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Abstract

Since Costello’s (1972) seminal Behavior Therapy article on loss of reinforcers or reinforcer
effectiveness in depression, the role of reward sensitivity and processing in both depression and
bipolar disorder has become a central area of investigation. In this article, we review the evidence
for a model of reward sensitivity in mood disorders, with unipolar depression characterized by
reward hyposensitivity and bipolar disorders by reward hypersensitivity. We address whether
aberrant reward sensitivity and processing are correlates of, mood-independent traits of,
vulnerabilities for, and/or predictors of the course of depression and bipolar spectrum disorders,
covering evidence from self-report, behavioral, neurophysiological, and neural levels of analysis.
We conclude that substantial evidence documents that blunted reward sensitivity and processing
are involved in unipolar depression and heightened reward sensitivity and processing are
characteristic of hypomania/mania. We further conclude that aberrant reward sensitivity has a trait
component, but more research is needed to clearly demonstrate that reward hyposensitivity and
hypersensitivity are vulnerabilities for depression and bipolar disorder, respectively. Moreover,
additional research is needed to determine whether bipolar depression is similar to unipolar
depression and characterized by reward hyposensitivity, or whether like bipolar hypomania/mania,
it involves reward hypersensitivity.
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Costello’s Legacy: Loss of Reinforcers or Reinforcer Effectiveness in
Depression

In a classic article published in Behavior Therapy, Costello (1972) reviewed conceptual
arguments and evidence about whether unipolar depression is best characterized as resulting
from behavioral extinction due to a loss of reinforcers (rewards) or to a loss of interest in the
environment (anhedonia) due to a loss of the effectiveness of rewards. Costello’s (1972)
review ultimately concluded that anhedonia and a reduction in the effectiveness of rewards
were central to an understanding of depression. In the more than 40 years since the
publication of Costello’s seminal article, research on low reward sensitivity and reward
processing in depression has burgeoned, and reward or Behavioral Approach System (BAS;
Gray, 1994) hyposensitivity is now one of the prominent models of major depression
(Pizzagalli, 2014; Treadway & Zald, 2013). Similarly, the BAS or reward hypersensitivity
model has become one of the leading biopsychosocial theories of the onset and course of
bipolar spectrum disorders (BSDs; Alloy & Abramson, 2010; Alloy, Abramson, Uro3evic,
Bender, & Wagner, 2009; Alloy, Nusslock, & Boland, 2015; Depue & lacono, 1989;
Johnson, 2005; Johnson, Edge, Holmes, & Carver, 2012; UroSevi¢, Abramson, Harmon-
Jones, & Alloy, 2008). Consequently, in homage to Costello’s recognition of the importance
of the reward system in depression, in this article, we provide a model and up-to-date review
of the role of reward sensitivity and processing in the onset and course of the full range of
mood disorders--both unipolar depression and BSDs.

The Reward System

The reward system, also known as the BAS (Gray, 1994) has been linked to a fronto-striatal
neural circuit that responds to stimuli involving the anticipation and receipt of rewards (e.g.,
Depue & Collins, 1999; Haber & Knutson, 2010). This system regulates goal-directed
behavior and approach motivation and is activated by internal (e.g., expectancy of a job
promotion) or external (e.g., opportunity to win a prize) goal- or reward-relevant cues or
events. Activation of the reward system leads to increased incentive motivation, goal-related
cognitions, and motor behavior directed toward attaining rewards, as well as positive goal-
striving emotions such as happiness and hope (Depue & Collins, 1999; Gray, 1994), or to
anger when goal-striving is frustrated or blocked (Carver, 2004; Harmon-Jones & Sigelman,
2001). Down-regulation or deactivation of the reward system leads to decreased motivation,
decreased goal-related cognitions, and increased withdrawal, as well as emotions such as
sadness and anhedonia.

Both animal and human research indicate that the ventral striatum (VS) and orbitofrontal
cortex (OFC), among other regions, are involved in this fronto-striatal neural circuit (Haber
& Knutson, 2010; Kringelbach & Rolls, 2004; Schultz, 2002). The VS appears to play a
central role in reward anticipation and is involved in processing both primary (e.g., food) and
secondary (e.g., monetary) rewards. The OFC is particularly important for assessing
probability of reward receipt and encoding reward value (Haber & Knutson, 2010). Higher
self-reported BAS/reward sensitivity has been associated with elevated VS activity during
reward anticipation (Caseras, Lawrence, Murphy, Wise, & Phillips, 2013), and individual
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differences in reward dependence are associated with connectivity between the VS and OFC
(Cohen & Ranganath, 2007).

There has been extensive theorizing about adolescent brain development as it relates to
changes in reward sensitivity (e.g., Forbes & Dahl, 2012; Olino, in press). Adolescents,
relative to children and adults, demonstrate heightened responsivity to rewards across
multiple measurement strategies including self-reports of BAS (Pagliaccio et al., in press),
reward pursuit behaviors (Anokhin, Golosheykin, & Mulligan, 2015), and neural indices of
reward processing (e.g., Forbes, Ryan, et al., 2010). This work has largely relied on cross-
sectional studies; thus, additional longitudinal work is needed to further evaluate these
trends. Although there are developmental trends in reward processes, our review finds very
similar patterns of results of studies of youth and adults, such that development does not
appear to be a key moderator of the relationship between reward sensitivity and either
unipolar or bipolar mood disorders. However, these developmental patterns in reward
sensitivity are important as these changes appear to be synchronous with emergence of mood
disorders (Hankin et al., 1998; Lewinsohn, Klein, & Seeley, 1995).

Major Depression and Bipolar Disorder as Opposite Ends of a Reward

Sensitivity Dimension

There is a growing recognition of the importance of identifying pathophysiological
mechanisms that cut across, or are common to, multiple psychiatric disorders (Insel et al.,
2010). An equally important objective, however, is to identify mechanisms and biosignatures
that are unique to specific psychiatric disorders. Relevant to these goals, and as summarized
here, is evidence that abnormal reward sensitivity is involved across the entire mood
disorders spectrum, with blunted reward sensitivity serving as a risk factor for major
depression (e.g., Pizzagalli, 2014; Treadway & Zald, 2013), whereas abnormally elevated
reward sensitivity is a risk factor for BSDs (e.g., Alloy et al., 2015; Johnson, Edge, et al.,
2012). Collectively, this suggests that risk for depression and BSDs are characterized by
extreme and opposite profiles of reward sensitivity. For individuals with abnormal reward
sensitivity, when they experience reward system deactivating or activating environmental
cues or events, their reward systems become too strongly deactivated or activated, leading to
depression or hypomania or mania (referred to herein as hypo/mania), respectively (see
Figure 1).

There are several important implications of identifying mechanisms of differential risk for
depression versus BSDs. First, it can inform our understanding of the pathophysiology of
these disorders. We propose that what differentiates risk for BSDs versus depression is
vulnerability to hypo/mania. As summarized here, one of the primary risk factors for hypo/
mania involves a propensity to experience abnormally elevated approach motivation and
reward-related affect to reward cues in the environment (see red pathway in Figure 1). Thus,
reward sensitivity may be important for understanding what distinguishes depression and
BSDs. Second, behavioral indices or biological markers of reward sensitivity that distinguish
risk for depression versus BSDs could potentially complement self-report based diagnostic
strategies to facilitate accurate assessment and differential diagnosis. This is particularly
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relevant to BSDs, where it can take 6—10 years or longer to receive an accurate diagnosis and
appropriate treatment (Ghaemi, Boiman, & Goodwin, 2000; Ghaemi, Sachs, Chiou,
Pandurangi, & Goodwin, 1999). Finally, identifying distinct profiles of reward sensitivity in
depression and BSDs can facilitate pharmacological and psychosocial treatments to help
regulate reward processing and reward-related brain function across mood disorders.

In our review, we consider whether aberrant reward sensitivity and processing are mood-
independent traits of, provide vulnerability to, and influence the course of mood disorders,
or whether they serve simply as correlates of these disorders. We use the term
“vulnerability” to refer to reward-related factors that contribute to the initial onset of
depression or BSD, whereas we use the terms “predictors of course” to mean reward-related
factors that maintain or worsen mood disorders. Specifically, predictors of course may
predict symptoms, functional status, relapse, recurrence of mood episodes, or progression to
more severe disorders along the unipolar or bipolar mood disorder spectra. Consequently, for
the sections on correlates of depression and BSD, we include cross-sectional studies because
such studies cannot determine whether reward processes represent vulnerabilities, course
predictors, or consequences of mood disorders. In the sections on reward sensitivity as a
trait, we include studies of euthymic individuals in remission from mood episodes; these
studies can determine whether aberrant reward sensitivity is an enduring characteristic
independent from mood disorder symptoms, and thus, are relevant to establishing potential
vulnerability markers. In the vulnerability sections, we include evidence from truly
prospective longitudinal investigations; these include studies in which reward sensitivity or
processes are assessed prior to the first onset of depression or BSD. We also review studies
that examine reward functioning in individuals with no prior history of mood disorder, but
who are known to be at risk for developing depression or BSD (e.g., offspring of parents
with mood disorder or individuals with established behavioral risk markers for mood
disorder). Finally, in the sections on predictors of course of mood disorders, we review
evidence from longitudinal studies of individuals with depression or BSD that assess reward
functioning at a time point prior to assessment of illness course (e.g., relapse, recurrence,
symptom worsening, progression to more severe disorders on the spectrum).

Reward Hyposensitivity in Major Depressive Disorder: Theory and

Evidence

In the following sections, we present the Reward Hyposensitivity Model of depression and
evidence relevant to whether reward hyposensitivity is a correlate, mood-independent trait,
vulnerability, and/or predictor of the course of depression. The evidence spans various levels
of analysis including behavioral and self-report measures, personality/temperament styles,
life events research, and neurophysiological and neural assessments.

Reward Hyposensitivity Model of Major Depressive Disorder

There are two chief conceptualizations of the role of reward hyposensitivity in depression.
The first follows from a strict behavioral perspective on the development and maintenance of
depression. From the behavioral perspective, Costello (1972) concluded that unipolar
depression is a result of the emergence of anhedonia due to a loss of the effectiveness of
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rewards. Thus, this perspective emphasizes the influence of experience on attenuated
responsiveness to rewards. In contrast, the second perspective emphasizes hyporesponsivity
to rewards as a trait-like individual difference characteristic. In our model, in line with the
second perspective, we posit that individuals vulnerable to unipolar depression have reduced
reward sensitivity. Unlike individuals with BSDs, those with unipolar depression do not
experience heightened reward sensitivity following positive events. However, following
negative events, individuals vulnerable to depression demonstrate further attenuated
anticipation of and response to rewards (see the dark blue pathway in Figure 1). This
response, in turn, leads to symptoms of depression. A number of constructs have been
proposed to describe reward hyposensitivity in depression, including Gray’s (1994) BAS
perspective and other, similar domains of function. For example, positive emotionality and
extraversion (Tellegen & Waller, 2008; Watson & Clark, 1997) are two individual difference
characteristics that emphasize seeking reward and positive affect, which parallel BAS
constructs. Thus, we include results of studies of BAS sensitivity, extraversion, and positive
emotionality here, which are all associated with being responsive to rewards or motivating
an individual to pursue rewards. Individuals with reduced reward sensitivity are at risk for
developing or maintaining depression because they have both a diminished capacity to seek
out and react to rewards. Thus, this may be described as a two-hit model with vulnerability
to depression being reflected in reduced responsivity to and'reduced pursuit of rewards.

Is Reward Hyposensitivity a Correlate of Major Depressive Disorder?

One of the cardinal symptoms of depression is anhedonia, markedly diminished interest or
pleasure in activities (American Psychiatric Association, 2013). Yet, depression may be
diagnosed without the presence of anhedonia. Regardless of whether this criterion is
endorsed, numerous lines of research find reward hyposensitivity, measured via a variety of
methods, is associated with depression.

First, both adults and youth in a current depressive episode report reduced pleasure
sensitivity and increased anhedonia than individuals without depression (Fawcett, Clark,
Scheftner, & Gibbons, 1983; Kazdin, 1989; Luby, Mrakotsky, Heffelfinger, Brown, &
Spitznagel, 2004). Similarly, studies have shown that individuals with depression exhibit
lower self-reported BAS sensitivity than those without depression (Kasch, Rottenberg,
Arnow, & Gotlib, 2002; Pinto-Meza et al., 2006). Many studies also have examined links
between depression and self-reports of normative reward-relevant personality traits, with
most of these studies focusing on extraversion. A recent meta-analysis of these studies
indicated that individuals with depression demonstrated significantly lower levels of
extraversion than those without depression, and chronic depression was particularly marked
by reduced extraversion (Kotov, Gamez, Schmidt, & Watson, 2010). However, findings from
the above studies have several caveats. First, the results may be contaminated by mood-state
response biases that inflate differences between individuals with and without depressive
disorders. Second, personality measures are global in their assessment of diminished reward
seeking behaviors. Thus, more focal assessments are necessary to identify specific reward-
related processes that are impacted by depression. Identification of specific reward
functioning processes in individuals with depression has recently been addressed using
behavioral and neuroscience methods.
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Investigators have developed several behavioral reward paradigms to assess distinct elements
of reward sensitivity/processing, including reward learning (Bechara, Damasio, Damasio, &
Anderson, 1994; Pizzagalli, Jahn, & O’Shea, 2005), decision-making, and pursuit
(Treadway, Buckholtz, Schwartzman, Lambert, & Zald, 2009). In studies of adults (Cella,
Dymond, & Cooper, 2010) and youth (Han et al., 2012), depressed individuals fail to
approach higher and more valued rewards whether rewards are clearly approached (e.g.,
using the lowa Gambling Task or the Effort Expenditure for Rewards Task, Cella et al.,
2010; Han et al., 2012, respectively) or implicitly learned (signal detection task; Morris,
Bylsma, Yaroslavsky, Kovacs, & Rottenberg, 2015; D. A. Pizzagalli, D. losifescu, L. A.
Hallett, K. G. Ratner, & M. Fava, 2008; Pizzagalli et al., 2005).

Generally corroborating the self-report and behavioral evidence, numerous investigations of
reward functioning in depression have included resting state frontal electroencephalograpy
(EEG) asymmetry, evoked response potentials (ERP), and functional magnetic resonance
imaging (fMRI). Early work showed that patterns of frontal asymmetry during rest were
associated with the experience of positive and negative affect (Davidson, Schwartz, Saron,
Bennett, & Goleman, 1979). Specifically, greater left, relative to right, asymmetry was
associated with reward and approach behaviors, whereas greater right, relative to left,
asymmetry was associated with withdrawal-related affect and behaviors. Despite some
mixed findings, results of a meta-analysis indicated that depression is characterized by
heightened right, relative to left, activation (Thibodeau, Jorgensen, & Kim, 2006); this would
suggest that depression is better characterized by increased withdrawal-related affect (overall
r=.26). More recently, EEG recordings have been assessed with temporal links to
experimental events. In one study, Shankman et al. (2007) assessed frontal and parietal EEG
activity while participants with and without depression completed a gambling task. They did
not find group differences on frontal EEG activation; however, depressed participants with
early-onsets demonstrated reduced left frontal asymmetry relative to depressed participants
with late-onsets and participants without depression. Thus, frontal asymmetry may be
specifically associated with only a subtype of depression, and these associations may need to
be probed using active experimental paradigms.

In addition to event-related EEG, ERPs also have been examined in the context of
depression. ERPs are electrical potentials embedded within EEG signals that occur in
preparation for or in response to discrete internal or external events. The feedback negativity
(FN) is an ERP component that has garnered support as an index of reward sensitivity
(Proudfit, 2014). FN amplitude is usually more negative following a bad outcome compared
to a good outcome, and thus, the FN traditionally has been viewed as reflecting binary
evaluation of bad vs. good outcome (Folstein & Van Petten, 2008; Hajcak, Moser, Holroyd,
& Simons, 2006). Importantly, there is accumulating evidence that variation in FN amplitude
is primarily driven by reward-related brain activity elicited to the good (as opposed to bad)
outcome (Foti, Weinberg, Bernat, & Proudfit, 2015; Foti, Weinberg, Dien, & Hajcak, 2011),

Lin line with the perspective that resting frontal EEG asymmetry reflects trait-like activation patterns is research indicating that
approximately 60% of the variance in frontal asymmetry is due to individual differences on a temporally stable latent trait (Hagemann,
Naumann, Thayer, & Bartussek, 2002). This percentage of variance accounted for by trait-related factors is comparable to other trait-
related measures of individual differences (e.g., the Big Five personality traits; Roberts & DelVecchio, 2000).
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and thus, an elevated FN has been associated with elevated reward sensitivity, and a reduced
or blunted FN with decreased reward sensitivity. In line with the reward hyposensitivity
perspective of depression, Foti and Hajcak (2009) demonstrated that higher depression
symptom severity among undergraduates is associated with blunting of the FN ERP
component. Similarly, Liu et al. (2014) reported that depressed individuals demonstrated a
blunted FN relative to individuals without depression, and there was some specificity for the
influence of anhedonia in this association.

Whereas ERP studies provide high temporal resolution for psychophysiological signal,
fMRI provides a high degree of spatial resolution for identifying which neural regions are
active by indexing relative blood flow during experimental conditions. Investigators have
developed a number of fMRI tasks to assess reward sensitivity (Richards, Plate, & Ernst,
2013), including simple guessing for rewards (Delgado, Nystrom, Fissell, Noll, & Fiez,
2000), behavioral performance for rewards (Knutson, Adams, Fong, & Hommer, 2001;
Knutson, Fong, Adams, Varner, & Hommer, 2001), and decision making reward tasks (Ernst
et al., 2004). Multiple studies have revealed that individuals with depression have reduced
VS response to rewards (Chantiluke et al., 2012; Forbes et al., 2009; Pizzagalli et al., 2009;
Remijnse et al., 2009; Smoski et al., 2009; Smoski, Rittenberg, & Dichter, 2011), although
there are some exceptions (Knutson, Bhanji, Cooney, Atlas, & Gotlib, 2008). Recently, a
meta-analysis of this literature reported that individuals with depression demonstrate
significantly reduced VS response to monetary and other positive stimuli (e.g., positive
IAPS pictures, positive words) for both anticipation and receipt of rewards (Zhang, Chang,
Guo, Zhang, & Wang, 2013).

In sum, this work provides strong evidence that reduced reward responsivity and related
constructs are correlates of depressive disorders. Generally, these findings come from studies
that either study individuals without medication or report their results after controlling for
the influence of medication. However, these studies do not address whether hyposensitivity
to rewards is a trait independent of current depressive mood or relevant for the development
and/or maintenance of the disorder.

Is Reward Hyposensitivity a Mood-Independent Trait of Major Depressive Disorder?

At the broadest level, individuals with remitted depression tend to report lower levels of
extraversion and BAS sensitivity relative to those without depression (e.g., Pinto-Meza et al.,
2006). However, conflicting results have been reported as well (Kasch et al., 2002). Studies
relying on behavioral measures of reward sensitivity have generally supported mood
dependent effects on reward seeking behaviors, with no differences found between never
depressed controls and individuals with remitted depression (Westheide et al., 2007; Yang et
al., 2014). Studies also have reported medication effects on these domains of functioning,
such that interventions increase levels of reward sensitivity (e.g., Harkness, Bagby, Joffe, &
Levitt, 2002). The most consistent evidence for mood-independent influences on reward
functioning in depression come from fMRI studies that find reduced responsiveness to
rewards is present when depressive episodes remit (Dichter, Kozink, McClernon, & Smoski,
2012; Schiller, Minkel, Smoski, & Dichter, 2013; Takahashi et al., 2009). Thus, although
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there are mixed findings, consistent evidence supporting mood-independent reward
hyposensitivity is most prominent from studies relying on fMRI methods.

Is Reward Hyposensitivity a Vulnerability for Major Depressive Disorder?

In this section, we address whether reward hyposensitivity is a vulnerability marker for
depression by focusing on two study designs. First, given that offspring of depressed parents
are at heightened risk for depression themselves (Goodman et al., 2011), there is an
emerging literature examining whether these high-risk offspring exhibit alterations in reward
sensitivity, despite not having yet developed depressive symptoms. Second, several
prospective studies have examined whether reduced reward responsivity predicts later
development of depressive symptoms and/or disorders, both in those with and without
familial risk. Here, we review studies of never depressed, medication naive individuals.

Many studies have examined reward-related differences between offspring of parents with
and without depression to identify vulnerability markers for depression. Further, many
investigations have studied preschoolers, school-age children, and early adolescents who
have not entered the peak age of risk for depression. Thus, these studies have greater
temporal separation between assessing vulnerability and psychopathology, and thus, they
reduce potential confounding of assessments of reward-related processes and depression.
However, with these younger samples, few studies have examined self-reported differences
in reward-related traits among offspring with versus without depressed parents. In one of the
few studies that did utilize self-reports, Olino et al. (2014) did not find differences in positive
affect between adolescent offspring of depressed and non-depressed parents in an ecological
momentary assessment study.

Studies relying on behavioral measures, including both observations and performance,
provide additional insights into reward hyposensitivity as a vulnerability for depression.
Studies find that positive affect behaviors are reduced in offspring of depressed parents
compared to offspring of healthy parents (Durbin, Klein, Hayden, Buckley, & Moerk, 2005;
Olino, Klein, Dyson, Rose, & Durbin, 2010). However, there are mixed findings in the
literature that may be due to different subtypes of parental depression. In a later study, Olino
et al. (2011) found that low positive affect in youth was associated with parental depression,
but only when including just those parents who had onsets in childhood (i.e., earlier than age
13), often with a chronic course, highlighting the role of chronic/recurrent depression.

Studies examining reward-related behavioral performance among youth at familial risk for
depression also demonstrate alterations in reward sensitivity. For example, in a study
examining reward-related decision making in a gambling task, Mannie et al. (2015) reported
that youth at risk for depression made more conservative wagers than youth not at risk
across all task conditions. These findings suggest that at-risk youth did not modulate their
behavior in light of more favorable chances of winning, as did their low-risk peers. However,
not all studies agree. In a study examining reward learning in youth using a probabilistic
learning task, Morris et al. (2015) found that youth at risk for depression demonstrated
similar biases towards rewards as those not at risk.
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Studies of reward sensitivity using EEG methods in offspring of depressed parents have
yielded mixed results. Consistent with cross-sectional comparisons of depressed and healthy
individuals, offspring of depressed parents demonstrate greater right, relative to left, frontal
activation in infant samples (Thibodeau et al., 2006). This similar pattern of increased right
relative EEG asymmetry predicted depression scores at a one-year follow-up (Blackhart,
Minnix, & Kline, 2006), and the development of a first onset depressive episode over the
course of a three-year follow-up (Nusslock et al., 2011). Only one study examined
individual differences in the FN ERP between youth with and without a family history of
depression: Kujawa, Proudfit, and Klein (2014) discovered that 9-year old children of
mothers with depression, but not mothers with both depression and anxiety, demonstrated a
reduced FN (i.e., blunted reward-related neural activity) compared to offspring of mothers
without depression.

There has been recent interest in examining offspring of depressed and non-depressed
parents on their reward function using fMRI (Gotlib et al., 2010; McCabe, Woffindale,
Harmer, & Cowen, 2012; Monk et al., 2008; Olino et al., 2014; Olino, Silk, Osterritter, &
Forbes, 2015; Sharp et al., 2014). These studies differed based on the reward modalities,
although most focused on monetary incentives, and specific offspring developmental
periods, ranging from late childhood through early adulthood. Regardless of task
differences, they provide consistent evidence of reduced neural reward responses in youth at-
risk for depression.

In addition to examining reward sensitivity as a vulnerability in high-risk offspring designs,
studies find that reward sensitivity prospectively predicts depression. Caspi et al. (1996)
found that behavioral observations of inhibition at age three during routine doctor visits
predicted depressive, but not anxiety, disorders at age 21. Although an important finding,
there are some concerns about specificity, as the inhibition construct included both fearful
wariness and low approach characteristics. However, shorter-term longitudinal studies have
provided converging support for reward hyposensitivity as a predictor of depression.
Dougherty et al. (2010) showed that both behavioral observations of low positive
emotionality and parent reports of child low positive emotionality at age 3 predicted
depressive symptoms at age 10, even after controlling for depressive symptoms at age 7 and
internalizing problems at age 3. Rawal, Collishaw, Thapar, and Rice (2013) examined the
progression of risk-taking behavior using a wagering task in a sample of youth who were all
offspring of depressed parents. These authors found that low reward seeking, based on
reduced wagering in the task, was predictive of new depression onsets in the offspring.

Other prospective studies using self-report measures of temperament have recently
emphasized the interplay between reward-related dimensions and negative affect in
understanding the emergence of depression. For example, Wetter and Hankin (2009) found
that low levels of positive emotionality prospectively predicted anhedonic depressive
symptoms. However, the association was stronger when individuals also demonstrated high
levels of negative emotionality. Further, Wetter and Hankin also found the relationship
between positive emotionality and anhedonic symptoms was moderated by and mediated
through supportive relationships. Thus, there are multiple influences on the magnitude of the
prospective association between reward sensitivity and depressive symptoms.

Behav Ther. Author manuscript; available in PMC 2016 November 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Alloy et al.

Page 10

Few studies of neural response to reward have attempted to predict depressive symptoms or
disorder onsets. Bress et al. (2013) observed that a reduced FN predicted depression onset
among adolescent girls over a one-year follow-up. And, Morgan et al. (2013) found that for
boys reduced VS activation during anticipation of rewards predicted increases in depressive
symptoms over a two-year follow-up.

In summary, across multiple levels of analysis and study design, there are mixed findings on
whether reward hyposensitivity is a marker of risk. However, based on the available data,
prospective studies provide good support for the reward hyposensitivity model of unipolar
depression. Additional research is needed to identify for whom attenuated reward
responsivity is associated with vulnerability to unipolar depression.

Does Reward Hyposensitivity Affect the Course of Major Depressive Disorder?

Several studies have examined whether reward hyposensitivity is associated with the
naturalistic course or treatment outcome of depression. Morris, Bylsma, and Rottenberg
(2009) reviewed the literature on positive emotions and concluded that greater reward
sensitivity, including BAS functioning, extraversion, and positive affect measures, is
associated with more positive naturalistic course and treatment outcome for depression.
Since their review, additional data have emerged that expand the literature on reward
function and course of unipolar depression. Shankman et al. (2010) examined the influence
of anhedonia on the course of depression over 20 years among former psychiatric inpatients.
These authors found that anhedonia was associated with fluctuations in depression over
time, and functional outcomes were more strongly predicted by anhedonia than by
depressive symptoms. Likewise, other research has demonstrated that higher anhedonia
predicted poorer treatment outcome for both adolescents (McMakin et al., 2012) and adults
(Uher et al., 2012). Similar results have been seen in studies of reward learning. Vrieze et al.
(2009) showed that weaker reward learning biases at pretreatment were associated with
greater probability of having a depression diagnosis at 8-week follow-up among individuals
admitted to a psychiatric hospital.

Only a few studies have investigated neurophysiological or neural indices of reward function
and course of depression among individuals with the disorder. Such investigations
consistently find that EEG indices of reward function predict treatment response, but not
typically using frontal EEG alpha asymmetry. Rather, EEG signal from other waves (e.g.,
theta wave activity) have been associated with treatment response (Bares et al., 2008;
losifescu et al., 2009; Pizzagalli et al., 2001). In an exception, Bruder et al. (2001)
demonstrated that frontal EEG asymmetry (greater right, relative to left, activation) was
associated with poorer recovery from depression. To our knowledge, there have been no
studies examining whether variability in the FN (an ERP index of reward sensitivity)
predicts course of depression among individuals with the disorder.

Finally, limited research has examined whether reward function assessed using fMRI is
associated with course of treatment among individuals with depression. Forbes et al. (2010)
found that reduced VS response during reward anticipation was associated with slower rate
of change of anxiety, but not depressive, symptoms during open cognitive behavior therapy
with or without SSRI treatment. Using a paradigm that called for participants to modulate
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their expression of positive affect, Light et al. (2011) showed that greater ventral lateral PFC
activation during suppression of positive affect (relative to maintaining positive affect) was
associated with smaller changes in anhedonic depression symptoms. The authors suggested
that this phenomenon may be related to over-regulation of reward seeking in individuals
with depression.

Reward-relevant life events also are related to the course of depression. According to the
reward hyposensitivity model of major depression (discussed above), life events that
deactivate the reward system should precipitate depressive symptoms and episodes (see
Figure 1). Multiple conceptual frameworks similarly emphasize the role of life events in
depression (Hammen, 2005; Monroe & Harkness, 2005), and empirical studies agree that
stressful life events predict depression onset in early childhood (Bufferd et al., 2014),
adolescence (Monroe, Rohde, Seeley, & Lewinsohn, 1999), and adulthood (Kendler,
Hettema, Butera, Gardner, & Prescott, 2003). Consistent with the reward hyposensitivity
model, reward-deactivating events involving irreconcilable failures and losses have been
shown to predict first onset and recurrences of depression (see Alloy, Abramson, Walshaw,
& Neeren, 2006 for a review).

The role of life stress on the development of depression is hypothesized to emerge in
adolescence. Davey, Yucel, and Allen (2008) argue that prefrontal cortex processes are
developing during adolescence that support mentalizing of newly emerging and complex
distal goals, including expanding social networks, initiating romantic relationships, and
working towards long-term goals (e.g., college admissions). At the same time, adolescents
demonstrate increases in reward motivation for immediate rewards (Steinberg et al., 2009).
However, as important rewards are not immediately achieved, adolescents’ goal striving may
be frustrated and they may not experience incremental advancements toward their goals as
rewarding. Instead, these non-rewarding experiences toward goals may dampen reward
pursuit.

There are critical links between experience of stress and reward function. Animal models
demonstrate that experience of stress reduces reward related behavior (reviewed in
Pizzagalli, 2014), and there is an emerging literature on the experience of stress and reward
function in humans. Both acute threat (Bogdan & Pizzagalli, 2006) and history of peer
victimization were associated with reward sensitivity.

In summary, across an array of research contexts, including naturalistic and intervention
studies, and relying on multiple assessment strategies, there is consistent evidence that
attenuated response to reward and motivation to seek out rewards is indicative of poorer
prognosis among individuals with depression. However, many of these studies have relied on
self-report and behavioral measures of reward functioning. Thus, further work examining
neural response to reward as a predictor of depression course is also needed.
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Reward Hypersensitivity in Bipolar Spectrum Disorders: Theory and

Evidence

Whereas unipolar depression involves blunted reward system activation and processing,
hypersensitivity to reward is hypothesized to characterize BSDs. Below, we present the
Reward Hypersensitivity Model of BSDs and evidence relevant to whether reward
hypersensitivity is a correlate, mood-independent trait, vulnerability, and/or predictor of the
course of BSDs. We present evidence from behavioral and self-report measures, prodromes
of BSDs, reward-relevant life events, and neurophysiological and neural paradigms.

Reward Hypersensitivity Model of Bipolar Spectrum Disorders

Depue and lacono (1989) originally proposed the BAS or reward hypersensitivity theory of
BSD, and Alloy and colleagues (Alloy & Abramson, 2010; Alloy, Abramson, UroSevic, et
al., 2009; Alloy et al., 2015; Uro3evi¢ et al., 2008) and Johnson and colleagues (Johnson,
2005; Johnson, Edge, et al., 2012) further expanded this model. According to this theory,
vulnerability to BSDs is the result of a reward system that is overly sensitive and reactive to
goal- and reward-relevant stimuli. In response to life events involving goal-striving and
attainment of rewards, reward hypersensitivity leads to excessive approach-related affect and
reward motivation, which, in turn, leads to hypo/manic symptoms (see red pathway in Figure
1)—in particular, to a cluster of psychomotor activation symptoms (elevated energy and
confidence, increased goal-directed activity, decreased need for sleep, and irritability if goal-
pursuit is frustrated; Alloy et al., 2015). On the other hand, in response to nonattainment of
rewards or goals (e.g., irreconcilable failures or losses), this hypersensitivity leads to
excessive deactivation or downregulation in approach motivation and affect, which, in turn,
leads to depressive symptoms (see the light blue pathway in Figure 1), particularly low
motivation, psychomotor retardation, anhedonia, fatigue, and hopelessness. Thus, the reward
hypersensitivity theory postulates that excessive reward system activation leads to hypo/
manic symptoms, whereas excessive deactivation gives rise to depressive symptoms. It is
important to distinguish between trait hypersensitivity of the reward system to reward-
relevant cues (the vulnerability) and state levels of activation or deactivation of the system,
which are the more proximal precursors of hypo/manic versus depressive symptoms or
episodes. In addition, the transactional component of the expanded reward hypersensitivity
theory (Alloy, Abramson, UroSevié, et al., 2009; Alloy et al., 2015; UroSevi¢ et al., 2008)
suggests that individuals who are hypersensitive to reward may engage in behaviors that lead
them to be exposed to goal- or reward-relevant events more frequently via “stress
generation” processes (Hammen, 1991), as well as responding more strongly to these events
when they occur. Thus, the theory includes a “two-hit” model in which vulnerable, reward-
hypersensitive people have greater exposure to the very goal- and reward-relevant events that
trigger excessive responses from their reward systems.

Is Reward Hypersensitivity a Correlate of Bipolar Spectrum Disorders?

Consistent with reward hypersensitivity as a correlate of BSDs, findings from self-report
measures of BAS sensitivity2 and personality characteristics related to high reward drive and
incentive motivation support an association between reward hypersensitivity and BSDs.
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Controlling for bipolar mood symptoms, individuals all along the bipolar spectrum report
higher self-reported BAS sensitivity (e.g., Alloy et al., 2008; B. Meyer, Johnson, & Winters,
2001; Salavert et al., 2007; but see Hayden et al., 2008 for contrary findings) and higher
achievement motivation and more ambitious goal-striving (particularly for popular fame and
financial success; Johnson, Edge, et al., 2012; Johnson, Eisner, & Carver, 2009; Lozano &
Johnson, 2001) compared to controls. Moreover, following unexpectedly high progress
toward a goal, BSD individuals are less likely to “coast” or lessen their goal-striving efforts
than controls, suggesting that they have difficulty curbing their ambitious goal-striving
(Fulford, Johnson, Llabre, & Carver, 2010). Self-reported high BAS sensitivity also
distinguishes BSD patients from those with unipolar depression (Quilty, Mackew, & Bagby,
2014). Similarly, Gruber et al. (2013) found that parents’ reports of their adolescent
offspring’s BAS sensitivity were associated with both manic and depressive symptoms of
those offspring. Thus, BSDs are associated with elevated self-reported reward sensitivity and
reward-relevant personality traits.

Corroborating the self-report evidence, individuals with BSDs show elevated cognitive,
emotional, behavioral, and neural responsiveness to rewards on behavioral tasks, as well as
greater relative left-frontal neurophysiological activation at rest. For example, Johnson et al.
(2005) reported that current hypomanic symptoms were associated with greater positive
affect and success expectancies following success feedback and monetary rewards on a
button-pressing task. And, compared to healthy controls, bipolar | patients exhibited an
inability to delay responding for rewards on a behavioral task (Swann, Lijffijt, Lane,
Steinberg, & Moeller, 2009). Also consistent with the reward hypersensitivity theory of
BSD, fMRI studies that employ established reward-related tasks indicate that BSD is
associated with elevated fronto-striatal reward circuit neural activation to rewards and
approach-related stimuli (see Alloy et al., 2015; Nusslock, Young, & Damme, 2014; Phillips
& Swartz, 2014 for reviews). Moreover, neurophysiological evidence indicates that BSD
individuals in a hypomanic or manic episode display elevated relative left-frontal EEG
activity at rest compared to euthymic and depressed BSD individuals (Kano, Nakamura,
Matsuoka, lida, & Nakajima, 1992; Nusslock, Harmon-Jones, et al., 2012). In sum,
individuals with BSDs exhibit increased responsiveness to rewards at multiple levels of
analysis.

Finally, consistent with the role of reward hypersensitivity in BSDs, the most common
prodromal signs of impending mania include increased goal-setting, goal-directed activity,
and success expectancies (Lam & Wong, 1997; Lam, Wong, & Sham, 2001), whereas
decreased goal-setting and motivation, anhedonia, and low self-confidence are among the
most common prodromal signs of bipolar depression (e.g., Bauer et al., 2006; Molnar,
Feeney, & Fava, 1988). In addition, during manic prodromes, if individuals with BSD
employ cognitive-behavioral deactivation strategies such as engaging in calming activities,
restraining themselves, and modifying high success expectations, they are less likely to

2The investigation of self-reported reward sensitivity in bipolar disorder has been aided by the development of the BAS scale of the
Behavioral Inhibition System/Behavioral Activation System (BIS/BAS) scales by Carver and White (1994). The BAS scale has strong
psychometric properties (see Carver & White, 1994 for review) and we reported reliability (Cronbach’s alpha) of .80 for the BAS-
Total scale in a sample of 9,991 adolescents ages 14-19 (Alloy, Bender, et al., 2012).
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experience a manic relapse (Lam et al., 2001), whereas engaging in behavioral activation
during a depressive prodrome reduces the likelihood of full-blown depression. Consistent
with this, individuals with bipolar | disorder report avoiding rewarding activities in an effort
to try to prevent onset of mania (Edge, Johnson, Ng, & Carver, 2013).

Is Reward Hypersensitivity a Mood-Independent Trait of Bipolar Spectrum Disorders?

Although studies of individuals with BSDs in a euthymic state who are currently in
remission from hypo/manic and depressive episodes cannot determine whether reward
processes are concomitants, vulnerabilities, or consequences of bipolar disorder, they can
address whether reward hypersensitivity is a trait independent of mood symptoms.
Consistent with trait status for hypersensitive reward system functioning in bipolar disorder,
individuals with BSDs exhibit higher self-reported BAS sensitivity than controls even when
euthymic (Alloy et al., 2008; Salavert et al., 2007). Euthymic BSD individuals also display
increased behavioral and neurophysiological responsiveness to rewards on various reward-
relevant tasks. For example, on a card sorting task, Hayden et al. (2008) found that euthymic
bipolar I patients were more behaviorally responsive to small monetary rewards than
controls. Similarly, in their meta-analysis of lowa Gambling Task performance, Edge et al.
(2013) found that euthymic bipolar | patients make more risky choices for rewards on this
task than do controls. Additionally, on a probabilistic learning task, Duek and colleagues
(2014) found that euthymic bipolar patients did well in the reward learning and punishment
learning conditions, but had more difficulty alternating between these conditions than
matched controls. Moreover, Harmon-Jones et al. (2008) reported that euthymic BSD
individuals exhibited elevated relative left-frontal EEG activity during a reward-related
anagrams task compared to healthy controls, suggesting that frontal EEG asymmetry may be
sensitive to bipolar trait status. Finally, during a Roulette task involving monetary wins and
losses, Mason, Trumillo-Barreto, Bentall, and El-Deredy (in press) found that euthymic
BSD participants exhibited elevated reward-related neural activity, as indexed by ERP,
relative to matched controls, indicating that an early attentional bias for reward may be a
bipolar trait.

Also consistent with trait status for reward hypersensitivity in BSDs, individuals with
euthymic bipolar | (Nusslock, Almeida, et al., 2012) and bipolar Il (Caseras et al., 2013)
disorders displayed greater VS, medial OFC (Brodmann area [BA] 10), and left lateral OFC
(BA 47) activation during anticipation of monetary rewards compared to healthy controls,
and elevated VS activation in euthymic bipolar | individuals extends to social rewards as
well (Dutra, Cunningham, Kober, & Gruber, 2015). Moreover, Trost et al. (2014) found that
euthymic bipolar | patients exhibited decreased suppression of reward-related activation in
the reward circuit when they had to reject immediate reward in favor of a long-term goal on
the “desire-reason dilemma” task (Diekhof & Gruber, 2010) compared to healthy controls.
Such findings indicating that euthymic BSD individuals exhibit elevated reward-related
neural activation relative to controls suggest that fronto-striatal hyperactivity may be a trait-
like profile of BSD.

In accordance with this possibility, individuals with bipolar I disorder also display elevated
lateral OFC activation during reward anticipation both in hypo/manic (Bermpohl et al.,
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2010) and depressed (Chase et al., 2013) episodes, suggesting that elevated reward-related
neural activation may not be mood-state dependent. However, inconsistent with this trait
hypothesis, unmedicated individuals with bipolar 1l or bipolar disorder not otherwise
specified (NOS) exhibited decreased dorsal, but not ventral, striatal activity during reward
anticipation compared to matched healthy controls (Yip, Worhunsky, Rogers, & Goodwin,
2015), and increased depression severity across both bipolar and unipolar depressed adults
was associated with reduced VS activation for reward compared to loss trials (Satterthwaite
et al., 2015). On the other hand, Satterthwaite et al. found that resting-state connectivity was
higher in bipolar than unipolar depressed adults at multiple reward circuit nodes. These
findings suggest that bipolar depression may have a state effect that suppresses trait
vulnerability for elevated reward processing in the V'S, whereas elevated cortical (lateral
OFC) reward processing is maintained even during bipolar depression. Further research is
needed to clarify whether depression in the context of BSD is associated with elevated
cortical (lateral OFC) processing of rewards even in the absence of elevated striatal
responses to rewards.

In sum, most, although not all, studies of euthymic individuals in remission from bipolar
mood episodes employing multiple levels of analysis suggest that reward hypersensitivity
may be a mood-independent trait of BSDs. As such, these data suggest that overly sensitive
reward functioning could serve as a vulnerability for BSDs, an issue we turn to next.

Is Reward Hypersensitivity a Vulnerability for Bipolar Spectrum Disorders?

Prospective studies that examine reward-related predictors of first onset of BSD provide the
strongest evidence that reward hypersensitivity provides vulnerability to BSDs. However,
studies that examine reward-related constructs in individuals at genetic or behavioral risk for
BSD are also relevant to establishing reward hypersensitivity as a vulnerability for BSD.

Given that individuals with no history of bipolar disorder who score highly on the
Hypomanic Personality Scale (HPS; Eckblad & Chapman, 1986) have been found to be
more likely to develop a BSD prospectively (Kwapil et al., 2000), high HPS scores have
been considered a behavioral indicator of risk for BSD. However, the HPS has some content
overlap with hypomanic symptoms themselves, which makes it less than an ideal risk
marker. Likewise, as described later in this section, individuals with high self-reported BAS
sensitivity have been found to be at increased risk for developing a first onset of BSD, and
the self-report measures of BAS sensitivity have some advantage in that they do not have
content overlap with hypomanic symptoms. Thus, consistent with the vulnerability
hypothesis of the reward hypersensitivity theory of BSD, compared to controls, individuals
with high HPS scores exhibit greater positive generalization and cognitive reactivity to
success on a behavioral task (Carver & Johnson, 2009; Eisner, Johnson, & Carver, 2008;
Johnson, Ruggero, & Carver, 2005). Ambitious goal setting and high achievement-related
cognitions also have been reported in individuals with no history of BSD but who are
considered at risk for BSD based on either high HPS scores (Carver & Johnson, 2009;
Finucane, Jordan, & Meyer, 2013; Johnson, 2005; Johnson & Carver, 2006; T. D. Meyer &
Krumm-Merabet, 2003) or high self-reported BAS sensitivity (Stange et al., 2013).
Adolescents at risk for BSD based on high self-reported BAS sensitivity, but with no history
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of bipolar disorder, also exhibit greater tendencies to overgeneralize from positive outcomes
compared to low-risk adolescents with moderate BAS sensitivity (Stange et al., 2013).
Moreover, controlling for baseline hypomanic symptoms, self-reported high BAS sensitivity
interacted with this positive overgeneralization style to predict increases in hypomanic
symptoms prospectively in adolescents with no prior history of BSD (Stange et al., 2012).

In genetic high-risk samples, Nurnberger et al. (1988) observed greater self-reported
sensation-seeking and Chang et al. (2003) reported a greater tendency to approach novel,
rewarding situations on a temperament scale in offspring of bipolar parents without mood
disorders themselves compared to the offspring of control parents. However, Jones et al.
(2006) did not observe differential self-reported BAS sensitivity in the adolescent offspring
of bipolar parents, even those with mood symptoms themselves, compared to offspring of
control parents.

As shown in Figure 1, and discussed above, the reward hypersensitivity theory also makes
predictions about specific types of life events that should precipitate bipolar mood episodes.
Specifically, reward system-activation events, involving goal striving, goal attainment, or
goal obstacles evoking anger and irritability, should trigger hypo/manic episodes, whereas
reward system-deactivation events, involving definite failures or losses that cannot be
remediated, should trigger depressive episodes. Although no prospective study to date has
examined goal- or reward-relevant life events specifically as predictors of first onset of BSD,
evidence for reward-relevant stress generation in individuals at risk for BSDs may have
relevance to whether reward-related events provide vulnerability to BSD. Consistent with the
concept of reward-related event generation, adolescents with no prior history of BSD, but at
risk based on high self-reported BAS sensitivity, experienced higher levels of reward system-
activation and deactivation life events over follow-up than did moderate BAS sensitivity
adolescents (Boland et al., in press). Thus, through their characteristics and behaviors,
individuals with high reward sensitivity may be exposed to higher rates of the very
environmental cues that overly activate or deactivate their reward systems, which could
contribute to bipolar mood episodes.

Just as there are no prospective studies of reward-related life events as predictors of first
onset of BSD to date, no prospective studies have examined neurophysiological or neural
measures of reward sensitivity as predictors of first onset of BSD. However, there is some
evidence of elevated neurobiological indices of approach motivation and reward sensitivity
in individuals at genetic or behavioral risk for BSD. With regard to neurophysiological
evidence, individuals without BSDs, but at risk for mania based on exhibiting high HPS
scores, displayed greater reward responsiveness, as indexed by ERP, compared to individuals
with low or moderate HPS scores (Mason, O'Sullivan, Bentall, & El-Deredy, 2012).

At the neural level, individuals at genetic risk for BSD, but without yet exhibiting the illness,
have reduced gray matter volume in the VS and anterior cingulate cortex (another region
implicated in the fronto-striatal circuit; Haber & Knutson, 2010). In addition, genetic high-
risk fMRI studies using established reward paradigms support reward hypersensitivity as a
potential vulnerability for BSD. Singh and colleagues (2014) reported that compared to low-
risk children, the healthy children (ages 8-15) of bipolar parents displayed greater left OFC
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activation during receipt of rewards. In high-risk children, impulsivity also was associated
with increased striatal and insula activation during reward receipt. Further, using a
probabilistic reversal learning task, Linke et al. (2012) found that compared to controls,
unaffected first-degree relatives of patients with bipolar | disorder displayed increased right
medial OFC and amygdala activation in response to rewards and increased right medial OFC
activation in response to reward reversal contingencies. Further, individuals with a
hypomanic temperament who had not yet developed BSD (Harada et al., 2013) also
exhibited elevated VS and left-lateral OFC activation during reward processing. Collectively,
these findings suggest that abnormalities in neural reward circuitry may reflect preexisting
vulnerabilities for BSD, rather than consequences of bipolar disorder.

In a retrospective behavioral high-risk design, Alloy and colleagues (2006) found that late
adolescents (ages 18-24) selected to have high levels of self-reported reward sensitivity (on
two different self-report BAS questionnaires) but not currently in a mood episode were Six
times more likely to meet diagnostic criteria for a lifetime BSD (50%) than were those with
moderate levels of reward sensitivity (8.3%). Although these findings are consistent with
reward hypersensitivity as a vulnerability for BSD, the directionality of the association is
unclear in this retrospective design. Subsequently, in a truly prospective study, Alloy,
Bender, et al. (2012) studied younger adolescents (ages 14-19) with no prior lifetime history
of BSD or hypomania, who were selected to be in the top 15% (high BAS group) or middle
40-60% (moderate BAS group) of a large screening sample on two different self-report
measures of reward sensitivity, and followed them prospectively for over a year. At baseline,
the participants also completed a measure of ambitious goal-setting and a behavioral task
assessing responsiveness to monetary rewards. Controlling for baseline mood symptoms and
family history of BSD, the high BAS group was significantly more likely than the moderate
BAS group to develop first onset of a BSD (12.3% versus 4.2%) and had a shorter time to
onset of BSD. After controlling for BAS risk group status, as well as baseline mood
symptoms and family history of BSD, greater ambitious goal-setting and reward
responsiveness on the behavioral task also predicted a higher likelihood and shorter time to
onset of BSD. Thus, this prospective study demonstrates reward-related psychological
vulnerabilities that predict first lifetime onset of BSD.

In summary, only one truly prospective study of reward hypersensitivity as a predictor of
initial onset of BSD has been conducted to date. This study demonstrated that high self-
reported reward sensitivity, ambitious goal-setting, and behavioral reward responsiveness do,
in fact, predict first lifetime onset of BSD; this study thus provides direct support for the
vulnerability hypothesis. However, additional self-report, behavioral, and neural evidence
from studies of individuals with no history of bipolar disorder who were at behavioral or
genetic risk for BSD also is suggestive that reward hypersensitivity may provide
vulnerability to bipolar disorder.

Does Reward Hypersensitivity Affect the Course of Bipolar Spectrum Disorders?

Longitudinal studies of individuals with BSDs are required to determine whether reward
hypersensitivity predicts subsequent indicators of the course of bipolar disorder. Several
longitudinal studies have examined self-reported reward sensitivity as a course predictor. For
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example, Alloy et al. (2008) reported that higher baseline BAS sensitivity predicted a shorter
time to relapse of hypo/manic episodes and higher baseline BAS reward responsiveness (a
subscale of the BAS questionnaire) predicted a shorter time to depressive episode relapse
over a three year follow-up in individuals with BSDs, the vast majority of whom were
unmedicated. This was true even when controlling for initial hypomanic and depressive
symptoms. Further, high self-reported reward sensitivity also predicted progression to more
severe disorders along the bipolar spectrum. Alloy, UroSevié et al. (2012) found that high
Time 1 BAS sensitivity (and particularly the fun-seeking subscale) predicted a greater
likelihood of progression to bipolar I disorder (onset of a major depressive episode) over
follow-up among individuals with cyclothymia or bipolar NOS, and a greater likelihood of
progression to bipolar | disorder (onset of a manic episode) among individuals with bipolar
I1, cyclothymia, or bipolar NOS, controlling for family history of BSD, medication and
psychotherapy, and baseline hypomanic and depressive symptoms. Further, high BAS
sensitivity (and particularly the fun-seeking subscale) predicted increased substance use
problems over follow-up in this same sample (Alloy, Bender, et al., 2009). Meyer and
colleagues (2001) reported that BAS sensitivity levels at post-mood-episode recovery
predicted greater manic symptoms over follow-up in a bipolar | patient sample. Likewise,
Salavert et al. (2007) found that higher baseline BAS sensitivity predicted hypo/manic
episode relapse among medicated bipolar | patients followed for 18 months. In addition,
lower baseline BAS sensitivity predicted depressive episode relapse; this latter finding runs
contrary to the reward hypersensitivity model of BSD, which proposes that high, rather than
low, BAS sensitivity should predict bipolar depressive relapse.

Reward-relevant personality and neurophysiological characteristics also have been found to
predict the course of BSDs. In bipolar | samples, ambitious goal-setting for popular fame
and financial success predicted increases in manic symptoms over a three-month follow-up
(Johnson, Carver, & Gotlib, 2012); and both high achievement motivation (Lozano &
Johnson, 2001) and personal goals rated as objectively more ambitious (Tharp, Johnson,
Sinclair, & Kumar, in press) predicted increases in manic symptoms over a six-month
follow-up. Moreover, Nusslock, Harmon-Jones, et al. (2012) found that elevated relative left
frontal EEG activity at rest prospectively predicted a greater likelihood of progression from
bipolar 11 or cyclothymic disorder to bipolar I disorder over a 4.7 year follow-up, controlling
for baseline mood symptoms and medication status. Thus, this study identified a reward-
related neurophysiological marker that predicts conversion to bipolar | disorder.

Finally, studies of the role of reward-relevant life events in the course of BSD have been
consistent with the reward hypersensitivity theory. Johnson et al. (2008; 2000) found that
goal-attainment life events, but not general positive events, predicted increases in manic, but
not depressive, symptoms over follow-up among patients with bipolar | disorder. Likewise,
Nusslock et al. (2007) reported that independent of treatment and medication status,
undergraduate students with BSDs were more likely to develop a new hypomanic episode,
but not depression, during goal-striving life events (studying for and taking final exams) than
were other, nonstudent BSD individuals who did not experience the goal-striving events
(43% vs. 4%). Additionally, events involving anger-provocation, theorized to also activate
the reward system, have been shown to predict hypomanic symptoms (e.g., Carver, 2004;
Harmon-Jones et al., 2002). On the other hand, evidence suggests that life events theorized
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to deactivate the reward system (e.g., failures or losses) may precipitate depressive episodes
(see Alloy et al., 2005; Alloy, Abramson, Walshaw, et al., 2009 for a review).

Thus, among individuals with BSDs, reward hypersensitivity assessed primarily via self-
report measures and reward-relevant life events predict subsequent bipolar and substance use
symptoms, recurrences of bipolar mood episodes, and progression to more severe bipolar
diagnoses. One study corroborated these self-report findings with a neurophysiological
indicator of reward hypersensitivity, with results indicating that increased relative left frontal
cortical activation on EEG at rest predicted progression to bipolar | disorder among BSD
individuals. Overall, these findings suggest that reward hypersensitivity maintains and
exacerbates bipolar symptoms.

Bipolar Depression: Reward Hyposensitivity or Hypersensitivity?

As shown in Figure 1, we suggest that unipolar depression is characterized by reward
hyposensitivity and that reward hypersensitivity typifies BSDs. This raises the obvious and
important question of what type of reward mechanisms are involved in bipolar depression. In
its original conceptualization, the reward hypersensitivity model of BSDs proposed that
reward hypersensitivity underlies risk for both hypo/manic and bipolar depression symptoms
(e.g., Depue & Collins, 1999). The logic of this original conceptualization was that reward
hypersensitivity should make individuals hyperreactive to both cues signaling the possible
attainment and loss of rewards, and that in the face of loss, individuals with reward
hypersensitivity should be at increased risk for depression given the high value they place on
rewards (see light blue pathway in Figure 1). From this perspective, reward hypersensitivity
is viewed as a risk for excessive lability in approach motivation, with excessive increases in
approach motivation (i.e., hypo/mania) occurring in the context of reward attainment and
excessive decreases in approach motivation (i.e., depression) occurring in the context of
reward loss. To date, however, there is some, but limited, support for this lability perspective
(Alloy & Abramson, 2010; Johnson, 2005; Johnson, Edge, et al., 2012), as the data indicate
that reward hypersensitivity is more strongly related to risk for hypo/manic symptoms than
bipolar depression symptoms. This suggests two possibilities. The first is that there is a
relationship between reward hypersensitivity and bipolar depression that researchers have
yet to fully identify. For example, by considering bipolar depression as a homogenous or
unitary construct, researchers may have missed or masked the relationship between reward
hypersensitivity and specific depressive symptoms among BSD individuals. The second
possibility, however, is that reward hypersensitivity is less related to bipolar depression and
that different etiological mechanisms (e.g., elevated threat processing) may underlie bipolar
depression. Future research is needed to test these competing hypotheses.

Conclusions and Future Directions

Since Costello’s (1972) seminal article, the role of reward sensitivity and processing in
mood disorders has become an important topic of investigation. As discussed herein,
abnormal reward system functioning appears to be centrally involved in both unipolar
depression and bipolar disorders, with blunted reward sensitivity and processing
characteristic of unipolar depression and heightened reward sensitivity and processing
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characteristic of hypo/mania. Collectively, this suggests that unipolar depression and bipolar
disorder are characterized by distinct and opposite profiles of reward processing and reward-
related neural activation. As yet, it remains unclear whether bipolar depression involves
hypo- or hyper-sensitivity to rewards. In addition, the existing evidence is supportive of a
trait component to reward hypersensitivity in BSD independent of current bipolar symptoms,
and a possible trait component for reward hyposensitivity in unipolar depression based most
consistently on fMRI studies of neural reward function. Moreover, although the number of
studies relevant to testing vulnerability or course predictor status for aberrant reward
functioning are sparse, the extant literature suggests that reward hypo- and hyper-sensitivity
may provide vulnerability to onset and a worse course of unipolar depression and BSDs,
respectively.

Further research is needed to 1) more definitively determine whether abnormal reward
system functioning provides vulnerability for onset of depression and BSD, and 2) whether
these abnormalities impact the course of these mood disorders. For example, only a handful
of truly prospective studies have examined reward hyposensitivity assessed via self-report,
behavioral task, neurophysiology, or fMRI as a predictor of initial onset of depression. And,
only one study exists demonstrating that reward-relevant mechanisms (self-reported BAS
sensitivity, ambitious goal striving, and high behavioral reward responsiveness) are
vulnerabilities to BSD and predict first lifetime onset of BSD. Therefore, future research
must examine multiple indices of reward hyposensitivity and hypersensitivity, as well as the
occurrence of reward deactivation and activation events, as vulnerabilities for first onset of
depression and BSD, respectively. Evidence is also needed to test explicitly the hypothesized
link between reward-activation and deactivation events and actual activation and deactivation
of the reward system, as well as the link between reward system activation and deactivation
and specific symptom profiles. Finally, further research is needed to determine whether
bipolar depression is similar to unipolar depression and characterized by reward
hyposensitivity, or whether it is distinct from unipolar depression and mediated by reward
hypersensitivity. Given the highly promising body of research to date that implicates
dysfunctional reward processing in depression and BSD reviewed in this article, we
anticipate that further research testing the reward models of mood disorders should yield
enhanced understanding of the pathophysiological mechanisms underlying mood disorders,
and, in turn, generate more targeted reward-relevant interventions for these illnesses.

It will be important for future research on reward sensitivity in mood disorders to take into
consideration medication-related issues, given that many medications for both depression
and bipolar disorder directly target dopamine transmission in the fronto-striatal reward
circuit (Abler, Erk, & Walter, 2007; Vieta et al., 2005). These analyses can: 1) examine the
relationship between reward indices and medication load, which takes into consideration the
type, number, and dosage of medication an individual is taking (see Nusslock, Almeida, et
al., 2012); 2) include medication load as a covariate in analyses; and/or 3) exclude
participants from analyses who are on dopaminergic agonists/antagonists. It is important to
emphasize, however, that dopamine-blocking antipsychotics frequently used for treating
hypo/manic states reduce reward-related neural activation in the VS (Abler et al., 2007),
whereas antidepressants of diverse mechanisms increase dopamine reward-related behaviors
(D'Aquila, Collu, Gessa, & Serra, 2000). This suggests that the findings reviewed above
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supporting the reward hyposensitivity and hypersensitivity models of MDD and BSD
respectively are likely not an artifact of medication-related mechanisms, and, if anything,
medication may be attenuating the strength of the reported findings. Future research is
needed to more fully examine this possibility.

Finally, we argue that it will be important for future research to move beyond examining
depression and bipolar disorder as unitary constructs or homogenous disorders, and instead,
to examine the relationship between reward sensitivity and specific symptom clusters.
Drawing on existing theory and research, we propose that reward hyposensitivity will be
most strongly associated with anhedonia, a diminished interest or pleasure in response to
rewarding stimuli. In line with this perspective is growing evidence that decreased reward
sensitivity, as assessed by self-report (see Treadway & Zald, 2011 for a review), behavioral
(Pizzagalli et al., 2005), neurophysiological (Shankman et al., 2010), and neural (Epstein et
al., 2006; Keedwell, Andrew, Williams, Brammer, & Phillips, 2005; Wacker, Dillon, &
Pizzagalli, 2009) indices, is particularly related to anhedonia, as opposed to depression
severity more generally. By contrast, we propose that reward hypersensitivity will be most
strongly associated with a cluster of hypo/manic symptoms characterized by excessive
reward- and approach-related motivation (i.e., elevated energy, increased goal-directed
activity, decreased need for sleep, and irritability when goal-pursuit is thwarted). We base
this prediction on evidence that both reward sensitivity and the fronto-striatal neural circuit
underlying reward processing is most directly involved in generating incentive motivation
and goal-pursuit emotions, rather than positive/hedonic moods or cognitive processes
(Berridge, Robinson, & Aldridge, 2009; Haber & Knutson, 2010; Kringelbach & Rolls,
2004). Examining the relationship between reward processing and specific symptoms will
enhance our understanding of the pathophysiology of mood disorders, and, ideally, increase
the precision with which we can assess and treat mood disorder symptoms.
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