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1 | BACKGROUND

Transdiagnostic psychopathological dimensions have been increas-
ingly recognized as relevant factors in the forecast of a more accu-
rate classification and treatment of mental disorders.* The Research

Domain Criteria (RDoC) strategic plan defines these markers as
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Abstract

Introduction: Anhedonia is a transdiagnostic psychopathological dimension, consist-
ing in the impaired ability to experience pleasure. In order to further our understand-
ing of its neural correlates and to explore its potential relevance as a predictor of
treatment response, in this article we systematically reviewed studies involving an-
hedonia and neuromodulation interventions, across different disorders.

Methods: We included seven studies fulfilling inclusion/exclusion criteria and involv-
ing different measures of anticipatory and consummatory anhedonia, as well as dif-
ferent noninvasive brain stimulation interventions (transcranial magnetic stimulation
and transcranial direct current stimulation). Studies not exploring hedonic measures
or not involving neuromodulation intervention were excluded.

Results: All the included studies entailed the use of rTMS protocols in one of the
diverse prefrontal targets. The limited amount of studies and the heterogeneity of
stimulation protocols did not allow to draw any conclusion with regard to the efficacy
of rTMS in the treatment of transnosographic anhedonia. A potential for anhedonia
in dissecting possible endophenotypes of different psychopathological conditions
preliminarily emerged.

Conclusions: Anhedonia is an underexplored condition in neuromodulation trials. It
may represent a valuable transdiagnostic dimension that requires further examina-

tion in order to discover new clinical predictors for treatment response.

KEYWORDS
addiction, depression, hedonic tone dysfunction, neuromodulation, schizophrenia, SHAPS,
transcranial direct current stimulation, transcranial magnetic stimulation

continuous dimensions increasingly present from general popula-
tion to, in higher extent, the pathophysiology of mental conditions.?
Moreover, transdiagnostic dimensions could be relevant in the
clustering of mental disorders, in order to define different patho-
physiologically based disease subtypes and possible predictors of

treatment outcome.® Growing research is investigating possible
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biotypes of mental disorders,* with a predictive potential in terms
of treatment response.

Anhedonia is a relevant, and often under-considered, transdiag-
nostic psychopathological dimension.” It is defined as the inability to
experience pleasure or interest in almost all activities of daily life.®
There are two faces of anhedonia that could be analyzed: the con-
summatory and anticipatory anhedonia. The consummatory plea-
sure consists in the immediate satisfaction and pleasurable feelings
that are linked to the realization of a desire. On the other hand, the
anticipatory pleasure is the association to the expectation of a plea-
surable reward and therefore is connected to motivation.”

Recently, neuromodulation interventions—also called noninva-
sive brain stimulation (NIBS) —have reached greater attention as
tools for modulating local bran activity and as treatment options
in several disorders.? Repetitive transcranial magnetic stimulation
(rTMS) and transcranial direct current stimulation (tDCS) are non-
invasive and safe techniques that could inhibit or promote local
neural activity in the underlying cortical areas. Also, following the
neuronal projections of the targeted areas, it has been hypothesized
that there could be a wider-range action,” while is not clear if in its
mechanism of action, a modulation of the synaptic plasticity could
be involved.’ The application of NIBS in different conditions has
been found to determine a clinical response in a portion, but not all,
of the treated patients.!! Nowadays, the efforts in medical research
to improve and promote the neuromodulation interventions are fo-
cused on detecting different endophenotypes of mental diseases
that could be more predictive of a better response to treatment.

Neuromodulation interventions have been tested in several con-
ditions involving anhedonia by using different stimulation protocols
and targeted areas, most leading to mixed results.*>* Interestingly,
in pharmacological studies of MDD samples, the occurrence of
anhedonia has been found to be predictive of poor treatment re-
sponse, limited recovery and lower quality of life.'> Considered the
potential relevance of anhedonia in differentially affecting the clini-
cal course of involved conditions, in this paper we aimed at exploring
the concept of anhedonia as a putative transdiagnostic dimension
characterizing different disorders’ endophenotypes. In order to
preliminarily test the hypothesis that reward dysfunctions could be
proposed as a predictor of NIBS treatment response, we system-
atically reviewed original articles both involving the application of
neuromodulation interventions (ie, rTMS and tDCS) and focusing on
psychometric scales and cognitive tasks measuring anhedonia and

reward dysfunctions.

1.1 | Transdiagnostic relevance of anhedonia in
psychopathology

Anhedonia is a core symptom of major depressive disorder (MDD;
especially in the definition of melancholic subtype). It is commonly
found in the mental health history of patients who attempted sui-
cide and have succeeded; anhedonic patients have greater social
impairment, higher levels of hopelessness and are usually younger
than nonanhedonic patients. 1% Interestingly, anhedonia has been

found in bipolar disorder also during euthymic phases,*® and it has
been suggested as vulnerability factor involved in comorbid bipolar
conditions.?’

Anhedoniais a relevant negative symptom in schizophrenia (s2)%°
and social anhedonia, defined as the lack of pleasure or reward from
social situations, is a key aspect of schizotypal personality disorder.!

Moreover, anhedonia is a relevant symptom in patients with sub-
stance use disorders (SUDs), since it can represent a symptom of

abstinence and therefore it may predict relapse,”'24

posttraumatic
stress disorder (PTSD),?>2¢ anxiety disorder,?’ and obsessive-com-
pulsive disorder.” Nonetheless, anhedonia is not only a symptom
of various psychiatric disorders but is also often present in other

conditions such as Parkinson's disease,?®%’

over-eating or risky be-
haviors.2°%2 According to a recent review,*® anhedonia appears to
be a heritable trait with both a biological and clinical basis and an
anhedonic endophenotype could possibly be identified. Anhedonia
is a trait linked to many mental diseases, and it represents a poten-
tial marker of vulnerability, especially for depression. The biological
hypothesis could be that anhedonia is a symptom connected to a
dysfunctional mechanism between life stressors and the brain re-
ward system.34

Recent evidence indicates the presence of possible overlapping
in the neural substrates of behavioral and cognitive processing in
MDD and SZ conditions sharing marked anhedonia.®>3¢ Although
the transnosographic nature of anhedonia is well-established, the
neurobiological underpinnings of hedonic dysfunctions are still un-

u:Iear,37

as well as it is uncertain if the neurobiological mechanisms
are the same in the different mental diseases.

Animal models of anhedonia are valuable tools allowing to ex-
plore the neurobiological underpinnings as well as to search for pos-
sible predictors of treatment outcome. Data from rodent models are
starting to provide important insights into the pathophysiology of
anhedonia,®® especially through models impairing the responses to
rewarding stimuli (eg, sucrose preference) or through the use of do-

pamine-related transgenic approaches.®’

1.2 | Anhedonia and pharmacological treatments:
outcome measure or predictor of response?

Since anhedonia is a difficult-to-treat target, several therapeutic
approaches have been proposed, including psychosocial interven-
tions, antipsychotics (for SZ conditions*®), antidepressants (in mood
disorders*!), and neuromodulation interventions (in addictive use
disorders*?#?).

The hypothesis that anhedonia is due to a dopaminergic hypo-
function of the reward system leads to the implementation of phar-
macological therapeutic approaches that are based on drugs that
modulate that neurotransmitter as well as psychostimulants, dopa-
mine agonists and norepinephrine or dopamine reuptake inhibitor
such as Bupropion.zg"‘m’44 Since, as mentioned before, anhedonia is
a well-known symptom in drugs’ withdrawal, many efforts are made
in finding a symptomatic treatment for patients with substance use
disorder. A recent study proved the efficacy on the melancholic trait



SPANO ET AL.

C N S Neuroscience & Therapeutics

of acetyl-t-carnitine (ALC) on alcoholic patients with anhedonic fea-
tures.*> Recent evidence on this field highlighted the efficacy of sec-
ond-generation antipsychotics on anhedonic traits, like quetiapine
and aripiprazole.***® Hence, such therapies could be also useful in
dual diagnosis patients with anhedonia.*’

Only a few studies investigated the effect of antidepressants on

50 analyzed the possible effect of agome-

anhedonia. A recent review
latine. Its action appears to be mediated mainly through neurotroph-
ins elevation,”® but further studies are required to prove its efficacy
in reducing anhedonic symptoms.50

Preliminary studies on rats showed that while fluoxetine did not
show any antianhedonic properties, imipramine did, but only on a
subgroup. In this trial, the researchers have also studied the effect of
other drugs, understanding that while clozapine and lithium showed
an antianhedonic effect, haloperidol did not equivalently. Such find-
ings confirm that dopaminergic dysfunction has a relevant role in
anhedonia; drugs that interact with the dopaminergic system could
be utilized to treat anhedonia and therefore the underlying mental
iliness.>?

Finally, a recent systematic review by Cao and colleagues® ana-
lyzed 17 studies on MDD patients with anhedonic features treated
with 14 different antidepressants. This review suggested that anti-
depressants improve anhedonic symptoms, yet no significant differ-
ence was found among subjects.

Another valid therapeutic approach could be psychotherapy.
Behavioral activation (BA), which was initially developed as part of

cognitive behavioral therapy (CBT), seems to be useful in cases with

CWILEY-

anticipatory anhedonia. Such results seem to be confirmed by fMRI
studies.”*

2 | MATERIALS AND METHODS

A literature research of the databases PubMed/MEDLINE, ISI Web
of Science, and Scopus was conducted in order to find appropriate
published articles on the application of neuromodulation interven-
tions (ie, TMS and tDCS) in any clinical and nonclinical sample in
which anhedonic symptoms were assessed.

A search algorithm was employed based on appropriate combi-
nations of the terms: “anhedonia”, “pleasure”, “SHAPS”, “hedonic”,
“neuromodulation”, “noninvasive brain stimulation”, “transcranial
magnetic stimulation”, “repetitive “transcranial magnetic stimula-
tion”, “direct transcranial current stimulation”, “tDCS”, “TMS”, “*TMS”.

The search was conducted on December 14, 2018. It included all
publications prior to December 2018; no earliest date limit was ap-
plied. To expand the search, reference lists of the retrieved articles
were also screened for additional studies.

The search strategy yielded 22 records. All original articles [open-
label trials (OLTs) or double-blind trials, prospective or retrospective
observational studies, case reports, and letter to editor], written in
English language, were eligible for inclusion. We excluded studies
focusing on animal models, reviews, commentaries, meta-analysis,
studies not involving any neuromodulation intervention, and studies

not analyzing data referred to anhedonic measures.

Abstractsidentified through
PubMed searching (n = 22)

Hand search (n= 0)

Abstract excluded, with reasons (n = 10):
= No English (n=2)

= Animal studies (n = 3)
- Off topic (n = 4)
- Review(n=1)

v

Full-text articles assessed for

eligibility (n=12)

Full-text excluded, with reasons (n = 5):

- Review(n=1)
- Off topic (n = 4)

FIGURE 1 PRISMA flow diagram of
systematic review

Full-text articles included in

qualitative synthesis (n = 7)
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Two researchers (MCS and ML) independently reviewed the
titles and abstracts of the retrieved articles, applying the above-
mentioned inclusion and exclusion criteria. By reading titles and
abstracts, 10 records were excluded. The researchers then inde-
pendently reviewed the full-text version of the articles to confirm
their eligibility for inclusion, or subsequent exclusion. Seven out of
12 studies fulfilled the above-mentioned criteria and were therefore
included in the qualitative synthesis (Figure 1).

For each study selected for inclusion, details regarding the pub-
lication were gathered (ie, author names, year of publication, and
country of origin); data were collected on the diagnosis, on neuro-
modulation interventions and protocols applied (type, targeted area,
and number of sessions), as well as on methods used for the assess-
ment of anhedonia on the main findings concerning hedonic func-
tions reported in the study. All of this information was extracted by

one author and subsequently verified, independently, by the other.

3 | RESULTS

The qualitative synthesis included seven papers (Table 1), for a total
number of 201 subjects (161 males and 40 females) with 83 healthy
controls and 118 patients affected by: schizophrenia (SZ; N = 45),
treatment-resistant depression (TRD; N = 58), cocaine use disorder
(CUD; N = 15). Concerning the design, the studies included were as
follows: one randomized controlled trial (RCT) or sham-controlled in-
tervention; five open-label studies(OL); and one study with a crosso-

ver design.

3.1 | Depression

Downar and colleagues,” in an open-label study, recruited 47 pa-
tients (20 males and 27 females) with unipolar (n = 38) and bipolar
(n = 9) TRD. These patients were treated with an add-on high-fre-
quency rTMS over the dorsomedial prefrontal cortex (DMPFC), for
a total of 20 daily sessions. Psychometric instruments showed a
response rate in almost one-half of the sample (50% reduction in
symptoms' severity). They reported that nonrespondent patients
were more likely to be anhedonic at the baseline. Furthermore, non-
responders showed significant lower connectivity through the re-
ward pathway on baseline functional magnetic resonance.

Russo and colleagues14 explored the effects of a standard course
of rTMS (5 daily sessions per week, up to 36 sessions) in an open-de-
sign involving 11 female outpatients with a diagnosis of treatment-
resistant depression (TRD). From the second week of treatment,
patients also received the behavioral activity therapy before the
rTMS session. Six patients (55%) improved after rTMS treatment,
along with a nonsignificant reduction in SHAPS scores.

3.2 | Schizophrenia

Prikryl and colleagues®® conducted a 3-week double-blind RCT
involving 45 schizophrenic male patients. The study protocol

established five rTMS sessions per week for three weeks, added
on the current pharmacological regimen and targeting the left PFC
(tangential to the midline). Twenty-five patients received the active
stimulation, 20 the sham. A significant reduction of negative and af-
fective symptoms severity was observed, particularly in the anhedo-
nia subscale of SANS, both in the active and sham groups.

3.3 | Substance use disorders

Our research group, in an open-label pilot study,12 explored the ef-
fects of high-frequency rTMS (10 sessions, two daily for five con-
secutive days) over the left DLPFC on anhedonic symptoms, in a
sample of 15 treatment-seeking subjects with cocaine use disorder
(CUD). After the neuromodulation intervention, significant changes
in Temporal Experience of Pleasure Scale (TEPS) scores were ob-
served, indicative of reduction in both anticipatory and consum-
matory anhedonic symptoms. Furthermore, the results indicate an
inverse correlation between craving reduction and improvements in
anhedonia, suggesting a potential pathophysiological link between

these clinical phenomena.

3.4 | Healthy subjects

Duprat and coIIeagues57 conducted a crossover study by using an in-
termittent theta-burst stimulation (iTBS) protocol in 22 male healthy
subjects. All subjects received a single active and sham stimulation
over the left DLPFC, with one-week washout period. Active stimula-
tion was able to influence the performance in a reward-related task,
with a faster action of iTBS in subjects with higher hedonic capac-
ity to elicit the development of a response bias. Consistently with
these results, the authors argued a more pronounced sensitivity to
rewarding stimuli after the neuromodulation intervention, putatively
related to increased dopamine release.

In a randomized controlled trial, Hurlermann and colleagues®®
applied two sessions (targeting DMPFC and DLPFC areas) of con-
tinuous TBS (an inhibitory NIBS protocol) in a sample of 41 male
healthy subjects. Both the inhibition of left DLPFC and DMPFC re-
sulted in the attenuation of emotional responses to positive stimuli.

Recently, in an open-label study,59 20 healthy males were re-
cruited to perform a fMRI food/nonfood discrimination task before
and after TBS. In particular, 10 patients started with iTBS followed
by continuous TBS (cTBS) and vice-versa. Both stimulation protocols
targeted the right mid-VLPFC at a 70% of RMT intensity. The two
neuromodulation interventions were able to increase fMRI neural
responses for low-calorie food images. In addition, cTBS determined
a significant decrease of the ventral tegmental area fMRI activation
for high-calorie foods.

4 | DISCUSSION

Our revision of the literature highlighted only seven studies that
have analyzed neuromodulation in correlation to the hedonic trait.
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The number of these studies is very limited, considering the con-
stant spread of the NIBS worldwide and specifically in psychiatry.
Moreover, the protocols used in the clinical trials were found to be
very heterogeneous in terms of number of applications, targeted
area, and study design. Anhedonia, as transnosographic symptom,
has a good potential in dissecting the population involved in neuro-
modulation trials, in particular it could be used as an outcome predic-
tor. As of today, only one study suggests that connectivity patterns
in reward circuits and anhedonic symptoms could predict a negative
answer to HF rTMS on DMPFC. On the other hand, HF rTMS seems
to be efficacious in improving anhedonic function in nondepressed
subjects (ie, in healthy and SUDs subjects) when applied on the
left DLPFC, along with a modulation of the connected subcortical
areas,12:60.61

All the included studies targeted a prefrontal area (mainly, the
DLPFC and the DMPFC). Recently, different neurobiological cor-
relates have been proposed for anticipatory and consummatory
anhedonia.?° While consummatory anhedonia has been suggested
as being mainly related to impaired ventral basal ganglia activation,
the anticipatory component seems to be underpinned by frontal-
striatal networks involving dorsal anterior cingulate cortex and
the middle/medial frontal gyrus. Interestingly, in a 1188 MDD pa-
tients study,* four relevant biotypes based on fMRI dysfunctional
connectivity patterns were identified. Two of these were found
involving alterations in frontostriatal and orbitofrontal area, with
significant correlations with anhedonia and psychomotor retarda-
tion. In addition, evidence highlighted an important contribution
of the DMPFC to the reward value in the intertemporal choice.
Furthermore, the stimulation of DMPFC was demonstrated to

6263 also involved in reward

modulate striatal dopamine levels,
processing.®*

The vast majority of clinical trials testing the efficacy of high-
frequency rTMS in patients with depressive disorders targeted the
left dorsolateral prefrontal cortex, but some preliminary evidence
demonstrated the efficacy of targeting different areas (ie, DMPFC).®
Possibly, dissecting endophenotypes based on hedonic functioning
may allow the individuation of patients’ profiles differentially re-
sponding to diverse interventions. As our review shows, only a little
part of clinical studies analyzed the anhedonic dimension. It would
be important to better characterize clinical samples in the manner
of pharmacological studies.®>%¢ In fact, the occurrence of anhedonic
symptoms would detect possible response predictors to neuromod-
ulation treatment.>!

As discussed, anhedonia has a relevant impact on patients’ qual-
ity of life. It worsens the rate of suicidal ideation in different sam-

6771 and determines poor social functioning’? and higher and

ples
prolonged hospitalization.”®

Lastly, anhedonia could be considered a pivotal psychopathologi-
cal symptom, also noted in the DSM-5 as a core symptom of MDD.
Since it also correlates to more severe clinical frames and worse
outcomes,”* it could be an important target for treatment. Treating
anhedonia with specific tools could also improve the clinical course

of these patients.

In conclusion, current literature does not support a specific role
of neuromodulation interventions for the treatment of anhedonia.
Nevertheless, it could be promising to dissect the involved en-
dophenotypes to predict neuromodulation treatment response, but
this proposal needs more research and verification in experimental
conditions. Further studies are necessary to clarify the role of these

approaches to reverse anhedonia and its disabling consequences.
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