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ABSTRACT

Background: Integrating electroencephalography (EEG) and functional magnetic resonance
imaging (fMRI) with naturalistic stimuli has advanced our understanding of the neural mechanisms
underlying mental disorders. Naturalistic paradigms use dynamic, multimodal stimuli that capture
complex emotional and cognitive processes more effectively than traditional experimental designs.
Objective: This review synthesizes research from 2014 to 2024 exploring neural mechanisms of
anxiety, depression, and schizophrenia within naturalistic paradigms. Methods: Recent EEG-fMRI
studies employing naturalistic tasks were examined to identify common and disorder-specific
neural alterations across affective and cognitive networks. Results: In anxiety, hyperactivity in the
amygdala, prefrontal cortex, anterior cingulate cortex, and insula, together with changes in the
dorsal attention, default mode, and frontoparietal networks, reflects excessive fear responses and
impaired regulation. Depression is characterized by disruptions in default mode and frontoparietal
connectivity and altered amygdala-prefrontal interactions, indicating maladaptive introspection
and cognitive control. Schizophrenia shows abnormalities in motor and language processing, with
aberrant activity in frontal, parietal, and temporal regions including the insula and temporoparietal
junction. Conclusion: These findings highlight the shared involvement of the amygdala, prefrontal
cortex, anterior cingulate cortex, and insula across disorders and demonstrate the potential of
naturalistic paradigms for advancing personalized diagnostics and interventions in mental health.

ARTICLE HISTORY
Received 3 February 2025
Revised 15 September
2025

Accepted 17 October
2025

KEYWORDS
Electroencephalography;
functional magnetic
resonance imaging;
naturalistic paradigm;
mental health

1. Introduction

The human brain, a marvel of complexity, generates
multitudinous electrical signals that offer deep insights
into an individual’s emotional and cognitive processes.
These neural biomarkers, another term for brain sig-
nals, are crucial for understanding mental states,
whether active or passive, and play a key role in diag-
nosing and treating mental disorders (Abi-Dargham
et al, 2023; Chang et al, 2012). The prevalence of
mental health conditions like anxiety, depression, and
Schizophrenia (SCZ) is not just a statistic but a global
challenge that requires our attention. About 264 mil-
lion people are affected by anxiety disorder, over 300
million (4.4%) face depression, and nearly 1% of the
global population suffers from SCZ (Smith and De
Torres, 2014; Panday and Abhimanyu, 2024; American
Psychological Association, 2000). These disorders often

occur alongside other medical conditions, such as car-
diovascular disease and diabetes, making diagnosis
and treatment more complicated. As mental health
gains recognition as a critical public health issue,
research efforts are increasing to understand the com-
plex brain mechanisms behind these disorders.

The advent of neuroimaging techniques has dra-
matically enhanced our understanding of the neural
processes involved in mental health conditions (Lui
et al., 2016). Among these methods, electroencepha-
lography (EEG) and functional magnetic resonance
imaging (fMRI) are essential, each providing unique
yet complementary benefits. EEG, a non-invasive
technique that records electrical activity produced
by neurons, is beneficial for studying quick cognitive
processes such as attention, perception, and emo-
tional regulation (Sharma and Meena, 2024; Bell and
Cuevas, 2012). EEG has been extensively used to
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identify abnormalities in brainwave patterns, sup-
porting the diagnosis of psychological and neurolog-
ical disorders (Chandra et al., 2017). While fMRI
provides details about brain regions and networks
involved in complex cognitive functions such as
memory, emotional regulation, and language pro-
cessing, it detects fluctuations in blood flow and
oxygenation to offer a comprehensive view of brain
activity, elucidating the spatial distribution of neural
responses (Logothetis, 2002; Guell et al, 2018).
Together, these neuroimaging modalities provide a
multifaceted perspective on brain function, shedding
light on the intricate neural mechanisms that under-
lie mental health disorders. Abbreviations used in
this manuscript are listed in Table 1.

1.1. History of naturalistic paradigms

The study of the human brain and behaviour has tra-
ditionally depended on controlled laboratory experi-
ments where basic stimuli like light flashes or auditory
tones are used to isolate specific cognitive processes
(Sonkusare et al,, 2019). However, a compelling new
approach to the naturalistic paradigm has emerged.
These paradigms use dynamic stimuli that mimic
real-world experiences, such as spoken narratives,
video clips, television ads, news articles, video games,
and virtual reality encounters (Hasson et al, 2004;
Lahnakoski et al, 2012; Bartels and Zeki, 2004;
Kauttonen et al., 2018). Though often conducted in lab
settings, these paradigms closely resemble our daily
experiences, earning them the label ‘naturalistic’ They
activate broader neural networks involved in percep-
tion, attention, emotion, and cognition, resulting in
consistent and predictable brain responses across indi-
viduals. By providing a more ecologically valid frame-
work, naturalistic stimuli help us better understand

Table 1. List of abbreviations.

Abbreviated Abbreviated
Terms Full Terms Terms Full Terms
fMRI Functional Magnetic ACC Anterior Cingulate
Resonance Imaging Cortex
EEG Electroencephalography DAN Dorsal Attention
Network
GAD Generalised Anxiety SMN Sensorimotor
Disorder Network
SAD Social Anxiety Disorder DMN Default Mode
Network
MDD Major Depressive FPN Frontoparietal
Disorder Network
ub Unipolar Depression Al Anterior Insula
BD Bipolar Depression TPJ Temporoparietal
Junction
Sz Schizophrenia STS Superior Temporal
Sulcus
PFC Prefrontal Cortex CBT Cognitive Behaviour
Therapy

how the brain reacts to the complexities of real-world
scenarios (Bartels and Zeki, 2004).

The integration of naturalistic stimuli into neurosci-
ence began in 1954 when they were first used in EEG
research as a more dynamic alternative to the static
stimuli employed in traditional laboratory settings
(Gastaut and Bert, 1954). This early shift marked a key
move from isolated, controlled environments to more
dynamic, real-world contexts, paving the way for a
deeper understanding of brain activity in response to
complex, multimodal stimuli (Sonkusare et al.,, 2019).
In this evolving field, neuroimaging techniques like
fMRI and EEG play a crucial role. These tools offer a
more comprehensive and accurate assessment of brain
activity, allowing researchers to explore how the brain
processes and combines complex, real-world informa-
tion, thus enabling the development of naturalistic
paradigms. Alongside traditional naturalistic stimuli,
Stoyanov (2022) has introduced clinical evaluation
tools directly into functional neuroimaging paradigms
(Stoyanov, 2022). This translational approach aims to
bridge the gap between experimental neuroscience
and clinical psychiatric assessment, offering a promis-
ing path towards better diagnostic accuracy and treat-
ment evaluation.

1.2. EEG with naturalistic paradigms

EEG monitors the brain’s rapid responses to continu-
ous stimuli in real time and provides crucial insights
into how the brain processes complex information
during real-world experiences (Niso et al., 2023). By
utilising different stimuli in EEG, researchers have
revealed how the brain interprets these inputs differ-
ently, enhancing our understanding of multisensory
integration and speech perception in noisy environ-
ments (Hasson et al., 2010). Various EEG studies on
mental health disorders have investigated altered brain
functions in the context of naturalistic stimuli. Oathes
et al. (2008) investigated how individuals with gener-
alised anxiety disorder (GAD) process emotional faces
under stress and reported higher levels of gamma
activity (Oathes et al., 2008). Similarly, Zhu et al. (2021)
explored the effects of music listening on brain oscil-
latory networks in individuals with major depressive
disorder (MDD). They reported that music can alter
brain wave patterns in regions associated with emo-
tional regulation (Zhu et al, 2021). Mosabbir et al.
(2022) also evaluated the impact of emotionally
charged music on depressed people and reported
notable changes in frontal theta oscillations and diffi-
culty in regulating emotions (Mosabbir et al., 2022).
Babiloni et al. (2014) examined neural synchronisation



during face-to-face cooperative tasks in hyper scan-
ning. They reported that SCZ and social anxiety dis-
rupt emotional and social processing in real-world
contexts (Babiloni and Astolfi, 2014). Ladouce et al.
reported that EEG with real-time feedback can enhance
safety measures in activities that require high cogni-
tive engagement (Ladouce et al,, 2016). These findings
underscore the potential of EEG to reveal the real-time
dynamics of emotional and cognitive processing in
mental disorders, sparking anticipation for the future
of mental health research and the development of
more effective interventions and treatments in the
field of mental health.

1.3. fMRI with naturalistic paradigms

fMRI, within the domain of naturalistic paradigms, has
gained significant popularity in recent years, offering
valuable insights into the emotional, social, and cogni-
tive factors that play a significant role in the onset and
maintenance of mental disorders. These studies, with
the potential to stimulate future research, have signifi-
cantly expanded our understanding of anxiety disor-
ders, underscoring the interplay between the amygdala,
prefrontal cortex (PFC), and other brain regions
involved in emotion regulation (Li et al., 2020; Kim
et al., 2011). Etkin et al. (2007) reported that individu-
als with anxiety exhibit a notably stronger amygdala
response to real-world stress (Etkin and Wager, 2007).
Depression and SCZ have also been the focus of fMRI
studies, particularly those concerning the reward cir-
cuitry of the brain. Gabbay et al. (2020) reported that
depressed individuals show reduced activation in both
the anterior cingulate cortex (ACC) and the ventral stri-
atum, regions associated with anhedonia (Gabbay
et al., 2013). Nummenmaa et al. (2012) reported dis-
turbed activity in the default mode network (DMN)
and emotion-processing networks (including the thala-
mus and ventral striatum), which are characteristic fea-
tures of SCZ (Nummenmaa et al.,, 2012). Lepage et al.
(2011) reported that brain activity, particularly in the
PFC and amygdala, is altered in individuals with SCZ
when they view emotionally expressive faces (Lepage
et al, 2011). Although these studies face significant
challenges, particularly in interpreting complex fMRI
data due to the wide variety of emotional and cogni-
tive responses induced by naturalistic stimuli, they
have contributed substantially to our understanding of
mental health disorders and the advancement of
neuroscience.

Anxiety, a mental health condition of global signifi-
cance, ranks ninth in terms of disease burden (Baxter
et al, 2014). It is characterised by persistent
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nervousness, stress, and unease in response to per-
ceived threats and serves as an adaptive emotional
response essential for survival. However, when these
feelings become disproportionate or persistent, they
can lead to dysfunction, marking the onset of anxiety
disorders, including agoraphobia, panic disorder (PD),
social anxiety disorder (SAD), GAD, and specific pho-
bias (Foa et al., 2017). Specific phobias and GAD are
more commonly observed in childhood or adolescence
(Guha, 2014; Lijster et al., 2017). Neuroimaging studies
have shed light on the neural mechanisms underlying
anxiety disorders. A key finding is the consistent hyper-
activity in the amygdala among individuals with anxi-
ety disorders, which is often coupled with decreased
connectivity to the PFC in response to fear-inducing
stimuli (Etkin and Wager, 2007).

Additionally, anxiety disorders are frequently associ-
ated with altered activity in several brain regions
involved in emotional regulation, including both limbic
and cortical structures (Sun et al.,, 2020). Studies have
demonstrated abnormal functional connectivity within
the DMN, dorsal attention network (DAN), bilateral
precuneus, and right fusiform gyrus in individuals with
SAD. When exposed to emotional stimuli, these indi-
viduals also exhibit heightened activation in the bilat-
eral amygdala and left medial temporal lobe (Liu et al.,
2015). Similarly, GAD is linked to irregular functional
connectivity between the amygdala and key regions
such as the PFC, ACC, and insula, with elevated beta
oscillations in the frontal cortex indicative of height-
ened states of hyper vigilance and arousal (Zhang
et al,, 2017). On the other hand, panic disorder is asso-
ciated with increased activation in threat-related brain
regions, including the subgenual cingulate, ventral stri-
atum, amygdala, and midbrain periaqueductal gray
area (Lueken et al., 2016). These findings collectively
suggest a neural imbalance in the circuits that govern
emotion and risk perception, which may underlie the
exaggerated fear responses and emotional dysregula-
tion observed in anxiety disorders. In addition to fMRI,
EEG research has provided significant insights into the
neural activity associated with anxiety. Knyazev et al.
(2005) reported elevated beta oscillations in the frontal
cortex of individuals with GAD, a marker of hyper vig-
ilance and heightened arousal (Knyazev et al., 2005). A
deeper exploration of these brain correlates not only
enhances our understanding of anxiety but also holds
the potential to inform more targeted diagnostic tools
and therapeutic interventions.

Depression, a widespread mood disorder, has sig-
nificant impacts on both physical and mental health,
contributing to cognitive impairment and an
increased risk of neurological disruptions, including
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dementia (Gururajan et al., 2016). Approximately 50%
of individuals worldwide suffering from depression
do not receive treatment, primarily because of the
absence of objective diagnostic guidelines (Fernadndez
et al., 2010). fMRI studies have provided valuable
insights into the neural mechanisms underlying
depression. Sheline et al. (2010) reported that rumi-
nation and emotional regulation in depression are
associated with aberrant connectivity between the
DMN, PFC, and amygdala (Sheline et al., 2010).
Similarly, Belov et al. (2023) reported that hyperactiv-
ity within the DMN may serve as a biomarker for
depression severity and, importantly, as a predictor
of treatment response (Belov, 2023). EEG studies
have also contributed to our understanding of
depression, mainly through the detection of frontal
alpha asymmetry, which is closely linked to negative
emotions and depression severity. Yatsenko et al.
(2010) reported increased activity in the alpha, theta,
and beta bands in the occipital and parietal regions
of the brain in individuals with depression
(Grin-Yatsenko et al., 2010). More recent studies have
demonstrated that antidepressant treatments, partic-
ularly ketamine, can rapidly restore regular connec-
tivity between the PFC and amygdala, thereby
alleviating depressive symptoms (Murrough et al,
2015). These findings underscore the potential of
neuroimaging techniques as valuable tools for assess-
ing treatment effectiveness and improving diagnostic
accuracy.

Schizophrenia (SCZ) is a severe, persistent mental
disorder that significantly affects a person’s thoughts,
behaviour, and emotions. Initially, termed ‘dementia
praecox, meaning ‘early dementia; it was one of the
top 15 leading causes of disability worldwide
(Kraepelin, 1971). Over 55% of patients with SCZ
exhibit significant negative symptoms that signifi-
cantly impact their ability to form and maintain social
relationships and affect occupational functioning and
overall quality of life (Bobes et al, 2010; Rosenheck
et al., 2006). According to fMRI studies, SCZ is associ-
ated with disruptions in communication between the
thalamus and PFC (Chen et al., 2019; Wang et al,,
2015). Furthermore, various studies have demon-
strated that SCZ is linked to hyperactivity in the DMN
(Jang et al, 2011; Hu et al, 2017). Kraguljac et al.
(2016) used connectome analysis to map large-scale
functional network dysfunctions in SCZ patients. They
reported disturbed connectivity of the DAN, execu-
tive control network, salience network, and DMN
(Kraguljac et al., 2016). An EEG study by Basar-Eroglu
et al. (2007) revealed that gamma impairments affect
the processing of sensory information, leading to

symptoms such as chaotic thought patterns and hal-
lucinations in SCZ (Basar-Eroglu et al., 2007). The
need for further research in these areas is crucial for
improving assessment precision and implementing
better treatments, offering hope for those affected by
this disorder.

1.4. Review purpose

This review explores the integration of naturalistic para-
digms in neuroimaging to study mental health disor-
ders in detail. To date, no review has extensively
examined studies on mental disorders within the natu-
ralistic paradigm. This review focuses on anxiety, depres-
sion, and schizophrenia because they are highly
prevalent, widely studied with naturalistic EEG and fMRI
over the past decade, and share both overlapping and
distinct disruptions in key neural circuits such as the
amygdala, PFC, and ACC. Although reward-system dys-
function is also a factor in addictions, a balanced syn-
thesis was not possible due to the small number of
naturalistic studies in this field. This study highlights key
neural biomarkers, types of stimuli, and patterns that
can lead to more accurate diagnostic and therapeutic
strategies. The findings underscore the potential of nat-
uralistic paradigms to significantly improve the ecologi-
cal validity of mental health research and advance
treatment approaches for mental disorders.

2. Methodology

An extensive literature search was conducted across
various electronic databases, including Google Scholar,
Research Gate, PubMed, Scopus, and Embase. This
search was guided by the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines to ensure a systematic and transparent
method for the literature review. To collect a full range
of existing research on the topic, a wide variety of
keyword combinations were utilised with the ‘AND’
operation. These included ‘EEG neuroimaging, ‘fMRI
neuroimaging, ‘naturalistic paradigms, ‘audio-visual
stimuli’ (e.g., pictures, video clips, and audio) | mental
disorders; ‘schizophrenia; ‘anxiety;, and ‘depression’ The
time range window was set from 2014 to 2024 for
searching published research.

2.1. Inclusion criteria

This review included only original research articles
published in English and available in full text. Eligible
studies employed EEG or fMRI as the primary



neuroimaging technique; incorporated naturalistic
paradigms; addressed anxiety, depression, and
schizophrenia; and provided measurable brain func-
tion outcomes. These strict inclusion criteria were
designed to ensure the precision and accuracy of
our review process.

2.2. Exclusion criteria

Studies were excluded if they employed EEG or fMRI
with  controlled laboratory-based stimuli, used
resting-state fMRI or EEG, did not identify key brain
areas affected by the disorder, or were not published
in English. Review articles, meta-analyses, preprints,
survey reports, or conference papers lacking primary
data were also excluded.

2.3. Search and selection process

A total of 287 articles were identified from multiple
electronic databases. After guardedly removing dupli-
cates and non-English language articles, 216 articles
remained for screening. This screening process further
narrowed the pool to 46 full-text articles. These 46
articles were then rigorously reviewed against the pre-
defined inclusion criteria and included in the review,
providing a comprehensive overview. The PRISMA flow
diagram in Figure 1 illustrates the detailed selection
process.
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3. Results
3.1. Findings about anxiety disorder

Studies from countries such as the USA, China,
Germany, Japan, the UK, the Netherlands, and
Switzerland have significantly illuminated the brain
processes underlying anxiety disorders. The reviewed
studies offer critical insights into the neural mecha-
nisms underlying anxiety, emphasising the role of var-
ious brain regions involved in emotional regulation,
social cognition, and threat processing. Most studies
employed fMRI, with sample sizes ranging from small
cohorts to large-scale studies (18-163 participants),
including individuals diagnosed with various anxiety
disorders alongside healthy control groups. The
authors’ details, study purposes, sample characteristics,
imaging modalities, naturalistic stimuli, key findings,
and brain areas affected are summarised in Table 2.

3.1.1. Brain areas involved in anxiety disorder

The amygdala, a key player in processing emotions, par-
ticularly fear, is highly important in the study of anxiety
disorders. Robinson et al. (2014) reported that individu-
als with anxiety disorders displayed heightened amyg-
dala activity when exposed to fearful faces, with the
level of activation directly correlated with self-reported
anxiety symptoms (Robinson et al., 2014). Price et al.
(2014) and Bas-Hoogendam et al. (2020) also reported
increased amygdala reactivity to socially threatening or

Identification of studies via databases

Studies identified (N=287)
Google scholar (n=143)
Research gate (n=17)
Pubmed (n=22)
Scopus and Embase (n=78, 27)

Records removed before screening:
Duplicate records removed (n=23)
Non English or preprint records

removed (n =28)
Records removed for other reasons
(n=20)

Records screened (n=216)

l

Reports sought for retrieval (n=03)

Reports not retrieved (n=03)

}

Reports assessed for eligibility
(n=216)

Records excluded (n=170)

Studies included (n=46)
On Anxiety disorder (n=18),
Depression disorder (n=14),

Schizophrenia disorder (n=14)

Review/Meta analysis/Survey or
Conference papers, Out of scope

Figure 1. PRISMA flow diagram showing the overall process from identification to inclusion of studies.
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emotionally evocative stimuli in anxiety disorders (Price
et al, 2014; Bas-Hoogendam et al., 2020).

This hyperactivity in the amygdala is often paired
with disruptions in its connections to other brain areas,
such as the PFC and ACC. The PFC, which includes the
mPFC, dIPFC, and dmPFC, plays a vital role in con-
trolling emotions, decision-making, and social under-
standing. Heeren et al. (2017) reported that people
with SAD often show reduced connectivity in these
regions during tasks involving cognitive control, social
judgement, and emotion regulation, highlighting the
potential for treatment strategies targeting the PFC
(Heeren et al., 2017). The ACC, on the other hand, is a
key part of neural circuits that manage conflict moni-
toring, emotional regulation, and social cognition. It is
often involved in anxiety-related research, with changes
in activity in this area linked to increased emotional
reactivity and social anxiety. Burklund et al. (2017)
demonstrated that people with SAD showed greater
ACC activation in response to rejection cues (Burklund
et al, 2017). Additional research underscores the
importance of the ACC in neurofeedback and social
learning settings (Zilverstand et al., 2015; Koban et al.,
2023). Price et al. (2014) observed decreased activity in
the rdACC of anxious youth, suggesting that problems
with threat disengagement happen in this region,
which is also involved in emotion regulation and
decision-making (Price et al., 2014).

The insula, another essential node in processing
interoceptive signals, emotional awareness, and anxi-
ety regulation, offers potential for targeted treatments.
Zilverstand et al. (2015) demonstrated that neurofeed-
back focusing on insula activation reduces anxiety in
spider phobics (Zilverstand et al., 2015). Other studies
by Hildebrandt et al. (2021) and Wang et al. (2023)
showed that changes in amygdala-insula connectivity
were linked to emotional processing during exposure
to anxiety-provoking stimuli, further emphasising the
role of these regions in integrating emotional and sen-
sory information (Hildebrandt et al., 2021; Wang et al,,
2023). These findings highlight the potential for tar-
geted treatments that focus on the insula in managing
anxiety disorders.

Building on the understanding of neural dysfunc-
tions, it is crucial to examine how these abnormalities
appear in social cognition and self-perception in indi-
viduals with anxiety disorders.

3.1.2. Self-perception and social cognition

Studies have investigated how anxiety and social
cognition influence social feedback processing and
emotional expression. Brandi et al. (2021) reported

that negative interpersonal experiences during inter-
actions lead to long-lasting affective changes and
modify neural responses in brain areas involved in
social cognition (Brandi et al., 2021). Similarly, Koban
et al. (2023) reported that individuals with SAD
show increased neural reactivity to negative feed-
back, which reinforces negative self-perception
(Koban et al., 2023).

3.1.3. Neural mechanisms underlying empathy and
theory of mind (TOM)

The ability to understand others’ perspectives (ToM)
and engage in empathy is often altered in individuals
with anxiety disorders. Hildebrandt et al. (2021) inves-
tigated the neural correlates of empathy and ToM and
reported that brain activation during social cognition
tasks was related to real-life perspective-taking ability
(Hildebrandt et al., 2021). Brain regions such as the
PFC, Al, ACC, and amygdala are involved in processing
social information and regulating emotional responses
in social contexts. Tei et al. (2020) also highlighted
embarrassment in SAD patients, observing activity in
these same brain regions during social interaction
tasks involving emotionally charged stimuli (Tei et al.,
2020), suggesting that individuals with SAD may be
hypersensitive to social cues, which contributes to
their anxiety.

Given the impact of neural and social processing
impairments, various therapeutic interventions have
been explored to regulate these dysfunctional brain
systems and reduce anxiety symptoms.

3.1.4. Impact of therapeutic interventions on brain
activity

Therapeutic interventions, particularly CBT and neuro-
feedback, have shown promising results in regulating
brain activity in individuals with anxiety disorders
(Chen et al., 2014). Burklund et al. (2017) reported that
CBT reinforces emotional regulation in SAD patients by
increasing functional connectivity in the ACC and
amygdala (Burklund et al, 2017). Zilverstand et al.
(2015) revealed that neurofeedback reduced amygdala
activation in spider-phobic individuals, resulting in a
long-lasting decline in anxiety (Zilverstand et al., 2015).
Similarly, Watve et al. (2024) reported that real-time
fMRI neurofeedback handled amygdala activity during
exposure to dynamic emotional faces and improved
emotion regulation, which aligns with Koban et al.
(2023) (Koban et al., 2023; Watve et al., 2023). These
findings support neurofeedback as an effective inter-
vention for reducing anxiety, especially with real-time
brain monitoring.



3.1.5. Neural synchrony and connectivity

Neural synchrony, which involves the coordination of
brain activity in emotion processing, is a promising
research area. Nan et al. (2022) confirmed that inter-
subject correlations (ISCs) in the alpha and beta bands
during emotional video viewing were inversely related
to anxiety symptoms (Nan et al., 2022). This discovery
opens new possibilities for future studies, especially in
understanding the role of specific brain regions, like
the superior parietal cortex, which shows altered con-
nectivity in anxiety and may offer treatment options.

3.1.6. Non-traditional interventions-music and
oxytocin

Huang et al. (2021) explored non-traditional interven-
tions like music for anxiety regulation. Their findings
showed that neutral music, unexpectedly, decreased
state anxiety by lowering occipital lobe power spectral
density and speeding up connectivity between the
occipital and frontal lobes. Conversely, happy music
was found to reduce anxiety by increasing connectiv-
ity between the occipital and right temporal lobes
(Huang et al., 2021). These findings not only empha-
sise music’s potential as an easy yet effective tool for
regulating brain activity but also inspire hope and
optimism in anxiety research.

Fu et al. (2024) investigated the effects of oxytocin
on fear processing and neural connectivity. Their
results showed that oxytocin increased connectivity
among brain networks involved in attention and emo-
tion regulation, including the DAN, FPN, and DMN (Fu
et al,, 2024). These findings not only suggest that oxy-
tocin could have therapeutic benefits for SAD but also
open new possibilities for treating social and emo-
tional impairments in anxiety disorders.

3.2. Findings about depression disorder

Naturalistic paradigms in depression research have
diversified our knowledge of the brain processes
underlying depression disorders. The global impact of
these studies is evident, with significant contributions
from the USA, China, Australia, Taiwan, Denmark, and
Germany. Studies on unipolar (UD) and bipolar (BD)
depression were considered in this review. Although
they are distinguished by categorical nosology, both
are taken into account in many naturalistic neuroimag-
ing investigations under the more general heading of
depressive disorders. Although we acknowledge that
there may be differences in the neurological changes
between UD and BD, we included both to give a thor-
ough review. Researchers have utilised various

DIALOGUES IN CLINICAL NEUROSCIENCE . 9

naturalistic stimuli, including emotional images, auto-
biographical recall, and audio-video clips, using neuro-
imaging to study brain responses related to emotional
processing, empathy, and self-reflection. Sample sizes
vary, with participants ranging from 12 to 65years of
age. These different studies offer valuable information
about how depression affects specific neural circuits,
as described in Table 3.

3.2.1. Key brain areas involved in depression
disorder

The amygdala plays a crucial role in emotional process-
ing and is often altered in individuals with depressive
disorders. Chen et al. (2014) reported asymmetric activa-
tion in the right and left amygdala during emotional pro-
cessing in MDD patients treated with escitalopram,
focusing on emotional processing asymmetry (Chen
et al, 2014). Similarly, Guo et al. (2016) reported disrup-
tions in the amygdala and PFC during emotional film
viewing in patients with melancholic depression (Guo
et al,, 2016). Adolescents with MDD also exhibited height-
ened bilateral amygdala activation in response to fearful
faces, as Hall et al. (2014) reported, underscoring the
amygdala’s role in emotional reactivity (Hall et al., 2014).

The PFC also shows decreased activation in individ-
uals with depression. Pena-Arteaga et al. (2021)
reported reduced activation in the vIPFC during emo-
tion regulation tasks in MDD and BD patients (De la
Pena-Arteaga et al, 2021). Conversely, Stewart et al.
(2014) noted heightened functional connectivity of the
PFC in MDD patients (Burger et al., 2017). Altered ACC
activity is frequently linked to depressive disorders, as
studies by Lepping et al. (2016), Liu et al. (2021), and
Hall et al. (2014) demonstrated abnormal ACC activa-
tion in response to negative stimuli (Gruskin et al.,
2020; Liu et al., 2021; Zappa et al., 2019).

The hippocampus, which is critical for memory and
emotional processing, is also abnormal in individuals
with depression. Young et al. (2017) and Li et al. (2016)
highlighted increased hippocampal activation in
drug-naive female MDD patients with a history of SLEs
(Li et al., 2016; Young et al., 2017). The insula, another
key region, has been implicated in disrupted emo-
tional processing, as noted by multiple studies
(Henningsson et al., 2015; Hall et al., 2014).

These alterations in brain function also manifest in dis-
rupted emotional processing and social cognitive deficits,
which are central features of depressive disorders

3.2.2. Social cognition and emotional processing
Depression significantly impacts the neural mechanisms
underlying social cognition and emotional feedback
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Brain Areas Affected
Amygdala (bilateral), Insula,
Superior/middle temporal gyrus,
Heschl's gyrus, Subgenual ACC
Left angular gyrus, SMN, Auditory
network, Medial visual network
auditory cortex, FPN

DMN (mPFC, PCC, precuneus),

Key Findings
Adolescents with MDD had greater
insula and temporal region in response
to fearful faces, Subgenual anterior
cingulate cortex activity inversely
correlated with depression severity

activation in the right hemisphere in
The MDD group showed reduced SMN
auditory networks; hypoconnectivity

in FPN

Note: MDD - major depressive disorder, fMRI - functional magnetic resonance imaging, Al - anterior insula, SLEs - stressful life events, dIPFC - dorsolateral prefrontal cortex, MDD - major depressive disorder, UD -
unipolar depression, BD - bipolar depression, HC - healthy control, ACG - anterior cingulate gyrus, EEG- electroencephalography, PFC - prefrontal cortex, OFC - orbitofrontal cortex, ACC - anterior cingulate cortex,

mPFC - medial prefrontal cortex, PCC - posterior cingulate cortex, vIPFC - ventrolateral prefrontal cortex, dACC - dorsal anterior cingulate cortex, VLPFC - ventral prefrontal cortex, SMN - sensorimotor network, DMN

- default mode network, FPN - frontoparietal network.

and visual network activation and
increased lateral visual network

activity
MDD exhibited hyperconnectivity in

bilateral amygdala activation, reduced
DMN regions and delta-modulated

Naturalistic Stimuli
Photographs
(Happy and fearful

faces in clips)
(Music-Tango piece
Adios Nonino by
Astor Piazzolla)
Audio clip
(Music by Tango
piece ‘Adios
Nonino’)

Audio clip

Imaging
Modality
fMRI
EEG
EEG

Sample Characteristics

adolescents with MDD, 23 HC,
19 HC, age: 18-65

age: 12-18
20 MDD participants,

Participants: 20 healthy adults,
age: 42.8+10.7

Participants: 32 unmedicated
Participants: 20 MDD patients,

Study Purpose
response to emotional faces in
adolescents with MDD and

HCs
MDD during music listening

Explore frequency-specific brain
networks during music
listening in HCs and MDD
participants

Explore hyperconnectivity and
hypoconnectivity networks in

Examine brain function in

Affiliated
Country
USA

China
China

Table 3. Continued.
Hall et al. (2014)

Zhu et al. (2021)
Liu et al. (2021)

Authors (Year)
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processing. Henningsson et al. (2015) reported acceler-
ated emotional responses in the Al and amygdala under
sex hormone manipulation in women with depression,
which correlated with increased depressive symptoms
(Henningsson et al., 2015). Gruskin et al. (2020) reported
abnormal brain responses during emotional processing
tasks in youth with depression, suggesting that devel-
opmental changes in neural function contribute to
social impairments (Gruskin et al., 2020). Furthermore,
deficits in emotion regulation are reflected in reduced
activity in the amygdala, ACC, and PFC. Pefa-Arteaga
et al. (2021) noted significant emotion regulation defi-
cits in MDD patients, particularly in the right vIPFC (De
la Pena-Arteaga et al.,, 2021).

Recognising these neural and emotional dysregula-
tions, emerging therapeutic approaches such as neuro-
feedback and targeted interventions have been
developed to improve outcomes in depression.

3.2.3. Neurofeedback, emotion regulation, and
altered neural synchrony

Therapeutic interventions targeting brain activity offer
promising results for depression management. Young
et al. (2017) reported that real-time fMRI neurofeed-
back focusing on the amygdala and ACC improved
emotion regulation and reduced depressive symptoms
(Young et al., 2017). These findings underscore the
potential of neurofeedback in the treatment of depres-
sion. Liu et al. (2020) further demonstrated altered
neural connectivity patterns in MDD patients, which
could guide neurofeedback protocol designs (Liu
et al.,, 2021).

Stewart et al. (2014) reported that EEG asymmetry
during emotional challenges indicates more MDD than
does resting asymmetry, suggesting disruptions in pre-
frontal and limbic area communication (Stewart et al.,
2014). Burger et al. (2017) reported greater functional
connectivity in the ACC and amygdala in UD patients
than in BD patients (Birger et al.,, 2017).

3.2.4. Musical stimuli in depression

Recent studies have explored the impact of musical
stimuli on depression. Liu et al. (2020, 2021), Zhu et al.
(2021), and Lepping et al. (2016) reported altered neu-
ral activation in response to emotional musical stimuli
in MDD patients (Oathes et al., 2008; Lepping et al,,
2016; Liu et al, 2021). These findings suggest that
music can influence brain regions involved in emo-
tional regulation, including the DMN, FPN, SMN, ACC,
medial visual network, and auditory cortex. These find-
ings position music as a potential non-pharmacological
intervention for depression.
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3.3. Findings about schizophrenia disorder

In this decade, naturalistic paradigms have been widely
used in SCZ research, resulting in integrated knowl-
edge of the multifaceted effects of the disorder on
sociability and cognition. Indeed, Germany, Spain, the
United States, and China have made massive contribu-
tions to this effort. Studies have explored how people
with SCZ react to settings resembling daily experi-
ences. The sample sizes of these studies vary with age
and range between 18 and 70years. Remarkable key
findings from these studies are presented in Table 4
and discussed below.

3.3.1. Key brain areas involved in schizophrenia
disorder

The SCZ induces complex changes in brain regions
that control cognitive functions, emotional regulation,
and sensory processing. Motor-linguistic coordination
is often disrupted, leading to disordered speech and
motor symptoms. Zappa et al. (2019) reported lower
synchronisation in  motor-linguistic  coordination,
reflecting abnormalities in the brain networks respon-
sible for movement and speech (Cuevas et al., 2022).
Dysfunctional PFC connectivity impairs cognitive con-
trol and social processing, as highlighted by He et al.
(2021) (He et al, 2021). Ciaramidaro et al. (2015)
reported reduced vMPFC activation and increased acti-
vation for physical information processing (Ciaramidaro
et al., 2015). Mishra et al. (2022) identified alterations
in frontal and parietal regions in SCZ patients (Mishra
et al.,, 2022). Cuevas et al. (2022) noted that co-speech
gestures normalise responses to complex semantic
stimuli, activating the middle frontal and inferior pari-
etal regions (Cuevas et al., 2022). Dysfunctional pSTS
connectivity is linked to impaired social cognition, as
the pSTS processes social cues such as facial expres-
sions and emotions. Dietz et al. (2020) reported
increased connectivity between V5 (motion-sensitive
area) and the pSTS, exacerbating positive symptoms
and impairing social processing (Roa Romero et al.,
2016). Similarly, Patel et al. (2021) reported decreased
activation and connectivity between the right TPJ and
pSTS, particularly in the middle TPJ, further impairing
social cognition (Patel et al, 2021). ACC dysfunction
contributes to emotion regulation deficits and nega-
tive symptoms, as noted by Cordes et al. (2015) (Cordes
et al, 2015). DMN dysregulation impairs self-reflection
and perspective-taking, creating challenges in balanc-
ing self-referential thinking with external task demands
in SCZ patients, as reported by Iglesias-Parro et al.
(2023) (He et al., 2021).

Building upon these neural disruptions, it is essen-
tial to explore how SCZ affects emotional regulation
and real-world functioning.

3.3.2. Neurofeedback and emotion regulation
Cordes et al. (2015) used neurofeedback to explore
how patients with SCZ regulate ACC activity (Cordes
et al, 2015). Mishra et al. (2022) studied emotion pro-
cessing in patients with SCZ and reported altered brain
connectivity, particularly in the right frontal and pari-
etal lobes (Mishra et al, 2022). Dietz et al. (2020)
explored brain connectivity in first-episode SCZ patients
and reported difficulty in distinguishing social stimuli
from non-social stimuli, indicating disrupted emotional
processing in social contexts (Dietz et al., 2020). Yang
et al. (2020) focused on early SCZ detection via emo-
tional content and reported reduced brain synchronisa-
tion in SCZ patients, affecting areas such as the
temporal and frontal lobes (Yang et al., 2020). Improving
the functions of these disturbed areas can help address
the social impairments associated with SCZ.

Beyond social and emotional impairments, SCZ also
involves profound disruptions in sensory processing
and network synchrony, which further contribute to
clinical symptom:s.

3.3.3. Sensory processing and neural synchrony
Disruptions in sensory processing and network con-
nectivity have been observed in SCZ patients. Xiang
et al. (2019) reported increased entropy in the frontal
cortex during a sensory processing task, which may be
related to positive symptoms, indicating that impaired
sensory gating plays a role in the disorder (Simi¢ et al.,
2021). Romero et al. (2016) reported that while audio-
visual incongruence in the auditory cortex was
detected in both the SCZ and control groups, the SCZ
group presented lower frontal theta-band oscillations,
indicating a deficit in multi-sensory processing (Roa
Romero et al., 2016). Fuentes-Claramonte et al. (2022)
studied linguistic deixis processing in SCZ patients
with and without AVH and reported altered brain
activity in the temporal and parietal regions
(Fuentes-Claramonte et al., 2022).

4. Discussion

This review focuses on notable breakthroughs in com-
bining naturalistic paradigms with EEG and fMRI, as
well as the brain processes underpinning anxiety,
depression, and SCZ. By using ecologically valid stim-
uli, this study bridges the gap between controlled



DIALOGUES IN CLINICAL NEUROSCIENCE e 13

(panupuod)

D4dWA pue sjsd

1ybu usamiaq susened AadsuU0d pasoddo
‘buissadoid jeuonuayul 4oy s1sd b ul uoneAndR
pasnpal pamoys Sy pue ‘buissedoid uorewojul

|edisAyd Joj uoneAlIdR Paseanul YUM D4dNA

pue s1sd 1J3] ul uolleAlDR PadNPal PAMOYS 7S

‘Buissadoid uopewoul

|ed1sAyd sa [euonuaiul buunp uopealde

(sey bupuanbas aindid)

ze-vl 9be DY
€2 'ZDS piouesed
yum gL ‘asy
yuMm s[enplatpu

yser buizielusw

e Buunp (Qsy) sapiosip
wnJdads wsnpne

pue 715 ul sisaylodAy
Aujeuonuaiul 1adAy-odAy
ay) buiioddns

(S10T “le 1
osepiwesel) (5107)

J4dWA ‘s1sd ybu pue ya uleiq pasnpal pamoys sdnoib qsy pue 7dS yiog sydeiboloyd 19N €z syjuedpiied  9dUIPIAS [RINAU 3eOIISIAU|  UBWIID ‘le 19 oJepiwelel)
70S Yum sjuaned
DDV |eJ43S04 Y} pajeAnde €6F6°8€ ul )deqpasyoinau
$]0JJU0D pue DY |esiop 3yl paleAlrde syuaned 9be DH L1 [4W} DIA 013U DY
(suoisiaipgns !s91633e41S |RINBU JUBUBPIP Pasn Ing ‘AyAnde ‘705 yum swusned  Buunp saibaresis |einau (S10Z “Ie 39 saplod)
|e41501 pue |esiop) DDV DDV 0J1U0d 01 pauled)| S|o4auod pue syudned ylog 3oeqpPasy 0INaN 4N 11 :syuedpnied pue aAlMUbOd d1eb1ISIAU|  uBWIDD (5107) "o 1@ sapio)
sjuaijed J0j SUOIIPUOD [EPOWIQ Ul UOIIBA[}DE SJUIAD [eID0S-UOU SETLFCLEE
9|qesedwod pue sduewioyad ysel paroidui 10 |epos inoge :obe ZDS Ul uonewsoul
‘uor}ipuod ydaads ay} Buunp JuU0d 331215U0d (lepowiq ‘buninisab IH 8L “apJosip 91340U0d-[eIDOS-UOU
-|e1os-uou Joj ejnsul ybu pue sniAb |esjuadisod pue buryesads 9AI11D9)4e0ZIYdS pue 1oeiIsqe-|e1dos
1J9] dY3} Ul UONBAIDE pasealnap ‘syualed yjoq pue ‘jepowiun 10 708 Jo Buissadoud
ensul ybu ur uopipuod ainisab ayy buunp Ajuo usu0d ‘buninysab Jo Bupyesds yum syuaned |eInau [euondUNysAp (Lzoz “Ie ¥
‘snuAb |enuadysod Ya| ‘D4dw 1oBJ1SqE-|RIDOS 10} J{dW Ul UOIIRAIIDE Padnpay Jo1oe ue) dip oapIp 19N /1 :syuedpnied dynads-Aljepow ajebssaau|  uewlsdD 9H) (1Z07) |e 19 3H
S15d ulyum uopiqiyuisip (uonow swoldwAs
paseanul yum pajejauod swoldwAs aansod 1aybiy |eI>0s-uou wopuel Lz'se aAnisod 0} sajejal
‘syuaned s34 10 uonow |epos :9be abesany ‘OH 1l moy uo buisndoy
ur 516d 0} GA SAIISUIS-UOIIOW W04 A}AIFIAUUOD paleuipiood ul buirow ST ‘(S34) swusned ‘7DS ul uonjubod [epos
pIeMIOJ-PI3) PIseaIdUl ‘INWIIS [BIDOS-UOU WO sadeys >119woab 7DS aposida-1siy Bbuunp AyAIdUU0D (0Z0Z “Ie 1 7331Q)
51Sd ‘GA Bate SAIISUIS-UOIOW Je1d0s Buysinbunsip ul aesndde ssa| syuaned 34 pajewiuy) sdip 03pIA 19N yz :syuedpiped  uleiq [ewsouge 31ebiisaau|  yiewusq (0zZ02) "|e 3 7331Q
$9211400 |e1alied Joudjul
pue ‘leuibieweidns |esle|iq
‘sndjns |esodwsa) Jouadns
Y3| Ul DS| JaMO] 5013100 (L'6FLS€E
|e3U044-011q10 |edle| bl seale |ensiA ul S| Jaybiy pue ‘suoibal :9be) JH 67 pue
‘leuibiewesdns 33| ‘|ejuoly Jesodwia) pue [eIuol) Ul S| JIIMO| YHM pale[a.iod (z8F'8e :abe) syuaned 7S
Jouadns |esaie|iq ‘lendiddo Ayuanss [ediuld 1aybiy ‘buisssdold inowny (Apawo)) syuaned 7H5 uy buissadoid inowny 0y (610T “Ie ¥®
|esale| |esdle|iq ul S| 43ybIH Buunp JH ueyl S| Jamo| pamoys sjuaned 75 sdipp amnop 19N 6¢ syuedpnied sasuodsal |einau ajebnssau|  uemie| n}) (6L02) ‘je 3@ nL
8Lzl F ¢ abe sainysab pue Ayxajdwod
suo|bal 1WA dURWIS IH 81 ‘syuaned dlJueWSas 0} sasuodsal (zzoz “Ie 19 seaan))
|e1aued Jouajul ‘[ejuoiy S|ppIN  Xo|dwod 03 sasuodsal pasijewsou sainisab ydaadso) sdij> oapIA 19N} 9| :syuedpnied Swuaned 7)S sashleuy  uewuan (zZ0?) ‘|e 19 seasn)
gLL¥88¢  A1oay) ydeib pue o33 (€20 “|e 3@
NWQ@ ut A1A1dauu0d :9be ‘synpe g  paseqg-ysel buisn 7Hs ul olied-seisa|b|) (€202)
NWa paJ3}e pue UONESIUOIYDUAS [eINdU padnpay sdi> 0apIp D33 :syjueddinied  A1AIIDAUUOD [RINAU duIWeX] uleds ‘e 19 olied-seisa|b|
$900| |e3aued |esd1ejiq pue [ejuoly ybu sy}
SSOIDB PUNO} JIIM SHIOMIBU [BUONDUNY BY} Ul SqNH 1Inwins
‘UBUIWIOP PUB [eSNOJE [BUOIOWS 0) Pale|as I £FEET dlsijeanieu yum zo5
$3qo| |eyaued J4@ ul AujigeneA jeiodwia) ‘UOIOWS PaleRUIRMPIP (0o3pIA |euonow3) :9be ‘syuedpiped ui buissadoid uonows (20T “Ie 1@ eIYSIN)
|esale|iq pue |ewuoly by pueq e3aq Jaddn ay3 ul suianed A3AIISUUOD sdij> oapIA DEE] Op :syuedpnied Jo D4 dlweudp ayl saulwexy elpu| (ZZ0?) ‘e 1° eaysIn
"ZDS Ul suonde sji|-jesl
(s)se3 Sy—81 9be JH dje|nwis 0} bumes YA
seale pajedosse-abenbue| suol1de [enuIA ul Auoayduks pasnpai onsinbull pue 10o) pue syuaned 7S e ul buissadoud dnsinbu (6107 “Je 19 eddez)
‘X91102 1010 Y}IM 7S Ul uoljeulplood disinbul-iojow pasiedw) £yeay |enuip DEE] 0f :syuedpniaed pue J0}0w 3ujwex3 vsn (6107) ‘|e 1@ eddez
pa1dayy sealy ulelg sbuipuly A3y 1INwng dnsijeinieN Ajjepo sdlisuddeIRY) asodind Apnis Anuno) (1e3p) sioyiny
Buibew 3|dwes pajel|yy

IInwins

dnsijednieu pue buibewioinau yum Japlosip ejuaiydoziyds jo

uoneioldx3 'y ajqel



14 A.MEHMOOD ET AL.

‘uonpun( [eysuedosodwal 3|ppiw - Wrd] ‘@Anebau suoneupn|ey [eqian Alolpne - —HAY ‘@Anisod suoleuidnijey [eqan Aloypne - +HAY ‘esse uuewpolg - yg ‘uondun( jelsuedosodwal - (41
‘snojns jesodwia} Jouadns oulsod - §15d ‘x21100 [eluoiaId [RIPAW [RIIUSA - D{dINA ‘X910 S1e|nBUID JOLSIUR - DIV ‘X9110D |ejuoyaid [elpaw - D{dw ‘sndjns jerodwal Jouadns Jousisod - §1Sd ‘eale SAIISUSS-UOIIOW
- GA “}lomiau apow yneyap - NWQ ‘[0uod Ayijeay - DH ‘buibewi adueuosal dnsubew [euonduny - [y ‘Aydesbojeydadusonds)e - 53 ‘eluaiydoziyds - 7S ‘ANAIIDBUUOD [euodUNy - D4 ‘Alljea) [enUIA - YA @IO0N

suolbas suljpiw
‘snaundaid ‘xa140d |e1aued
Joudyul ‘sajod |esodwial
‘UAB [eiodwa) I|ppiw [e1dle|ig
snIAD |eyuoiy Jouajul
13| ‘(eINAN) WN||3GID
b1 ‘sniAb |euibiewesdns
ybu ‘snaundaid ybu
‘(8vg pue 9vg) snukb |ejuoyy
a|ppiw 1ybu ‘snuAb |eyuoly
Jouadns 13| ‘saqo| |ejuoiy
|esiop pue ‘[elaued ‘jejodwa]

JH 3ys 03 pasedwod dnoib 7)5

3y) Ul ANANDe pasdye sem a1yl Ing ‘buissadoid (Buipioday)
dD19P Ul J3YIP Jou pIp sdnoib—HAY pue +HAY dip oipny [
syuaned 7)s buisiubodal ul 9%8/-%1/ (3us3u0d
Jo Adeundde ue yum ‘soH 03 pasedwod Auaide |euonowsa pue ‘|eos

ulelq pasiuoIyduAs ss9| panqiyxe swaned 7§ ‘aniubo)) sdip ainop 19N}

(wrdL) 3ppiw 4L ut Ajjeadsa ‘“AuAidsuuod
pue uoneande §15d-fd1 padNpal yum (16N ay1 pue peg ayy

0/-8| :abe

“OH G ‘siuaned

—HAVY LT

‘syuaned +HAY
€7 syuedpiped

0b-91 :abe

“OH S ‘suaned

70S aAleu-bnip

oposida-1siy
7/ syuedpnaed

(I'6FLS€

:abe) DH 1T

‘(T8 FT'ge :abe)

syuaned 7H5

u

(HAVY) suoneunn|jey
|eqJan Kioypne
oYUM pue yum
'Z2S yum sjenpiaipul
ul sixiap 2nsinbul|
Jo buissadoid ai0jdxg

ZDS J0 uonda19p

Kj1es pue sisoubelp

anoidwi 01 1jnwns

dl3sljeinieu buluiquiod

Kbojopoyow bHuibew
pasiienpiaipul ue dojaasg

705
syuawredwi uoniubod
[e120s Ul [d1 36U

(ceoz e ¥
dluowele[)-sauIN)
(czoo) 'le »

ureds djuowelR|)-S3)UINS

(0zoz “le W
eulyd Buep) (0zoz) ‘fe 32 Buey

(1zoz “|e 1

wrdl ‘s1sd ‘rdL uorubod [epos paiedwi payqiyxe swaned 7S ‘poo9 ay]) :dip> ol 14N LT sjuedpiaed 9y} JO 9]0J 9y} sulwexy VSN [31ed) (1Z0T) ‘I8 19 [9ked
(Buissazoud buneb Aiosuas
lensia Kioresuadwod buneb Kiosuas pasedwi bursabbns (Buneb Kiosuas uo Buisndoy ‘wbipesed
0] pajejal ‘uonenpow ‘LS Buunp sanjea Adosua uj aseasdsp Jouiw 2INseaw 0} uoISS3IDNS 6SLF LY sninwns-pasied £10ypne
Adosua jewiouge) 2I0W B PAIMOYS 7DS ‘7S Ul 9dUeLIBA SSI| pue yainb up pajuasaid :abe) JH g5 ue buunp swaned
X310) [euddQ ‘(swoidwAs LS Buunp sanjea Adosnua ur uondnpai juedyiubis 219M ‘TS pue (ST’ LFLE :9be) 706 jo sjeubis o33 ul
anisod o3 pajejas ‘Adonyud e pamoys DJH ‘suoibas [endidd0 pue |euoly LS ‘Inwns A1oypne om]) syuanedul 775 Adoayua jo uonejnpow (6L0Z “Je 3@ buely)
paseaidul) Xalo) [eluoi4  dYy1 ul sanjea Adonud Jaybiy pamoys dnoib 7)S ayl dip oipny DEE| 19 :syuedpnied Jewiouge 3y} alebnsanul euiyd (61L02) '|e 1@ buery
dnoib
705 9Y1 ul buissadoud Aiosuasninw umop-doy (AuosyduAse (678 F9¢ :abe)
ul 3dPYIp e ‘IInwins aadIpaid-ybiy o3 asuodsal 195U0 [ensiAolpne |eal JH £L pue (/L
(suone|Pso pueq-edyl) Ul JUSWIDURYUS SUOIR||IDSO pueg-e}ay} [RIUOL) JO yum/e4/'/en/ el /e Fyrse 9be) 705 ul buissaroid 910z
X9110) [RIUOI{ ‘(UOIIIIIP 32€| B smoys 7S ‘sdnoib yioq ul xa10d Aioypne /'/ed/s9|qe||As Bunann syuaned 7S (3d) Jou3 uondipaid “le 19 0J3woy eoy)
9duanibuodul) xa110) Aioupny Ul UoI17919p 93uanibuodUl [ensiAoIpne 1de1u| ssaie) sdip 0spIA DEE| /1 :syuedpnied |epow-ssoid 31eb1IsaAU|  ueRWISD (9107) "o 12 osawoy
pa1dayy sealy ulelg sbuipulq A3y 1INWIS dnsijeinieN Aujepopy solsURRIRY) asoding Apnis £13uno) (1e3)) sloyiny
buibew 9|dwes pa1el|wy

‘panunuo) “t ajqel



laboratory experiments and real-world experiences,
providing profound insights into the intricacies of
brain activity in mental health problems. This review
also examines how diverse research approaches, such
as realistic stimuli, real-time neurofeedback, and vari-
ous imaging modalities, contribute to our understand-
ing of the neurological substrate of disorders, offering
hope for future advancements in mental health
treatment.

4.1. Overview of anxiety disorder studies

This study focused on the complexities of anxiety dis-
orders and their neurological origins. These findings
indicate that brain areas such as the amygdala, PFC,
and ACC play essential roles in accelerating the emo-
tional reactions that define anxiety. The amygdala,
which is frequently hyperactive in people with anxiety
disorders, is particularly susceptible to fear-inducing
stimuli. Its malfunction, particularly in terms of con-
nectivity with the PFC, appears to affect the regulation
of emotional reactions (Basar-Eroglu et al, 2007;
Bas-Hoogendam et al., 2020). This may explain the
hyper vigilance to perceived threats that is a hallmark
of anxiety. In contrast, Simi¢ et al. reported that
reduced connectivity between the amygdala and PFC
contributes to difficulties regulating emotions and
managing stress (Simi¢ et al,, 2021). This explains the
poor coping mechanisms often observed in individuals
with anxiety.

Additionally, the findings suggest that anxiety disor-
ders are closely linked to social cognition difficulties,
particularly in the processing of negative social feed-
back. Increased activation in brain areas related to
social perception, such as the mPFC, STS, and TPJ,
demonstrates how individuals with anxiety tend to
overreact to social cues, leading to feelings of social
rejection or fear (Tei et al, 2020; Huang et al.,, 2021;
Perino et al, 2021). This can reinforce anxiety and
avoidance behaviours, perpetuating the cycle of the
disorder. Furthermore, neurofeedback and other inter-
ventions are promising for correcting these neural dys-
functions (Price et al, 2014; Wang et al, 2023;
Hammond, 2005; Dehghani et al., 2023).

CBT, as a therapeutic tool for modulating brain
activity, particularly in regions such as the amygdala
and PFC, has shown potential in reducing anxiety
symptoms (Pichon et al., 2015). Many previous studies
have focused on CBT as a treatment for anxiety-related
disorders (Marom and Hermesh, 2003; Springer et al,,
2018). Oxytocin is emerging as a promising option for
reducing symptoms of SAD (Koban et al., 2023). As a
‘love hormone, oxytocin has been shown to enhance

DIALOGUES IN CLINICAL NEUROSCIENCE . 15

social functioning and improve emotional regulation in
social contexts (Algoe et al, 2017; Carter, 2022).
However, there might be a risk of individuals becom-
ing reliant on it to manage their anxiety rather than
developing more sustainable coping strategies, which
could hinder the effectiveness of long-term therapy
approaches. Additionally, the effects of oxytocin can
vary between individuals, and more research is needed
to understand its long-term impact on SAD. Anxiety
disorders are deeply rooted in neural abnormalities,
but both behavioural and neuropsychological inter-
ventions hold promise for managing these disorders
effectively.

4.2. Overview of depression disorder studies

The incorporation of naturalistic paradigms into
depression research has significantly improved our
understanding and focused on identifying how specific
brain regions are altered in MDD patients in response
to emotional stimuli, emotion regulation, and treat-
ment interventions. The reviewed studies provide con-
sistent evidence that several key brain regions are
involved in MDD, with the amygdala, PFC, insula, ACC,
and hippocampus playing central roles.

Notably, altered amygdala activity has been
observed across multiple studies, consistently showing
heightened reactivity to emotional stimuli, which may
reflect an exaggerated emotional response in MDD
patients (Chen et al., 2014; Birger et al.,, 2017). Elevated
bilateral amygdala activation in adolescents was
observed in response to fearful faces and was inversely
correlated with depression severity (Hall et al., 2014).
Prefrontal regions, especially the vIPFC, dIPFC, and
mPFC, were found to have reduced activation, impli-
cating impairments in emotion regulation and cogni-
tive control (De la Peha-Arteaga et al., 2021; Gruskin
et al,, 2020). In contrast, the hippocampus is frequently
observed to exhibit dysfunction, particularly in individ-
uals with a history of SLEs (Li et al., 2016), which is
consistent with previous findings (Donofry et al., 2016).
These findings suggest that stress-related neurobiolog-
ical changes may exacerbate depressive symptoms.
The PFC, responsible for the top-down regulation of
emotional reactivity, works in coordination with the
amygdala to modulate emotional intensity (De la
Pena-Arteaga et al, 2021; Birger et al, 2017).
Dysfunction in the PFC-amygdala circuit in MDD
patients leads to difficulty in controlling negative emo-
tions. Findings across studies are generally consistent
in implicating the amygdala and PFC in MDD; some
studies presented contrasting results. Similarly, Blrger
et al. (2017) reported improved functional connectivity
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between the ACC and amygdala in UD patients, con-
trasting with findings from other studies indicating
reduced connectivity in MDD patients (Blrger et al.,
2017). These inconsistencies may arise from differences
in the participants’ population or the nature of the
stimuli used in the tasks. These differences underscore
the complexity of depression and suggest that the
neural changes associated with the disorder may vary
depending on the subtype or stage of the illness.
Studies by Liu et al. (2020, 2021) and Zhu et al. (2021)
employed music perception tasks and identified altered
patterns in the delta and beta bands among individu-
als with MDD (Oathes et al., 2008; Liu et al., 2020; Liu
et al, 2021). This highlighted a dual pattern of
hyper-connectivity in the DMN and hypoconnectivity
in the FPN. This interplay between overactive intro-
spection and reduced regulatory control sheds light
on the neural underpinnings of depression.

Neurofeedback techniques have shown promise in
enhancing emotional regulation and improving depres-
sive symptoms. Studies using these techniques have
demonstrated how real-time brain activity modulation
could be a potential avenue for treatment (Young
et al, 2017; Zotev et al, 2016). These findings align
with those of previous studies (Mehler et al., 2018).
Compared with standard lab-based tasks, using natu-
ralistic stimuli, including emotional images, film scenes,
and autobiographical recall, has provided a richer
understanding of how MDD patients process emo-
tional information. Elevated levels of sex hormones
have also been identified as potential factors influenc-
ing depression (De la Pefa-Arteaga et al, 2021).
Previous studies have also noted the impact of sex
hormones on depressive symptoms (Morssinkhof
et al, 2020).

4.3. Overview of schizophrenia disorder studies

The reviewed studies highlight the intricate neural
dynamics of SCZ, particularly emphasising disruptions
in brain connectivity across key regions involved in
cognitive control, emotional regulation, and sensory
processing. A recurring finding across studies is dys-
function in areas such as the motor cortex, PFC, pSTS,
ACC, TPJ, DMN, and frontal and parietal lobes. These
regions are essential for motor coordination, social
cognition, and emotion control; these regions are dis-
turbed in SCZ patients. Zappa et al. (2019) and Mishra
et al. (2022) reported that SCZ patients display abnor-
mal connectivity and neuronal synchronisation, nota-
bly in the motor cortex and emotional processing area,
emphasising motor linguistic coordination impairments
and emotional reactivity disturbances (Cuevas et al.,

2022; Tu et al.,, 2019). Dietz et al. (2020) and He et al.
(2021) reported how changes in pSTS connectivity
impact social cognition and perception in SCZ patients
(Roa Romero et al., 2016; Xiang et al., 2019). In addi-
tion, reduced neural synchronisation in the DMN was
observed by Iglesias-Parro et al. (2023), which was sup-
ported by previous studies (Iglesias-Parro et al., 2023;
Das et al., 2022; Das and Menon, 2023). The role of the
ACC in emotion regulation, as demonstrated by Cordes
et al. (2015) (Xiang et al., 2019), is in line with the find-
ings of previous studies (Menon and Uddin, 2010;
Salgado-Pineda et al., 2014). Sensory processing defi-
cits, as noted by Xiang et al. (2019) and
Fuentes-Claramonte et al. (2022), focus on the role of
impaired sensory gating in the manifestation of posi-
tive symptoms, which is aligned with previous studies,
suggesting a need for therapies targeting sensory inte-
gration and neural synchrony to mitigate these symp-
toms (Fuentes-Claramonte et al.,, 2022; Keil et al., 2016).
Early detection of SCZ via individualised imaging
methodology combined with naturalistic stimuli has
proven beneficial, has shown high accuracy, and aligns
with previous studies (Yang et al, 2020; Lieberman
et al, 2019).

In recent years, the triple network model (the
Salience network, the DMN, and FPN) has emerged as
a promising framework to understand the neural
mechanisms underlying various mental health condi-
tions, including anxiety, depression, and SCZ. These
networks interact to facilitate adaptive cognitive and
emotional processing (Cai et al., 2021; Cai et al., 2016).
Disruptions or dysregulations within these networks
are thought to contribute to the pathophysiology of
psychiatric disorders.

4.5. Research focus and future directions

This review’s main goal was to examine how naturalistic
paradigms reveal both disorder-specific changes (such as
motor-linguistic deficits in schizophrenia and hypercon-
nectivity of the DMN in depression) and transdiagnostic
mechanisms (like amygdala-PFC dysregulation across
various disorders). Comparative naturalistic studies will be
essential for understanding how these treatments alter
connectivity differently across disorders, ultimately aiding
in developing more personalised treatment approaches.
The integration of findings from different disorders in this
review illustrates how naturalistic paradigms can support
transdiagnostic frameworks and tailored interventions for
specific conditions. Future research should investigate
how these neural markers can be targeted with interven-
tions. For instance, neurofeedback might be particularly
effective for transdiagnostic emotional dysregulation,



while CBT could better address disorder-specific cognitive
distortions.

4.6. Limitations

Despite significant advancements in understanding
neural mechanisms, several limitations persist in cur-
rent research. A key issue is the reliance on single
neuroimaging techniques, either fMRI or EEG, which
provide valuable insights into brain activity but are
limited by relatively low temporal and spatial resolu-
tion. Additionally, many studies still use passive stim-
uli, which fail to capture the complexity and
unpredictability of real-world interactions fully. While
ecological validity is generally improved through
VR-based tasks, these tasks still fall short of replicating
the dynamic nature of everyday experiences. Moreover,
the prevalence of cross-sectional designs limits the
ability to establish causal relationships between neu-
ral activity and the progression of mental health dis-
orders. The small sample size further restricts the
generalisation of the findings. Finally, variability in
individual responses to treatment remains underex-
plored, and more research is needed to personalise
interventions based on neural profiles and consider
age-related differences in disorders such as SCZ.
Future studies should prioritise multimodal approaches,
combine EEG and fMRI with interactive paradigms,
and incorporate more diverse, longitudinal popula-
tions to improve the findings' ecological validity
and impact.

5. Conclusion

Naturalistic paradigms have offered vital insights into
the neural basis of anxiety, depression, and SCZ disor-
ders, particularly in understanding the roles of key
brain regions such as the amygdala, PFC, and insula.
These regions are crucial for emotional regulation,
cognitive processing, and social interaction, which are
central to these disorders. Future research should inte-
grate multiple neuroimaging techniques, diverse par-
ticipant populations, and longitudinal designs to
improve personalised diagnostic tools and therapeutic
strategies. Neurofeedback, CBT, and music therapy
were chosen for the therapeutic intervention as these
approaches have unique strengths in the study of neu-
ral mechanisms or have demonstrated therapeutic
potential.
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