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1 | INTRODUCTION

| Sidney H. Kennedy

1,4,5,6

Summary

Background: Anhedonia, as a dysregulation of the reward circuit, is present in both
Major Depressive Disorder (MDD) and schizophrenia (SZ).

Aims: To elucidate the clinical and neurobiological differences between schizophre-
nia (SZ) and depression (MDD) in regard to anhedonia, while reconciling the chal-
lenges and benefits of assessing anhedonia as a transdiagnostic feature under the
Research Domain Criteria (RDoC) framework.

Methods: In this review, we summarize data from publications examining anhedonia
or its underlying reward deficits in SZ and MDD. A literature search was conducted
in OVID Medline, PsycINFO and EMBASE databases between 2000 and 2017.
Results: While certain subgroups share commonalities, there are also important differ-
ences. SZ may be characterized by a disorganization, rather than a deficiency, in reward
processing and cognitive function, including inappropriate energy expenditure and
focus on irrelevant cues. In contrast, MDD has been characterized by deficits in antici-
patory pleasure, development of reward associations, and integration of information
from past experience. Understanding the roles of neurotransmitters and aberrant brain
circuitry is necessary to appreciate differences in reward function in SZ and MDD.
Conclusion: Anhedonia as a clinical presentation of reward circuit dysregulation is an
important and relatively undertreated symptom of both SZ and MDD. In order to
improve patient outcomes and quality of life, it is important to consider how anhedo-

nia fits into both diagnoses.
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depressive disorder (MDD) and schizophrenia (SZ). While it has
traditionally been defined as an inability to experience pleasure,2'3

Informed by advances in the fields of psychiatry and neuroscience,
the National Institute of Mental Health (NIMH) Research Domain
Criteria (RDoC) initiated a collective effort to map transdiagnostic
dimensions of psychopathology onto underlying biological system
abnormalities.™? Among the 5 RDoC domains, the positive valence
system is most implicated in various aspects of reward learning and
behavior, including the clinical symptom of anhedonia. Importantly,
anhedonia is a feature across psychiatric disorders including major

neuroscientific findings suggest that anhedonia can also be concep-
tualized as a multifaceted clinical symptom resulting from an under-
lying deficit in reward circuitry.*>

Historically, the nucleus accumbens (NAc), ventral tegmental area
(VTA), and associated mesolimbic dopamine pathways have been
considered the key components of reward and pleasure.“"7 However,
recent neuroimaging findings suggest a more complex model of
reward which includes the NAc, VTA, amygdala, prefrontal cortex,
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caudate, putamen, and orbitofrontal cortex.>®? Neuroimaging stud-

(Modified from Kring and Barch, 2014)

ies further elucidate the complexity of reward processing by utiliz-
ing behavioral tasks designed to assess specific aspects of reward,
including anticipation, motivation, and expectation.9 The neural
pathway and task performance probed by various reward paradigms
suggests there are a series of possible deficits that could lead to the
clinical presentation of anhedonia.”*° A simple schematic adapted
from Kring and Barch!! outlines the various aspects of the reward
process (Figure 1), where a deficit in each of the areas could lead to
overall dysregulation of the reward circuit. >

Anhedonia is one of the core symptoms of MDD.*? Although
traditionally considered a core symptom in SZ, it was subsequently
reconceptualized to distinguish between consummatory and an-
ticipatory components of hedonic experience. However, the trans-
diagnostic expression of anhedonia across MDD and SZ has been
underexplored from a clinical perspective, despite being a predic-
tor of poor clinical outcome and cognitive impairment.*® Zhang
et al'* provide a convincing argument for the transdiagnostic ex-
amination of anhedonia at a substrate level using functional neu-
roimaging, finding similar patterns of brain activation across MDD
and SZ in both anticipatory and consummatory anhedonia. As the
field of psychiatry progresses toward increased incorporation of
the transdiagnostic RDoC approach, it will become increasingly
important to deepen our understanding of how aberrant changes
in common neurobiological networks can lead to similar clinical
presentations across different diagnoses. Our aim is to compare
anhedonia across SZ and MDD, highlighting the potential con-
tributions of neurobiology, clinical/behavioral presentation, and

treatment strategies from a transdiagnostic perspective.

2 | ANHEDONIA AS A CONSTRUCT

Reward processing includes interest in something that is deemed

pleasurable by the individual. Anticipation of this pleasure is typically

highlighting the key aspects of reward
processing. Impairments in any part of the
circuit can result in the presentation of
anhedonia

followed by an increase in motivation to formulate an appropriate plan
to obtain the reward, followed by the expenditure of adequate effort
to achieve the desired outcome. Past consummatory pleasure and re-
ward learning serve to modulate future reward decision-making and
pleasure with respect to a specific stimulus. Reward learning, feedback
integration, and the correct prediction of reward magnitude also play
an important role in governing goal-directed behavior.>*! Traditional
definitions have emphasized the consummatory aspect of anhedonia;
however, a deficit in any aspect of the reward system (see Table 1)
could potentially preclude an individual from reaching the consumma-
tory pleasure stage and thus present as an inability to feel pleasure.*
Importantly, reward processing is not necessarily linear where one facet
follows the other, and instead, facets may occur in parallel (eg, interest
itself may result in consummatory pleasure).” In any case, this suggests
that there may be differential neurobiological mechanisms underly-
ing the clinical presentation of anhedonia.>* In their neuroimaging
meta-analysis, Zhang and colleagues** focused on consummatory and
anticipatory pleasure—a common theme in anhedonia research since
the development of the Temporal Experience of Pleasure Scale (TEPS)
in 2006.Y However, the inclusion of other facets of reward such as
feedback integration, reward learning, and motivation may be as im-
portant when delineating the neurobiological deficits associated with
anhedonia.> Generating a fuller understanding of the specific reward
system impairments underlying anhedonia may serve to inform more
targeted and personalized treatment interventions.

The first challenge in exploring differences in reward circuitry
across diagnostic groups is the current inability to assess different as-
pects of the reward system concurrently. For example, in the context
of MDD, many self-report or clinician-rated scales still focus heavily
on consummatory pleasure (eg, Snaith-Hamilton Pleasure Scale)'® and
many behavioral tasks only assess one or two aspects of the reward
system.’ The only scale so far validated in an MDD sample that eval-
uates different aspects of anhedonia is the Dimensional Anhedonia
Rating Scale (DARS).19 Traditional scales used to assess affective ex-

perience and reward system deficits in SZ, such as the Positive and
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TABLE 1 Reward system deficits

implicated in anhedonia Deficit

Motivation

Attention allocation

Anticipatory
pleasure

Reward learning and
integration

Prediction error

Consummatory
pleasure

MDD

Diminished

Not evaluated

Diminished
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SZ

Diminished

Toward nonreward
cues

Diminished

Research

Sherdell et al®®

Treadway et al'*®

Fervaha et al*’

McCarthy et al*®
Barch et al*’

Gard et al*®

Sherdell et al?®
Chase et al*"?
Arrondo et al*?°
Loas et al*’

Liu et al®’

Diminished Diminished pleasure  Marder and Galderesi*°

recall 121

Steele et a

Kumar et al*??

Strauss et al''’

Waltz et al*4>®
Gold et al*’

Pizzagalli et al®®

Vrieze et al®

Reduced signaling Gradin et al”®
in NAc, caudate,

and midbrain

Mildly diminished

Reduced signaling in
hippocampal areas

Maintained Sherdell et al?®

Strauss and Gold®*

Treadway and Zald*®

Da Silva et al*®

MDD, major depressive disorder; SZ, schizophrenia.

Negative Syndrome Scale (PANSS)? or the Scale for the Assessment of
Negative Symptoms (SANS),?* lack targeted investigations of anticipa-
tion, interest, effort allocation, and motivation. Recently developed rat-
ing scales in SZ such as the Brief Negative Symptom Scale (BNSS)? and
the Clinical Assessment Interview for Negative Symptoms (CAINS)?®
address some of the previous limitations, with more focused evalua-
tions of anticipation, interest, and motivation, although their broader
uptake remains limited. Drawing conclusions from individual studies
assessing isolated aspects of the reward system can lead to an incom-
plete characterization of hedonic deficits and how the various facets of
reward are correlated. Moving forward, we advocate for the use of mul-
tiple behavioral tasks and more refined clinical scales, which will serve

to increase the transdiagnostic comparability across research studies.

3 | THE PRESENTATION OF ANHEDONIA
IN MDD AND SZ

An MDD diagnosis is characterized by the presence of five of a
possible nine symptoms, of which anhedonia is a core diagnostic

symptom.12 As a result, there are more than 200 potential symptom

combinations that may fulfill a diagnosis.?* Patients with MDD pre-
senting with anhedonic symptoms may demonstrate dissociation
between consummatory pleasure and motivation, expectation of
negative outcomes regardless of past positive outcomes, and in-
creased risk avoidance.*?°?8 Anhedonia has also been found to be a
prominent residual symptom following treatment.?’

SZ is also a heterogeneous disorder, marked by the variable pre-
sentation of positive symptoms (ie, hallucinations and delusions),
negative symptoms (ie, amotivation and diminished expression),
and cognitive deficits. Historically, the core negative symptoms
consisted of anhedonia, asociality, alogia, avolition, and affective
flattening.?*3° However, the current conceptualization of negative
symptoms outlines two separate but interrelated subdomains: amo-
tivation (within which anhedonia is subsumed) and diminished ex-
pression (including alogia and affective flattening).12’31’33 Foussias
et al®® suggest that amotivation is a more accurate description of
what has previously been described as anhedonia in SZ.

Anhedonia has traditionally been considered a core symptom
of both SZ and MDD; however, recent studies suggest that many
of these individuals can indeed experience pleasure “in the mo-
ment”.}¢3% The difference between SZ and MDD may lie in the
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underlying facets of the reward system that are impaired and con-
sequently lead to the clinical presentation of apparent anhedonia.
Specifically, in MDD, impairments in effort expenditure, reward
learning, prediction error, and/or motivation may preclude individu-
als from reaching the “reward stage” of experiencing pleasure at the
time.25353% Additionally, patients with MDD express difficulty in in-
tegrating information about past reward outcomes to inform future
reward-based decision-making and fail to make reward-maximizing
choices when under stress.3” On the other hand, patients with SZ
demonstrate difficulty in their ability to correctly allocate attention
to relevant stimuli, resulting in an inability to make choices that op-
timize gains.3®3? While patients with MDD share the inability to op-
timize gains, their underlying deficits differ from SZ. Patients with
MDD are unable to adequately utilize rewarding or positive feed-
back to optimize reward outcomes; however, they do not differ from
controls in their ability to utilize punishment information to avoid
loss.*® Further, patients with SZ often experience memory deficits
which may impede normal reward learning and pleasure recall, con-
tributing to inaccurate appraisals of rewards and impaired decision-
making in pursuit of such rewards.3%%!

Similarly, in studies examining isolated components of the re-
ward system, patients with SZ display impaired reward anticipation
and expectancy, such that they fail to modulate their behavior in re-
sponse to reward cues and have diminished procedural learning.*>-44
In line with these findings, there is also evidence of reduced neural
responses to reward-predicting cues in both medicated and unmed-
icated patients with SZ7.45°47 Some,48'51 but not aII,SZ’55 studies uti-
lizing the TEPS, developed to assess physical anhedonia (including
sensory experiences) in SZ, report a specific reduction in anticipa-
tory pleasure. Interestingly, these impairments have been linked to
the overall severity of negative symptoms, including anhedonia®®>*
and amotivation.”® Other reports suggest a specific impairment in
the speed of reward learning in SZ, rather than an inability to learn
associations: this is especially prominent in response to positive
feedback.**>%57 Additionally, behavioral studies examining effort-
based decision-making in SZ have consistently shown impaired ef-
fort allocation, such that patients are less willing to exert effort for
high-reward-high-probability conditions.??°®>? Lastly, some studies
have shown that patients with SZ demonstrate impairments in ac-
tion selection decision-making, or the ability to maintain, update,
and integrate reward-driven feedback to guide goal-directed be-

60-63 although others have not.®*"%” Interestingly, impaired

havior,
decision-making has also been observed in people with SZ during
real-world executive functioning using goal planning and action

tasks.?®%? In addition, intact reward responsiveness70'71

suggests
that these deficits are not a function of reward insensitivity.

In summary, anhedonia may be best understood as a multifaceted
symptom that manifests as a result of one or more deficits in the re-
ward system, rather than the more traditional and narrow interpre-
tation as a deficit solely in consummatory pleasure.3* Understanding
these differential mechanisms of apparent anhedonia across individ-
uals with MDD and SZ may present opportunities to refine assess-

ment of the true nature of impairment, enabling more targeted and

effective interventions to address this clinically important domain of

symptomatology.

4 | THE NEUROBIOLOGY OF REWARD
SYSTEM DEFICITS IN MDD AND SZ

Findings from neuroimaging studies in MDD link anhedonia to dys-
function in the striatum, NAc, frontal cortices, and caudate during
reward-related tasks.>?%727% Further, using full-brain connectivity

I”* identified key areas of hypoconnectivity be-

analysis, Sharma et a
tween the NAc and various other brain regions, such as those within
the default mode network (DMN) and the cingulo-opercular net-
work, across multiple disorders with reward system deficits includ-
ing MDD and SZ. Hypoconnectivity between the NAc and DMN may
be a potential mechanism through which cognition, such as memory
capacity, may influence aspects of reward processing.

There is also evidence that the ventral striatum (VS), particularly
the NAc, is important for anticipatory and expectation aspects of
reward processing,’ and findings from preclinical mammalian models
support the role of dopamine in these processes.‘{’]s'76 Among the
other monoamines, serotonin dysfunction is considered a key neu-
rotransmitter deficiency in MDD.”” However, a significant number
of patients do not respond to selective serotonin reuptake inhibitors
(SSRIs),”® suggesting serotonin does not modulate all MDD symp-
toms. Furthering this idea, anhedonia has been found to be a pre-
dictor of SSRI nonresponse.79'80 A link among anhedonia, treatment
nonresponse, and dopamine is likely present, although the majority
of research linking dopamine dysregulation to reward processing
is derived from preclinical models.8%%2 However, Rizvi’’ demon-
strated that anhedonia was correlated with high D2/D3 binding (ie,
poor dopaminergic tone) in the anterior cingulate cortex in humans.

Furthermore, Pizzagalli et al®®

reported that pramipexole (a D2/D3
agonist) impaired normal reward processing. There is also evidence
that OROS methylphenidate, as an adjunctive treatment in MDD,
demonstrated significant improvement in anhedonia, but not in de-
pression symptoms overall.84 As such, the dopamine system may be
an important therapeutic target for anhedonia.®> However, these
findings must be interpreted with caution as there are clearly other
networks at play. For example, Lally et al® found that anhedonia
in patients with MDD could be significantly reduced with a single
infusion of ketamine, which is thought to work mainly at NMDA re-
ceptors. The efficacy of different treatment options in MDD may
be partially due to the high degree of heterogeneity that exists be-
tween patients.87

In SZ, a disturbance in dopamine circuitry has been associated with
both positive and negative symptoms and is often referred to as the
“dopamine hypothesis”. The first iteration of this theory suggested ex-
cess dopamine to be the main cause of SZ—a theory which explained
the efficacy of antipsychotic drugs with predominant effects in block-
ing dopamine transmission.®%8? A subsequent reconceptualization of
this theory by Davis and Kahn”® proposed that hyperdopaminergia is
present in subcortical regions and is linked to the positive symptoms of
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SZ, whereas hypodopaminergia in the frontal cortex is associated with
the negative symptoms of the illness. Building on this work, Howes
and Kapur91 revised the theory to account for emerging evidence
suggesting that dopamine dysregulation may be linked to an incor-
rect appraisal of stimuli.”® Such “aberrant attribution of salience”, or
the transfer of focus from rewards or goals onto seemingly irrelevant
stimuli, may be responsible for both disordered thoughts and halluci-
nations in SZ.°%%° In this way, SZ differs from MDD in that individuals
seem to be willing to expend energy, but due to misallocation of effort
and attention, they are not able to integrate environmental cues and
make choices that optimize reward gain.>’

Prediction error tasks have been traditionally used to measure
phasic dopamine bursts during reward expectation.® The outcomes
of prediction error studies, however, have been mixed for both SZ
and MDD, likely due to the high degree of neurobiological het-
erogeneity within each diagnosis.”>?* Interestingly, Gradin et al’”
found that patients with SZ and MDD exhibited decreased encoding
during prediction error tasks, although the underlying brain areas
demonstrating diminished dopamine activity differed. Specifically,
depressed patients showed decreased activity in the striatum and
midbrain, whereas patients with SZ had reduced activity in the cau-
date, thalamus, insula, amygdala, and hippocampus. Interestingly,
there was a correlation between decreased prediction error encod-
ing activity and anhedonia severity in patients with MDD, whereas
decreased level of encoding in patients with SZ was correlated with
psychotic symptoms. The areas of dysregulation uncovered in SZ
align more closely with memory, learning, and emotional processing.
Furthermore, patients with SZ have demonstrated enhanced predic-
tion error—but only in response to irrelevant cues.”® Interestingly,
Pelizza and Ferrari’’ found that individuals with SZ who were ex-
periencing severe anhedonia also presented with a high degree of
disorganized cognition. Overall, these findings suggest that the
anhedonic phenotype in SZ reflects a degree of “disorganization”
within the reward system due to disrupted cognition and aberrant
stimulus processing.

5 | IMPLICATION OF ANHEDONIA IN
MDD AND SZ FOR TREATMENT SELECTION
AND OUTCOME

There is currently no treatment approved by the Food and Drug
Administration (FDA) or other international agencies aimed at im-
proving anhedonia in MDD,*? despite its association with poor clini-
cal outcomes and quality of life.80-78 Typically, SSRIs are first-line
treatments for a MDE; however, some studies have shown they
can adversely affect dopamine transmission and induce “emotional
blunting”??1%% Current clinical guidelines recommend atypical an-
tipsychotic agents, such as the dopamine D2 partial agonist aripipra-
zole, as first-line adjunctive treatments for those patients who do
not respond to SSRI monotherapy.1°4'106 Adjunctive aripiprazole has
been shown to greatly improve overall depression severity in MDD

and anhedonia in bipolar depression.1%7108
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Antipsychotic medications represent the cornerstone of psycho-
pharmacological treatment for SZ.1°? Anhedonia (which falls under
the avolition-apathy subdomain of negative symptoms) is recog-
nized as an associated feature of SZ in the DSM-5,° yet treatments
targeting anhedonia and related negative symptoms in SZ are non-
existent. The FDA has highlighted the need to identify treatments
for negative symptoms in SZ as a therapeutic priority.**® While
most antipsychotic medications (with the exception of clozapine
in treatment-resistant populations) seem to be equally effective
in treating positive symptoms, they have been less successful in
treating the negative and cognitive symptoms of the illness.}*112 |n
fact, there are very few pharmacological interventions that demon-
strate improvement in persistent negative symptoms in gz 113114
Cariprazine, an atypical agent with preferential D3 over D2 blocking
effects, has been shown to have greater efficacy in treating nega-
tive symptoms in SZ compared to risperidone and may be a promis-
ing option for patients who have significant and persistent negative
symptoms including amotivation.'*> In a recent meta-analysis,**
atypical antipsychotics were superior to typical antipsychotics in re-
ducing anhedonia, likely based on the reduced propensity for these
atypical agents to cause worsening of negative symptoms. There is
also limited support for the psychostimulant lisdexamfetamine as an
adjunctive therapy for predominant negative symptoms of SZ.1*¢ At
this time, cognitive behavioral therapy may be the best adjunctive
intervention in .17

Anhedonia across SZ and MDD may be due to different under-
lying neurobiological impairments, and going forward, the ultimate
challenge lies in generating a more precise definition of reward sys-
tem dysfunction as it is experienced by the individual, regardless of
traditional diagnostic categories. Additionally, tailoring treatments to
specific impairments, rather than the apparent clinical phenomenon

or diagnostic label, may lead to more preferable clinical outcomes.

6 | CONCLUSION

Anhedonia and underlying reward system deficits are common to
both MDD and SZ. While it is important to investigate commonali-
ties across these two disorders, one must also keep in mind that both
conditions are highly heterogeneous. The current literature would
suggest that, on the whole, the underlying dysregulation associated
with anhedonia in MDD may not be similarly present in SZ, which
may be due to the differences in the way anhedonia clinically pre-
sents across the two disorders. That said, what remains to be es-
tablished is whether there are subgroups of individuals across these
disorders for whom there are shared behavioral and neurobiological
impairments that present clinically as anhedonia. It is also possible
that part of the apparent reward system abnormalities evident in SZ
may be more related to overall cognitive impairment as opposed to
a reward processing specific deficit. Although MDD and SZ on the
surface may appear to share a common hedonic impairment, there
are many relevant clinical and neurobiological differences between

the two disorders that require further investigation.
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Moving forward, a more complete understanding of the neu-
rotransmitter profile in individuals with MDD who experience
anhedonic symptoms will be necessary to delineate the interplay
between dopamine, norepinephrine, and serotonin. Additionally, a
better understanding of how SZ diverges from MDD in terms of
reward circuitry may provide novel targets for drug development
aimed at alleviating persistent negative symptoms. While tailoring
treatment and improving clinical outcomes are the ultimate goal,
in the short term, it is important that the field develops more pre-
cise terminology for anhedonia that is more inclusive of its multiple
facets. Understanding that anhedonia, as a symptom, is actually a
manifestation of multiple reward circuit deficits arising from ab-
errant reward cue processing (ie, motivation, effort allocation, in-
terest, consummatory pleasure, feedback integration, and reward
learning) will be increasingly important as the field of psychiatry
moves toward a transdiagnostic method of clinical assessment and
treatment.
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