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Anhedonia, as one of the core symptoms of major depressive disorder (MDD), has been regarded as a potential endophenotype of
the disease. Multiple studies have evaluated the potential mechanisms of anhedonia in MDD, and found that MDD patients with
anhedonia showed different functions in clinical features. In this review, we focus on the clinical research to explore the differences
between MDD patients with and without anhedonia in the clinical manifestations and biological alterations, and elaborate the
treatments and prognosis of anhedonia. It is demonstrated that anhedonia is associated with adverse outcomes including more
severe depressive episode and suicidality, and poor prognosis in patients with MDD. At the biological level, MDD patients with
anhedonia seem to present higher levels of inflammatory factors, abnormal metabolic function and hypermetabolism of BDNF. In
brain imaging studies, there are some structural and/ or functional changes in multiple brain regions of subcortical and cortical
areas, as well as the limbic system in MDD patients with anhedonia. Meanwhile, preliminary research findings have also indicated
that there are associations between intestinal flora imbalance and anhedonia. Moreover, evidence indicated the benefit of some
selective serotonin reuptake inhibitors seemed limited on anhedonia, and other treatments including psychotherapy, physical
therapy and probiotic interventions has remained to be explored but has interesting potential. Therefore, increased awareness of
the anhedonic symptoms and the unique clinical features would benefit improved early diagnosis and therapeutic effects in MDD.
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INTRODUCTION

Major depressive disorder (MDD) is one of the most common and
disabling psychiatric disorders, which contributes a large health
and economic burdens in the world [1]. In the last 30 years, it is
estimated that the global prevalence of MDD has increased by
almost 64%, and currently approximately 5% of adults suffer from
depression [2]. The clinical course of MDD is often chronic and
recurrent, and the disease is accompanied by heightened risk of
suicide [3]. Moreover, MDD is widely considered as not a
homogeneous entity but as a multidimensional syndrome.
Subdivisions in different subtypes of depression based on
different symptoms have received special emphasis in the
literature due to the highly heterogeneous and diverse clinical
manifestations of MDD [4, 5]. The strategic framework of
personalized and precision medicine also highlights that a further
discrimination of clinical characterization is crucial for individua-
lized diagnosis and therapies of MDD patients.

Anhedonia has been highlighted in the diagnosis of depression
and is a core feature of MDD. In depressed individuals, anhedonia
has been demonstrated to have different functions in clinical
features and prominently be associated with more severe
depressive episode [6], more suicidality [7, 8] and poor response
to anti-depressive treatments [9]. Meanwhile, accumulated studies
have revealed that MDD patients with anhedonia showed

different neurobiological characteristics including immune-inflam-
mation, metabolism, brain structure and function, and others
when compared with MDD patients without anhedonia [10-13].
Therefore, anhedonia may be a potential phenotype of MDD with
some unique clinical and biological features, which needs paid
more attention in clinical diagnosis and treatment. In this review,
we focus on the clinical research to explore the differences
between MDD patients with and without anhedonia in the clinical
manifestations and biological alterations, and elaborate the
treatments and prognosis of anhedonia. It would help to improve
the understanding of anhedonia in MDD.

DEFINITIONS AND FEATURES OF ANHEDONIA

Anhedonia is defined as a loss of interest and/ or the capacity to
experience pleasure in previously enjoyed activities. The word
anhedonia was coined by a French psychologist in 1896 firstly
referred to the total loss of both physical and psychic pleasure in
melancholia. In the Diagnostic and Statistical Manual of Mental
Disorders (DSM)-IIl diagnostic criteria of MDD, anhedonia was first
positioned as one of core symptoms of depression and had a clear
definition as “loss of interest or pleasure in all or almost all usual
activities and pastimes”, which was similar to the current DSM-5
diagnostic criteria [14]. Unlike other features of sensory or
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cognitive, the actual experience of pleasure is an additional
hedonic gloss generated by hedonic brain circuits. Different
conceptualizations of anhedonia have been described based on
the different perspective in the fields of psychology and
neuroscience. Evidence from studies of hedonia suggests reward
processing consists of three phases: wanting (the motivation for,
or incentive salience of a reward), liking (the actual pleasure or
hedonic impact of a reward), and learning (associations, repre-
sentations, and predictions about future rewards based on past
experience), which relate to the appetitive, consummatory and
satiety phases of the pleasure cycle [15]. Based on this
conceptualize, anhedonia is regarded as impairments in some or
all of these processes, which to a great extent, reflected the
composition in Positive Valence Systems of the Research Domain
Criteria (NIMH) [16].

Therefore, anhedonia was initially characterized by a reduced
ability to experience pleasure or interest in pleasurable rewarding
stimuli. Currently, it could be roughly divided into two categories:
anticipatory anhedonia (a reduced ability to experience pleasure
in anticipation of rewarding events) and consummatory anhedo-
nia (a reduced ability to experience pleasure from activities) [17].
MDD patients with anhedonia may manifest reduced motivation
to participate in enjoyable activities, difficulty in planning and
initiating activities, lack of enthusiasm or excitement for future
events, difficulty to experience positive emotions during various
activities, reduced enjoyment and frequency of social and
entertainment activities [18]. Meanwhile, anhedonia is not a
stable trait as it seems appears to change with progression of
disease. Usually, the symptom is more severe during the acute
phase of a depressive episode, however, is may also persist during
the rehabilitation period [19].

ASSESSMENT OF ANHEDONIA

Anhedonia in MDD patients can be assessed in many ways, such
as using one item from the Hamilton Depression Rating Scale
(HAMD) or the Montgomery-Asberg Depression Rating Scale
(MADRS), as well as using the direct symptom scales. One of the
most common scales is the Snaith-Hamilton Pleasure Scale
(SHAPS), which is a self-reported scale consisting of 14 items
used to assess anhedonia in four domains (interests and pastimes,
social interactions, sensory experiences and diet) [20]. The SHAPS
is considered as the gold standard for measuring anhedonia in
depression [21] and is used to distinguish the presence or absence
of anhedonia in some previous studies [10, 22-24]. Besides, the
Temporal Experience of Pleasure Scale (TEPS) is an 18-items self-
report questionnaire and included two subscales that is designed
to distinguish between anticipatory and consummatory pleasure
[25] and the Dimensional Anhedonia Rating Scale (DARS) is a 17-
item self-report questionnaire and could reflect the anhedonia in
different domains of hobbies, social activities, food/drink, and
sensory experience [26]. Moreover, some behavioral tasks
combine with neuroimaging are helpful to identify the neurobio-
logical underpinnings of anhedonia in MDD patients, which are
more commonly used in research rather than in clinical practice
[21].

CLINICAL MANIFESTATIONS OF ANHEDONIA

Prevalence

In depressed individuals, the prevalence of anhedonia is usually
quite high, but varies depending on the population studied and
the regions. Previous research has indicated that approximately
70% of patients with MDD showed clinically features of anhedonia
[27]. Although the prevalence of depression is generally higher in
women compared to men, there is no existing evidence of MDD
with anhedonia for gender differences. Anhedonia occurs in MDD
patients across the age spectrum, and is commonly observed in
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adolescents as well as adults. In adolescence, rates of depression
increase significantly between 13-18 years [28] and the incidence
of anhedonia was also relatively high, reported as approximately
74% [29]. In adult patients with MDD, a recent study utilizing data-
driven approach demonstrated adult MDD patients (18-55 years)
with anhedonia had older age, however, this work still be limited
by the sample size [30]. Available evidence suggests that
childhood trauma (CT) is also correlated with anhedonia,
deprivation predicted anhedonia levels and trajectory in MDD
[31]. In young adult patients with MDD, the degree of anhedonia
was reported to be associated specific types of CT. Among them,
emotional neglect had a stronger correlation with anhedonia in
depression [32]. Moreover, Fan et al. reported that MDD
individuals with moderate-to-severe CT suffered more severe
state anhedonia than participants with no or low exposure and
found that CT has effects on specific types of trait anhedonia and
on core reward system [33].

Accompanied symptoms

Evidence demonstrated that patients with anhedonia have a
different pattern of symptoms relative to those without anhedo-
nia. An early article reported that MDD patients with extreme
anhedonia were younger, more severely depressed and hopeless,
while less neurotic than the patients with normal pleasure
capacity [34]. In the investigation, the author found that the
capacity to experience pleasure showed no improvement before
other depressive symptoms get better when analyzed the clinical
changes from hospital admission to discharge, while vegetative
symptoms of depression such as sleep disturbance, weight loss,
and fatigue, had no effect on the ability to discriminate anhedonic
and hedonic depressed patients [34]. In the follow-up study,
anhedonia has been demonstrated to have some relationships
with other depressive symptoms. Lemke et al. interested in the
relationship between anhedonia and psychomotor retardation in
depressed patients and found that a significant correlation
between the two symptoms when assessed with German version
of the SHAPS and the Widdcher Retardation Scale (WDRS),
respectively [35]. Moreover, Buckner et al. recruited 564 young
adults with MDD to explore the influences of the presence or
absence of anhedonia and sadness on the remaining DSM
depressive symptoms as well as the symptom expression and
clinical characteristics of MDD. In the study, the presence of
anhedonia was found associated with severe social dysfunction,
such as higher rates of social withdrawal and social impairment,
reactivity of mood brooding about past events and diurnal mood
variation (worst in mornings) [36].

Studies have established a relation between anhedonia and
sleep disorders in MDD. A 14-day diary study including a hundred
and seventy-one women conducted by Kalmbach et al. found that
higher levels of depression-specific anhedonia predicted longer
sleep-onset latency (SOL), shorter self-reported total sleep time
(TST), and poor sleep quality (SQ) [37]. Besides, Wieman et al.
conducted a supplementary study on two-hundred and sixty
undergraduate students to explore the association between sleep
disturbance and different stages of anhedonia and reward system
functioning and found that poorer sleep quality, shorter sleep
duration, and increased awakening after sleep onset are closely
related to the reduction of anticipation and satisfaction reward
response, while longer sleep start latency and poor sleep
efficiency were only related to the impairment of satisfaction
reward reactivity [38]. Similar findings were also demonstrated in
neuroimaging studies of sleep disorders, which suggested the
MDD patients with anhedonia more easily into comorbid clinical
states over time [39, 40].

Deficits in cognitive function as a contributory factor to the
psychosocial disabilities in MDD may throughout the whole course
of the disease and hinder the achievement of complete remission
of MDD [41]. In depressive individuals, previous evidence had

Translational Psychiatry (2025)15:90



indicated that cognitive dysfunction and anhedonia were are
closely related and interacted with each other. A longitudinal
study compared the cognitive performance in the melancholic
and non-melancholic subtypes of MDD and found that compared
with non-melancholic MDD patients, melancholic MDD patients
showed more severe impairment of executive control perfor-
mance. After controlling for the severity of depression, the
melancholic group showed worse performance in cognitive
function tests [42]. As we known, melancholic depression is one
of the common subtypes characterized by several specific
symptom clusters, in which anhedonia has traditionally been
conceptualized as one of the core symptoms and the key features
of melancholic depression [43]. This evidence indirectly indicated
the correlation between anhedonia and poor cognitive function.
Moreover, a study of 369 MDD patients reported a significant
correlation between self-rated cognitive impairment and anhedo-
nia, as well as after adjusting for illness severity, which suggested
MDD patients with anhedonia were more likely to show cognitive
deficits [44]. Beyond that, a recent large sample investigation of
1400 patients with first episode of depression and 487 patients
with recurrent depression indicated that recurrent depressive
patients presented broader cognitive impairment and anhedonia
symptoms, while cognitive decline was significantly related with
the many aspects of anhedonia in both MDD groups [45].

Suicidality

The suicidal risk in anhedonic patients has attracted much
attention in recent years. Previous research has shown that
anhedonia was closely associated with suicidality in major
affective disorder. Oei et al. conducted a cross-sectional study of
46 patients with depressive symptoms and found that among the
patients, seventy one percent of these patients with anhedonia
presented suicidal ideation. Meanwhile, the level of anhedonia
was positively associated with suicidal ideation scores [46]. A
cohort of 586 persons from the Netherlands Mental Health Survey
and Incidence Study also reported the significantly related
between suicidality and anhedonia in depressive spectrum
disorder [7]. Fawcett et al. studied 954 psychiatric patients with
major affective disorders and found that nine clinical features
including anhedonia were associated with suicide occurring after
one year. The symptom of anhedonia was considered as one of
the traits of suicide attempters [47].

Moreover, anhedonia attached great importance to predict
suicidal ideation in MDD patients. Winer et al. conducted a study
to examine the relationship between anhedonia and suicidal
ideation at baseline, at termination, and over time in a large
psychiatric inpatient sample (N =1529) and found that the two
symptoms are significantly correlated cross-sectionally at baseline
and at termination [48]. Moreover, longitudinal observations from
baseline to termination have discovered the changes in anhedo-
nia could predict the changes in suicidality and the level of
suicidality at termination. Ballard et al. found the anhedonia,
independent of other depressive symptoms, was associated with
suicidal ideation [49] and it could be decreased by treatment to
reduce the risk of suicidality, which were was confirmed in other
non-clinical and clinical investigations [50]. A meta-analysis
including 15 observational case-control studies conducted by
Ducasse et al. aimed to investigate the anhedonia differences in
individuals with and without current suicidal ideation and
reported higher level of anhedonia in patients with current
suicidal ideation than those without current suicidal ideation with
a medium effect size. When the factors of depression and
psychiatric disorders were controlled for, there still remained a
significant association between anhedonia and current suicidal
ideation, which suggested that anhedonia remained a robust
protective predictor of suicidal ideation independent of depres-
sive symptoms [51]. Recently, Ding et al. conducted a study based
on a national multi-centered prospective cohort (N=1461) to
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explore the trajectories and predictors of suicidal ideation (SI) in
MDD patients and found that compared to those with a
consistently low S| trajectory, a higher score of anhedonia was
associated with an increased risk of experiencing persistently mild
(RRR = 1.20, 95% ClI: 1.05, 1.38) and slowly declined SI (1.54, 95%
Cl: 1.32, 1.80), which suggested anhedonia might be a core risk
factor for suicidality and treatment or intervention targeted
anhedonia are critical for suicidal prevention [52].

With deepening exploration on different dimensions of
anhedonia, some studies made extension upon prior research.
Sagud et al. used revised Physical Anhedonia Scale (RPAS) and the
revised Social Anhedonia Scale (RSAS) to divided the physical and
social anhedonia in MDD, schizophrenia, and health controls and
found that MDD patients with physical and social anhedonia
(respectively referring to an inability to feel physical pleasure and
a diminished capacity for pleasure in social activities) showed
greater rates of recent suicidal ideation, while only MDD patients
with social anhedonia presented a higher frequency of individuals
with life-time suicide attempts [53]. Meanwhile, considering the
roles of state and trait anhedonia in suicidality, Yang et al.
conducted two studies in two undergraduate samples and found
state social anhedonia was positively associated with suicidal
ideation and it was a margin significant predictor of suicidal
ideation [54]. However, trait social anhedonia is not a directly
factor for suicidal ideation, it indirectly effected suicidality by other
risk factors such as thwarted belongingness, perceived burden-
someness [54]. In psychiatric outpatients, Hawes et al. reported
similar results that patients with acute, state-like anhedonia
showed higher levels of suicidal ideation when compared to the
patients without anhedonia, while no differences of suicidal
ideation were found between patients without chronic, trait-like
anhedonia and the patients without anhedonia [55]. However, the
conclusions of the effect of different anhedonia for suicidality
remain inconsistent. Two studies including 2189 undergraduate
students both showed that recent changes in anhedonia, but not
trait and state anhedonia were associated with recent suicidal
ideation [50]. Hein et al. also reported that trait anhedonia in
patients with severe major depressives associated with recent
suicidal ideation, while in mild or moderate depression, the recent
change of anhedonia had a correlation with recent suicidal
ideation [56]. A recent meta-analysis of 20 studies and 11,212
individuals conducted by Gillissie et al. had a more comprehensive
assessment in aspects of suicidality and components of anhedo-
nia. The results of the study demonstrated all general, anticipatory
and consummatory domains of anhedonia were significant
correlation with suicidality in both general and psychiatric
populations, which further supported that anhedonia was a risk
factor for suicidal behaviors [57].

BIOLOGICAL INDICATORS OF ANHEDONIA

Inflammatory markers

Inflammatory changes have been received much attention in the
field of onset and development of depression in recent years.
Hundreds of literatures demonstrated that, when compared with
healthy controls (HCs), MDD patients exhibited low-level inflam-
mation with mean increases in systematic inflammatory mole-
cules, including elevation of inflammatory cytokines, chemokines,
adhesion molecules and acute phase proteins in peripheral blood
[58-60]. Meanwhile, excessive inflammation has been demon-
strated to be closely related to the pathological process of
anhedonia and depression. Previous clinical and animal studies
demonstrated that inflammation impacts brain neural circuit and
neurotransmitter system involving multiple and complex bio-
chemical pathways, including reducing the synthesis, release and
reuptake of dopamine, increasing synaptic and additional synaptic
glutamate, and activating the metabolites of the kynurenine
pathway, thus leading to reduced motivation and loss of interest
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in MDD [61]. Felger et al. reported that hyperinflammation,
especially C-reaction protein (CRP) and interleukin (IL)-6 levels, was
closely related to abnormal functional connections of reward
processing in the brain in MDD [62]. Besides, Jha et al. found that
higher levels of IL-17, Th1-, Th2- and non-T- cell markers were
associated with greater severity of anhedonia in MDD which
highlighted the effect of immune dysfunction on depressive
symptoms, specifically on anhedonia [63]. In addition to these
indirect evidences, increasing clinical studies have directly
compared the different levels of inflammatory factors between
MDD patients with anhedonia and without anhedonia and found
the increased inflammatory factors levels in anhedonic MDD. Lu
et al. found that plasma IL-6 levels in MDD patients with
anhedonia, but not in MDD patients without anhedonia, were
higher than those in HCs, which were also positively correlated
with the severity of anhedonic symptoms in MDD patients [12].
Tang et al. found that MDD patients with anhedonia presented
higher levels of IL-6 and complement Factor H than patients
without anhedonia, which extended our results [10]. Similarly, Li
et al. found higher serum levels of IL-2, IL-6, and CRP in anhedonic
MDD than in nonanhedonic MDD, and proposed a combination of
IL-6, CRP, and cortisol could be used to distinguish anhedonic
MDD with optimal predictive value [24]. Felger et al. indicated that
the higher scores of anhedonia in MDD patients showed higher
concentrations of plasma CRP than those with low anhedonia. The
authors found that higher plasma CRP had a power to predict high
anhedonia by logistic regression in both males and females [64].
Moreover, in adolescents, it was reported by Freed et al. that only
symptom of anhedonia rather than depressive symptom was
associated with multiple inflammatory factors including TNF-q, IL-
2, IL-4, IL-6, IL-10, and IL-17A [65]. Rengasamy et al. explored the
longitudinal relationships of cytokines, depression and anhedonia
in depressed adolescents and found that increased baseline levels
of Tumor necrosis factor-alpha (TNF-a) were positively associated
with baseline anhedonia as well as predicted higher anhedonia
[66]. Therefore, although there are currently few small sample
studies on the levels of inflammatory factors in patients with
anhedonia, C-reactive protein, IL-6, TNF-a and other inflammatory
factors or receptors may still be potential effective biological
markers, which can help classify subtypes of anhedonia in
depression.

Metabolism indicators

Recent studies reported anhedonic symptoms were associated
with metabolic disorders. In patients with type 2 diabetes (T2D), it
was found a significant association between anhedonia and
suboptimal glycemic control [67], and similar results have also
been confirmed in individuals with hypertension [68]. Meanwhile,
Singh et al. conducted a neuroimaging study in forty-two MDD
patients with overweight young people and found that individuals
with higher levels of anhedonia showed greater insulin resistance
(IR), which was associated with reduced anterior cingulate and
hippocampal volumes, and increased cingulate-hippocampal
network connectivity at rest [69]. Moreover, Brouwer et al. used
the secondary analysis of data from a randomized, placebo-
controlled, parallel-arm clinical trial in 59 patients with depression
and T2D and found higher IR individuals showed more symptoms
of irritability, anhedonia, fatigue and hypersomnia than those with
lower IR [70]. Similar results were proved by Rashidian et al. who
investigated the effect of insulin resistance (IR) on treatment
response to vortioxetine in MDD patients in a secondary analysis
of an 8-week, open-label clinical trial and found a significant
baseline IR by time interaction for the severity of anhedonia,
cognition and functional capacity when adjusted for age, gender,
dose, and BMI. The authors also indicated that a higher baseline IR
could predict slower improvements in anhedonia during the
therapy of vortioxetine [71]. Nasca et al. reported an increased
concentration of the insulin receptor substrate-1 (IRS-1) in
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circulating brain-enriched exosomes (L1CAM) exosomes in MDD
patients, which was positively associated with anhedonia [72].
MDD patients with anhedonia had different lipid parameters
and metabolic states compared with those without anhedonia,
which related to adverse clinical events and all-cause mortality.
Moreira et al. recruited a sample of young adults aged 24-30 years
old from the community to investigate the association between
anhedonia and metabolic syndrome (MetS) in individuals diag-
nosed with a current depressive episode, and found that
depressive individuals with anhedonia had a higher prevalence
of metabolic syndrome than those without anhedonia. Moreover,
a significant higher level of glucose, triglycerides, total-cholesterol
and low density lipoproteins (LDL)-cholesterol, but significant
lower levels of high density lipoproteins (HDL)-cholesterol were
observed in depressive individuals with anhedonia when com-
pared with those without anhedonia, which suggested anhedonia
may contribute to development of MetS [11]. Su et al. compared
the blood lipid profile between unipolar and bipolar depressed
patients, as well as in the depressed patients with anhedonia or
suicidal thoughts and reported that a lower lipid levels and insulin
resistance index, as well as a higher levels of T3 and FT3 in bipolar
group. In subsequent analyses of the effect of anhedonia on the
levels of these biochemical parameters, they found that depressed
patients with anhedonia had significantly increased levels of LDL
when compared with those with non-anhedonia [73]. Moreover,
previous studies showed that anhedonia is independently
associated with major adverse clinical events and it could predict
a shorter survival time in patients with type 2 diabetes [74]. These
evidences reflected the abnormal metabolic function in MDD
patients with anhedonia and highlighted the importance of
exploring the association between anhedonia and metabolism.

Brain-derived neurotrophic factor

Brain-derived neurotrophic factor (BDNF) belongs to the
neurotrophic family and play a prominent role in the survival,
differentiation, growth and development of neurons in the
central nervous system including hippocampal, cortical, choli-
nergic, nigral dopaminergic, and serotonergic neurons [75].
BDNF is initially synthesized as a precursor protein, proBDNF,
which is cleaved into mature BDNF by extra-synaptic proteases;
mature BDNF acts a beneficial role in cell survival and neural
development via its primary receptor tropomysin-related kinase
B (trkB), however, proBDNF, in contrast to its mature version, acts
as a proapoptotic chemical [76, 77]. Recent studies have
demonstrated the close relationship of neuronal levels of
neurotrophic factors and reward-related processes and hedonic
impairment in MDD. Wu et al. investigated the dysfunction of
BDNF metabolism in MDD patients with and without severe
anhedonia, and reported a statistically differences in the ratio of
mature brain-derived neurotrophic factor (BDNF) to precursor-
BDNF in MDD patients with and without anhedonia. The authors
found a higher level of the ratio of M/P and the increased plasma
tPA concentrations in MDD patients with anhedonia when
compared with MDD patients without anhedonia, as well as with
HCs and observed a significant positive association between the
ratio of M/P and the severity of anhedonia in the depressed
patients, which might suggest that hypermetabolism of BDNF
could be a function of anhedonia in MDD [78]. Besides, Zheng
et al. observed that baseline proBDNF levels were associated
with changes in anhedonic symptoms and in antianhedonic
responders to repeated doses of ketamine presented higher
baseline proBDNF levels than antianhedonic nonresponders,
which suggests that baseline proBDNF levels may predict the
antianhedonic effect in individuals with MDD treated with
repeated doses of ketamine [79]. Martinotti et al. found that an
increase of BDNF serum levels after a 2-week treatment with
agomelatine, which were be greater in MDD patients with
severer anhedonia at baseline [80].
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Neuroimaging markers

Numerous evidence in humans and animals suggests that the core
mechanism of anhedonia is reward circuitry or network deficits in
the brain, which including ventral tegmental area (VTA), the
nucleus accumbens (NAc), ventral striatum, prefrontal cortex (PFC),
amygdala, hippocampus and other areas [15, 81]. The relationship
and interconnections of these involved regions is complex and
different brain regions present specific behavioral functions, which
is linked to different stages of reward processing. Ventral striatum
including the NAc as the reward center of the brain is associated
with the recognition and initiating consumption of rewards. It
receives dopaminergic projections from VTA constitute the
classical dopaminergic mesolimbic pathways [82-84]. Different
PFC subregions have the multiple reciprocal connections with the
NAc, VTA, amygdala and hippocampus, as well as in each
subregion, which play an important role in regulating the
behavioral response to rewards [85, 86]. Moreover, the amygdala
is involved in the evaluation of rewards and associated with the
reward-related memories and the hippocampus is essential for the
encoding and retrieval of declarative memories in working
memory [87, 88].

Literatures have found that MDD patients with anhedonia
seemed to present unique changes in structure and function in
reward-related regions, as well as the abnormal networks.
However, although dynamic information about brain function
could better accurately reflect brain activity, the studies on
electroencephalogram exploring the changes of MDD patients
with anhedonia is rare. Zotev et al. reported the effects of
simultaneous real-time functional magnetic resonance imaging
(fMRI) and electroencephalogram (EEG) neurofeedback in MDD
evaluated with brain electromagnetic tomography and found the
relation between changes of prefrontal upper alpha density and
the severity of anhedonia in MDD [89]. Therefore, following
discussion reviews the differences of MDD patients with and
without anhedonia based on the clinical imaging findings, which
are mostly focused on the brain structure and function. Lu et al.
reported that more severe atrophy in the left striatum in MDD
patients with anhedonia than those without anhedonia and HCs
[12] as well as the severity of anhedonia was associated with
reduced bilateral caudate volume in MDD patients [90]. Enneking
et al. found that higher social anhedonia was associated with
reduced gray matter volume in the bilateral caudate nucleus in
MDD, which independently of diagnosis, depression severity,
medication status, and former course of disease [91]. Meanwhile,
Wu et al. found that MDD patients presented significantly reduced
volumes in the left hippocampus head when compared with HCs,
and only MDD patients with anhedonia further exhibited
significantly reduced volumes in hippocampal subfields, including
the cornu ammonis (CA) 1, granule cell layer of the dentate gyrus
(GC-ML-DG), and molecular layer (ML), which suggested that MDD
patients with anhedonia exhibit unique atrophy of the hippo-
campus [92]. Mu et al. investigated the volume changes of various
parts of the subcortical limbic (ScLimbic) system in MDD with and
without anhedonia and found MDD patients with anhedonia
showed volume reductions in the left bilateral fornix (Fx) and the
right basal forebrain (BF) when compared with HCs. No significant
difference was found in the volumes of ScLimbic system between
MDD patients without anhedonia and HCs, either the two groups
of MDD patients [93]. Besides, Ma et al. observed significant
differences in functional connectivity (FC) values of VS, ventro-
medial prefrontal cortex (vmPFC), presupplementary motor area
(Pre-SMA), and left thalamus (THA) regions when comparing MDD
patients with and without anhedonia. Correlation analysis in the
MDD group revealed that the FC between the right VS and right
NAc, left THA and left cerebellum crus1 were positively correlated
with anhedonia severity, and the FC between the Pre-SMA and the
right caudate, vmPFC and the left medial orbital frontal gyrus in
the MDD group presented negatively correlated with anhedonia
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severity [13]. Lu et al. found the anhedonic group showed a
significantly aberrant interhemispheric functional connectivity in
middle temporal gyrus and inferior parietal lobule and bilateral
superior frontal gyrus when compared to the non-anheodnic
group [23]. Moreover, a significantly decreased regional homo-
geneity (ReHo) in the left superior frontal gyrus and left middle
cingulate gyrus was found in the anheodnic group when
comparing to HCs, while there was no significant difference of
regional homogeneity between non-anheodnic group and HCs,
which suggested disturbed intrinsic brain function in the frontal-
limbic regions may be associated with anhedonia in MDD patients
[22]. These results suggest MDD patients with anhedonia may
have unique changes in brain structures and functions.

Gut microbiota

Recently, the role of the gut microbiota in psychiatric disorders
has become a research hotspot. The gut microbiota as a key
regulator within the gut-brain axis impacts cognition and mood
through neural, metabolic and hormonal pathways [94]. Indeed,
bacterial species not only can modulate serotoninergic, noradre-
nergic, dopaminergic, glutamatergic, and gamma-aminobutyric
acid (GABA) neurotransmission but also produce these neuro-
transmitters and their precursors by themselves [95]. Gut
microbiota as a topic of great interest and a new frontier in
biomedical research, mainly focus on the impact on depression or
other psychiatry disorders, however, the research on different
symptoms and subtypes needs to be done more extensively.
Therefore, considering no existing clinical study has demonstrated
that differences of MDD patients with and without anhedonia in
gut microbiota, we review the preclinical and clinical studies
to investigate the association between gut microbiota and
anhedonia.

In preclinical studies, Kelly et al. carried out a fecal microbiota
transplantation from depressed patients to a microbiota-deficient
rat model and found that the receiving animals presented
anhedonia and anxiety-like behavior, as well as alterations in
tryptophan metabolism [96]. Meanwhile, Wang et al. found two
microbes (Lactobacillus intestinalis and Lactobacillus reuteri) could
induce the phenotype of anhedonia in antibiotic-treated mice.
Clinical studies on MDD showed that lower diversity of bacteria
and difference in abundance among bacterial groups [97]. In
clinical studies, Minichino et al. confirmed that alpha diversity was
a directly and significantly associated with anhedonia or amotiva-
tion, and the faecal levels of the endocannabinoid palmitoyletha-
nolamide (PEA) mediated this association [98]. Mason et al. found
that cluster with higher Bacteroides and reduced presence of
Clostridales presented higher anhedonia scores in participants
with co-occurring depression and anxiety, which suggested the
reduced anti-inflammatory gut microbiota were associated with
anhedonia [99]. In addition, a recent study leveraged the
microbiome to understand clinical heterogeneity in depression
and identified three co-occurrence networks using 16S rRNA
sequencing. The symbiotic module rich in butyrate producing
bacteria is significantly correlated with depression, anxiety and
anhedonia in patients with depression, reflecting the relationship
between different communities of gut microbiota and clinical
phenotypes in MDD [100]. Subsequent research on the relation-
ship between anhedonia subtype of depression and gut micro-
biota may also be a be a promising direction.

TREATMENTS OF ANHEDONIA

Evidence has indicated that some selective serotonin reuptake
inhibitors (SSRIs) seem not benefited to treat hedonic impairment
in MDD and most antidepressants were no obvious collinearity in
the treatment of anhedonia and other depressive symptoms [27].
Meanwhile, the recent systematic review has reported that some
novel antidepressants as vortioxetine, agomelatine and ketamine
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seem be more effective for the treatment of anhedonia in MDD
[27].

Psychological therapies are also important alternative or
adjunctive interventions for MDD. Evidence revealed the cognitive
behavioral therapy (CBT) and behavioral activation (BA) are only
partially effective in treating anhedonia and there was no further
significant improvement in anhedonia during the follow-up phase.
Meanwhile, the recovery of anhedonia was even less marked than
depression and more severity of baseline anhedonia could predict
poorer depression treatment outcome [101]. Dunn et al. found
that a novel intervention of augmented depression therapy
(ADepT) was better than CBT in the treatment of anhedonia in a
pilot randomized controlled trial, which need a larger multicenter
pragmatic trial to test [102].

Moreover, the imaging features of anhedonia provide clues for
neuromodulation intervention, which is also called noninvasive
brain stimulation (NIBS). Despite that there are not many studies
on this aspect, the latest systematic review including twelve
articles also reported a large effect size for NIBS on anhedonia,
which suggests that neuromodulation intervention may have
therapeutic potential in MDD patients with anhedonia [103]. Kong
et al. reported that the anodal transcranial direct current
stimulation (tDCS) of the left dorsolateral prefrontal cortex (DLPFC)
significantly improved anhedonia in MDD patients, which might
be a potential adjuvant therapy for anhedonia [104].

Gut microbiota modulation with probiotics is widely believed to
be a novel, potential and customizable treatments in MDD and
has become a hot topic in recent years. However, probiotics as
medical therapies for depression subtypes are still in infancy
stage; clinical evidence is still limited. Some animal studies
reported that some probiotics including L. helveticus, L. plantarum,
L. paracasei, L. kefiranofaciens, B. infantis, and B. breve could
increase the preference of sucrose in depressed rodents and
improve the symptoms of anhedonia, and more clinical data are
needed [105].

OUTCOMES AND PROGNOSIS OF ANHEDONIA

Research evidence shows that anhedonia is one of most common
residual symptoms in MDD [106], which would make patients lack
of treatment efficacy experience, and then contribute further to
reduce the therapy compliance and increase the risk for relapse of
depressive episodes [107, 108]. In adolescent major depression,
anhedonia as a hallmark may have the potential to predict the risk
of later adult depression [109] and the severity of anhedonia was
inversely correlated with the number of depressive symptoms and
depression severity at admission and the discharge [110]. Mean-
while, some MDD adolescents exhibited enduring anhedonia,
which were not improved significantly by discharge [110].
Similarly, Gabbay et al. found that only the high-anhedonia
subgroup in adolescents with MDD manifested greater illness
severity, number of MDD episodes, episode duration, and
suicidality scores, which represented more severe outcomes [6].
Anhedonia in MDD have been associated with chronicity and
severity in multiple investigations and have been regarded as a
driver of treatment-resistance in MDD [111]. It seemed that MDD
patients with anhedonia presented poorer response to some
antidepressant treatments. Moreover, a large cohort of patients
with MDD conducted by Vinckier et al. revealed the anhedonia
was closely tied to the persistence of psychosocial dysfunction,
and the authors proposed that anhedonia is one of the strongest
predictors of psychosocial functioning, along with symptomatic
remission [19]. In a recent systematic review, Huang et al.
investigated anhedonia with health-related quality of life and/or
functional outcomes in MDD and found MDD patients with
symptoms of anhedonia are more likely to have worse prognosis
including physical, psychological, and social functioning deficits,
which suggested that anhedonia might be an important predictor
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and target for future therapeutic and preventative tools in MDD
patients [112]. These evidences suggested that anhedonia is
associated with worse course and treatment outcomes, suggest-
ing anhedonia as depression subtype increased the complexity of
clinical decision-making.

CONCLUSION

Anhedonia, as a potential endophenotype of MDD has received
great attention in recent years. In depressed individuals,
anhedonia is common and closely associated with the other
clinical symptoms, and it is a relevant risk factor for possible
suicidal behaviors, which remaining a robust protective predictor
of suicidal ideation independent of depressive symptoms. At the
biological level, comparing with MDD patients without anhedonia,
MDD patients with anhedonia presented higher levels of
inflammatory factors, abnormal metabolic function and hyperme-
tabolism of BDNF. In brain imaging studies, there are some
structural and/ or functional changes in multiple brain regions of
subcortical and cortical areas, as well as the limbic system in MDD
patients with anhedonia. Meanwhile, preliminary research findings
have indicated that there are associations between intestinal flora
imbalance and anhedonia, but this is still under investigation.
Moreover, MDD patients with anhedonia seemed to have poor
prognosis and is linked to treatment-resistance, the benefit of
some selective serotonin reuptake inhibitors seemed limited on
anhedonia, and other treatments including psychotherapy,
physical therapy and probiotic interventions holds tremendous
potential.

In conclusion, abundant evidence indicates that MDD patients
with anhedonia have unique clinical and biological features.
However, there are still some deficiencies in the present research
for MDD patients with anhedonia. Firstly, anhedonia is a subjective
experience, largely depending on the ability to articulate
individual's feelings and/or experiences as well as the physician’s
impression and expertise skills. Although some scales were used
to measure anhedonia in MDD patients, but the scales chosen and
metric varied across studies. Meanwhile, there is still a lack of
comprehensive and systematic evidence, especially in many
aspects such as the differences of the dynamic changes of the
brain, mass spectrometry imaging and gut microbiota in MDD
patients with and without anhedonia, which might be the
potential directions for future studies. Lastly, how to safely and
effectively treat the patients with depressive subtype character-
ized by anhedonia is still a research hotspot, targeted treatment
strategies are needed.
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