever 1989). Similarly, social rhythm disruption (SRD) events
that change daily schedules (e.g., skipping a meal) may disrupt circadian rhythms through their
effects on nonphotic zeitgebers (Goel 2005). Indeed, changes in daily activity patterns or social
contacts, whether naturally occurring or manipulated, are associated with changes in circadian
rhythms (for a review, see Stetler et al. 2004) in healthy individuals.

Much evidence is consistent with the social/circadian rhythm disruption model of BSD. We
review this evidence below.

Is Social/Circadian Rhythm Dysregulation Associated with BSDs?

Studies of prodromal features, self-reports of social rhythm regularity, circadian rhythm–relevant
personality, sleep and actigraphy, circadian system–relevant hormones (e.g., melatonin and cor-
tisol), circadian-relevant neurotransmitters (e.g., dopamine and serotonin), and genetic evidence
have established an association between social or circadian rhythm disturbance and BSDs. In
this section, we review evidence from cross-sectional studies that compare individuals with BSDs
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Figure 2
The social/circadian rhythm disruption model of bipolar spectrum disorders. Life events that disrupt social zeitgebers (path 1)
precipitate BSD symptoms because they disturb circadian rhythms (paths 2 and 3).

either in episode or in a euthymic state to controls on social rhythm–relevant or circadian rhythm–
relevant constructs.

Evidence from prodromes. In addition to increased goal-directed activity, the other most com-
mon prodrome of manic episodes is decreased need for sleep ( Jackson et al. 2003, Lam & Wong
1997, Molnar et al. 1988). Indeed, decreased need for sleep occurs as a prodromal feature of
hypo/mania in 80% of individuals with BSDs ( Jackson et al. 2003). Sleep disturbance also is a
common prodromal symptom prior to depressive episodes (e.g., Jackson et al. 2003). This is con-
sistent with the hypothesis that disturbances of circadian rhythms, such as the sleep-wake cycle,
are central mechanisms in BSD.

Self-report evidence. Several studies have compared individuals with BSDs and controls on
self-reported regularity of their social rhythms using the Social Rhythm Metric (SRM; Monk
et al. 1990). The SRM assesses the frequency (number of days per week ) with which activities
(e.g., getting out of bed, eating dinner, first social contact) are performed and the degree of
regularity (occurrence of the activity within 45 minutes of the average time) of these activities.
Social rhythm regularity is defined as the number of activities that occur at least three days per
week within 45 minutes of the average time. The SRM is moderately consistent over time and
correlates with other indices of social rhythm regularity (for a review, see Grandin et al. 2006). SRM
studies indicate that consistent with the social/circadian rhythm disruption model, individuals with
BSDs exhibit lower social rhythm regularity than do healthy controls (Ashman et al. 1999, Jones
et al. 2005, Szuba et al. 1992). Even during the euthymic state and controlling for subsyndromal
depressive and hypo/manic symptoms, Shen and colleagues (2008a) reported that individuals with
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bipolar II or cyclothymic disorders had lower social rhythm regularity on the SRM than did sex-
and age-matched controls. Moreover, these individuals with BSDs continued to exhibit stable
lower SRM regularity over one year of follow-up (Sylvia et al. 2009).

Personality (chronotype) evidence. Chronotype, also known as morningness/eveningness, is
a personality/temperament relevant to circadian rhythms. Chronotype refers to an individual’s
relative preference for engaging in activity in the morning versus the evening (Cavallera & Giudici
2008). Individuals with a preference for evening activity tend to go to bed and wake up later, and
their alertness and performance peaks later in the day. Individual differences in chronotype, as
assessed with self-report questionnaires, correlate with physiological markers (e.g., melatonin,
cortisol awakening response) of circadian phase (e.g., Bernert et al. 2006, Randler & Schaal 2010),
and the eveningness chronotype is thought to reflect phase-delayed circadian rhythms (Bullock
et al. 2014).

Several studies indicate that individuals with BSDs exhibit greater evening chronotype than
controls. For example, Mansour et al. (2005b) compared chronotypes among individuals with
bipolar I disorder, schizophrenia, and controls and found that the bipolar I participants exhibited
greater eveningness than the schizophrenia participants and controls exhibited, controlling for
age. Rapid-cycling bipolar participants were most likely to exhibit an evening preference. Greater
eveningness for bipolar participants compared to controls has been replicated by others (e.g.,
Ahn et al. 2008, Chung et al. 2012, Wood et al. 2009), but Ahn et al. (2008) did not obtain
a chronotype difference between bipolar I and schizophrenia patients. Moreover, even when in
remission, bipolar participants exhibited a greater preference for evening activities in comparison
with controls (Boudebesse et al. 2013, Giglio et al. 2010). However, a limitation of these chronotype
studies is that they didn’t control for the effects of medication.

Sleep and actigraphy evidence. There is a substantial literature pointing toward persistent sleep
disruption, a key circadian component, among individuals with BSDs. Studies suggest that sleep
disturbance is present throughout all phases of BSDs, including the euthymic period (Harvey
2008). Sleep disturbance among individuals with BSDs has been observed via self-report as well
as objective measures (e.g., polysomnography, actigraphy), although some discrepancies have
been noted between subjective and objective assessments of sleep disruption. In the insomnia
literature, individuals with insomnia have been observed to underestimate their total sleep time
and overestimate the time it takes to fall asleep (e.g., Mercier et al. 2002); however, recent research
into the validity of actigraphy in bipolar samples has found actigraphy to be an adequate tool for
measuring sleep disturbance relative to self-report and polysomnography (Kaplan et al. 2012).

Studies utilizing actigraphy have yielded mixed findings regarding the nature of sleep among
individuals with BSDs. Millar and associates (2004) found that individuals in the euthymic phase
of BSD exhibited trends toward longer total sleep time, longer sleep onset latency, and less effi-
cient sleep as well as significantly more variable sleep duration and night waking time relative to
healthy control participants. Greater variability of time in bed also was observed via actigraphy in
a prospective longitudinal study of sleep and mood in the euthymic phase (Gershon et al. 2012). A
naturalistic examination of sleep among individuals in remission from affective episodes reported
significantly greater sleep duration and fragmentation of sleep, as well as reduced sleep efficiency
and daily activity relative to controls (Geoffroy et al. 2014). Harvey and colleagues (2005) con-
ducted a similar analysis of sleep parameters but incorporated a comparison group of individuals
with a diagnosis of primary insomnia. Individuals with BSDs had longer total sleep times as well as
lower average daytime activity levels relative to both healthy controls and individuals with insom-
nia on actigraphy. Individuals with a bipolar phenotype who were medication free experienced
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more physical activity during sleep compared to a control group but did not differ in other sleep
indices as measured by actigraphy (Rock et al. 2014).

Not all studies utilizing actigraphy have yielded significant findings, however. Utilizing the
same three-group design as that of the Harvey et al. (2005) report (e.g., insomnia, bipolar, and
healthy sleeper groups), St-Amand et al. (2013) found no significant differences between bipolar
participants and controls on any actigraphy measure. Compared to adolescents with attention-
deficit/hyperactivity disorder and normal controls, adolescents with BSD likewise didn’t differ in
sleep parameters via actigraphy despite subjective reports of sleep disturbance among bipolar par-
ticipants (Mullin et al. 2011). Jones and colleagues (2005) similarly reported no differences in sleep
parameters in euthymic bipolar participants and healthy controls; however, they did report less sta-
ble and more variable daily activity patterns among individuals with BSDs relative to controls, and
these activity patterns were significant predictors of group status. Similarly, Salvatore et al. (2008)
reported abnormal activity rhythms, including phase advances, in recovered bipolar I patients com-
pared with healthy controls. Given putative associations between daily social rhythms and circadian
rhythms, these results are in line with reports of circadian instability among individuals with BSDs.

Self-reports of sleep disturbance have been observed more consistently among individuals with
BSDs. Harvey (2008) conducted a thorough review of the literature on sleep disturbance across
phases of BSD that revealed a high percentage of self-reported sleep disturbances in depression and
hypo/mania. Reduced need for sleep was the most frequently reported symptom in hypo/mania,
ranging from 69% to 94% of participants across six studies. Sleep disturbance was much more
varied in the depressive phase, with participants reporting initial, middle, and terminal insomnia
as well as global sleep disturbance and hypersomnia. Self-reports of sleep disturbance during the
euthymic phase are likewise prevalent and include reports of increased sleep onset latency, poor
sleep quality, and increased daytime disturbance as a consequence of poor sleep (Harvey et al.
2005, Millar et al. 2004).

Life events evidence. Research also suggests that individuals with BSDs may have an underlying
sensitivity to life event–specific SRD. Boland and colleagues (2012) examined the impact of life
events on SRD and sleep loss in a sample of individuals with BSDs versus sex-, race-, and age-
matched healthy controls. They found that following identical intensity (high or low) and valence
(negative or positive) life events, individuals with BSDs experienced significantly more SRD and
sleep loss than healthy individuals did even when controlling for group differences in overall trait
social rhythm regularity. This is consistent with the results of Saunders and colleagues (2013),
who found stressful life events to be associated with self-reports of poor sleep quality among
individuals with BSDs in the euthymic phase, but not in a comparison group of healthy controls.
Thus, individuals with BSDs also may possess an inherent vulnerability to the social rhythm–
disrupting effects of life events above and beyond an already lower baseline regularity of social
rhythms.

Neurobiological and genetic evidence. Several hormones, neurotransmitters, and genes im-
plicated in the generation and regulation of circadian rhythms and the sleep system are associated
with BSD. The most direct measure of the circadian system is the hormone melatonin, which
is released by the pineal gland. Melatonin has a time-keeping function in many mammals and
appears to adjust the timing of circadian rhythm information transmitted from the SCN of the
hypothalamus to entrain physiological rhythms (Lewy & Sack 1989). Euthymic bipolar individu-
als exhibit lower melatonin levels and a later peak time for melatonin during the night relative to
healthy controls (Nurnberger et al. 2000) and to unipolar depressed individuals (Robillard et al.
2013). Furthermore, light suppression of melatonin (percentage reduction in melatonin following
light exposure) is greater in bipolar patients than in controls (Lewy et al. 1981). Low melatonin
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levels are associated with elevated cortisol secretion, another hormone implicated in sleep reg-
ulation (Wetterbuerg et al. 1979). Cortisol is a steroid hormone that plays an important role in
the stress response. Photoreceptors in the eye communicate information about ambient light to
the circadian clock in the SCN, which connects directly and indirectly with the paraventricular
nucleus (PVN) of the hypothalamus, driving the eventual release of cortisol. Thus, there is an im-
portant coupling between circadian processes and stress hormones. Circadian rhythms of cortisol
are altered in BSD (e.g., Jones 2001), and abnormalities in cortisol secretion and regulation are
considered to be a trait marker of bipolar disorder (Daban et al. 2005). In another study, bipolar
patients in a manic episode exhibited higher cortisol levels during the night and an earlier nadir
for plasma cortisol relative to healthy controls (Nurnberger et al. 2000).

Two neurotransmitters that are critical in the link between biological rhythms and emotion are
dopamine and serotonin. Dopamine, which is central to reward processing and the fronto-striatal
reward circuit, plays a key role in the regulation of the sleep-wake cycle (Lima et al. 2008). High-
lighting the important coupling between reward processes and sleep, dopaminergic neurons in
fronto-striatal regions including the ventral tegmental area and the substantia nigra are implicated
in REM (rapid eye movement) sleep (Dahan et al. 2007), and dopaminergic pathways have multiple
interactions with the SCN (Murray et al. 2009). Sleep deprivation, a key symptom of hypo/mania,
seems to activate limbic dopamine pathways as indexed by increased limbic blood flow, increased
dopamine D2 receptor occupancy, and increased eye blink rates after total sleep deprivation (Ebert
et al. 1996). Furthermore, as outlined in this article, there is considerable evidence that BSD is
characterized by abnormalities in fronto-striatal neural circuitry and dopamine transmission more
specifically (we discuss the relationship between reward processing, dopamine transmission, and
circadian processes in BSD below in more detail in our integrated reward/circadian rhythm dys-
regulation model). Evidence for the involvement of serotonin in sleep includes the finding that
serotonin turnover increases immediately after light exposure, and the highest concentrations of
central nervous system serotonin are in the SCN and raphe nucleus (for a review, see Harvey
2008). Considerable research indicates that serotonergic circuits are critical pathways in bipolar
disorder (e.g., Oquendo et al. 2007).

Several genes known to be important in the generation and regulation of circadian rhythms
and the sleep system are associated with bipolar disorder, including the circadian locomotor
output cycles kaput (CLOCK) gene (Kripke et al. 2009, Shi et al. 2008). Other circadian genes for
which some support exists include GSK3-β (Benedetti et al. 2003), PER3 (Nievergelt et al. 2006),
ARNTL (Nievergelt et al. 2006), and TIMELESS (Mansour et al. 2005a). In preclinical studies,
mice with a mutation in the CLOCK gene display hypo/mania-like behaviors (Roybal et al. 2007).
These associations are modest, however, which is consistent with the notion that BSD is inherited
polygenetically, with numerous genes adding small effects to overall risk (Murray & Harvey 2010).

Is Social/Circadian Rhythm Disruption a Vulnerability for BSDs?

There are no truly prospective studies to date that examine whether social or circadian rhythm
disruption predicts first onset of BSD and, thus, that strongly demonstrate that such disruption
is a vulnerability for BSD. However, evidence relevant to whether social or circadian rhythm
disruption is a vulnerability comes from studies in samples at genetic or behavioral risk for BSD.
We review these studies in this section.

Self-report evidence. Three studies have examined social rhythm regularity in individuals at
behavioral risk for BSDs. In a short-term diary study, Meyer & Maier (2006) compared participants
at risk for BSD based on exhibiting hypomanic personality to those at risk for unipolar depression
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based on scoring high on rigidity and to controls scoring low on both risk measures on daily ratings
of activities over 28 days. The group at risk for BSD reported lower regularity of their daily activities
in comparison with the controls, whereas the group at risk for unipolar depression did not differ
from the controls on activity regularity. Bullock et al. (2011) compared SRM scores among three
groups of participants: bipolar disorder patients and two groups at high or low risk for BSD based
on high versus low scores on the GBI (Depue et al. 1989), a demonstrated measure of risk for
BSD (Alloy et al. 2008, Depue et al. 1989). The high-risk group exhibited lower social rhythm
regularity than the low-risk group, but the bipolar group did not show lower regularity. Similarly,
Shen et al. (2008b) reported that in a sample of undergraduates at risk for BSD based on exhibiting
high GBI scores, lower SRM regularity scores were associated with higher depressive symptoms
and greater across-day mood symptom lability over a two-week period. Moreover, increases in
social rhythm regularity in response to an intervention to regularize daily activity schedules were
associated with decreases in depressive symptoms and within-day symptom lability (Shen et al.
2008b). In contrast, a genetic risk study of the children of parents with bipolar disorder did not
find differences in their social rhythm regularity compared to the age- and sex-matched children
of healthy control parents ( Jones et al. 2006).

Personality (chronotype) evidence. To our knowledge, only one study has been conducted
that is relevant to whether evening chronotype is a vulnerability to BSD. Bullock and colleagues
(2014) examined the association between chronotype as assessed by self-report questionnaire and
vulnerability to BSD on the GBI. They found that high GBI depression scores, but not high GBI
hypo/mania scores, were significantly associated with greater eveningness. In addition, given that
chronotype has been posited to be heritable in the general population (e.g., Barclay et al. 2010),
the association of evening chronotype with BSDs may suggest that it is a trait characteristic that
could provide vulnerability to onset of BSDs.

Sleep and actigraphy evidence. There is evidence from high-risk samples to suggest that sleep
and circadian disruption may be a vulnerability factor for BSDs (for a review and meta-analysis, see
Ng et al. 2015). Ritter and colleagues (2012) examined subjective and objective sleep parameters
in individuals with bipolar I and II disorder, individuals at high risk of developing bipolar disorder,
and healthy controls. They found that both the bipolar and the high-risk groups reported more
frequent and intense sleep disturbances, lifetime histories of insomnia and hypersomnia, as well
as high levels of nonrestorative sleep compared to healthy controls. However, when observed via
actigraphy, the high-risk group more closely resembled the healthy control group on measures of
sleep disturbance. As noted previously, this difference in subjective versus objective assessments of
sleep disturbance is not uncommon. However, Ankers & Jones (2009) did find actigraphic evidence
of circadian rhythm disturbances in individuals at high risk for BSD compared to sex- and age-
matched controls. The high-risk participants exhibited greater variability in duration, efficiency,
and fragmentation of sleep, shorter sleep duration, and later and more variable bedtimes than
controls, as well as lower relative amplitude of activity patterns. Similarly, Bullock & Murray
(2014) reported that individuals at high risk for BSD based on high scores on the GBI exhibited
a lower 24-hour activity rhythm amplitude (indicating a less stable activity pattern) during a
week of actigraphic recording in comparison with a low-risk group. Moreover, the low activity
rhythm amplitude was more strongly associated with GBI hypo/mania proneness than depression
proneness.

Children considered at high genetic risk for developing bipolar disorder also have been found
to experience disturbed sleep relative to controls. Utilizing the Pittsburgh Sleep Quality Index,
Jones et al. (2006) found trends toward greater sleep disturbance and poorer overall sleep among
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children of bipolar parents. Those high-risk children who were symptomatic demonstrated greater
sleep disturbance relative to nonsymptomatic high-risk children. Actigraphic measures of sleep
demonstrated the reverse, however, suggesting that the sleep of the high-risk children was better
than that of the control children. In light of these data, in addition to the Ritter et al. (2012) report,
the trend toward a subjective experience of inadequate sleep despite objective assessments to the
contrary seems to persist even in individuals who have yet to develop BSDs.

Life events evidence. No studies to date have examined whether SRD events predict first onset
of BSD. However, one study found that controlling for baseline mood symptoms, individuals
at demonstrated high risk for the development of first onset of BSD based on exhibiting high
self-reported BAS sensitivity experienced more SRD events over prospective follow-up than did
moderate-BAS-sensitivity participants at low risk for BSD (E.M. Boland, J.P. Stange, D.R. LaBelle,
B.G. Shapero, R.B. Weiss, et al., manuscript under review). This latter finding is consistent with
the idea that individuals vulnerable to BSD experience more SRD events, which, in turn, could
contribute to bipolar mood episode onset.

Neurobiological and genetic evidence. Only a handful of studies have examined hormonal
indices of CRD as a vulnerability for BSDs, and, to the best of our knowledge, no studies have
directly examined neurotransmitter or genetic indices of such a vulnerability. Nurnberger and col-
leagues (1988a) reported that 15- to 25-year-old offspring of individuals with bipolar disorder had
increased suppression of melatonin compared with healthy controls, suggesting that sensitivity to
melatonin suppression by light may reflect a preexisting vulnerability for BSD. Likewise, individ-
uals with a family history of bipolar disorder, but who did not yet have the illness themselves, had
higher salivary cortisol levels following awakening and during the day than offspring of parents
with no psychiatric history (Ellenbogen et al. 2006). Future research on neurobiological/genetic
indices of CRD as a vulnerability for BSDs is warranted.

Does Social/Circadian Rhythm Disruption Predict the Course of BSDs?

Self-report evidence. Two studies have directly investigated the role of social rhythm regularity
as a predictor of the course of BSD. In a sample of euthymic individuals with bipolar II or cy-
clothymic disorders, controlling for family history of BSD and baseline subsyndromal depressive
and hypo/manic symptoms, Shen et al. (2008a) found that lower SRM regularity scores at base-
line predicted a greater likelihood and shorter time to recurrence of both major depressive and
hypo/manic episodes over prospective follow-up. In addition, Sylvia et al. (2009) reported that
lower SRM regularity scores predicted increases in depressive symptoms four months later in a
sample of individuals with bipolar II or cyclothymia.

Intervention studies that attempt to stabilize social rhythms to affect bipolar mood symptoms
or relapse rates are also relevant to understanding the course of BSD. Shen et al. (2008b) found that
individuals with high GBI scores and subsyndromal symptoms at risk for BSD randomly assigned
to an intervention to increase social rhythm regularity were successful at increasing the regularity
of their daily activities compared to those in the control condition, but the increase in regularity
did not predict changes in depressive or hypomanic symptoms; this finding is inconsistent with the
social/circadian rhythm disruption model. However, consistent with the model, several random-
ized controlled trials of interpersonal and social rhythm therapy for BSDs, designed to specifically
maintain social rhythm regularity and reduce potential life event triggers of social/circadian rhythm
disruption, indicate that the therapy is efficacious in reducing relapse and improving symptoms
and functioning of bipolar individuals (for a review, see Nusslock & Frank 2012).
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Personality (chronotype) evidence. We know of only one study to date that examined whether
chronotype relates to the course of BSD. Mansour et al. (2005b) found that greater evening
chronotype was associated with an earlier age of onset and with longer-duration depressive episodes
in a sample of bipolar I patients.

Sleep and actigraphy evidence. Sleep disturbance does affect the course of BSD (Boland & Alloy
2013). Studies suggest that sleep remains disturbed throughout the interepisode period of BSD and
intensifies during the prodromal period just prior to episode onset. Bauer and colleagues (2006)
examined the temporal relationship between sleep and mood changes among individuals with
BSDs and found that a decrease in sleep or bed rest preceded a mood shift toward hypo/mania the
following day, whereas an increase in sleep or bed rest preceded mood shifts toward depression.
Gershon et al. (2012) also found that longer sleep onset latency as assessed by actigraphy was
coupled with higher negative affect among remitted bipolar I participants in comparison with
healthy controls, and associations between decreased sleep and increase in hypo/manic symptoms
have been observed elsewhere (e.g., Barbini et al. 1996). Moreover, therapeutically induced sleep
deprivation has been shown to produce a shift from depression into hypo/mania (e.g., Bunney &
Bunney 2013, Colombo et al. 1999). Among individuals with co-occurring bipolar disorder and
substance use diagnoses, poor sleep at baseline, as measured by the Pittsburgh Sleep Quality Index,
was associated with increased length of illness (Putnins et al. 2012). The Pittsburgh Sleep Quality
Index variables of sleep quality, sleep latency, and sleep duration significantly predicted worse
mood symptoms during treatment and at follow-up, and a three-point increase in sleep symptoms
at baseline was associated with a 60% greater likelihood of an additional week of illness.

Sleep disturbance also has been associated with worse illness history as well as greater risk for
relapse. Eidelman and colleagues (2010) found that among 21 individuals with bipolar disorder
in the euthymic phase, more variable sleep efficiency and more variable total wake times were
associated with a greater number of past depressive episodes. Among 483 participants with BSDs
in the euthymic phase, 15% (n = 72) of individuals who had histories of suicide attempts as
well as hypomanic symptoms had more prevalent accounts of sleep disturbance (Sylvia et al.
2012). Moreover, survival analyses revealed a significant association between sleep disturbance
and increased risk for mood episode recurrence.

Life events evidence. As posited by the social zeitgeber theory, life events are hypothesized to
play a key role in the initiation or exacerbation of affective symptoms and episodes in BSDs by
triggering a disruption in social rhythms and, by extension, circadian rhythms. Indeed, research
has found significant relationships between life event–induced SRD and episode onset in BSDs,
although the specificity of the effect of SRD on bipolar episodes is unclear. Malkoff-Schwartz and
colleagues (1998) assessed the presence of severe events and SRD events in the 8-week period prior
to episode onset as well as during a control period not related to episode onset. More SRD events
were indicated in the pre-onset compared to the control period for all bipolar participants, and
when participants were divided by episode polarity, a significant relationship between SRD events
and episode onset was observed among manic participants. In a separate study, the authors included
a unipolar depression comparison group to examine whether this effect would also be observed
relative to other types of bipolar episodes (e.g., depressive, cycling) or in unipolar depression.
The authors found that manic participants had more SRD events in the 8- and 20-week periods
prior to onset than unipolar participants and cycling bipolar participants had; the authors also
replicated the 1998 finding about greater numbers of SRD events in the pre-onset versus control
period (Malkoff-Schwartz et al. 2000). In contrast, Sylvia and colleagues (2009) found that among a
sample of individuals with BSDs, the occurrence of SRD events significantly predicted prospective

234 Alloy · Nusslock · Boland



CP11CH09-Alloy ARI 3 March 2015 13:16

onset of depressive episode recurrences, but the events were inconsistent predictors of hypomanic
episodes.

Neurobiological and genetic evidence. Much of the research on biological indices of social/
circadian rhythm disruptions as predictors of BSD course comes from genetic studies. Variants
in circadian genes have been associated with an earlier age at onset of BSD (PER3, GSK-3β)
(Benedetti et al. 2004a, 2008a), a higher recurrence of bipolar episodes (CLOCK) (Benedetti et al.
2003), delayed sleep onset (CLOCK) (Benedetti et al. 2007), and changes in neural responses
(CLOCK) (Benedetti et al. 2008b). Circadian genes also have been implicated in the mechanisms
through which biological treatments for bipolar disorder act. For example, biological treatments
for BSD (e.g., lithium, valproic acid, antidepressants, electroconvulsive therapy) affect circadian
function (Dallaspezia & Benedetti 2009). Given evidence across species that lithium slows down
circadian periodicity and can modify circadian cycle length (Abe et al. 2000), it may target dys-
regulated circadian rhythms. Indeed, in a case series of seven rapid-cycling bipolar patients, five
exhibited a circadian rhythm that ran fast, and in these participants lithium slowed the rhythm
(Kripke et al. 1978). GSK-3β, which plays an important role in the regulation of the molecular
clock, codes for an enzyme that is a target for the action of lithium (Benedetti et al. 2004b), and
variants of GSK-3β modulate the therapeutic response to a sleep deprivation treatment for bipolar
depression (Benedetti et al. 2004b). Finally, preliminary evidence indicates that melatonin agonists
help manage insomnia during mania (Bersani & Garavini 2000).

AN INTEGRATED REWARD/CIRCADIAN RHYTHM
DYSREGULATION MODEL

The reward hypersensitivity and social/circadian rhythm disruption models of BSD can be inte-
grated in a novel way involving bidirectional associations between reward sensitivity and circadian
dysregulation (see Figure 3). Here, we describe a new, integrated reward/circadian rhythm (RCR)
dysregulation model of BSD and evidence relevant to this model.

Reward Hypersensitivity and Reward-Relevant Life Events May Affect
Social/Circadian Rhythm Disruption

In individuals with a hypersensitive reward system, BAS-activating (BAS-A) and BAS-deactivating
(BAS-D) events lead to states of excessive reward activation and deactivation, respectively, which
in turn are likely to disrupt social rhythms and thus circadian rhythms (green boxes in Figure 3).
For example, when high-BAS or reward-hypersensitive individuals experience excessive reward
activation in response to BAS-A events, they should exhibit excessively high appetitive motiva-
tion, goal striving, and response initiation (Alloy & Abramson 2010, Berridge & Robinson 2003,
Johnson et al. 2012b), tendencies incongruent with maintaining regular social rhythms. Thus,
they may work excessively long hours and neglect normal social routines (e.g., bedtime), which in
turn may disrupt circadian rhythms and trigger mood symptoms (Nusslock et al. 2009). Similarly,
in vulnerable reward-hypersensitive individuals, BAS-D events (e.g., failure) can lead to exces-
sive reward deactivation involving decreased approach/response initiation and disregard of social
routines. Indeed, increased and decreased goal striving is one of the most common prodromes of
hypo/manic and depressive episodes, respectively (Lam & Wong 1997, Lam et al. 2001).

Consistent with the integrative RCR model, adolescents at demonstrated risk for developing
BSD based on exhibiting high self-reported BAS sensitivity (Alloy et al. 2012a) experienced
significantly more SRD following the occurrence of both BAS-A and BAS-D events than did
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Figure 3
The integrated reward hypersensitivity and social/circadian rhythm disruption model of bipolar spectrum disorders (see text for details).

moderate BAS-sensitivity adolescents at low risk for BSD (E.M. Boland, J.P. Stange, D.R.
LaBelle, B.G. Shapero, R.B. Weiss, et al., manuscript under review). Thus, reward-hypersensitive
adolescents were more vulnerable to SRD produced by BAS-A and BAS-D events. In addition,
E.M. Boland, J.P. Stange, D.R. LaBelle, B.G. Shapero, R.B. Weiss, et al. (manuscript under
review) found that high-BAS-sensitivity adolescents generated greater numbers of BAS-A and
BAS-D events than did moderate-BAS-sensitivity adolescents, thus increasing their risk for
experiencing social rhythm disruption. Finally, E.M. Boland, J.P. Stange, D.R. LaBelle, B.G.
Shapero, R.B. Weiss, et al. (manuscript under review) also found that BAS-A and BAS-D
events predicted prospective increases in hypomanic and depressive symptoms, respectively, in
high-BAS adolescents more strongly than in moderate-BAS adolescents, and these prospective
associations were mediated by SRD. Providing further support for the integrated RCR model,
Alloy et al. (2014) found that among high-BAS-sensitivity adolescents, already shown to be at
increased risk for first lifetime onset of BSD (Alloy et al. 2012a), those who also exhibited low
social rhythm regularity on the SRM were significantly more likely to develop first onset of
BSD over one year of follow-up, controlling for age, time in follow-up, initial depressive and
hypo/manic symptoms, and family history of bipolar disorder. That is, the combination of reward
hypersensitivity and low social rhythm regularity predicted first onset of BSD even better than
did just reward hypersensitivity alone. However, no study has yet examined the SRD–CRD link
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and whether CRD further mediates the effects of reward hypersensitivity and reward-relevant
events on bipolar mood symptoms or episodes as predicted by the RCR model.

Circadian Rhythms May Influence Positive Affect and Reward Motivation

According to the RCR model, CRD in turn may affect levels of reward sensitivity and activation
(dark yellow feedback path in Figure 3). Reward system activation may be influenced in part
by timing information generated by the SCN, such that reward motivation is greatest when
engagement with the environment is most likely to lead to rewards (Clark et al. 1989, Murray
et al. 2009, Thayer et al. 1988), namely during daytime for diurnal species such as humans. Thus,
reward sensitivity levels also may exhibit a circadian rhythm.

Consistent with this idea, animal studies show circadian influences on reward motivation
(Murray et al. 2009), and there are associations between reward-related brain activity and both
sleep variables (Holm et al. 2009) and circadian clock genes (Forbes et al. 2012). Indeed, clock
genes are expressed in many brain areas involved in the reward system, such as the ventral
tegmental area, nucleus accumbens, and amygdala (Albrecht 2011), and dopaminergic reward
circuits have multiple interactions with the SCN (Murray & Harvey 2010, Murray et al. 2009,
Sleipness et al. 2007, Yujnovsky et al. 2006). In addition, growing evidence in humans indicates
that positive affect and subjective alertness (indicators of BAS/reward activation) exhibit a circa-
dian rhythm and reach their zenith in the late afternoon, whereas negative affect does not show
systematic daily variation (Clark et al. 1989; Hasler et al. 2008, 2010; Murray et al. 2002, 2009).
Reaction times on a reward task also vary systematically with circadian phase (Murray et al. 2009).

THE INTEGRATED REWARD/CIRCADIAN RHYTHM MODEL’S
EXPLANATION OF THE SYMPTOMS, ONSET, AND COURSE
OF BIPOLAR SPECTRUM DISORDERS

The research reviewed above that demonstrates influences of the reward and circadian systems on
each other supports the RCR model. However, inasmuch as the RCR model is an integration of
the reward hypersensitivity and social/circadian disruption theories, evidence that supports either
the reward or social/circadian rhythm theory reviewed above also supports the RCR model. In
addition, the RCR model makes use of mechanisms featured in both the reward and social/circadian
rhythm models to explain the symptoms, age of onset, and course of BSDs.

With regard to the symptoms of BSDs, we propose that there are specific clusters of symptoms
that may be explained by either the reward or the social/circadian rhythm components of the RCR
model. Based on theory and evidence from the reward model, hypersensitivity to reward can lead
to excessive approach-related affect and motivation when individuals experience BAS-activating
internal stimuli or external events. We predict that this excessive activation of the reward system
should be associated with the occurrence of hypo/manic symptoms characterized specifically
by psychomotor hyperactivation involving elevated energy, increased goal-directed activity,
decreased need for sleep, increased self-confidence, and irritability when goal pursuit is thwarted.
This prediction is based on evidence that both the BAS (Depue & Collins 1999, Urošević et al.
2008) and the fronto-striatal neural circuit underlying reward processing (e.g., Haber & Knutson
2010) are directly involved in generating incentive motivation and goal-pursuit emotions (i.e.,
wanting) rather than positive or hedonic mood per se (i.e., liking) (Berridge & Robinson 2003).
Reward processing also has not been directly implicated in cognitive activity ( Johnson et al.
2012b), and thus hypo/manic symptoms of elation and expansiveness, as well as cognitive symp-
toms involving distractibility and flight of ideas, should be less related to reward sensitivity than
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are hypo/manic hyperactivation symptoms. Decreased need for sleep is included in the hyperac-
tivation cluster given the coupling of reward processing with sleep variables, circadian influences,
and circadian genes (for a review, see Murray et al. 2009) as well as because hyperactivation
interferes with sleep. Increased confidence is included in this cluster given that both elevated
reward sensitivity and BSDs are linked with elevated confidence following goal attainment (Eisner
et al. 2008). Irritability is included given that there is a neurophysiological overlap between
anger and approach-related affect (Carver 2004) and an increase in approach-related neural
activity if goal pursuit is thwarted (Harmon-Jones & Sigelman 2001). By contrast, in response
to BAS-deactivating internal cues or external events, individuals with hypersensitive reward
systems should experience excessive deactivation of approach motivation and affect, leading
specifically to depressive symptoms of anhedonia, psychomotor retardation, hypersomnia, and low
energy.

Similarly, based on theory and evidence from the social/circadian rhythm disruption model,
either abnormalities in the circadian pacemaker (SCN) leading to circadian rhythm disturbances
or disruptions of circadian rhythms brought about by SRD events should lead to specific bipolar
symptoms of sleep disturbances, positive affect swings, changes in goal-directed behavior, and
increases or decreases in concentration and cognitive functioning (Boland & Alloy 2013, Grandin
et al. 2006, Murray & Harvey 2010). Given that the sleep-wake cycle is one of the body’s circadian
rhythms, it follows that disruptions in circadian functioning would lead to the symptom of sleep
disturbance (Murray & Harvey 2010). In addition, the evidence reviewed above indicating that
positive affect, reward-motivated behavior, and subjective alertness and concentration display
circadian rhythms (e.g., Murray et al. 2009) suggests that circadian rhythm disturbances would be
manifest in symptoms of high and low positive affect and increases and decreases in goal-directed
behavior, concentration levels, and cognitive functioning (Boland & Alloy 2013).

The evidence reviewed above indicating that the reward and circadian systems interact with and
bidirectionally influence one another may explain why the specific symptom profiles hypothesized
to be produced by changes in reward system activation and by CRDs, respectively, can occur
together in a given mood episode. For example, as discussed in our description of the RCR
model, excessive reward activation or deactivation brought about by BAS-A and BAS-D events,
respectively, can lead an individual to neglect normal daily activity routines, which, in turn, may
lead to CRD. The severity and duration of symptoms experienced by an individual with a BSD
should be a function of the extent and duration of reward system activation or deactivation and of
circadian rhythm disturbances as well as the extent to which perturbations of one system in turn
cause perturbations in the other system.

The reward hypersensitivity component of the RCR model is particularly relevant to an un-
derstanding of why the initial age of onset of BSDs is typically in adolescence. Adolescence is a
developmental period involving heightened reward sensitivity. In early adolescence, neural cir-
cuitry implicated in reward processing (Haber & Knutson 2010) undergoes rapid development,
resulting in normative increases in sensitivity to and motivation for rewards (Steinberg 2008,
Urošević et al. 2012). Thus, those individuals who exhibit particularly sensitive reward systems
may be the ones who are especially vulnerable to developing a first onset of BSD during ado-
lescence, when normative increases in reward motivation occur. However, the social/circadian
rhythm component of the RCR model also may be relevant to understanding the typical onset
of BSD during adolescence. Adolescence is also a developmental period in which youth begin to
have greater independence and more autonomous control over their lives. Prior to adolescence,
children’s sleep and wake schedules, meal times, social contact times, etc. are more regimented
and regularized by their parents and the school day. Thus, beginning in adolescence, as youth
become more autonomous, they may be more exposed to SRD events and may generate through

238 Alloy · Nusslock · Boland



CP11CH09-Alloy ARI 3 March 2015 13:16

their own behavior more SRD events; therefore, adolescents should be more likely to experience
circadian rhythm disturbances and the onset of BSD. Given that some cases of BSD have their
onset in prepubertal childhood (see Youngstrom et al. 2008), it is possible that an abnormal cir-
cadian pacemaker (SCN) related to risk alleles on clock genes may lead to earlier occurrence of
CRD in some vulnerable individuals and, in turn, bipolar symptoms.

BSD usually exhibits a recurrent course, with individuals experiencing multiple episodes of
hypo/mania and depression in their lifetimes. According to the RCR model, a mood episode
recurrence is likely to occur when individuals with hypersensitive reward systems experience
either BAS-A or BAS-D events that lead to excessive reward activation or deactivation that, in
turn, may trigger social/circadian rhythm disruption. In addition, SRD events, even if they are
not BAS-A or BAS-D events, also may lead to social/circadian rhythm disruption directly, which,
in turn, may perturb a hypersensitive reward system.

Some individuals with BSDs have a worsening course and progress along the bipolar spectrum
to a more severe diagnosis (e.g., from cyclothymia to bipolar II or I). In a previous section, we
reviewed evidence that two indicators of a hypersensitive reward system (i.e., high self-reported
BAS sensitivity and relative left frontal cortical asymmetry on EEG in the resting state) predicted
progression to more severe diagnoses on the spectrum (Alloy et al. 2012b, Nusslock et al. 2012b).
It is possible that through a kindling process of stress sensitization (Post 1992; for a review of
kindling in BSD, see Bender & Alloy 2011), individuals with a hypersensitive reward system who
experience repeated milder mood episodes following exposure to major BAS-A and BAS-D events
become sensitized to reward-relevant events, leading to more severe mood episodes in response to
more minor BAS-A and BAS-D events. Weiss et al. (2015) obtained some support for such stress
sensitization processes in a sample of individuals with bipolar II disorder. Stress sensitization to
more minor BAS-A and BAS-D events also could lead to a rapid cycling course in some BSD
individuals with hypersensitive reward systems. In the section titled Course above, we indicated
that an earlier age of first onset also predicts a worse course and progression to a worse diagnosis
on the spectrum (e.g., Alloy et al. 2012b, Birmaher et al. 2009), and homozygous carriers of the
clock gene Per35 variant are more likely to have an early age of onset (Benedetti et al. 2008a).
Thus, individuals with a genetic risk for abnormalities of the circadian pacemaker also may have
an earlier onset of BSD and may be vulnerable to experiencing a worsening course, particularly
in response to social rhythm disruptions.

DIRECTIONS FOR FUTURE RESEARCH

Although considerable support has accumulated for both the reward hypersensitivity and social/
circadian rhythm disruption theories of BSD, there are many gaps in the evidence available for
these models. Most of the existing literature only has demonstrated that the hypothesized risk
factors or mechanisms in each model are associated with or correlates of BSD. Much less research,
and in some cases, no research, exists that directly tests whether the hypothesized risk factors
and mechanisms are vulnerabilities for the initial development of BSD or are causal factors that
affect the course of BSD. And, of course, the RCR model represents a new integration of the
reward hypersensitivity and social/circadian rhythm disruption models. Although a growing body
of evidence supports the bidirectional influence of the reward and circadian systems on each other,
there is as yet only little direct evidence for the new RCR model. Consequently, here we highlight
some important major directions for future research needed to more fully investigate the three
models of BSD discussed herein.

For the reward hypersensitivity model of BSD, only one study exists that demonstrated that
reward-relevant mechanisms (self-reported BAS sensitivity, ambitious goal striving, and high
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reward responsiveness on a behavioral task) are vulnerabilities to bipolar disorder and predict first
lifetime onset of BSD (Alloy et al. 2012a). Thus, future research needs to further examine indica-
tors of reward hypersensitivity, particularly neurophysiological, neuroimaging, or dopaminergic
indicators of reward hypersensitivity, as well as BAS-A and BAS-D events as predictors of first
onset of BSD. In addition, given that there is only one study demonstrating that a neurophysiolog-
ical indicator of reward hypersensitivity predicts conversion to bipolar I disorder (Nusslock et al.
2012b), further work is also needed to test reward system measures as predictors of the course of
BSD. Evidence also is needed to explicitly test the hypothesized link between exposure to BAS-A
or BAS-D events and activation and deactivation of the reward system, respectively, as well as
the further link of reward system activation and deactivation to specific symptom profiles and
whether these links are stronger in individuals with indicators of hypersensitive reward systems.

A particular puzzle for the reward hypersensitivity model of BSD that needs to be resolved
by future research is whether reward hypersensitivity or hyposensitivity is a vulnerability factor
for bipolar depressive episodes. According to the BAS/reward model of BSD, a hypersensitive
reward system provides vulnerability to bipolar depression when the system is deactivated too
strongly by BAS-D events. The basis for this prediction is that reward hypersensitivity should
make individuals hyperreactive to cues signaling the loss of reward as well as those signaling
possible reward attainment. However, there is evidence that reward hyposensitivity is associated
with unipolar depression (e.g., Treadway & Zald 2011). Thus, further research is needed to
determine whether hyper- or hyposensitivity of the reward system provides vulnerability to bipolar
depression. In this regard, it may be crucial to distinguish between the trait-like sensitivity of
the reward system (i.e., its vulnerability to being excessively activated and deactivated) and state
activation levels of the system. Bipolar depression may be related to excessive hypoactivation of a
hypersensitive reward system.

Similarly, most research testing components of the social/circadian rhythm disruption theory
of BSD demonstrates an association between social/circadian rhythms and BSD. There are no
prospective studies of social/circadian rhythm disruptions as predictors of first onset of BSD, and
very few studies have examined circadian-relevant constructs such as social rhythm regularity,
chronotype, and melatonin in individuals at demonstrated high risk for BSD (but see L.B. Alloy,
E.M. Boland, T. Ng, W.G. Whitehouse & L.Y. Abramson, manuscript in preparation; E.M.
Boland, J.P. Stange, D.R. LaBelle, B.G. Shapero, R.B. Weiss, et al., manuscript under review).
Likewise, although SRD events have been found to predict the course of BSD, no studies have
tested whether SRD events predict the initial onset of BSD. Moreover, relatively little research
has examined circadian system indicators as predictors of the course of BSD. Consequently, much
future research is needed to test whether social/circadian rhythm disruption and circadian system
constructs do, in fact, provide vulnerability to BSD and causal mechanisms for the course of BSD.
Furthermore, although a central hypothesis of the social/circadian rhythm model of BSD is that
disruption of daily social routines triggers CRD in turn, as yet there is no direct evidence that
SRD leads to CRD. Studies providing such evidence are clearly needed.

Finally, although we reviewed evidence for the effects of the reward system on the circadian
system and vice versa, the integrated RCR theory of BSD presented here is new. More research is
needed to examine the bidirectional influences of the reward and circadian systems on each other,
particularly studies that explore potential behavioral, neural, and neurobiological mechanisms
for their reciprocal interactions. In addition, only one study (Boland et al. 2014) has directly
tested and supported the hypothesized links between reward hypersensitivity, reward-relevant
life events, social rhythm disruption, and hypo/manic and depressive symptoms. Consequently,
much additional research is needed to test and verify these hypothesized mechanisms of mood
episodes in BSD. For example, future studies should examine whether SRD and CRD mediate
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the effects of reward sensitivity and BAS-A and BAS-D events on BSD symptoms in daily life.
Similarly, studies might examine whether circadian phase affects reward sensitivity and activation
and whether changes in social/circadian rhythms produced by reward-relevant events influence
reward activation and BSD symptoms.

In conclusion, the reward hypersensitivity and social/circadian rhythm disruption theories of
BSDs both have considerable empirical support and have contributed importantly to an under-
standing of bipolar disorders. Moreover, an integration of the reward and social/circadian rhythm
models such as the RCR model proposed herein has great promise for more fully elucidating the
mechanisms involved in the initial development and course of BSDs and, in turn, for suggesting
more targeted and effective interventions for bipolar disorders. Further research designed to test
these models of BSDs in the manner suggested here is likely to be fruitful and lead to important
new discoveries regarding the nature of these puzzling conditions.
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