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ABSTRACT

There is an increasing heavy disease burden of major
depressive disorder (MDD) globally. Both high diagnostic
heterogeneity and complicated pathological mechanisms
of MDD pose significant challenges. There is much
evidence to support anhedonia as a core feature of

MDD. In the Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition, anhedonia is further emphasised
as a key item in the diagnosis of major depression

with melancholic features. Anhedonia is a multifaceted
symptom that includes deficits in various aspects of
reward processing, such as anticipatory anhedonia,
consummatory anhedonia, and decision-making
anhedonia. Anhedonia is expected to become an important
clinicopathological sign for predicting the treatment
outcome of MDD and assisting clinical decision making.
However, the precise neurobiological mechanisms of
anhedonia in MDD are not clearly understood. In this paper,
we reviewed (1) the current understanding of the link
between anhedonia and MDD; (2) the biological basis of
the pathological mechanism of anhedonia in MDD; and (3)
challenges in research on the pathological mechanisms
of anhedonia in MDD. A more in-depth understanding

of anhedonia associated with MDD will improve the
diagnosis, prediction, and treatment of patients with MDD
in the future.

INTRODUCTION

Major depressive disorder (MDD) is a
highly debilitating disease in China and
worldwide."” However, currently the
diagnosis and treatment of MDD face
many serious difficulties. Diagnosis is
mainly based on phenomenological eval-
uation, and treatment is based on empir-
ical judgements, resulting in high rates of
misdiagnosis and missed diagnosis,’ low
treatment efficacy, and low recovery rate.”*
According to the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition
(DSM-5), MDD diagnosis requires five or
more symptoms in the diagnostic criteria
to be present for at least two weeks, with
evident distress or functional impairment
to the patient. Individuals can present
with at least 256 unique symptom profiles
according to these criteria.’ Therefore,

MDD as a single disease has high diag-
nostic heterogeneity.6 There are at least
two reasons for the discrepancies in MDD
diagnosis, one of which is the heteroge-
neity of clinical features. In addition to the
above-mentioned 256 unique symptoms,
each episode also manifests heterogeneity
in the onset form of the disease (single
episode, seasonality, etc.),
severity (mild, moderate, or severe), age
of onset (early onset, late onset, or post-
partum onset), characteristics of comor-
bidities (comorbidity with other mental
disorders or various physical diseases),
course of disease (acute or chronic), and
treatment outcome (refractory, complete
remission, or partial remission), and so on.
The second is the complicated pathological
mechanism of MDD. Previously, MDD was
considered a ‘functional disease’; however,
in recent decades, with the wide applica-
tion of various research techniques and
analysis methods in MDD research, many
different hypotheses have been proposed,
including the genetic and epigenetic
anomaly hypothesis, the monoamine
hypothesis, the inflammatory hypothesis,
the hypothalamic-pituitary-adrenal (HPA)
axis dysfunction hypothesis, the neuro-
plasticity hypothesis, structural and func-
tional brain changes hypothesis, and social
psychological hypothesis.?”® These hypoth-
eses do not exist in isolation, but are closely
related and interact with each other. There-
fore, reconsidering the consequences
of the heterogeneity of depression diag-
nosis, identifying new biological subtypes
of depression, and uncovering objective
markers for the early diagnosis and predic-
tion of treatment response have become
important research topics and directions in
the field of depression in recent years.
Based on the diagnostic heterogeneity
of depression and its causes, using func-
tional neuroimaging data-driven strategies,
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Drysdale et al established associations between different
patterns of brain functional connectivity and distinct
MDD-symptom/behaviour profiles, and identified MDD-
symptom/behaviour domains of anhedonia and anxiety as
highly related to biological mechanisms, thus subdividing
MDD into four subtypes.’ Anhedonia has been supported
as an important symptom or behavioural domain of MDD
by many studies and is expected to become an important
clinicopathological sign for predicting the treatment
outcome of MDD and assisting clinical decision making.

Anhedonia and MDD
In ancient Greek, anhedonia (an=‘without’,
h&dong=‘pleasure’) mainly describes the inability to
experience any pleasure from usually pleasant activi-
ties, hobbies, sexual activities, or social interactions. In
a broad sense, it refers to the reduced ability to expe-
rience pleasure or the lack of appropriate emotional
responses to rewards or pleasant stimuli.'” ' Since
the 1970s, anhedonia has been regarded as the first
observable sign of the initial onset or recurrence of
endogenous depression.” In the Diagnostic and Statis-
tical Manual of Mental Disorders, Fourth Edition, text
revision, anhedonia is defined as diminished interest
or pleasure in response to stimuli that were previously
perceived as rewarding during a premorbid state and
is considered one of the core symptoms (depressed
mood, loss of interest, and anhedonia) of MDD, along
with depressed mood.'” In the DSM-5, anhedonia is
further emphasised as a key item in the diagnosis of the
melancholic subtype of major depression.” In recent
years, clinical studies have also found that about 70% of
patients with MDD showed clinically obvious features
of anhedonia," which was an important clinicopatho-
logical sign for differentiating MDD from other mental
diseases such as anxiety,'* schizophrenia,'’and others.
In addition, anhedonia has been shown to be related
to the severity of MDD'® " and a prolonged disease
course,'® and often it indicates a worse long-term prog-
nosis and a higher suicide rate.”® Thus, anhedonia has
become an important predictor of disease progression
and treatment outcome in MDD."®

Anhedonia is related to impaired reward processing
in the brain. A series of neuropsychological and
neurobiological studies have found that reward
processing comprises multiple aspects, including
desire, effort/motivation/decision, anticipation plea-
sure, and consummatory pleasure.'’ Berridge and
Robinson®’ delineated the dissociable psychological
components of reward as: ‘liking’ (hedonic impact),
‘wanting’ (incentive salience), and learning (predic-
tive associations and cognitions). Anhedonia can be
manifested in abnormalities in various aspects of the
reward processing, such as anticipatory anhedonia,
consummatory anhedonia, and decision-making anhe-
donia."” *** Individuals with anhedonia can present
with loss of desire for previously pleasant rewards
(diminished interest), lack of pleasure/satisfaction

after receiving rewards (loss of pleasant experience
and depressed mood), or both (diminished interest,
loss of pleasant experience, and depressed mood).
In addition, individuals cannot feel any enjoyment
from activities that were previously perceived as plea-
surable and may also manifest social withdrawal, lack
of motivation, and reduced activities. Some patients
experience a significant decline in sexual interest
and desire, abnormal reward learning (cognitive
impairment), and so on. The above-mentioned mani-
festations are typical clinical features commonly iden-
tified in patients with depression. These features are
supported by the results of many current multidimen-
sional big data analysis.®

The biological basis of the pathological mechanism of
anhedonia in MDD

Anhedonia is related to the dysfunction of the reward
circuit in the brain. The brain’s reward circuit is a
neural network with a dense distribution of dopa-
mine (DA)** that mainly comprises several cortical
regions, including the orbitofrontal cortex, ventro-
medial prefrontal cortex, and anterior cingulate
cortex, and subcortical regions, such as the nucleus
accumbens, ventral tegmental area (VTA), and
amygdala. Among them, the DA pathway of limbic
midbrain system, including the VTA, ventral striatum,
and the prefrontal cortex, plays a key role in reward
processing.”” The midbrain DA system is composed
primarily of neurons in the VTA of the midbrain that
project to the ventral striatum, regulating the reward
processing by changing the sensitivity of the medium
spiny neurons of the striatum to cortical and subcor-
tical glutamatergic afferents®® *’ (figure 1). Various
primary and secondary reward stimuli, including
food, sex, and drugs, can increase the release of DA
while inducing the reward processing.”® Genome-
wide association studies (GWAS) and other genetic
studies have found that genetic polymorphisms of DA
synthesis, metabolism, and functional activity regu-
lator proteins were related to the functional activities
of brain regions associated with reward processing®’*’
and were further significantly related to the clinical
features of anhedonia in patients with MDD. Polygenic
risk scores (PRS) analysis using GWAS data and anhe-
donia scores showed that the PRS of anhedonia were
significantly associated with a decrease in volume of
the reward-related brain regions, including the orbi-
tofrontal cortex, nucleus accumbens, and putamen.31
Notably, increasing evidence indicates that the aber-
rant activity of the lateral habenula (LHb), as the
brain’s ‘antireward centre’, is associated with depres-
sive symptoms such as anhedonia and helplessness™ >
(figure 1). The LHb plays an important role in the
coding of negative reward signals and in the control
of motivated behaviours. Therefore, the development
of LHb-specific targeting of drugs, antibodies, or anti-
sense oligonucleotides for MDD is promising.
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Figure 1 A simplified schematic of the reward circuit in

the human brain. ACC, anterior cingulate cortex; Amy,
amygdala; DS, dorsal striatum; LHb, lateral habenula; mPFC,
medial prefrontal cortex; MSNs, medium spiny neurons;
NAc, nucleus accumbens; OFC, orbitofrontal cortex; RMTg,
rostromedial tegmental nucleus; SN, substantia nigra; VTA,
ventral tegmental area.

It was further found that the levels of plasma
inflammatory factors (such as inflammatory-6 and C
reaction protein (CRP)) in patients with MDD with
symptoms of anhedonia were significantly increased,”
and patients with anhedonia and high levels of
inflammatory factors also showed immunometabolic
disturbances and reductions in the tyrosine metab-
olism pathway.®® * These results were confirmed
in both basic and clinical studies. One study found
that provision of exogenous inflammatory stimula-
tion to humans and experimental animals or a state
of chronic endogenous inflammation leads to a lack
of motivation in subjects, subsequently leading to
anhedonia.”® Imaging studies further revealed that
the elevated plasma CRP level in patients with MDD
was significantly related to the decreased functional
connectivity and elevated glutamate level in the
brain’s reward circuit, as well as the symptoms of anhe-
donia.” A recent study found that increased levels of
inflammatory factors in the central nervous system
were positively correlated with the increased levels of
inflammatory factors in plasma (r=0.855), as well as
the symptoms of anhedonia in patients with MDD.*" At
present, it is believed that the immune-inflammatory
responses have varying degrees of impact on the HPA
axis, neurotransmitter system, secretion of the neuro-
trophic factors, synaptic plasticity, and so on, which
disrupts the reward circuit and leads to anhedonia.*'
Moreover, through the interactions with the DA and
glutamate systems, the immune-inflammatory mech-
anism might be more involved in the pathological
process of abnormal reward motivation, anticipation

pleasure, and reinforcement learning, while consum-
matory anhedonia was more involved with the central
opioid pathway.*

Inrecentyears, resting-state and task imaging studies
have revealed significant data on the abnormal reward
circuit in depression involving various brain regions
of the reward circuit. For reward liking and wanting,
striatal hypoactivation was observed, alongside hypo-
activation and hyperactivation across frontal regions.
For reward learning, blunted frontostriatal sensitivity
to positive feedback was observed.” Specifically, the
reward prediction error signals of the striatum were
significantly decreased, and the VTA-striatum func-
tional connectivity was reduced, which were signifi-
cantly related to the impaired reward learning ability
of the patients with MDD.****

These results also provided new strategies for the
determination of the clinical features of anhedonia
and its treatment in patients with depression. In terms
of treatment, the current common antidepressants,
such as selective serotonin reuptake inhibitors, are
more effective at reducing negative emotions, rather
than enhancing ‘pleasure ability’ (i.e., increasing
positive emotions, improving insufficient reward feed-
back, and motivation); thus, it is difficult to alleviate
the symptoms of anhedonia.*”*® Some clinical experts
have called for the development of a treatment
strategy to specifically target the symptoms of anhe-
donia in patients*” to improve the poor treatment
response and clinical outcomes. Several studies have
so far evaluated the efficacy of dopaminergic drugs
in the treatment for anhedonia in MDD, such as the
DA transporter inhibitor bupropion. These studies,
including basic studies,” comparative studies with
standard antidepressant monotherapy,”’ and syner-
gistic treatment studies,’ revealed that the synergistic
therapeutic effect of bupropion could help improve
the positive affective dimension (energy, motiva-
tion, and enjoyment) of patients with MDD, but a
controlled study comparing bupropion with the stan-
dard antidepressant monotherapy did not show its
superiority over escitalopram. Other dopaminergic
modulators are second-generation antipsychotics, of
which aripiprazole has attracted more attention. The
Canadian Biomarker Integration Network in Depres-
sion has just completed a study of sequential treat-
ment with an evaluation of anhedonia and found that
61% of patients with MDD who had no response to
escitalopram treatment were relieved after combining
treatment with the dopaminergic drug aripiprazole,
resulting in significant improvements in the patients’
anhedonia symptoms, reward processing evaluated by
imaging, and brain activities.”

Challenges in research on the pathological mechanisms of
anhedonia in MDD

Although anhedonia is defined as the core symptom
of MDD in the DSM-b, research on the mechanisms

Su Y-A, Si T. General Psychiatry 2022;35:6100724. doi:10.1136/gpsych-2021-100724



General Psychiatry

3

Table 1 Current challenges in research on the pathological
mechanisms of anhedonia in major depressive disorder
(MDD)

Challenges

Potential solutions

Competing definitions
for anhedonia in
schizophrenia and MDD

New clinical terminology should

be introduced in future versions of

the diagnostic systems to facilitate
identifying deficits in different aspects
of reward processing in the anhedonia
domain of MDD.

The weak temporal Improving the evaluation of reward
correlation and operability processing in MDD and optimising
between reward study design to solve the problem are
processing and MDD necessary.

Lack of specific
assessment tools for
anhedonia in MDD

The current commonly used anhedonia
assessment tools have several
limitations. The recently developed
Dimensional Anhedonia Rating Scale
can comprehensively reflect anhedonia
features in patients with MDD; as an
ideal tool, it needs to be optimised in
the future for a wider population.

of anhedonia in MDD still faces great challenges
(table 1). First, anhedonia is a transdiagnostic psycho-
pathological sign; that is, in addition to MDD, it is
also seen in other mental disorders, including schizo-
phrenia. In the Research Domain Criteria, human
function/behaviour is divided into six research
domains, of which the positive valence system is related
to the abnormality of the reward system. In terms
of the connotation of the concept, there are differ-
ences in anhedonia between the two diseases. In the
schizophrenia spectrum, anhedonia is a subordinate
construct, which is narrowly defined as ‘the decreased
ability to experience pleasure from positive stimuli or a
degradation in the recollection of pleasure previously
experienced’ (DSM-5, p. 88), and is included in the
domain of negative symptoms. Other negative symp-
toms include alogia, avolition, asociality, and dimin-
ished emotional expression. Conversely, in MDD,
anhedonia is defined as a supraordinate construct.
As a general criterion, it covers the description of
different clinical features of MDD, including feeling
less interested in hobbies (‘not caring anymore’) or
not feeling any enjoyment in activities that were previ-
ously considered pleasurable (DSM-5, p. 163).%° There-
fore, the term ‘anhedonia’ in MDD is more analogous
to the term ‘negative symptoms’ in schizophrenia.
Confusion is easily caused in the literature due to the
competing definitions for anhedonia. A refined defi-
nition of anhedonia that identifies deficits in different
aspects of reward processing should be introduced in
future versions of diagnostic systems. Computational
approaches are needed to provide objective methods
of assessing different profiles within the heteroge-
neous symptom domain.* Second, although anhe-
donia is the core symptom of MDD, it is not equal

to depression, and there are individual differences in
the presentation of anhedonia in depressed patients.
Existing evidence supports the causal relationship
between reward processing abnormalities and depres-
sion, but the temporal correlation and operability are
weak.”® In the future, it will be necessary to improve
the evaluation of reward processing and depression
and to optimise study design to solve the current
dilemma. Therefore, the final challenge is the lack
of specific assessment techniques for anhedonia in
MDD. Currently, the commonly used assessment tools
for anhedonia include the Snaith-Hamilton Pleasure
Scale (SHAPS), Fawcett-Clark Pleasure Capacity Scale
(FCPS), Chapman Social Anhedonia Scale (CSAS),
Temporal Experience of Pleasure Scale (TEPS), and
Dimensional Anhedonia Rating Scale (DARS)."
Among these, SHAPS does not have a limitation on
diagnoses. FCPS and CSAS are culturally specific and
have limited evaluation domains. Only the DARS is
dedicated to assessing the multidimensional features
of anhedonia in patients with depression, and it can
be used to evaluate the anticipation pleasure, consum-
matory pleasure, and decision-making pleasure for
natural stimuli, food, and social stimuli, reflecting
the features of anhedonia in patients with MDD more
comprehensively. Currently, there is only a Chinese
version,” a Spanish version’® and an English version;*”
therefore, it needs to be optimised in the future for a
wider population.

CONCLUSION

MDD is currently a highly debilitating disease world-
wide, and the diagnostic heterogeneity is a key factor in
the current difficulties in its diagnosis and treatment.”
The diagnostic heterogeneity of MDD stems from the
complex heterogeneity of its clinical features, aeti-
ology, and pathology. Big data model analysis suggests
that anhedonia may be an important clinical subtype
of MDD. Anhedonia has gradually been regarded as a
core symptom of MDD since DSM-III, and especially
after DSM-5 has emphasised further its importance in
the diagnosis of MDD. Furthermore, in recent years,
basic, genetic, molecular biology, and imaging studies
based on MDD populations all support the impor-
tance of anhedonia in the diagnosis and treatment of
depression. However, research on the mechanisms of
anhedonia in MDD still faces a series of challenges.
Anhedonia is a transdiagnostic pathological sign, and
the study design needs to be optimised in the future
to further investigate the characteristic symptoms,
signs, and biological mechanisms of anhedonia in
MDD. The optimisation of specific assessment tech-
niques is warranted to deepen the understanding of
anhedonia associated with depression and to improve
the diagnosis, prediction, and treatment of patients
with MDD with anhedonia.
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