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Anhedonia as a Crucial Factor 
of Depression: Assessment, 
Neurobiological Underpinnings 
and Treatment

Troy K. Chow, Sidney Kennedy, and Sakina J. Rizvi

7.1	 �Introduction

Major depressive disorder (MDD) currently 
remains one of the leading causes of global dis-
ability and has significant personal, societal and 
economic burden (Lam et al. 2016; World Health 
Organization 2017). MDD can be defined by a 
myriad of symptoms; however, at least one of 
two core symptoms must be present. The first of 
these core symptoms, “a low mood or a feeling of 
sadness” is a defining symptom of MDD for 
many. The second of these symptoms is the pres-
ence of anhedonia, historically characterized as a 
“loss of pleasure”. More recently, anhedonia has 
received increased recognition due its potential 
contribution to the prediction of MDD diagnosis, 
treatment response and remission (McMakin 
et al. 2012; Rawal et al. 2013; Uher et al. 2012). 

This chapter will provide an update on the cur-
rent literature of anhedonia in the context of 
MDD. Specifically, this chapter will highlight the 
neurobiology, measurement and treatment of this 
core symptom of MDD.

Traditionally, conceptualizations of anhedonia 
have focused on the consummatory aspect of 
pleasure; however, this simplified definition leads 
to difficulties in the precise measurement and 
study of anhedonia (Rizvi et al. 2016). Increasing 
neuroscientific evidence suggests anhedonia is a 
more multi-faceted construct that involves inter-
est, anticipation, motivation, effort, expectation 
and consummatory pleasure (Rizvi et  al. 2016; 
Treadway and Zald 2011). In line with this, there 
has been an emphasis towards refining the con-
struct of anhedonia and to integrate the underly-
ing neurocircuitry involved in the processing of 
rewarding stimuli. Ultimately, any deficit in the 
neural processing of reward could lead to the 
clinical symptom of anhedonia.

7.2	 �Reward Processing Models

Reward processing models describe the facets of 
reward-seeking behaviour and their interactions. 
One conceptualization of reward processing is 
the Positive Valence System (PVS) from the 
Research Domain Criteria (RDoC), a National 
Institute of Mental Health framework for bio-
marker research in mental disorders (Insel et al. 
2010). The goal of RDoC is to utilize a dimen-
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sional approach across “units of analysis” (genes, 
brain circuits, self-reports) to evaluate causes of 
mental illness rather than a single predictor in 
isolation (Hess et  al. 2016; Vengeliene et  al. 
2017). The PVS is not a model of reward process-
ing, per se, but a suggested starting point for the 
constructs pertinent to a reward processing model 
which include the ability to make a reward-
stimulus association, motivation, effort, expecta-
tion and consummatory pleasure. A model based 
on Kring and Barch (2014) has been put forth to 
depict the associations among these constructs 
(Fig.  7.1) (Rizvi et  al. 2016). It is important to 
note that, while reward processing is depicted as 
a linear process, the facets may act in parallel or 
vary according to the situation.

Based on the Fig. 7.1 model, the reward pro-
cess is described as initially building a stimulus-
reward association, which then leads to interest/
desire, anticipation, motivation, effort, hedonic 
response and feedback integration. After a 
reward-stimulus association has been estab-
lished, an interest in the rewarding stimulus can 
then develop. Importantly, interest in reward is 
important to be able to anticipate it or to develop 
a “wanting” for a reward (Rizvi et al. 2016). The 
brain also needs to calculate the energy required 

to obtain the reward. Motivation describes the 
initial energy expenditure to obtain a reward, and 
effort describes the sustained energy expenditure. 
In other words, motivation is required to start the 
process of reward obtainment, and effort is 
required to continue this process.

Outcome following reward can be negative, 
positive (pleasurable) or neutral. Consummatory 
pleasure describes the pleasure experienced by 
an individual as they directly interact with a stim-
ulus. Based on the outcomes from previous 
stimulus-reward associations, individuals 
develop expectations of reward. These expecta-
tions may relate to whether a reward will be pres-
ent, the likelihood of attainment and magnitude 
of experienced pleasure or the effort required to 
obtain it. Reward expectations may influence 
other facets of reward such as the level of antici-
pation experienced or motivation to attain a 
reward (Rizvi et al. 2016). In particular, expecta-
tion can also affect the original stimulus-reward 
association through feedback integration, which 
is the ability to utilize new information to update 
existing knowledge of a potential reward. This 
reward learning ability is crucial to maintain 
accurate expectations and associations of the 
stimuli for future encounters. For example, there 
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Fig. 7.1  Model of reward processing (Modified from Kring and Barch 2014)
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may be only certain contexts where a stimulus is 
rewarding or a stimulus may no longer be reward-
ing at all. In addition, the value one places on a 
stimulus can vary considerably by several factors 
including the time to attainment and the magni-
tude of the reward. MDD patients demonstrate 
deficits across these facets (reviewed in Rizvi 
et al. 2016; Treadway and Zald 2011; Tremblay 
et  al. 2005), although the specific factors and 
conditions that contribute to these deficits need 
further exploration. Understanding the neurobi-
ology associated with the reward facets can help 
to elucidate this knowledge gap.

7.3	 �The Neurobiology 
of Anhedonia

Understanding the underlying neurobiological 
underpinnings of MDD is essential to identifying 
subtypes, biomarkers and targeted treatments. 
Deficits in reward processing have been found to 
correlate with the clinical symptom of anhedonia 
(reviewed in Rizvi et  al. 2016) and the above 
described reward facets may have shared and dis-
tinct neurobiological mechanisms. In support of 
this idea, Whitton et al. (2015) reported that sepa-
rate neurobiological pathways may partially gov-
ern the activity of each reward facet. These 
pathways are superimposed over brain regions 
that are primarily in the frontal lobe, although 
other regions are also important.

The nucleus accumbens has long been 
acknowledged as the “pleasure centre” of the 
brain and has historically been tied to anhedonia 
(Wong et  al. 1991). However, we now have a 
deeper understanding of the role of other brain 
regions in reward processing, which include the 
prefrontal cortex (orbitofrontal cortex, ventrome-
dial prefrontal cortex, anterior cingulate cortex), 
amygdala, dorsal and ventral striatum and the 
insula (reviewed in Der-Avakian and Markou 
2012; Treadway 2015). The prefrontal cortex, in 
particular, is involved in higher cognitive process-
ing of reward, including reward valuation, deci-
sion making, context integration and cost-benefit 
analysis (Elliott et  al. 2000; Grabenhorst and 
Rolls 2011). The orbitofrontal cortex, dorsolateral 

prefrontal cortex and ventromedial prefrontal cor-
tex are particularly involved in these processes 
(reviewed in Treadway 2015). In addition, evi-
dence suggests that once a stimulus has been 
identified as pleasurable, the anterior cingulate 
cortex (ACC) is a region involved in cost-benefit 
analysis and effort-related functions required to 
obtain reward (Salamone et  al. 2009; Treadway 
and Zald 2011; Der-Avakian and Markou 2012). 
Using this information, the ventromedial PFC 
(vmPFC) may be responsible for executing the 
decision to carry out the reward-directed behav-
iour (Grabenhorst and Rolls 2011). Furthermore, 
the vmPFC, ACC, orbitofrontal cortex and stria-
tum may also be involved in reward processing by 
monitoring the rewarding properties of a stimulus 
(Elliott et al. 2000; Seo and Lee 2007).

Neurotransmitter imbalances in reward pro-
cessing have historically focused on the role of 
dopamine, due to its high level of expression in 
the nucleus accumbens (Salamone et  al. 2003). 
The ventral tegmental area (VTA) is a group of 
dopaminergic neurons which supplies dopamine 
to other areas in the mesocorticolimbic pathway 
including the nucleus accumbens and ventral 
striatum. Reduced dopamine activity can result in 
impaired reward function (Malhi and Berk 2007; 
Salamone et al. 2003). Exposure to pleasant stim-
uli increases dopamine activity in the ventral 
striatum; however, this dopamine activity may be 
reduced in MDD patients (Dunlop and Nemeroff 
2007). Interestingly, this reduced dopamine 
activity in the ventral striatum is correlated with 
anhedonia severity, but not necessarily depres-
sive symptom severity (Treadway 2015). 
Furthermore, anhedonia was found to correlate 
with reduced ventral striatal grey matter, which 
highlights its role in reward function (Sternat and 
Katzman 2016). However, preclinical findings 
have helped to elucidate the role of dopamine as 
being more linked to anticipation and motivation 
rather than consummatory pleasure (Salamone 
et al. 2003; Schultz 1998). For example, animals 
with reduced levels of dopamine may still experi-
ence pleasure, but prefer low cost-low reward 
options rather than high cost-high rewards. 
Treadway (2015) also reported that dopamine 
activity in the insula and ventral striatum had 
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different effects on effort-based decision making. 
Increased dopamine activity in the ventral stria-
tum was correlated with increased effort in a 
dose-dependent manner; however, the opposite 
trend was observed in the insula.

While substantial evidence has supported dopa-
mine’s role in anticipation, expectation, motiva-
tion and effort of reward processing, the role of 
other neurotransmitter systems is less clear. 
However, recent studies indicate that dopamine 
does not act in isolation and that serotonin, gamma-
aminobutyric acid (GABA), glutamate and opi-
oids may play an important role in reward (McCabe 
et al. 2010; Wassum et al. 2009; Wong et al. 1991). 
Reduced serotonin activity has been implicated in 
the preference for immediate smaller reward than 
delayed greater reward in MDD.  Some studies 
have suggested this may be due to increased 
impulsivity and desire for short-term gratification 
(Der-Avakian and Markou 2012).

GABA is one of the most abundant neu-
rotransmitters in the brain and has a variety of 
functions. In the context of reward, GABA has 
demonstrated modulation of dopamine activity 
and indirect effects on serotonin and noradrener-
gic activity (Wong et al. 1991). Importantly, some 
neuroimaging studies have identified lowered 
GABA concentrations in the anterior ACC and 
occipital cortex of depressed patients (Gabbay 
et al. 2012; Kugaya et al. 2003; Sanacora et al. 
1999). Interestingly, when depressed patients 
were grouped according to the presence of anhe-
donia, only those with anhedonia had reduced 
GABA levels (Gabbay et al. 2012).

Opioids have primarily been studied in the 
context of pain, although there has been an 
increased interest in opioid receptors in 
MDD. The μ-opioid receptors found in the ven-
tral tegmental area are implicated in the disinhi-
bition of dopamine in the nucleus accumbens 
(Johnson and North 1992). Further, μ-opioid 
receptors in the amygdala may mediate the evalu-
ation of a stimulus’ incentive properties (Wassum 
et al. 2009). MDD patients with reduced opioid 
activity were prone to lower social motivation 
after rejection and lower pleasure during positive 
interactions (Hsu et  al. 2015). This motivation 
was positively correlated with opioid release in 

the nucleus accumbens in healthy controls. Taken 
together, these findings suggest that opioids may 
mediate motivation and pleasure responses; how-
ever, further studies are needed to confirm its role 
in reward processing.

While anhedonia is a core symptom of MDD, 
it is important to recognize that it also plays a sig-
nificant role in schizophrenia and bipolar disorder 
(Zhang et al. 2016). Several studies have attempted 
to elucidate the underlying neurobiology of anhe-
donia in each of these patient groups (Sharma 
et  al. 2017; Whitton et  al. 2015; Zhang et  al. 
2016). However, a transdiagnostic neurobiologi-
cal profile of anhedonia has yet to be completely 
elucidated. In order to identify a common func-
tional connectivity pattern associated with anhe-
donia across disorders, Sharma et  al. (2017) 
assessed a sample of MDD, schizophrenia and 
bipolar disorder patients. The authors performed a 
whole-brain resting state analysis and examined 
its relationship with the reward responsivity mea-
sure on the behavioural activation scale (BAS). 
Reduced reward responsivity was associated with 
a specific pattern of dysconnectivity surrounding 
the nucleus accumbens, which was common to 
MDD, schizophrenia and bipolar disorder, and 
characterized by hypoconnectivity with the 
default mode network (DMN). The DMN is 
primarily active during internally directed forms 
of cognition, including memory, prospection and 
facets of reward processing (Sharma et al. 2017). 
Some studies have noted that increased connec-
tivity in the DMN was related to anhedonia 
(Hamilton et al. 2011). The specific regions in the 
DMN with diminished connections to the nucleus 
accumbens included the anterior and dorsal pre-
frontal cortex and the posterior cingulate cortex, 
which are heavily involved in reward processing 
(Sharma et al. 2017). Therefore, it is reasonable to 
expect deficits in reward processing and anhedo-
nia when hypoconnectivity between the DMN 
and nucleus accumbens is present.

In contrast to the hypoconnectivity with the 
DMN, the nucleus accumbens was found to dem-
onstrate hyperconnectivity with the cingulo-
opercular network, in particular with the insular 
cortex (Sharma et al. 2017). While the role of the 
insula in reward is unclear, some evidence has 
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suggested that it is involved with the effort to 
acquire rewards (Prevost et  al. 2010; Treadway 
2015). Interestingly, imaging studies have sug-
gested that decreased insula activation, as a result 
of decreased dopamine release, may be associ-
ated with the selection of high effort reward 
options (Prevost et al. 2010; Treadway 2015). In 
summary, several key brain regions and connec-
tions have been identified in reward processing, 
particularly within the prefrontal cortex. It is pos-
sible that a neural dysfunction in any aspect of 
reward processing could lead to the clinical 
symptom of anhedonia.

7.4	 �Assessment of Anhedonia

Currently, measurement of anhedonia in clinical 
populations is primarily through self-report 
scales and behavioural tasks. While both tools 
allow for the assessment of anhedonia, each pro-
vides a unique but equally important perspective 
on this core symptom. In line with this, Treadway 
and Zald (2011) strongly assert that both mea-
sures should be used in tandem to obtain a more 
complete understanding of anhedonia. In this 
section, current scales and behavioural tasks will 
be described, along with their benefits and 
limitations.

7.4.1	 �Self-Report Scales

MDD patients often display reduced interest in 
rewarding stimuli (Uher et  al. 2008, 2012); 
therefore, self-report scales are particularly use-
ful since they are able to directly assess anhe-
donic symptoms (Kringelbach et al. 2012; Rizvi 
et  al. 2016). The measurement of the explicit 
components of anhedonia is particularly impor-
tant due to the subjective nature of reward behav-
iour. Furthermore, specific activities that are 
perceived as rewarding and the motivation to 
obtain rewards vary between each patient. 
Therefore, self-report scales should ideally be 
generalizable across cultures and individuals. 
For the purposes of this chapter, current self-
report scales of anhedonia will be grouped into 

“first-generation” and “second-generation” ques-
tionnaires to distinguish older versus more contem-
porary scales that have been developed in the last 
decade (Rizvi et al. 2016).

7.4.1.1	 �First-Generation Scales
The first-generation scales mostly measure 
consummatory pleasure, but some include 
motivational and effort components. The 
Snaith-Hamilton Pleasure Scale (SHAPS) is a 
14-item scale designed to assess hedonic capac-
ity and is the current gold standard of anhedonia 
measurement in MDD research (Snaith et  al. 
1995). The SHAPS presents participants with 
several examples of pleasurable situations that 
span the domains of hobbies, social life, sensory 
experiences and food/drink. The participants are 
instructed to select the degree to which they 
would enjoy situations over the past few days. As 
a measure of state anhedonia, the SHAPS has 
demonstrated its ability to detect acute changes 
in anhedonia, including treatment-related 
improvements. The scale has demonstrated good 
divergent and convergent validity in MDD popu-
lations. Furthermore, it has been shown to posi-
tively correlate with closely related measures 
such as quality of life and function. However, the 
SHAPS is a measure of consummatory pleasure 
and does not probe the other facets of reward pro-
cessing life effort. In addition, while the items are 
generalizable across samples (“I would enjoy my 
favourite meal”), they may not be specific enough 
to elicit a strong hedonic reaction, thereby limit-
ing the scale’s sensitivity. While the SHAPS con-
tinues to demonstrate its strength in the 
assessment of consummatory pleasure, its use in 
tandem with other measures of anhedonia should 
be considered.

A similar measure of anhedonia is the Fawcett-
Clark Pleasure Capacity Scale (FCPCS), which 
includes 36 items (Fawcett et al. 1983). Like the 
SHAPS, the FCPCS solely assesses consumma-
tory pleasure on a scale between extreme displea-
sure to extreme pleasure. The FCPCS assesses 
pleasure across several domains including social 
activities, sensory experiences and the sense of 
mastery of difficult tasks. Like the SHAPS, the 
FCPCS has demonstrated good convergent and 
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divergent reliability and as a measure of state 
anhedonia is capable of measuring acute changes 
in anhedonia due to treatment (Clark et al. 1984; 
Leventhal et al. 2006). However, the FCPCS suf-
fers from a lack of generalizability due to several 
items possessing high cultural bias. Despite this, 
the FCPCS has been validated in MDD popula-
tions, and the items possess high internal consis-
tency reliability (Leventhal et al. 2006).

Finally, the last two scales, the Revised 
Chapman Physical Anhedonia Scale (CPAS) and 
the Chapman Social Anhedonia Scale (CSAS), 
are designed to measure various facets of reward 
including motivation, effort and consummatory 
pleasure in the context of physical anhedonia and 
social anhedonia, respectively (Chapman et  al. 
1976). Several criticisms of the CPAS and CSAS 
as measures of anhedonia in MDD have arisen 
due to its design. Both scales were developed for 
use in schizophrenia and thus have several items 
that are not applicable to MDD populations. 
Further, some items are not related to anhedonia, 
such as “I have often felt uncomfortable when 
my friends touch me”. With the large number of 
items for each scale, 61 on the CPAS and 40 on 
the CSAS, there is limited use in clinical settings. 
Furthermore, the construct and discriminant 
validity of the scales have been questioned, and 
some have asserted that the items are outdated 
(Leventhal et al. 2006). Both scales use a binary 
true or false answer format which hinders a more 
sensitive assessment of anhedonia. In contrast to 
the SHAPS and FCPCS, the CPAS and CSAS are 
measures of trait anhedonia as opposed to state 
anhedonia. Despite this, both measures can detect 
changes in anhedonia (Leventhal et al. 2006).

7.4.1.2	 �Second-Generation Scales
With the increased focus on expanding the con-
struct of anhedonia beyond consummatory plea-
sure, there has been recent development of 
anhedonia scales to reflect these changes and to 
address the limitations of the “first-generation” 
scales. These new scales are designed to measure 
various facets of reward function in order to cap-
ture a more complete understanding of anhedonia 
(reviewed in Rizvi et al. 2016).

The Temporal Experience of Pleasure Scale 
(TEPS) was developed by Gard et  al. (2006). 
Importantly, the TEPS was developed with two 
subscales that measure anticipatory and consum-
matory pleasure separately. In particular, the 
anticipatory items encompass reward responsive-
ness and imagery, while the consummatory items 
focus on appreciation of positive stimuli. The 
items are measured on a 6-point Likert scale 
which range from “very false for me” to “very 
true for me”. Selected items focus on physical 
anhedonia as the authors believed it would pro-
vide results that are more homogeneous and 
interpretable. Despite attempts at designing the 
TEPS to be more generalizable, some items are 
not applicable to all populations, such as “the 
sound of crackling wood in the fireplace is very 
relaxing”. While the convergent and discrimina-
tory validity have demonstrated that the subscales 
are distinct, the anticipatory subscale had low 
internal consistency reliability. Furthermore, the 
TEPS has only been validated in bipolar, schizo-
phrenia and opioid-dependent groups with lim-
ited studies in MDD populations (Gard et  al. 
2007; Garfield et al. 2016; Tso et al. 2014). Taken 
together, the TEPS may require additional valida-
tion studies to confirm the reliability of its psy-
chometric properties and its use in MDD.

The Anticipatory and Consummatory 
Interpersonal Pleasure Scale (ACIPS) is a 17-item 
scale designed to measure social anhedonia in 
schizophrenia and address the limitations of the 
CSAS (Gooding and Pflum 2014). The ACIPS 
uses a 6-point Likert scale as opposed to a binary 
outcome. The ACIPS also includes subscales for 
the anticipatory and consummatory facets of 
reward; however, factor analysis did not reveal 
distinct subscales. Nevertheless, when both the 
CSAS and ACIPS were assessed against the 
TEPS, the ACIPS demonstrated better correlation 
with the TEPS subscales than the CSAS. Finally, 
despite being developed as a substitute to the 
CSAS in schizophrenia, the ACIPS has not been 
validated in this population. On a similar note, 
the ACIPS has not been validated in MDD. Further 
validation studies are required to assess its utility 
in several psychiatric populations and to deter-
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mine whether their measures of anticipation and 
consummatory pleasure are distinct constructs.

Lastly, the Dimensional Anhedonia Rating 
Scale (DARS) is the most recently developed 
scale by Rizvi et al. (2015). The DARS consists 
of 17-items on a 5-point Likert scale and was 
designed to specifically assess anhedonia in 
MDD patients. In order to increase the generaliz-
ability of the scale, participants are asked to fill in 
personal activities or experiences they perceive 
as enjoyable across the domains of hobbies, 
social activities, food/drink and sensory experi-
ences. With the highly subjective nature of 
rewarding experiences, this feature may allow for 
a more sensitive measurement of anhedonia. 
While increasing generalizability, the DARS is 
designed to maintain specificity by having a spe-
cific set of items for each domain assessed. 
Within each of these domains, items to probe 
interest, motivation, effort and consummatory 
pleasure are measured based on how the respon-
dent feels “now”. This measurement of state 
anhedonia has the benefit of increased sensitivity 
during assessment of treatment response. In con-
trast to the other “second-generation measures”, 
the reliability and validity of the DARS has been 
tested in a MDD population and demonstrated 
good convergent validity with the SHAPS. The 
DARS may also be useful in predicting subtypes 
as results from the validation study demonstrated 
its ability to predict treatment-resistant status 
over the SHAPS in MDD patients. While promis-
ing, further research into the use of the DARS is 
required to assess its test-retest viability and its 
use in the study of the neurobiology of 
anhedonia.

7.4.2	 �Behavioural Tasks

Self-report scales provide direct insight into 
experiences of anhedonia and have demon-
strated important utility in clinical settings; 
however, they possess several limitations. While 
many consider rewarding experiences and its 
associated pleasures, motivations, interests and 
anticipation, an entirely conscious experience, 

this may not be the case. Several lines of evi-
dence suggest that these experiences, while 
often conscious, may include an unconscious 
component. Kringelbach et  al. (2012) asserts 
that at times, we may be poor at identifying our 
current emotional states. Further, he suggests 
that this may lead to an unawareness of what 
motivates us, why we take interest or what 
brings us pleasure. Several studies have sug-
gested that reward learning often occurs implic-
itly. A study by Pessiglione et al. (2008) utilized 
a behavioural task which presented healthy par-
ticipants with two cues, one associated with a 
monetary reward and another associated with a 
“punishment”. As the task progressed, partici-
pants were more prone to selecting the cues 
associated with a reward without their aware-
ness, supporting the occurrence of implicit 
reward processing. Where self-reports can pro-
vide great explicit information, behavioural 
tasks can tap into both the conscious and uncon-
scious and as such are valuable objective mea-
sures in the study of anhedonia.

7.4.2.1	 �Reward Association
The ability to develop an association between a 
stimulus and reward is primarily assessed using 
reward response bias tasks, which are based on 
signal detection theory (Henriques and Davidson 
2000; Pizzagalli et al. 2005). Specifically, these 
tasks measure the level of “response bias”, which 
is the tendency to select the stimuli associated 
with greater rewards. In general, these tasks 
involve the presentation of two or more different 
stimuli with specific reward contingencies, which 
can vary. Stimuli can range and include verbal or 
non-verbal cues. One stimulus may be neutral or 
associated with a punishment, or all stimuli can 
be associated with reward but vary in terms of 
frequency and/or magnitude. Oftentimes, the par-
ticipants are not informed of the specific reward 
contingencies. These tasks assess the ability of 
individuals to discriminate between stimuli 
according to their rewarding properties. During 
behavioural tasks that assess stimulus-reward 
association, healthy individuals display a bias 
towards rewarding stimuli (Pechtel et al. 2013). 
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However, several studies have noted that this bias 
is reduced in depressed individuals, which sug-
gests an impaired ability to form this association 
(Henriques and Davidson 2000; Pechtel et  al. 
2013; Pizzagalli et al. 2008).

7.4.2.2	 �Reward Valuation
Several factors may influence the value of a 
reward, such as the size and time required to 
obtain it (Green et al. 1997). Delay discounting 
tasks manipulate these variables to assess how 
they affect the value one places on a reward 
(Kirby et al. 1999). Delay discounting describes 
the situation where the value of a reward drops 
as the time to obtain the reward increases (Green 
et al. 1997). Most delay discounting tasks have 
been developed with monetary rewards which 
may vary in size or may be fixed (Kirby et al. 
1999; Pulcu et al. 2014; Richards et al. 1999). 
The more immediate reward is always associ-
ated with a smaller size. MDD patients often 
display greater discounting effects than healthy 
controls and value immediate rewards more 
highly despite being offered a larger, albeit rela-
tively delayed reward, suggesting differences in 
reward valuation (Dombrovski et  al. 2012; 
Pulcu et al. 2014).

7.4.2.3	 �Anticipation
Several reward tasks designed to probe the other 
facets of reward are often modified in order to 
measure anticipation (Knutson et  al. 2008; 
reviewed in Rizvi et  al. 2016). These tasks are 
commonly used in a neuroimaging environment. 
Changes in brain activity prior to the participant 
obtaining the reward are used as measures of 
anticipation (Knutson et  al. 2008; Kumar et  al. 
2014). The monetary incentive delay task was 
designed to distinguish anticipatory and consum-
matory facets of reward processing (Knutson 
et al. 2008). This task is composed of three trial 
types, a reward trial, punishment trial and no-
incentive trial. Each trial is composed of an 
incentive cue, target stimulus and then a feed-
back. The goal is to press the correct button asso-
ciated with the trial type once the target stimulus 
has been presented to increase win money or to 
avoid losing money.

7.4.2.4	 �Expectation
Prediction error tasks assess brain activity associ-
ated with changes in dopaminergic activity in the 
ventral striatum in response to outcomes that are 
different than expected (Schultz 1998; reviewed 
in Rizvi et  al. 2016; Schultz 2013). Outcomes 
that are better than predicted are associated with 
an increased burst of dopamine. In contrast, there 
is a decrease in dopamine signaling when the out-
come is worse than predicted. No changes in 
activity occur when the result is accurately pre-
dicted. Many variations of the task have been cre-
ated, but they all involve having participants learn 
a certain reward contingency, which changes and 
results in a greater or lesser reward than expected 
(Forbes et al. 2009; Kumar et al. 2008; reviewed 
in Rizvi et al. 2016). Cohen et al. (2009) devel-
oped a prediction error task which was composed 
of two phases: a learning phase and a choosing 
phase. In the learning phase, one of two stimuli is 
presented at one time to allow the participants to 
learn their reward contingencies. The “safe” 
stimulus is rewarded 100% of the time, whereas 
the “risky” stimulus has a chance of loss or gain. 
Once completed, the participants begin the 
choosing phase where they are presented with 
both stimuli and are asked to select one. MDD 
patients demonstrate reduced prediction error 
signal compared to healthy controls. There is also 
some evidence to suggest that MDD and schizo-
phrenia patients have dysfunction in shared as 
well as disparate brain regions during prediction 
error tasks.

7.4.2.5	 �Motivation
Motivation can be assessed using a cued-
reinforcement reaction time task which assesses 
reaction time speed (Chase et  al. 2010; Cools 
et al. 2005; reviewed in Rizvi et al. 2016). Cools 
et al. (2005) developed this task in order to assess 
the impact of reduced serotonin levels on motiva-
tion. During the task, three circles are presented, 
with one arranged in a different orientation. The 
goal is to select the “out-of-place” circle as fast 
as possible, with faster responses rewarding more 
points. Prior to each trial, a coloured rectangle 
will be presented which will signify the probabil-
ity of receiving a reward. MDD participants tend 
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to be less affected by motivational cues, thus will 
respond with lower reaction times than healthy 
controls (Treadway 2015).

7.4.2.6	 �Effort
Effort to obtain a reward is necessary for reward 
decision making via a cost-benefit analysis. 
Consequently, Treadway et al. (2012) developed 
the effort-expenditure for rewards task to deter-
mine the effect of probability and reward size on 
effort-based decision making. This task is com-
posed of two trial types, “easy” and “hard”. Prior 
to the start of the trial, the probability of receiv-
ing the reward upon successful completion and 
size of the reward is listed for each trial type. The 
goal of each trial is to press a button several times 
to fill a metre in a certain period. The time limit, 
finger selection and number of button presses 
required depend on the trial type. Prior to each 
trial, participants are to select either the low 
reward and low-cost “easy” trial or the high/low 
reward and high-cost “hard” trial. This was done 
in a limited amount of time to ensure that selec-
tion was based on effort calculations. As noted in 
several studies, MDD patients expend less effort 
to obtain rewards (Prevost et al. 2010; Salamone 
et  al. 2003; Treadway et  al. 2009). Treadway 
et al. (2012) also reported that anhedonia severity 
was negatively correlated with willingness to 
expend effort, especially when there was a low 
probability of a reward.

7.4.2.7	 �Feedback Integration
Several probabilistic reversal learning tasks have 
been developed to assess the effect feedback has 
on reward learning (Hasler et al. 2009; Murphy 
et  al. 2003; Taylor Tavares et  al. 2008). These 
tasks always include the presentation of two 
stimuli simultaneously, both with an equal prob-
ability of being associated with a reward. The 
first stimulus a participant selects will subse-
quently be associated with a high probability of 
reward in future trials. Participants are told to 
select the stimulus most associated with reward 
despite any potential reward losses that may 
arise. However, participants are also told that the 
rules may reverse with the other stimulus being 
more rewarded and to then select this one. 

Learning may occur through positive feedback or 
negative feedback. For example, participants 
may obtain more correct answers by focusing on 
positive feedback or by avoiding negative feed-
back. MDD patients are more hypersensitive to 
negative feedback and will often switch their 
selection to the incorrect stimulus too soon 
(Thomson 2015). In line with this, Murphy et al. 
(2003) demonstrated that MDD patients are more 
likely to view a potentially rewarding stimulus as 
non-rewarding shortly after any negative associa-
tion of the stimulus’ rewarding properties is 
received.

In summary, behavioural tasks can evaluate 
various aspects of reward processing including 
response bias and learning. Importantly, most 
tasks use monetary reward, instead of primary 
rewards (e.g. food, social reward). Levels of 
monetary reward may also be too small to elicit a 
strong reward response. Future research should 
evaluate different types of reward in the above 
described paradigms.

7.5	 �Treatment of Anhedonia

Currently, there are many treatment options 
available for MDD; however, the prevalence of 
treatment-resistant depression remains signifi-
cantly high (Kennedy et  al. 2016; Lam et  al. 
2016). The inadequacy of current treatment 
options are highlighted in the Sequenced 
Treatment Alternatives to Relieve Depression 
(STAR*D) study (Warden et  al. 2007). In this 
study of over 3000 patients, participants initially 
received a first-line antidepressant. If the patient 
failed to achieve remission, they received an 
additional antidepressant. By the fourth treat-
ment step, 30% of patients failed to achieve 
remission (Warden et  al. 2007). Currently, the 
serotonin and norepinephrine systems remain the 
primary target of first-line antidepressants 
(Kennedy et  al. 2016). Most of these first-line 
treatments are selective serotonin reuptake inhib-
itors (SSRIs) and serotonin and norepinephrine 
reuptake inhibitors (SNRIs). Since dopamine and 
other neurotransmitters play a significant role in 
the reward system (McCabe et al. 2010; Wassum 
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et al. 2009; Wong et al. 1991; reviewed in Rizvi 
et  al. 2016), this has important implications in 
MDD treatment since conventional antidepres-
sants do not significantly target these systems. 
There has been substantial evidence linking 
anhedonia to poor treatment outcomes, including 
treatment resistance (Malhi and Berk 2007; 
Malhi et al. 2005; Rizvi et al. 2014a, b; Souery 
et al. 1999). This suggests that targeting the dopa-
mine or other systems involved in anhedonia may 
benefit MDD treatment. Despite being a core 
symptom, there are not a significant amount of 
studies conducted on the effects of antidepres-
sants on anhedonia.

While SSRIs have demonstrated effectiveness 
in the treatment of MDD, they have been reported 
to induce emotional blunting effects (McCabe 
et al. 2009). Healthy controls treated with citalo-
pram had lowered emotional responses to aver-
sive and rewarding stimuli which indicate that 
SSRIs can impact emotional range (McCabe 
et al. 2009). Interestingly, when participants were 
treated with the noradrenergic antidepressant 
reboxetine, they demonstrated greater response 
to rewarding stimuli and decreased response to 
aversive stimuli (McCabe et  al. 2010). 
Norepinephrine is associated with increased 
attention and is synthesized from dopamine 
(McCabe et al. 2010). Further, preclinical studies 
in mice have demonstrated that SNRIs may be 
effective in minimizing the emotional blunting 
effects of serotonin while retaining its antide-
pressant activity (Dekeyne et  al. 2002). While 
promising, further studies are required to confirm 
whether SNRIs are more favourable than SSRIs 
in the treatment of anhedonia.

Agomelatine, a melatonergic antidepressant, 
has demonstrated efficacy in depression 
(Kennedy and Rizvi 2010). In addition to action 
on the melatonin system, agomelatine disinhibits 
the release of norepinephrine and dopamine by 
acting as a 5-HT2c receptor antagonist. 
Demyttenaere et  al. (2013) demonstrated that 
agomelatine treatment had a greater reduction in 
Hamilton depression rating scores relative to 
SSRIs. Gargoloff et  al. (2016) took this further 
and assessed the effectiveness of agomelatine as 
a treatment of anhedonia. In this 8-week trial, 

143 patients were given agomelatine, and anhe-
donia was assessed using the SHAPS. Gargoloff 
and colleagues reported a significant decrease in 
anhedonia as early as 1  week of treatment. 
Interestingly, patients who were also on concom-
itant treatments demonstrated a delayed improve-
ment in anhedonia. The authors suggested that 
the increase in serotonin levels by SSRIs may 
dampen the activity of norepinephrine and dopa-
mine, reducing their ability to improve anhedo-
nia. Finally, the authors also performed a separate 
analysis which compared changes in anhedonia 
between patients experiencing their first episode 
to those who are experiencing recurrent episodes. 
Both groups demonstrated similar reductions in 
anhedonia.

In response to the high failure rate of first-line 
antidepressant monotherapy, there has been an 
increase use of adjunctive pharmacotherapy to 
target specific neurotransmitter systems, which 
include stimulants (e.g. methylphenidate, dextro-
amphetamine) (Kennedy et al. 2016). Rizvi et al. 
(2014a) conducted a secondary analysis of 
osmotic-release oral system methylphenidate 
(OROS-MPH) to determine whether early symp-
tomatic improvements in apathy/anhedonia pre-
dicted increased likelihood of treatment response 
compared to placebo. Using the Apathy 
Evaluation Scale (AES), the authors determined 
that early improvements in apathy predicted 
increased likelihood of treatment response only 
in the active drug group and not the placebo 
group. These results support the notion that a per-
sonalized treatment approach may be beneficial 
to alleviate specific symptoms experienced by a 
patient, including anhedonia.

Deep brain stimulation (DBS) is a neurosurgi-
cal procedure that has recently been adapted for 
use in MDD treatment and was originally used 
for the treatment of pain and movement disorders 
(Kennedy and Giacobbe 2007). Certain brain 
areas associated with reward have been selected 
as potential targets of DBS treatment in 
MDD.  Currently, DBS use is experimental and 
only conducted in severely treatment-resistant 
patients as it is highly invasive. In 2005, Mayberg 
and colleagues were the first to study the use of 
DBS in the subcallosal cingulate gyrus (SCG), a 

T.K. Chow et al.



109

region of the anterior cingulate cortex (ACC) 
which is responsible for emotion regulation. The 
SCG is directly connected to the ventral striatum, 
nucleus accumbens, rostral portions of the pre-
frontal cortex and the central nuclei of the amyg-
dala, which are areas implicated in reward 
processing. Dopamine receptors are also 
expressed in these areas, which suggest that DBS 
may impact dopamine activity and subsequently 
anhedonia. Preliminary data suggest that DBS  to 
the SCG and nucleus accumbens has a preferen-
tial effect on mood and anhedonia symptoms 
(Lipsman et al. 2014; Schlaephfer et al. 2008).

�Conclusion

This chapter highlighted key updates in anhe-
donia research and how modern definitions 
affected the trajectory of this research. Past 
constructs of anhedonia were broad and focused 
primarily on consummatory pleasure, which 
limited our understanding of the underlying 
neurobiology and potential development of 
treatment strategies. Reward processing 
includes interest, anticipation, motivation, 
effort and pleasure; a deficit in any of these fac-
ets may result in the clinical symptom of anhe-
donia. Behavioural tasks in tandem with 
neuroimaging have identified that slightly dis-
tinct pathways govern the activity of each 
reward facet, which underscores that anhedonia 
is a multi-faceted construct. This has also been 
reflected in the development of contemporary 
self-report questionnaires. There are various 
treatments that target anhedonia symptoms due 
to their effect on the dopaminergic and norad-
renergic systems; however, further research is 
needed to elucidate the effects of conventional 
antidepressants on anhedonia. As our under-
standing of anhedonia progresses, reward pro-
cessing models may be refined and allow for 
more personalized treatment strategies.
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