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Abstract

The resurgence of interest in anhedonia within major depression has been fuelled by clinical trials
demonstrating its utility in predicting antidepressant response as well as recent conceptualizations
focused on the role and manifestation of anhedonia in depression. Historically, anhedonia has been
conceptualized as a “loss of pleasure”, yet neuropsychological and neurobiological studies reveal a
multifaceted reconceptualization that emphasizes different facets of hedonic function, including
desire, effort/motivation, anticipation and consummatory pleasure. To ensure generalizability
across studies, evaluation of the available subjective and objective methods to assess anhedonia is
necessary. The majority of research regarding anhedonia and its neurobiological underpinnings
comes from preclinical research, which uses primary reward (e.g. food) to probe hedonic
responding. In contrast, behavioural studies in humans primarily use secondary reward (e.g.
money) to measure many aspects of reward responding, including delay discounting, response
bias, prediction error, probabilistic reversal learning, effort, anticipation and consummatory
pleasure. The development of subjective scales to measure anhedonia has also increased in the last
decade. This review will assess the current methodology to measure anhedonia, with a focus on
scales and behavioural tasks in humans. Limitations of current work and recommendations for
future studies are discussed.
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Introduction

Treatments for Major Depressive Disorder (MDD) are hampered by relatively low rates of
remission with various antidepressants and adjunctive treatments (Warden et al, 2007),
prompting a need to define other avenues of therapy. Towards this aim, there is a need to
understand the various neurobiological substrates for depressive symptoms in order to detect
predictive biomarkers for treatment selection. Identifying the symptoms that actually predict
treatment failure is also a logical springboard from which to elucidate neurobiology-
symptom links.

Two large trials, the Genome Based Therapeutic Drugs for Depression (GENDEP) and the
Sequenced Treatment Alternatives to Relieve Depression (STAR*D), have provided an
opportunity to explore factors related to antidepressant outcomes. In the GENDEP trial,
Uher and colleagues (2008) identified 6 symptom dimensions that were needed to describe
the structure of depressive symptoms: mood, anxiety, sleep, appetite, pessimism and interest-
activity. In particular, low interest-activity, reflecting reduced enjoyment in addition to
interest and activity, strongly predicted poor antidepressant outcome (Uher et al, 2011).
Generalizability of this finding was enhanced with replication in the STAR*D data (Uher et
al, 2012). Furthermore in the Treatment of Resistant Depression in Adolescents (TORDIA)
trial, anhedonia (as measured by the anhedonia dimension on the Child Depression Rating
Scale-Revised) was the only unique negative predictor of time to remission with a selective
serotonin reuptake inhibitor (SSRI) and the number of depression-free days (McMakin et al,
2012).

Though anhedonia is a core feature of a Major Depressive Episode according to DSM-5 and
is a key diagnostic criterion for the depressive subtype melancholia (APA, 2013), the
assessment of this construct has received disproportionately less attention in the context of
MDD. This may be partly due to the inconsistent conceptualization of anhedonia that has
resulted in a paucity of adequate measures and tasks that tap into the different facets of a
“pleasure response”. Despite increasing research in this domain, several key limitations
remain in anhedonia research. The goal of this review is to evaluate the benefits and
disadvantages of preclinical and clinical methods to measure anhedonia with a focus on
human studies, and advance future directions for anhedonia research.

Conceptualizing anhedonia

Traditionally, anhedonia has been defined as a “loss of pleasure” (Ribot, 1956), a definition
that emphasizes the consummatory/enjoyment aspect of reward function. However, the
assessment of anhedonia according to the Diagnostic and Statistical Manual of Axis |
Disorders-5t" edition (APA, 2013) reflects a broader conceptualization that includes interest
as well as consummatory pleasure. Even within the Hamilton Depression Rating Scale, one
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of the most widely used depression scales, the single anhedonia item is measured as a
dimensional construct representing desire, effort and consummatory pleasure: “loss of
interest in activities”, “decrease in actual time spent on activities”, “experiencing pleasure”
(Hamilton, 1960). This equivocal conceptualization makes anhedonia measurement
imprecise. As Treadway & Zald (2011) assert “heterogeneity at the level of symptom
definition is at least as problematic as...issues of comorbidity...” (p.3), and refining the
construct is imperative if we hope to understand the neurobiological underpinnings of
anhedonia. Consequently, it may be more helpful to address more precise facets of hedonic
function (Der-Avakian and Markou, TINS). Based on a modified version of the reward
process described by Kring and Barch (2014), we describe the process as initially building
an stimulu-reward association, which then leads to interest/desire (wanting a reward),
anticipation (state of readiness for a reward), motivation (initial energy expenditure to attain
a reward), effort (sustained energy expenditure to attain reward), hedonic response (e.g.
enjoyment of reward), and feedback integration (updating reward presence and values)
(Figure 1). In this model, expectation of a reward is necessary for anticipation and important
for feedback integration following reward outcome. Conceptually, it is helpful to define a
linear reward process but it is important to emphasize that, behaviourally, these facets of
reward can occur in parallel (i.e., one can feel interested and anticipating, and effort to attain
reward can be in itself pleasurable).

Growing neuroscientific evidence also supports unique aspects of reward processing that can
give rise to loss of pleasure, or may even act independently of pleasure. This was evaluated
in a reward task whereby MDD patients viewed cartoons for which they provided “liking”
scores (and thus measures of consummatory pleasure). In order to view the liked cartoons
once again, subjects were required to expend a specified level effort (number of clicks on a
moving square). While MDD patients experienced similar levels of consummatory pleasure
as healthy controls, lower levels of reward anticipation were associated with reduced
motivation for effort expenditure in the MDD group; conversely, liking predicted motivation
in the healthy control group (Sherdell et al, 2012). This supports distinct processes in MDD,
whereby anticipation may be a limiting factor in the experience of reward in depression. An
alternative explanation is that the ability to translate the prospect of reward into motivation is
impaired. This fits evidence that MDD patients display a reduced ability to detect reward
and incorporate experience of reward into reward-learning associations (reviewed in
Pizzagalli, 2014). Consistent with this work are data showing reduced prediction error in
depression, in response to a reward, suggesting patients are not characterized by the same
level of neural feedback from rewards as healthy controls (Gradin et al, 2011; Kumar et al
2008). Taken together, it is clear that available tasks and tools need to reflect a refinement in
anhedonia conceptualization in order to yield an adequate assessment of this core symptom
of depression. Critically, there is mounting evidence that different facets of reward
processing such as motivation, reward learning, effort-based reward-related decision making
as well as anticipation and consummatory pleasure map onto partially dissociable neural
pathways and signaling (Der-Avakian and Markou, 2012). In this vein, a more multi-faceted
and precise definition of anhedonic behavior promises to improve our understanding of the
pathophysiology of this cardinal feature of MDD, and identify sub-groups of patients that
might preferentially benefit from particular treatment strategies.
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Neurobiology of anhedonia

An in-depth discussion of the neurobiology of anhedonia is beyond the scope of this review,
but has been well summarized in other articles (see Treadway & Zald, 2011; Der-Avakian &
Markou, 2012 for review). Briefly, we assume that anhedonia can arise from impairments in
various facets of reward processing, including desire for reward, anticipation of reward,
effort to attain reward, consummatory pleasure, as well as cognitive aspects of learning
stimulus-reward associations. Evidence suggests that there are specific neuroanatomical
areas that underlie various facets of reward processing, including the prefrontal cortex
(orbitofrontal cortex, ventromedial prefrontal cortex and anterior cingulate cortex), dorsal
striatum (caudate and putamen), nucleus accumbens and amygdala. While dopamine has
been the main neurotransmitter investigated in relation to reward, there is also mounting
evidence that systems other than dopamine are critically involved in the reward process.
Specifically, opioids, glutamate, gamma-aminobutyric acid (GABA) and serotonin also play
a significant role. Opioids and GABA, for example, may be particularly important in the
experience of consummatory pleasure (Barbano & Cador, 2007; van Zessen et al, 2012),
while serotonin may be more associated with increased impulsivity and preference for
immediate reward (Schweighofer et al, 2008).

Primary vs. secondary reward

The experience of pleasure can pertain to many stimuli that are instinctual (e.g. food, sex)
versus non-instinctual (e.g. photography, reading). It could be argued that food and sex
represent “primary” rewards (inherent rewards), whereas photography or money are
secondary rewards (no inherent reward in itself and for which reward value must be learned).
This distinction of “reward type” may complicate anhedonia research in two ways. First,
neurobiological response to a primary reward may overlap with secondary reward, but may
also have independent actions (Beck et al, 2010; Sescousse et al, 2013). In a meta-analysis
of 87 studies to determine the overlapping and distinct brain areas activated in response to
monetary, erotic and food rewards, there were some differences in activation within a
common network, which included the ventromedial prefrontal cortex, ventral striatum,
amygdala, anterior insula and mediodorsal thalamus (Sescousse et al, 2013). Notably, a
study evaluating fluid and monetary incentives demonstrated that fluids were not as
susceptible to contextual framing as secondary reward, and were more related to the
experience of satiety or temperature (McClure et al, 2007), which also may affect
distinctions in neural activation. In particular, the primary rewards (food and erotic) resulted
in activation of the anterior insula and amygdala (in the case of erotic reward), while the
monetary secondary reward activated the orbitofrontal cortex. Furthermore, the authors
suggest that even within the neocortex there may be a difference in how primary and
secondary rewards are encoded. Accordingly, the more phylogenetically recent anterior
portion of the OFC was more likely to respond to monetary reward. While the same group
previously demonstrated that the posterior OFC is more activated in response to primary
stimuli (e.g. erotic) (Sescousse et al, 2010), this requires replication due to some
inconsistencies in findings (Sescousse et al, 2013). In contrast to the view of distinct activity
with reward type, in a meta-analysis of 206 studies, Bartra and colleagues (2013) reported
that both primary and secondary rewards activated the same brain regions including the
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striatum and ventromedial prefrontal cortex. Based on these findings, the authors suggest
that assertions of domain-based differences in functional activity should be interpreted with
caution.

Second, the distinction of incentive type limits the translation from preclinical to clinical
studies, considering most preclinical work uses primary reward as incentive while most
human studies employ secondary rewards. Importantly, investigation of primary reward
provides a more direct comparison with animal studies. The following sections will expand
on this idea through a review of the preclinical and clinical methods that have been
developed to measure anhedonia and will also evaluate their generalizability and ability to
measure the different facets of anhedonia. Indeed, one of the ultimate difficulties in
measuring anhedonia lies in devising measures that tap into the objective or subjective
nature of this construct.

Preclinical methods

Animal models for depression that induce anhedonia include chronic unpredictable mild
stress (CMS), social defeat, and early-life stress (reviewed in Duman, 2010). All evoke
depression-like behaviour that occurs following ongoing stressors, thereby providing greater
face validity based on the chronic nature of depression than models such as learned
helplessness (Willner, 1984; Nestler & Hyman, 2010). This is supported by findings that
chronic but not acute antidepressant administration relieves anhedonia in these models
(Tsankova et al, 2006; Papp et al, 1996; Levantopoulos et al, 2009). Only tasks that have
been employed to measure reward in animal depression models will be discussed herein,
including the sucrose preference test, place preference test, and intracranial self-stimulation
(ICSS). These tasks assess interest in reward and levels of consummatory pleasure cannot be
ascertained.

Sucrose preference

The anhedonia-inducing CMS model was initially validated using the sucrose preference
task. In this task, rats are given the option of seeking out a sucrose solution or plain water.
Since sucrose is more palatable, choosing to drink plain water instead of the sucrose water
after a period of food deprivation is considered to reflect levels of anhedonia (Willner et al,
2005). After CMS, sucrose preference decreases compared to a baseline (no-stress)
condition. Antidepressant effects have frequently been measured using this model to
demonstrate reversal of anhedonia through reinstatement of sucrose preference (Willner et
al, 1987; Papp et al, 2003; Hamani et al, 2012).

Ultimately, the sucrose preference test is a proxy of an animal's interest in a pleasurable
stimulus, from which “liking” can only be inferred. Considering anhedonia encompasses a
subjective quality that cannot be gleaned from rodents (e.g., desire, motivation, liking), a
primary concern for using sucrose as a reward is whether not preferring sucrose water
actually reflects anhedonia. This test is considered a proxy of liking because prior studies
demonstrate that a decrease in sucrose consumption within the CMS model: (1) is not
related to calorie content, and (2) does not reflect a global decrease in consummatory
behavior (Willner et al, 1992). Furthermore, CMS-exposed rodents treated with an

Neurosci Biobehav Rev. Author manuscript; available in PMC 2017 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Rizvi etal. Page 6

antidepressant exhibit place preference (described below) for sucrose, suggesting
reinstatement of motivation to attain a rewarding stimulus (Willner et al, 1992).

Place preference

The objective of this task is to evaluate an animal's preference between environments where
a stimulus was or was not previously presented (Carr & White, 1983; Bevins & Besheer,
2005). Conditioned place preference is widely used to assess the rewarding properties of a
drug in the context of addiction research (Shinohara et al, 2014; Collier et al, 2013; Aguilar
et al, 2009). In depression models, animals are freely exposed to a rewarding stimulus (e.g.
food) only on one side of a chamber for several days and then assessed for side preference in
the absence of the reward. Control animals show a strong preference for the area where a
reward was received, while animals with depression-like phenotypes do not — an effect that
can be reversed by antidepressants (Muscat et al, 1992). It has been suggested this task
probes the incentive-motivational aspect of acquiring a reward, while other researchers have
suggested that performance on a place preference task may merely reflect reinforcement
learning of a reward (Huston et al, 2013).

Intracranial self-stimulation

In ICSS trials, animals learn to press a lever in order to receive electrical stimulation to a
specific brain area along the brain reward pathway (e.g., posterior lateral hypothalamus,
medial forebrain bundle). In depression models, the stimulation threshold for bar pressing
increases compared to control animals, suggesting a decrease in the rewarding properties of
stimulation. However, treatment with antidepressants can reverse this effect in CMS rats
(Moreau et al, 1992). Performance is considered to be a metric of motivation; since this task
can be trained on different schedules (e.g., fixed interval, progressive ratio), the degree of
effort a stressed vs. control animal will put forth to receive reward can be evaluated. It is also
a measure of the rewarding properties of a stimulus, which is why it continues to be a gold
standard method to assess a drug's abuse potential with strong predictive validity (Horton et
al, 2013.).

In all of the above tasks, only primary reward incentive is used to assess levels of anhedonia.
Furthermore, facets of anhedonia, such as interest and liking, cannot be determined using
animal models. These constructs can only be inferred by the animals' response to a reward.
Finally, the reproducibility of the sucrose and ICSS tests (as indicators of the effects of stress
on anhedonia) following CMS has been questioned (Harris et al, 1997; Nielsen et al, 2000;
Hatcher et al, 1997). For example, in a study to evaluate the hedonic properties of sucrose
preference and ICSS, Nielsen and colleagues (2000) used the CMS model of depression in
different strains of rats. They found sucrose preference was demonstrated with certain rat
strains and only a subgroup of rats exhibited attenuated ICSS behaviour.

In summary, animal models have utility in measuring observable aspects of reward
processing, including motivation and effort. Indeed, preclinical models have been integral to
elucidating the neurobiology of reward function (see Schultz, 2013 for review). The extent to
which data from animal models can be generalized to human populations remains unclear.
For example, in animal models of depression, SSRIs have demonstrated positive effects on

Neurosci Biobehav Rev. Author manuscript; available in PMC 2017 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Rizvi et al.

Page 7

sucrose consumption (Wilner, 1997), whereas SSRI non-response was predicted by
anhedonia in human studies (Uher et al, 2011; McMakin et al, 2012). Highlighting
convergence with human studies, recent work suggests the phenotype of anhedonia in
animal models may actually map onto treatment resistance (Christensen et al, 2011). Further
complicating the picture, translational studies using the sucrose test in humans, for example,
have largely been negative (Berlin et al, 1998; Dichter et al, 2010; McCabe et al, 2009) (see
“Behavioural Tasks” below).

Reward tasks not tested in animal models of depression

Tasks measuring prediction error, reward bias, learning and effort have been used
preclinically, although not in animal models of depression (Shultz et al, 1998; Der-Avakian
et al, 2013; Ineichen et al, 2012; Bari et al, 2010; Salamone et al, 1994). However, they have
been utilized in human MDD studies. Consequently, their use in animal MDD maodels could
provide more informative translational data. Description of preclinical tasks not employed in
depression research is beyond the scope of this article; therefore, details regarding prediction
error, signal detection, probabilistic reward learning, and reward effort tasks as they pertain
to human studies are presented in the clinical section below (see “Task-based methods”).

Clinical methods

Anhedonia measurement in depressed humans utilizes direct symptom scales or behavioral
tasks. While scale methods provide direct evidence of patients' experience, combining
behavioral methods with neuroimaging offers an opportunity to disentangle different
components of reward processing and identify neurobiological underpinnings associated
with such abnormalities.

“First generation” questionnaire-based methods

The four main validated self-report measures of anhedonia used in clinical research are the
Snaith-Hamilton Pleasure Scale (SHAPS) (Snaith et al, 1995), the Fawcett-Clark Pleasure
Capacity Scale (FCPS) (Fawcett et al, 1983), the Revised Chapman Physical Anhedonia
Scale (CPAS) and the Chapman Social Anhedonia Scale (CSAS) (Chapman et al, 1976)
(Table 1). Ideally, a scale quantifying anhedonia in the context of MDD should be able to
measure different aspects of anhedonia, detect state versus trait differences, and take into
account varying cultural beliefs and preferences (generalizability). Although all of these
scales have been validated in clinical populations, they differ in their ability to meet these
criteria.

The aspects of anhedonia measured differ among the four scales. Whereas the CPAS and
CSAS measure various aspects of anhedonia (motivation, effort, and consummatory
pleasure) in addition to personality traits, both the FCPS and SHAPS focus exclusively on
consummatory pleasure. Factor analysis of the FCPS and SHAPS revealed a unitary
structure that primarily loaded onto hedonic capacity (Nakonezny et al, 2010; Leventhal et
al, 2006), whereas the CPAS did not significantly relate to hedonic capacity (Leventhal et al,
2006). In this aspect, the CPAS and CSAS may be more likely to detect individual
differences where hedonic capacity is not expected to significantly correlate with a task
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outcome. For example, in one study, high scores on the CPAS and CSAS were correlated
with low willingness to expend effort for a reward task, whereas the SHAPS did not
(Treadway et al, 2009).

It is also still unclear whether anhedonia is a stable construct over time in depressed patients
(trait) or a symptom that fluctuates depending on severity or even antidepressant mechanism
(state). Therefore, a scale that is able to assess responses “right now” versus “over time” or
“in general” would be ideal for measurement in MDD. The CPAS and CSAS measure
anhedonia “in general” and the items reflect anhedonia as a personality trait instead of
specific aspects of hedonic function (e.g. “when | move to a new city, | feel a strong need to
make new friends” on the CSAS). In contrast, both the FCPS and SHAPS measure state
anhedonia (FCPS right now, SHAPS “last two days”), which may be more beneficial in
capturing information in the context of a depressive episode. For example, in a sample of
inpatients anhedonia scores based on the FCPS were stable over 7 months despite recovery
in two thirds of patients (Clark et al, 1984). In another naturalistic study in chronic MDD
patients, anhedonia (based on the FCPS) did not change over a 1-year follow-up despite
reductions in depressive symptoms (Schrader, 1997). It is unclear whether the same effect
would be observed in other samples and to what extent anhedonia is related to failure of
antidepressants to target this symptom. Importantly, a trait measure will not be as sensitive
to the acute and perhaps early changes that can occur with antidepressant treatment.
Consistent with this notion, both the SHAPS and FCPS have demonstrated ability to
measure acute changes in anhedonia (Martinotti et al, 2012; Willner et al, 2005).

In order for a scale to effectively evaluate a construct, it needs to avoid unnecessary
measurement of other overlapping but different constructs (e.g., mood and anxiety in the
context of MDD; divergent validity), while retaining the ability to demonstrate a correlation
with similar constructs (convergent validity). Both the SHAPS and FCPS exhibit good
convergent and discriminant validity: they moderately correlate with depression severity as
would be expected, but do not correlate with measures of anxiety (Leventhal et al, 2006;
Nakonezny et al, 2010). The SHAPS is also positively correlated with quality of life and
functioning (Nakonezny et al 2010). Contrary to this, the CPAS has a weak correlation with
depression severity, while both the CPAS and CSAS have strong associations with non-
affective aspects of personality and psychotic disorders (Leventhal et al, 2006), likely due to
the development of these scales for use in schizophrenia. In addition, the Chapman scales
include items that are not clearly related to anhedonia (CPAS: “I have often felt
uncomfortable when my friends touch me; CSAS: “My emotional responses seem very
different from those of other people”).

All of these scales incorporate questions relating to both primary and secondary reward. The
SHAPS, in particular, devised items based on the domains of pastimes, social interaction,
food/drink, achievement and sensory experience. This contrasts to the CPAS and CSAS,
which separate physical and social anhedonia. While they may be separate facets of
anhedonia, it would be more feasible for clinical use if a questionnaire incorporated different
domains of anhedonia in a single scale. However, as discussed, the SHAPS encompasses a
unitary construct of consummatory anhedonia and does not separate based on domain.
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The CPAS, CSAS as well as the FCPS lack generalizability due to the high degree of
cultural bias demonstrated from questions such as “I always find organ music dull and
unexciting” (CPAS) and “you are skiing down a mountain very fast while still in good
control of yourself” (FCPS). In contrast, the SHAPS was developed to avoid cultural bias
and so contains items with wider applicability (“I would be able to enjoy my favourite
meal”). As a result, one could argue that it does not capture the events or activities that are
likely to elicit strong hedonic responses. The ability to accurately tap into the subjective
nature of what individuals find pleasurable or interesting is, perhaps, the greatest challenge
in measuring anhedonia.

“Second Generation” Anhedonia Scales—In the last 8 years there has been a
resurgence in refining anhedonia scales with at least 4 new published self-report
questionnaires (Table 2), which attempt to take into account different facets of reward
function instead of only consummatory pleasure. All of these scales take approximately 5-10
minutes to complete.

The Temporal Experience of Pleasure Scale (TEPS) has 18 items and two subscales
designed to distinguish between anticipatory and consummatory pleasure (Gard et al, 2006).
Items only reflect physical anhedonia as the authors believed this would result in more
homogenous and interpretable results. The scale was validated using a student population,
and extended, to the best of our knowledge, only to schizophrenia and bipolar disorder
psychiatric populations (Gard et al, 2007; Tso et al, 2014). Although the authors report that
items were developed to avoid cultural bias, certain questions could still be seen as culture
specific (“When I'm on my way to an amusement park, I can hardly wait to ride the roller
coasters™). Furthermore, the scale also includes questions that may be too vague to elicit a
strong hedonic response (“Looking forward to a pleasurable experience is in itself
pleasurable”). Finally, during the validation trial, the anticipation scale had an internal
consistency reliability of 0.64, which is below the recommended 0.70. Additional validation
trials in psychiatric groups should be completed to confirm the psychometric and factor
analytic properties. A significant advantage of this scale is that its two-factor structure that
separates anticipatory and consummatory aspects of reward.

More recently, Llerena and colleagues (2013) developed the Motivation and Pleasure
Scale-Self Report (M AP-SR) to measure negative symptoms in schizophrenia (LLerena et
al, 2013). The MAP-SR contains 15 questions across four domains: social pleasure,
recreational or work pleasure, feelings and motivations about close, caring relationships,
motivation and effort to engage in activities. The questions are answered on a 4-point Likert
scale, where a high score is indicative of low anhedonia. Notably, within each domain, both
intensity and frequency are gauged (*.... what is the most pleasure you have experienced
this week...”, *“...how often have you experienced pleasure from being with other people™).
A unique feature of the MAP-SR is that it contains items querying prediction of future
reward (“in the next few weeks, how much pleasure do you expect you will experience...”).
Scale items avoid issues around generalizability by presenting broader questions (“What is
the most pleasure you experienced from your hobbies...”), but therefore do not have
specificity that may produce a strong reward response. Furthermore the motivation and effort
to engage in activities is solely centred around those at work or school. The scale
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demonstrates high internal consistency reliability (0.90), as well as appropriate convergent
and divergent validity. Thus far, normative data do not exist and the scale has only been
validated in schizophrenia.

The Specific Loss of Interest Scale (SL1PS) was primarily designed to measure levels of
interest over time (2 week period) (Winer et al, 2014). Each of the 23-items has a 3-point
scale, with higher scores denoting increasing levels of anhedonia. The SLIPS demonstrated
high reliability (0.94) as well as convergent validity with the SHAPS, moderate correlation
with the TEPS anticipatory scale and small correlation with the TEPS consummatory scale.
A 1-factor solution mostly encompassing social anhedonia items was reported. This is
consistent with the disparate correlations observed with the TEPS, which measures physical
anhedonia. Justification for the two week time point is not clear, especially considering the
stability of anhedonia as a construct over time has not been established.

The Anticipatory and Consummatory Inter personal Pleasure Scale (ACIPS) (Gooding
et al, 2014) is a 17-item self-report scale that focuses on measuring anhedonia related to
social interactions. The focus on social anhedonia is derived from research reporting high
levels of social anhedonia as being a risk factor for the development of schizophrenia-
spectrum disorders. Although the revised CSAS measures the same construct as the ACIPS,
it does not distinguish between anticipation and consummatory pleasure, and it is unclear
whether the CSAS would be useful in youth or adolescent groups due to the age bias of the
items. The ACIPS was specifically designed to address these limitations as well as achieve a
shorter scale, which would be more useful in clinical settings. While the ACIPS theoretically
has an anticipatory and consummatory component, this was not reflected in the 3-factor
structure identified in the preliminary validation trial, which mapped onto “intimate social
interactions”, “social interactions within a group context”, and “pleasure derived from social
bonding and making connections with others” (Gooding et al, 2014). The internal
consistency was high for the overall scale (0.86), and the total scores were significantly
correlated with both the anticipatory and consummatory subscales of the TEPS, more so
than with the revised CSAS. Test-retest reliability of the ACIPS was good in a healthy
population (r=0.78). Although the authors devised scale items in order to avoid age, gender,
and cultural biases, these factors were not evaluated in the validation trial.

Finally, the Dimensional Anhedonia Rating Scale (DARS) is a 17-item self-report
questionnaire that was designed to assess anhedonia in MDD, and particularly to increase
scale generalizability while maintaining specificity (Rizvi et al, 2015). Towards this aim,
respondents provide their own examples of rewarding experiences across the domains of
hobbies, social activities, food/drink, and sensory experience (increase in item specificity).
They subsequently answer a set of standardized questions with the timeframe of “right now”
evaluating interest, motivation, effort, and enjoyment of reward within each domain. The
reliability and validity of the DARS was evaluated in three studies, two in community
samples, and the third in an MDD and healthy control sample (Rizvi et al, 2015). Principal
components analysis demonstrated a four component solution that mapped onto reward
domain. Internal consistency reliability of the total DARS score and subscales was high
across studies (0.92-0.96 and 0.75-0.92, respectively). The DARS also demonstrated good
convergent and divergent validity with the SHAPS and depression scores, respectively. In
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MDD patients, the DARS also showed utility over the SHAPS in predicting treatment
resistant status. The timeframe of the DARS enables repeat testing that can aid in assessing
the stability of anhedonia over time. However, further research is required to confirm the
component structure and test-retest reliability, which is currently being evaluated in the
Canadian Biomarker Integration Network for Depression research program (Kennedy et al,
2012).

Additional scales to measure aspects of anhedonia

BIS/BAS: The Behavioral Inhibition System and the Behavioral Activation System (BIS/
BAS) was developed to measure personality traits of behavioral approach and inhibition
based on Gray's theory of behaviour, the concept being that there are two distinct
neurological systems for aversive motivation and appetitive motivation (Carver & White,
1994). Accordingly, the BIS system is activated in response to non-rewarding, novel stimuli
that can lead to negative outcomes and inhibits behavior towards these stimuli. The BAS
system, in contrast, is activated by rewarding stimuli. The BIS/BAS is a 24-item self-report
scale with 4 factors: one for the BIS and 3 subscales for the BAS (drive, reward response
and fun seeking). Psychometric properties of the BIS/BAS reflect convergent validity with
depression and anxiety, as well as other personality measures (e.g., positive correlation
between BIS and neuroticism) (Campbell et al, 2004). In the context of mood disorders, high
BIS sensitivity and low BAS sensitivity have been associated with depression (Hundt et al,
2007; Kasch et al, 2002). Interestingly, low BAS sensitivity at baseline is predictive of poor
depression outcomes in MDD (McFarland et al, 2006); however, in bipolar disorder high
BAS sensitivity is predictive of time to manic episodes, while the BIS is predictive of
depressive episodes (Alloy et al, 2008).

M otivation Scales. Considering motivation is a key component of reward function, it
follows that adequate measurement of this construct is necessary to obtain a full assessment
of anhedonia. There is a general paucity of motivation scales available, with most
assessment of motivation extracted from quality of life and health surveys.

Apathy Evaluation Scale: In the psychological context, apathy is conceptualized as an
overall lack of motivation based on decreased goal-directed behavior or thoughts, as well as
affective flattening or indifference (Marin et al, 1991). Indeed, a lack of desire to pursue a
reward or pleasure from a reward is common to both apathy and anhedonia, while emotional
blunting/indifference is specific to apathy. An anhedonic individual may still view social
relationships as being important despite a lack of drive to pursue them while an apathetic
individual no longer finds social relationships to be a valuable endeavor. The Apathy
Evaluation Scale (AES; also known as Marin Apathy Scale) (Marin et al, 1991), is a 14-item
scale that can be administered as a self-report, observer-rated (e.g., caregiver, spouse, family
member), or clinician-rated scale. In the validation trial involving Alzheimer's, depression
and stroke patients, all three versions of the AES demonstrated high internal consistency
reliability (a=0.86-0.94) and adequate test-retest reliability (r=0.76-0.94). However, the
informant version was not able to distinguish between apathy and depression, while the self-
report and clinician rated version did. This could be due to several factors, including the
level of variability in responses as well as differences among how the groups understood the
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questions. Furthermore, specifically in depressed subjects, high apathy was correlated with
functional impairment (Rothschild et al, 2014).

The Motivation and Energy I nventory (MEI): To our knowledge, this is the only published
motivation scale to be developed specifically for MDD. The self-report inventory is designed
to measure changes in lassitude and energy with antidepressant treatment. The original scale
includes 27-items with 3 subscales measuring social motivation, physical energy and mental
energy with adequate internal reliability across the subscales (Fehnel et al, 2004). Poor
motivation was weakly correlated with higher depression severity and moderately correlated
with decreased quality of life and functioning. Subsequently, the scale has been shortened to
an 18-item version that has been used in clinical trials to evaluate efficacy of bupropion XR
(Hewett et al, 2009).

Clinical Scale Summary—The SHAPS remains the gold standard for measuring
anhedonia in depression. It is recommended that any scale should be validated in the
population of interest prior to use. While the CPAS and CSAS have been used in to assess
anhedonia in studies of depression, only the SHAPS, FCPS and DARS have undergone
empirical scale validation procedures in MDD samples. Although the SHAPS only measures
consummatory pleasure, it does so across several domains and with limited cultural biases.
Considering consummatory reward is not consistently impaired in depression, the SHAPS
may be useful to identify subgroups within MDD or test specific effects of treatment, but
may not have the sensitivity to be utilized as a predictor of treatment response. Further study
is needed to determine whether deficits in reward responding are dependent on reward type
(e.g. social, food, physical), for which the DARS may be able to tease apart any potential
differences given its component structure is based on reward type. Most importantly, in light
of emerging evidence indicating that different facets of reward processing are subserved by
partially dissociable neurobiological systems (Der-Avakian & Markou, 2012), it will be
imperative for future scale development to evaluate desire, motivation, effort, and
consummatory pleasure across different domains of anhedonia, as well as measuring the
stability of the construct.

Behavioural Tasks

Various tasks have been developed to objectively assess facets of reward processing in
MDD. These include paradigms probing anticipation and consumption of positive stimuli,
delay discounting, reward response bias, prediction error, reversal learning, and effort to
acquire rewards (Table 3). For the purposes of this review, we will discuss how tasks can be
used to evaluate the following aspects of reward function: association/valuation, expectation,
anticipation, effort, outcome, and feedback integration (see Figure 1). Interest will not be
discussed in this section as at present, levels of interest are probed using questionnaire based
methods as opposed to behavioural tasks.

Association and Valuation—At the outset of the reward process, association of a
stimulus with a reward needs to be established in addition to a value judgment on the
rewarding properties of a stimulus. The ability to make reward associations is best tested
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using reward response bias tasks, while valuation of future reward can be tested using
delayed discounting.

Reward Response Bias: Tasks based on signal detection theory measure a participant's
ability to accurately discriminate between target and nontarget stimuli (“discriminability” or
“sensitivity”), as well as the tendency to define an ambiguous stimulus as the target
(response bias) (Henriques & Davidson, 2000). When the reward associated with correctly
identifying a stimulus is manipulated, there is a change in response bias towards the stimulus
associated with the larger (or more frequent) reward. Response bias is a key component of
signal detection theory and allows investigators to assess disorder-related sensitivity to
reward or punishment. Findings of a lack of response bias towards reward in depression are
interpreted as reflecting impairment in an approach-related positive affect system (low
reward engagement) (Pizzagalli et al, 2008).

The stimuli and reward contingencies employed in signal detection tasks can vary. For
example, Henriques & Davidson (2000) used word recognition as the discriminating
stimulus. Individuals with MDD and healthy controls were given three blocks of trials
(neutral, reward and punishment) and viewed a series of target words, followed by a color
distraction task, and then discrimination trials. Participants were presented with the reward
contingencies at the beginning of each block (no reward in neutral block, $0.10/correct word
identification in reward block, deduction of $0.10/failure to identify target word in
punishment block), so they did not have to learn reward contingencies. Relative to healthy
controls, MDD participants showed a significantly lower response bias during the reward
condition, and therefore, failed to maximize their earnings. Highlighting the specificity of
these findings, there was no group effect observed for the punishment condition (Henriques
& Davidson, 2000).

Subsequently, Pizzagalli and colleagues (2005, 2008) extended this research using a
different task to evaluate response bias as a function of reward, depression and anhedonia
(see also Tripp and Alsop, 1999). During each trial a mouth-less cartoon face is presented,
followed by a brief presentation (100 ms) of a long or short mouth. The goal is to identify
whether the mouth presented was long or short. Unbeknownst to the participants, correct
identifications for one stimulus (e.g., the long mouth) are rewarded with monetary rewards
three times more frequently than correct identification of the other stimulus. Among healthy
controls, such differential reinforcement schedules elicit a reliable response bias (i.e., a
preference for the stimulus that has been paired with more frequent reward). Individuals
with elevated depressive symptoms were characterized by blunted response bias (Pizzagalli
et al., 2005). While this effect was correlated with levels of anhedonia based on the
melancholic subscores of the Beck Depression Inventory (BDI; Beck et al, 1961), they did
not correlate with CPAS or CSAS scores. Test-retest reliability of this task was satisfactory.
In subsequent studies a similar pattern of results emerged whereby MDD patients
demonstrated reduced reward learning associated with high levels of anhedonia (Pizzagalli
et al., 2008; Vrieze et al, 2013). Reduced reward learning also predicted poor antidepressant
response after 8 weeks (Vrieze et al, 2013), and was observed in fully remitted MDD
patients compared to healthy controls (Pechtel et al, 2013), suggesting that blunted reward
learning might be a trait-like characteristic of depression. Of note, Pizzagalli and coworkers
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recently developed a rodent version of this task, which is conceptually analogous to that
used in humans, opening new avenues for cross-species translational research (Der-Avakian
et al., 2013; Pergadia et al., 2014).

The main differences between the Henriques & Davidson (2000) and Pizzagalli et al (2005)
tasks pertain to the stimuli used as well as the reward contingencies. The first task described
used word recognition as the targets, while the second task used discrimination of a non-
verbal stimulus. Consequently, the Henriques & Davidson task is more susceptible to
confounding due to the verbal working memory impairment observed in depression (Walsh
et al, 2007); non-affective visual discrimination impairment is not consistently reported in
MDD (Feinberg et al, 1986). Furthermore, in the word recognition task, the reward
contingency for a correct response was known for all trials, while in the cartoon face task,
participants had to learn which response was associated with greater reward. Therefore, the
second task incorporates probabilistic reward learning. Moreover, whether participants know
about probabilistic contingencies may not impact the lack of response bias to reward in
MDD (Liu et al, 2011). Importantly, for signal detection tasks the reward is always fixed
(unlike for delay discounting and other probabilistic reward tasks), limiting the ability to
assess the effect of depression on subjective evaluation of different reward magnitudes.

Delay discounting: Decision making concerning future reward is another aspect of reward
function that can be measured in depression. Delay discounting is a phenomenon where the
value of a future reward decreases as the time to acquiring it increases (Green et al, 1997). It
is typically measured using a monetary choice task of immediate versus delayed reward
(“would you prefer $2 now or $10 in 30 days”) (Kirby et al, 1999; Richards et al, 1999).
Monetary values and time delays vary across studies; in some studies a range of reward
magnitudes is used (Pulcu et al, 2013), while in others a fixed reward value is used (Lempert
& Pizzagalli, 2010); however, the immediate reward is always smaller than the delayed
reward.

Indeed, the extent to which individuals value future reward varies considerably and can be
acutely affected by different factors. The main issue regarding these tasks is that high
impulsivity and low working memory capacity have been noted to result in a bias towards
immediate reward, thereby confounding the results (Crean et al, 2000; Li et al, 2013; Hinson
et al, 2003). However, impulsivity as assessed on established personality scales in healthy
controls did not affect delayed discounting (McLeish & Oxoby, 2007), and a preclinical
study where impulse control in rats was decreased by inactivation of the ventral medial
prefrontal cortex did not affect delayed discounting (Feja & Koch, 2014). This suggests
impulsivity, in particular, may only relate to discounting rates in subsamples of individuals.
Still other studies have shown that the uncertainty of the future and psychosocial stress can
both result in increased delayed discounting (Kimura et al, 2013; Lempert & Pizzagalli,
2010).

In depression, there have been few studies of delayed discounting, although they consistently
show an increased discounting rate in MDD compared to healthy controls (Pulcu et al, 2013;
Dombrovski et al, 2012; Takahashi et al, 2008), demonstrating a preference for immediate
rewards. This effect was sustained between acutely depressed patients compared to remitted
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MDD patients and healthy controls, whereby depressed patients demonstrated increased
discounting of large future rewards (Pulcu et al, 2013). This suggests that preference for
immediate smaller rewards may be a state phenomenon in depression for at least a subset of
patients. Interestingly, higher levels of anhedonia (rated by the SHAPS) among a student
sample were associated with reduced discounting of large future reward even after
controlling for working memory capacity and impulsiveness (Lempert & Pizzagalli, 2010).
The authors propose this may be due to a decreased responsiveness to immediate reward in
anhedonic individuals.

Anticipation—Many tasks can be modified to evaluate anticipation of reward. Typically
this is measured using brain imaging during the delay just before a reward is received. The
monetary incentive delay (MID) task and gambling paradigms are frequently used for this
purpose.

Monetary Incentive Delay: Developed by Knutson and colleagues (2000), the monetary
incentive delay (MID) task was designed to disentangle anticipatory vs. consummatory
phases of reward processing, and has been extensively used across clinical and non-clinical
populations in conjunction with functional neuroimaging. It involves three trial types where
participants gain (reward trial), lose (punishment trial), or no win/lose (no-incentive trial).
Each trial requires participants to quickly respond to a target preceded by an incentive cue
and followed by feedback. For example, participants receive a reward in a reward trial or
avoid losing in a punishment trial if they respond to the target within an individually titrated
response window. In healthy individuals, increased striatal activity during reward
anticipation has been reported (Knutson et al, 2000; Kumar et al, 2014; Dillon et al, 2008),
as well as increased activity in the anterior cingulate (Dillon et al, 2008). Similar to healthy
controls, depressed patients demonstrate increased activation in the anterior cingulate gyrus
during anticipation (Knutson et al, 2008), an effect that persists in remission (Dichter et al,
2012). However, striatal activity is not consistently observed (Knutson et al, 2008; Dichter et
al, 2012; Stoy et al, 2012). In two reports, decreased ventral striatal activity was normalized
with an SSRI or SNRI (Ossewaarde et al, 2011; Stoy et al, 2012). With respect to
consummatory reward outcome, in healthy controls increased activation in the orbitofrontal
cortex and medial prefrontal cortex is observed (Knutson et al 2001; Dillon et al, 2008),
while in depressed patients in a current episode outcomes are associated with decreased
nucleus accumbens and caudate activity (Pizzagalli et al, 2009); among individuals with
remitted depression, activation in response to reward outcome is blunted in the orbitofrontal
cortex, insula and thalamus (Dichter et al, 2012). Limitations of task-based neuroimaging
using the monetary incentive delay task are the assumption that anticipation and
consummatory pleasure are temporally independent and that the task elicits these reward
processes in all participants, which can lead to inconsistencies in findings.

Gambling Paradigms: These tasks can be used to evaluate several aspects of reward
function including risk-taking, anticipation of reward, hedonic response to reward and
punishment, prediction error, and feedback integration (Steele et al, 2007; Capuron et al,
2012; Adida et al, 2011). One of the most common gambling tasks is the lowa Gambling
Task (IGT) (Bechara et al, 1994), which involves choosing a card from 4 decks of cards.
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Two decks are associated with high gains but unpredictable high losses, while the other two
decks are associated with smaller reward and lower losses over time (advantageous deck). A
variant of this task also includes the reverse, where two decks are associated with high loss
but periodic and unpredictable high reward, while the other two are associated with smaller
loss (Bechara et al, 2000). Findings using the IGT in depression show that MDD patients are
less likely to choose from the advantageous deck and fail to adjust their choices based on
feedback, preferring immediate high short-term reward (Must et al, 2013), consistent with
the delay discounting literature described above. Furthermore, in gambling tasks designed to
measure hedonic response to gains, decreased activation in the ventral striatum to reward
was correlated with greater anhedonia levels (Capuron et al, 2012). As with delay
discounting limitations, it is difficult to dissociate risky behaviour/impulsivity from a desire
for immediate reward.

Expectation—Expectation of reward can be based on available probability information or
on previous stimulus-reward associations. The latter is the most frequently assessed in terms
of prediction error - the brain signal that results from unexpected reward outcomes.

Prediction Error: Prediction error has been studied with respect to dopamine neuronal
functioning in corticolimbic and nigrostriatal circuits (reviewed in Schultz, 2013). Research
in this area has demonstrated that dopamine activity in response to reward acts as a metric to
evaluate whether a stimulus is a reward (in the orbitofrontal cortex), as well as whether the
expected reward was received (in the ventral striatum). Prediction error occurs when the
reward magnitude is not accurately predicted: specifically, a phasic burst of dopamine is
observed when the outcome is better than expected, whereas a dopamine “dip” is seen when
the outcome is worse than expected. There is no response when a reward is fully predicted.
Given growing evidence to support dopaminergic deficits in MDD (Dunlop & Nemeroff,
2007; Pizzagalli, 2014), the adaptation of this task in human models provides an opportunity
to more fully understand deficits in reward learning among MDD patients. Several
paradigms have been used to test prediction error in depression (Kumar et al, 2008; Cohen et
al, 2009; Gradin et al, 2011; Steele et al, 2007; Chase et al, 2013;). The common thread
among the tasks is to have a learned reward contingency change where the received reward
is greater or less than expected.

Initial studies used a primary reward by depriving participants from water the night before
and delivering drops of water when they correctly identified which of two pictures predicted
receiving water. Participants were told the picture predicting outcomes might change
(Kumar et al, 2008; Gradin et al, 2011). Water was delivered based on a probability
contingency whereby one picture was associated with high reward probability (60-90%), and
the other was associated with low probability (0-20%). Importantly, these associations
changed over 100 trials to elicit a prediction error signal. In both studies prediction error
signal in MDD patients was blunted compared to healthy controls (Kumar et al, 2008;
Gradin et al, 2011). In addition, there were differences between MDD and schizophrenia
patients, whereby MDD patients demonstrated reduced activation in striatal and midbrain
regions that correlated with anhedonia severity, while schizophrenia patients demonstrated
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decreases in the caudate, thalamus, insula, amygdala and hippocampus that correlated with
psychotic symptoms (Gradin et al, 2011).

A card guessing game task has also been employed to evaluate prediction error in depression
(Chase et al, 2013; Forbes et al, 2009), which was adapted from Delgado and colleagues
(2000) to probe striatal response to feedback. Participants can earn $1, lose $0.50 or win
nothing: there are win trials (expectation of a win, followed by win), disappointment trials
(expectation of win followed by no reward), loss trials (expectation of loss, followed by
loss), or relief trials (expectation of loss followed by no loss). This task does not involve a
learning component, so is more suited to assess feedback integration than prediction error
which is dependent on developing a cue/reward or cue/punishment association. This may be
why there were no prediction-related differences among MDD, bipolar and healthy controls,
despite demonstrating differences across groups during reward-expectancy and anticipation
(Chase et al, 2013).

A further modification to this task involves separating acquisition of reward contingencies
and already learned associations (Cohen et al, 2009). Based on preclinical studies (Morris et
al, 2006), this task features two phases: learning and choosing. In the learning phase,
participants click a left or right button in response to a left or right visual cue, respectively,
after which they were given feedback about winning either $.06 (safe trial with 100%
contingency) or winning or losing $0.12 (risky trial with 75% chance of reward and 25%
chance of loss). Once this phase is complete, the choosing phase begins with participants
freely selecting one of the two cues presented to them from the first phase, which sometimes
results in winning money and sometimes not. The reward contingencies are the same,
although participants are not informed about this. MDD patients demonstrated greater
nucleus accumbens activity to risky compared to safe cues, consistent with prediction error
findings (Schultz et al, 1998). However, nucleus accumbens activity during the choose phase
only occurred during feedback presentation, which the authors suggest reflects that the
participants have already learned the task and so the nucleus accumbens is not needed
(Cohen et al, 2009).

Effort

Effort-Expenditure for Rewards (EEfRT): The EEfRT task (Treadway et al., 2009) was
developed based on two streams of research: (1) Depression is not consistently associated
with deficits in consummatory pleasure, but may be more related to anticipation or reward
cost/benefit decision making, and (2) animal research has demonstrated neurobiological
differences in the components of reward (e.g. anticipation, consummatory reward), whereby
low dopamine levels appear to bias animals towards low rewards requiring low effort, and
high levels of dopamine bias animals towards high rewards requiring high efforts (Salamone
et al, 2007). There is also greater dopamine release in the nucleus accumbens when high
cost/high rewards cannot be accurately predicted, but this effect is not observed for
consummatory pleasure. Therefore, the dopaminergic dysfunction observed in depression
(Dunlop & Nemeroff, 2007), would not be detected by the majority of reward tasks that
emphasize consummatory reward response.
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Based on the animal task developed by Salamone and colleagues (2007), the EEfRT task
(Treadway et al, 2009) allows analysis of the predictive value of reward probability and
magnitude on effort-based decision making. This computerized task lasts 20 minutes and has
multiple trials, in which participants have 5 seconds to choose whether they want to perform
an “easy” or “hard” task for monetary reward. The easy trials last a total of 15 seconds,
require 30 button presses in 7 seconds (using a dominant finger) and are always associated
with winning the same amount ($1.00) (low cost/low reward). The hard trials are twice as
long, require 100 button presses in 21 seconds (using a non-dominant finger) and are
associated with winning varying amounts of monetary reward ($1.24-$4.30) (high cost/low
or high reward). Since participants are not guaranteed to win all trials, one of three
probabilities of winning the trial (12%, 50%, and 88%) along with the monetary value
associated with the easy vs. hard task is presented prior to choosing. Participants receive
“win/no win” feedback once the trial is completed. The number of variables in the task and
the speed with which participants have to choose limit the ability to develop a strategy for
optimal performance, which helps to ensure that the task is measuring willingness to expend
effort for a reward value.

In the initial study of this task in healthy volunteers, those with higher levels of anhedonia
(based on the CPAS, melancholy subscale of the BDI and negative affect on the Positive and
Negative Affect Schedule) were less willing to expend effort for rewards, an effect that was
particularly pronounced when the uncertainty of obtaining the reward was highest
(Treadway et al, 2009). The SHAPS, which as described above measures consummatory
pleasure, did not correlate with task performance, further suggesting a distinction between
reward-related effort and hedonic capacity. In a subsequent study in MDD vs. healthy
controls, MDD participants were less likely to choose the high cost/high reward tasks and
both probability and magnitude of reward were more predictive of choosing hard tasks
among healthy controls (Treadway et al, 2012).

Importantly, a gender effect was noted in both studies, where men were more likely to
choose high cost/high reward options. It is unclear whether this effect is related to aspects of
the task or sex differences in effort-based decision making. As a component of anhedonia,
effort to acquire reward may be correlated with general levels of energy. Consequently, it
follows that in the EEfRT task performance was associated with physical anhedonia.

Other effort-based tasks. Sherdell and colleagues (2012) employed an effort-based task in
MDD patients modified from Waugh and Gotlib (2008). Instead of using money as a reward,
they used cartoons. The authors contend that humour does not have an inherent anticipatory
effect as money nor does it have the satiety effects of juice, and therefore allows for a more
precise evaluation of consummatory pleasure that can be measured over many trials.

Participants viewed two series of cartoons and rated their level of enjoyment. Subsequently,
they had to choose to see a cartoon from one of the series again. The enjoyed cartoon was
associated with greater expenditure of effort based on mouse clicks. Overall, there were no
differences in in consummatory pleasure between MDD participants and healthy controls.
However, among healthy controls, levels of cartoon liking predicted motivation to expend
effort, while in MDD liking and motivation were dissociated (Sherdell et al, 2012).
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Furthermore, among MDD participants, levels of anticipatory pleasure predicted likelihood
to expend effort for cartoons. However, it should be noted that the method to evaluate
anticipation using a question from the Hamilton Rating Scale for Depression, is not solely a
representation of anticipation.

Finally, Clery-Melin and colleagues (2011) developed an incentive force task to evaluate the
effects of monetary incentive and emotional arousal on grip force in MDD patients and
healthy controls. Participants viewed an emotional picture (positive, neutral, negative) and
subsequently had to squeeze a grip for money (0.01, 0.1 and 1€). The authors reported a lack
of money value on grip force in patients, while emotionally arousing pictures (irrespective of
valence) did predict force production. These findings highlight an impairment in
incentivized motivation in MDD. It also supports a distinction among stimulus types in
generating effort to obtain a reward.

Outcome—The pleasurable endpoint of reward (consummatory pleasure) can be evaluated
with most paradigms. Gambling and MID tasks, as described above are useful for assessing
outcome with reward. Response to positive stimuli and the sweet taste test have also been
used to evaluate reward outcome.

Evidence suggests that there is an overall affect dysregulation in depression that impairs
response to both positive and negative stimuli. Some studies show a lack of recognition of
happy faces and reduced activation to positive pictures, while others support an attentional
bias to negative stimuli (Harmer et al, 2009; Leppanen, 2006; Bourke et al, 2010). Most
commonly, the negative and positive stimuli are emational faces (happy, angry, fearful), or
emotional pictures with varying levels of salience (happy, neutral, sad) (reviewed in
Pizzagalli, 2014). These tasks may reflect attentional biases or general emotional
dysregulation rather than reward response.

The sweet taste test (STT) represents a direct human translational task to the sucrose task in
animals. It involves having participants taste different concentrations of a sucrose solution
and then rate them based on intensity and pleasantness (Kampov-Polevoy et al, 2006).
Contrary to the traditional conceptualization of anhedonia as a “loss of pleasure,” the few
studies that have been conducted using the SST or a variant of this task mostly show no
difference in hedonic response to sucrose in MDD participants compared to healthy controls
(Berlin et al, 1998; Dichter et al, 2010; McCabe et al, 2009). However, while ratings may not
have been different, McCabe and colleagues (2009) reported decreased activation in the
ventral striatum in response to tasting chocolate in depressed patients compared to healthy
controls, indicating impairment in reward circuitry may exist without self-reported reduced
liking.

An important distinction with respect to consummatory pleasure is related to “relative
anhedonia”. This concept reflects the likely phenomenon that the liking of a stimulus is
dependent on the reward value of a stimulus experienced before it. For example, liking of a
neutral stimulus might be rated higher if it was preceded by an unpleasant stimulus versus a
pleasurable one. Because depression is often characterized by a prolonged low-level of
reward in daily life, absolute consummatory pleasure might be blunted in MDD.
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Consequently, patients may report higher “liking” of stimuli in reference to their low reward
experience in a depressed state, as opposed to their higher reward experience when not
depressed. This could result in inflated liking scores in depressed individuals that are not
representative of the overall reduction in consummatory pleasure. [We thank an anonymous
reviewer for raising this point].

Feedback Integration—The ability to integrate information regarding a rewarding
stimulus is important in order to maintain updated and accurate associations and
expectations of reward. Prediction error tasks and gambling paradigms can both be used to
evaluate feedback integration, however, probabilistic reversal learning is a simple
interpretable task to evaluate this construct.

Probabilistic reversal learning: There is substantial evidence of general cognitive
impairment in MDD (Gualtieri et al, 2006; McClintock et al, 2010; Porter et al, 2003),
although these deficits are not specific to depression. However, there are data to suggest that
individuals with MDD are impaired in integrating negative feedback in order to optimize
their performance on a task, an effect that may be depression specific (Elliott et al, 1997).
Probabilistic reversal learning tasks were developed to evaluate the effects of feedback on
reward response (Budhani & Blair, 2005; Swainson et al, 2000). Again tasks can vary, but
the common elements are that participants are presented with a choice of two stimuli (e.qg.,
pictures, two types of colored lines). Based on their first choice, the selected stimulus will be
rewarded with a high probability, while the other will be rewarded with a low probability.
Participants are asked to choose the one that most frequently is associated with reward and
to continue choosing that stimulus despite any potential loss trials they may incur. They are
also told that this rule may reverse, and thus the other stimulus might become more
frequently rewarded, which should prompt them to select such stimulus. MDD patients
demonstrate hypersensitivity to negative feedback and are more likely than healthy controls
as well as depressed bipolar patients to switch to the incorrect stimulus following negative
reinforcement (Murphy et al, 2003; Taylor Tavares et al, 2008). This effect was not observed
in remitted MDD patients who underwent catecholamine depletion (Hasler et al, 2009),
indicating that the effects of negative feedback is a state phenomenon of MDD.

Behavioural Tasks Summary—Tasks to measure aspects of anhedonia primarily tap
into reward learning as opposed to the experience of desire, anticipation, motivation, effort
and pleasure. The monetary incentive delay task, as well as the gambling task can be utilized
to parse anticipation and consummatory pleasure, while the EffRT task maps onto the
experience of effort. In all three of these tasks, MDD is characterized by impaired
performance, which is exacerbated by the presence of anhedonia as measured by various
symptom scales. In some studies, however, the SHAPS did not correlate with task
performance, which is not surprising given the focus of this scale on consummatory
pleasure. Critically, the “type” of anhedonia measured symptomatically may be relevant to
the task at hand. For example, reduced effort in MDD was associated with physical
anhedonia (Treadway et al, 2012). Neuroimaging data suggest that there is a lack of striatal
activity during anticipation in MDD (Knutson et al, 2008; Dichter et al, 2012), although
activity in this region is triggered during consummatory pleasure. Interestingly, anhedonia is
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associated with decreased striatal volume in MDD patients (Pizzagalli et al, 2009). In
contrast, healthy controls recruit striatal activation during anticipation (Kumar et al, 2014;
Dillon et al, 2008), and cortical regions during consummatory pleasure (Dillon et al, 2008).

A few key considerations with the tasks described should be highlighted. Firstly, they have
not all been adequately validated. As a scale must undergo the rigors of validation prior to
use, so should behavioural tasks in order to ensure the appropriate constructs are being
evaluated and to ascertain the stability of repeated testing. Secondly, they mostly use
secondary reward (money) as an incentive. This limits translation to and from animal
models. In addition, tasks used in humans and animals are considerably different, which also
hinders translation (for exceptions, see Der-Avakian et al., 2013 and Treadway et al., 2009
for two tasks that probe reward learning and effort-based decision making, respectively, in
ways that are conceptually identical across species). Lastly, while there are many aspects of
anhedonia and reward learning that can be tested, it will be difficult to have a task that is
able to measure all components of reward effectively, both theoretically and logistically.
Tasks that are overly complex are likely to be hindered by participants' learning effects or
technical ability considering the vast majority of tasks are computerized. However, it is
essential to systematically evaluate the different components of anhedonia in order to
determine what features are episode- (state) versus disorder- (trait) specific. For example,
response bias to reward appears to persist in remitted patients (Pechtel et al, 2013), while
delayed discounting and the effects of negative feedback do not (Hasler et al, 2009; Pulcu et
al, 2013).

Conclusion

While anhedonia has been evaluated in preclinical models for decades, behavioural
measurement in humans is relatively nascent. However, anhedonia mechanisms may be a
promising area for biomarker research in MDD, since they map onto specific and partially
dissociable neurocircuitry and signaling pathways (Der-Avakian and Markou, 2012;
Pizzagalli, 2014). It is important to emphasize that an ideal biomarker will be clearly linked
to a clinical phenotype, which is why the development of scales and tasks in concert would
be a useful endeavor. Currently used anhedonia questionnaires do not always correlate with
reward task performance, which follows considering some scales only measure
consummatory pleasure, or domains of anhedonia (e.g., physical vs. social), whereas tasks
evaluate specific aspects of reward function (e.g. prediction error, anticipation). Additionally
scales, albeit valuable, do not allow the disentanglement of different cognitive processes
despite a similar outcome, and require introspection. For example, imagining versus
remembering a pleasurable experience could have the same subjective hedonic effect,
although via different mechanisms and activation of neural pathways. Therefore in order to
discern the neurobiological correlates of anhedonia, combining behavioural tasks with
neuroimaging is particularly relevant. To this end, task components need to be clearly
distinguished in order to interpret functional imaging data. Furthermore, task development
must demonstrate utility in depression as well as test-retest reliability.

As a final note, individuals with MDD who are anhedonic appear to respond differently than
healthy controls to reward tasks, a finding that needs to be further evaluated in both human
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and animal studies. Development of preclinical models of depression that distinguish
anhedonic animals from non-anhedonic animals would also provide more face validity when
testing drug compounds, such as SSRIs, for which anhedonia is a predictor of non-response
in human studies (Uher et al, 2011; McMakin et al, 2012). Similarly in human tasks,
enriching study samples with anhedonic versus non-anhedonic participants from the outset
may provide a clearer picture of the behavioural and neurocircuitry phenotype of MDD with
anhedonia. For example, overall participants with MDD tend to prefer immediate smaller
reward (ref.), while individuals with anhedonia do not (Lempert & Pizzagalli, 2010).

Measurement of anhedonia in depression is a complex process as it encompasses aspects of
personality, learning and biases. Future research should focus on and prioritize direct
translational models of anhedonia in depression, more refined scale and task development,
as well as evaluation of potential differences between primary and secondary rewards. For
increased generalizability of findings, it will be important to devise consistent methodology
across studies.
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Figure 1. Model of reward processing
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Table 1

First generation scalesto measure anhedonia

Page 31

Scale

Authors

Description

Réliability (Cronbach-a)

Populations Tested

Fawcett-Clark

Fawecett, Clark,

36-item, 9-point scale (extreme

.85

Major Depressive Disorder

Morley, Humayan,
Hargreaves and
Trigwell Br J Psy
1995; 167:99

to strongly agree)

- very general

Pleasure Sheftner Arch Gen and lasting displeasure to

Capacity Psy 1983; 40:79-84 extreme and lasting pleasure)

Scale

(FCPCS)

SHAPS Snaith, Hamilton, 14-item scale (strongly disagree .74 MDD Healthy controls

Major Depressive Disorder

Revised Social

Eckbald et al, 1982

61 Item true-false scale

.79 male and female

Healthy controls, schizophrenia,

Anhedonia (Original in: i i personality disorder, major
Scale Chapman, Chapman - more dimensions, taps depressive disorder, alcohol

& Raulin. J Abn Psy into more specific abuse

1976) experience

- no gradation in score

Revised (Original in: 40-1tem true-false scale Male: .82 Healthy controls, schizophrenia,
Physical Chapman, Chapman L Female: .78 major depressive disorder,
Anhedonia & Raulin. J Abn Psy - no gradation in score alcohol abuse
Scale 1976)
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Table 2
Second gener ation scales to measure anhedonia
Scale Authors Description Réliability (Cronbach-a) | Populations Tested
Temporal Experience Gard, Gard, 18-item, 6 point scale (very false for me Total scale: .78 Healthy students
of Pleasure Scale Kring & John, to very true for me TEPS-ANT: .72
2006 . TEPS-CON: .64

- separate scale for anticipatory and

consummatory reward
Motivation and Llerena et al, 15-item, 5 point scale .90 Schizophrenia
Pleasure Scale 2013

-evaluates effort, pleasure across

different domains
Specific Loss of Winer et al, 23-item, 4 point scale .94 Healthy controls
Interest Scale 2014 i .

-timeframe is 2 weeks
Anticipatory and Gooding and 17-item, 6 point scale .86 Healthy controls
Consummatory Pflum, 2014 . .
Interpersonal Pleasure - only measures social anhedonia
Scale (ACIPS)
Dimensional Rizvi et al, 17-item, 5 point scale 0.92-0.96 Community sample
Anhedonia Rating 2015 i L Healthy controls
Scale -evaluates interest, motivation, MDD

effort, and pleasure across domains
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Table 3
Behavioural tasksto measure facets of anhedonia in depression
Task Anhedonia process measur ed Reward Studiesin MDD
Delay Discounting - Future reward Money Pulcu et al, 2013
Takahashi et al, 2008
Dombrovski et al, 2012
Lempert & Pizzagalli, 2010
Monetary Incentive Delay - Anticipation Money Knutson et al, 2008
Dichter et al, 2012
- Reward outcome Ossewaarde et al, 2011
e . Pizzagalli et al, 2009
- Reward association learning Stoy et al, 2012
Gambling Paradigms - Anticipation Money Capuron et al, 2012
Must et al, 2013
- Reward outcome
- Feedback integration
- Reward association learning
- Prediction error
- Risk taking
Reward Response Bias - Reward sensitivity (behavioural approach Money Henriques & Davidson, 2000

system)

- Reward association learning

Pizzagalli et al, 2005
Pizzagalli et al, 2008
Vrieze et al, 2013
Pechtel et al, 2013
Liuetal, 2011

Prediction Error

- Reward expectation
- Reward association learning

- Feedback integration

Money, water

Kumar et al, 2008
Forbes et al, 2009
Cohen et al, 2009
Gradin et al, 2011
Chase et al, 2013

Probabilistic Reversal Learning

- Feedback integration

Money

Murphy et al, 2003
Taylor Tavares et al, 2008
Hasler et al, 2009

Effort

- Effort to acquire reward

Money, humour

Treadway et al, 2012
Sherdell et al, 2012
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