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ABSTRACT

Humans survive by establishing healthy bonds, and these bonds provide emotional requlation, especially in the
caregiver-infant relationship. Polyvagal Theory suggests that the autonomic nervous system supports survival by
assessing environmental and internal safety signals. Interoception plays a crucial role in this process, referring to
the ability to sense the body's internal states. In recent years, interoception-based therapies have proven effective
in the treatment of psychopathologies, especially post-traumatic stress disorder. Interoceptive-based
interventions, such as trauma-informed yoga, can improve individuals who do not respond to traditional treatment
by enhancing emotional requlation and body awareness. The aim of this study is to examine the effects of human-
to-human relationships on mental health in the digitalized world, within the framework of Polyvagal Theory. In
particular, it emphasizes the important role of interoception in the bond we establish with ourselves and its
significance in psychotherapy. The study proposes an approach that supports mental health by discussing the
therapeutic effects of interoception and the role of these skills in improving communication between individuals.
The study also offers suggestions on how interoception-based interventions can be utilized in clinical practice.
Such therapies help individuals form healthier bonds with both themselves and others.
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0z

insanlar, saglikli baglar kurarak hayatta kalmay siirdiiriirler ve bu baglar, dzellikle bakim veren-bebek iliskisinde
duygusal diizenleme sadlar. Polivagal Teori, otonom sinir sisteminin ¢evresel ve ic¢sel glvenlik sinyallerini
dederlendirerek hayatta kalmayi destekledigini one sirer. Interosepsiyon, bu siirecte 6nemli bir rol oynar ve
bedenin i¢sel durumlarini hissetme yetenegini ifade eder. Son yillarda, beden-zihin terapilerinden olan
interosepsiyon temelli miidahalelerin, 6zellikle travma sonrasi stres bozuklugu gibi psikopatolojilerin tedavisinde
etkili oldugu bulunmustur. interoseptif temelli miidahalelerden olan Travmaya Duyarli Yoga gibi ydntemler,
duygusal diizenleme ve beden farkindaligini artirarak geleneksel tedaviye yanit vermeyen bireylerde iyilesme
saglayabilir. Bu calismanin amaci, dijitallesen diinyada insan-insana iliskinin ruh saghgi Gzerindeki etkilerini,
Polivagal Teori gercevesinde incelemektir. Ozellikle, interosepsiyonun, kendimizle kurdugumuz bagdaki roliiniin ve
psikoterapideki yerinin vurgulanmasi hedeflenmistir. Calisma, interosepsiyonun terapétik etkilerini ve bu
becerilerin, bireyler arasindaki iletisim becerilerini gelistirmedeki rolint tartisarak ruh saghgini destekleyen bir
yaklasim onerir. Bu calisma interosepsiyon temelli miidahalelerin klinik uygulamalarda nasil kullanilabilecegine dair
oneriler de sunmaktadir. Bu tir terapiler, bireylerin hem kendileriyle hem de baskalariyla daha saglikli baglar
kurmalarini destekleyecektir.

Anahtar sozciikler: Vagus siniri, otonom sinir sistemi, interosepsiyon, beden-zihin terapisi, travma, yoga
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Introduction

Humans are born designed to form bonds (Erskine et al. 2022). Moreover, they need to establish secure
bonds with others in order to survive (Bowlby 1988). The most basic example of this is the relationship
between the caregiver and the baby (Morelen et al. 2016). The infant requlates their emotions, while at the
same time the infant requlates the caregiver (Brumariu 2015). This joint regulation process creates mental
and physical health in the caregiver-infant dyad based on reciprocity, connection, and trust (Porges 2023).
The pathway we use to reach secure attachment and protect both our mental and physical health passes
through our autonomic nervous system (Dana 2021).

Polyvagal Theory (PVT) sheds light on the mind-body relationship (Porges 2009). According to this theory,
the sympathetic and parasympathetic systems within our autonomic nervous system support survival by
capturing cues from the environment and internal organs about whether a sensation is safe or threatening
(Porges 2004). PVT, based on the homeostatic balance between sympathetic and parasympathetic
systems, also suggests new approaches to the treatment of depression, anxiety, and post-traumatic stress
disorder (PTSD)(Neuhuber & Berthoud 2022).

At this point, the most important concept that provides homeostatic balance is interoception (Sennesh et
al. 2022). Although interoception has been prominent in the literature since the early 2000s, it is a concept
that is defined at a transdiagnostic point in terms of the physical and mental health of the individual and
is much needed to be investigated in relation to its place in psychopathologies (Ceunen et al. 2016). It is
seen that Interoception-Based Interventions under Body-Mind therapies have recently expanded toward
auxiliary body-based techniques such as Trauma Sensitive Yoga and aerobics (Mehling et al. 2018, Putica
et al. 2024). Yoga is an interoceptive method that aims to develop body awareness.

The primary aim of this study is to examine the impact of human-to-human relationships and bonding on
mental health in the context of a digitalized world shaped by technological advancements, particularly
artificial intelligence, within the framework of PVT (Porges 2011). In parallel, it seeks to highlight the
significance of interoception in psychotherapy, which is regarded as an integral component of the bonds
that individuals form with themselves and others (Craig 2002). Accordingly, the study's contribution to the
literature lies in its discussion of the concept of interoception through the lens of PVT. Furthermore, it
aims to elucidate the role that communication skills with others play in preventive mental health services
and the treatment of psychiatric disorders (Mehling et al. 2009, Khalsa et al. 2018). In this way, it is
anticipated to inform the design of future research in this domain. Additionally, the article plans to explore
the effects of Trauma-Sensitive Yoga practices on various psychopathologies and the role of
interoception-based interventions in clinical practice.

Polyvagal Theory

The theory focuses on the transition from reptiles to mammals as a starting point (Porges 2021a). Our
autonomic nervous system (ANS) works like a risk assessment machine. The brainstem is the first to
respond to safety and danger cues. Brainstem structures control sucking, swallowing, breathing, and
vocalization circuits, which are early developmental survival reflexes. As these pathways mature, the social
interaction system that supports homeostasis is formed (Porges 2021b). Primarily, in order to survive, the
infant needs to effectively requlate sucking-swallowing-breathing-vocalization. For example, it has been
observed that premature babies born with an immature ventral vagus nerve have the potential for
tachycardia (increased heart rate) or bradycardia (a sudden and large decrease in heart rate)(Reed et al.
1999). This is mainly because the premature infant, born with a reptilian rather than a mammalian
autonomic nervous system without a functional ventral vagus, is more prone to respond via the dorsal
vagal pathway. For reptiles, which do not need oxygen as much as mammals, this response corresponds
to the freezing response, which promotes survival in the face of predators. However, for the newborn,
which requires oxygen, this response carries the potential for death (Porges 2009). PVT calls this the "vagal
paradox."
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In this framework, studies focusing on the causes of neonatal heart rate and new mortality have revealed
that during the transition from reptiles to mammals, mammals developed a functional diaphragm and a
cardioinhibitory vagal pathway starting from the nucleus ambiguus (Porges 2009). Indeed, this vagal
pathway provides the dynamics of respiratory sinus arrhythmia and is recognized by PVT as an indicator
of good health (Porges 2011).

Based on this information, it is emphasized that the brainstem regulates via the evolutionarily older dorsal
vagus pathway and the newer modern ventral vagus pathway in mammals (Porges 2011, Porges 2021a). The
ventral vagal pathway, located in the brainstem, is activated via cardiocinhibitory fibers for social
interaction and calming, thus maintaining a balance between the sympathetic and parasympathetic
systems. In the ongoing developmental process, the 0SS provides the activation of the sympathetic
nervous system with the flight-fight response and the activation of the parasympathetic nervous system
with the freeze response through the vagus nerve, the Xth (tenth) cranial nerve, which is called the
"wandering" and longest nerve (Porges 2011). The vagus nerve plays a role in the management of emotions,
stress, and interpersonal relationships through heart rate and respiration (Porges 2021a). The vagus nerve,
the main component of the parasympathetic nervous system, contains 80% afferent sensory neurons and
20% efferent motor neurons. The afferent neurons, which constitute the majority of the information flow,
are defined in the literature as interoception (Engelen et al. 2023). Afferent fibers extend from the internal
organs to the brain and transmit information to the brain about mechanical, thermal, chemical, metabolic,
hormonal conditions, and the physiological state of the skin, muscles, joints, teeth, and all internal organs
(Craig 2002).

The "hierarchy," one of the concepts put forward by the PVT, refers to the neurophysiological basis of the
development of an adaptive response of the CNS to stimuli through three hierarchical pathways (Porges
1995). The first of these three pathways is the unmyelinated dorsal vagal pathway of the parasympathetic
nervous system, which originates from the dorsal nucleus of the vagus, the most primitive system that
developed approximately 500 million years ago. Here, conditions such as the freezing response,
immobilization, vasovagal syncope, playing dead, and behavioral shutdown are observed (Porges 2011,
Porges 2021a). The second pathway is the sympathetic nervous system, from which the flight-fight
response evolved around 400 million years ago. When this system is activated, the body prepares for
action: heart rate increases, breathing decreases, pupils dilate, digestion and reproduction stop, often
more for survival than social interaction. The hypothalamic-pituitary-adrenal (HPA) axis is stimulated and
causes the release of glucocorticoids, which are defined as stress (Levine 2000). The third pathway is the
myelinated ventral vagus pathway, which starts from the nucleus ambiguus, the newest part of the
autonomic nervous system, and suppresses sympathetic activation in the heart and the HPA axis to keep
calm. At the same time, this system includes the Social Engagement System proposed by Porges (Porges
1995, Porges 2009, Porges 2023). The Social Engagement System enables the person to connect with
others by controlling the muscles of the face and head through the myelinated ventral vagus nerve starting
from the brainstem region called the nucleus ambiguus (Porges 2011). Thus, the individual perceives the
"other" as safe or threatening through voice, facial expression, gestures, and mimics, laying the foundation
for social interaction (Porges 2020, Porges 2023). Here, there are soothing, talking, listening, reciprocity,
nurturing relationships, and thus the ventral vagal state supports compassionate connections (Stellar et
al. 2015). The neuroanatomical bases of the Social Engagement System are presented in Table 1.

In some cases, the three nervous systems (dorsal vagal pathway, sympathetic activation, ventral vagal
pathway) are activated together (Porges 2007). For example, when the sympathetic nervous system and
the ventral vagal pathway are activated together with the social connection system, our body is ready for
movement in a safe space in activities such as dancing, running together, playing soccer, or exploring
(Sullivan et al. 2018). On the other hand, when the parasympathetic nervous system, the dorsal vagal
pathway, and the social connection system are activated together, immabilization occurs, providing a
peaceful bonding environment without entering the freezing response, where there is inertial trust (Cartes
& Porges 2011).

The CNS has an extensive network of neuroreception, which also perceives safety signals from both the
external world (by capturing clues such as facial expression and tone of voice) and the body to react to
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threats (Porges 2023). "Neuroception”is the second concept of PVT, which includes interoception (internal
perception) and extroception (external perception), a nonverbal experience. It has the task of reflexively
keeping the organism alive by assessing risk without awareness. In neurocognition of insecurity, the
individual concludes that bonding with others would not be safe, and sympathetic activation and/or dorsal
vagal collapse occurs. On the other hand, in safety neurocognition, the social connection system is
activated by ventral vagal activation, along with the shutdown of the sympathetic and dorsal vagal systems
(Porges 2021a).

On the other hand, neuroception, if individuals distinguish friend from foe in social interactions and detect
trust, social interaction and adaptation can be achieved, while if they confirm distrust, ventral vagal
activation is withdrawn and the cardioinhibitory vagal brake on the heart is discharged (Porges 1995,
Porges 2023). As a matter of fact, the individual needs the vagal brake capacity to regulate the nervous
system in a healthy way in daily life (Porges 1995, Dana 2021). The vagal brake is defined as the ability to
self-requlate through ventral vagal parasympathetic activation (Porges 2011). The observable form of this
ability has been determined as the rhythmic change in respiratory sinus arrhythmia (RSA—Respiratory
Sinus Arrhythmia), and although it is the task of the ventral vagus to reduce the heart rate to an average of
72 beats per minute, high RSA is an indication that the vagal brake is working dynamically (Austin et al.
2007). Thus, individuals can demonstrate social participation behaviors, requlate emotions, and establish
secure bonds (Porges 2007, Porges 2011). As much as it is functional to protect ourselves in the presence
of a threat, it is also important for our nervous system to calm down when the threat passes in order to
protect both physical and mental health (Flores and Porges 2017). Otherwise, the system gets stuck at a
single point, causing a chronic stress response, and then the individual becomes vulnerable to various
physical and mental illnesses (Porges 2021a). When the aforementioned social participation behavior
occurs, autonomous security is achieved, and the onset of attachment with "co-regulation," one of the
main concepts identified for PVT, takes place (Haeyen 2024). Co-requlation is defined as an interaction
process based on reciprocity and a balance of giving and receiving. It supports the formation of a secure
bond between the autonomic nervous systems of individuals, which is critical for both mental and physical
health (Carter and Porges 2011).

In response to the objections to the physiological principles put forward by the theory (Grossman 2023),
the theory's creator, Porges, stated that as the areas of use of PVT increase (medicine, education,
business, psychology, etc.), practitioners cannot convey the theory correctly enough, the scientific basis
of the theory is misunderstood, and more studies are needed on its place and importance in clinical
practice (Porges 2023, Haeyen 2024).

In summary, PVT encourages the socialization of individuals and reveals that a sense of trust and spiritual
maturation will be built through social bonds. In this framework, the individual becomes open to exploring
the environment in a safe space only under conditions where the ventral vagal activation and/or social
connection system is active and the vagal brake is dynamic (Porges 2023). Within the framework of all the
health disciplines, PVT draws a route for workers in the mental health field. This route includes assessing
the vagal tones of the clients, being open to clues about their nervous systems, analyzing and developing
neuroception skills correctly. In addition, it aims to regulate and functionalize the nervous systems of
clients together with co-requlation, thus promoting interventions that support the nervous system and
integrating them into treatments (Porges and Dana 2018).

Body-Mind Relationship

ANS is a system that evaluates sensations from the environment and internal organs, supporting our
survival and playing an important role in our mental and physical health (Damasio 1999). One of these
sensations, exteroception, facilitates the individual in establishing harmonious relationships with their
immediate environment by processing data from our five sensory organs: hearing, touch, taste, and vision
(Craig 2002, Gallace and Spence 2014). Indeed, studies have shown that individuals with hearing loss have
an increased risk of social isolation and depression (Hogan et al. 2009). In studies conducted during the
Covid-19 pandemic, where impairments in the sense of smell and taste were seen intensely, it was revealed
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thatimpairmentsin these senses negatively affected individuals' depression and anxiety levels and caused
a decrease in self-confidence (Javed et al. 2022).

Based on the hypothesis that the sense of touch is important for social connection, a study examining the
relationship between touch perception and loneliness found that lonely individuals have a low ability to
comprehend positive, supportive social cues, which paves the way for loneliness (Sporta et al. 2022). On
the other hand, our senses of proprioception and interoception, which can be overlooked today, have been
frequently researched recently (Chen et al. 2021, de Nooiji and Zampieri 2023). Proprioception enables the
individual to create awareness of their own body with information from muscles, joints, and tendons. It
allows the coordination of movements (de Nooiji and Zampieri 2023). Today, it has been reported that
proprioceptive disorders affect the social bonds the individual establishes with the environment, and they
prevent learning, especially with poor short-term memory functions, in the development of psychomotor
skills (Finzi et al. 2016, Horvath et al. 2020). It has been stated that exercises contributing to the
development of proprioceptive skills can support individuals in achieving body-mind integrity and coping
with problems such as stress, anxiety, and depression more easily (Emerson et al. 2009, Emerson et al.
2018).

To summarize, exteroceptive, interoceptive, and proprioceptive senses have an important place in the
body-mind connection. Especially when considering interoception, this concept becomes a step forward
in understanding the body-mind relationship within the framework of PVT. PVT states that each path of
the autonomic nervous system communicates with the internal organs through the sense of interoception
(Craig 2009). From this perspective, it has been suggested that we may need to take a closer look at the
concept of interoception to better understand the body-mind relationship.

Interoception

Today, interoception is more than just sensations from internal organs, as defined by physiologist
Sherrington in 1906, in addition to exteroception and proprioception (Critchley and Harrison 2013, Ceunen
et al. 2016). The concept of interoception refers to perceiving, recognizing, interpreting, and integrating
messages coming from within the organism, especially from the gastrointestinal, respiratory, and
cardiovascular systems (Garfinkel et al. 2015). It enables us to recognize bodily sensations such as hunger,
fullness, need for the toilet, fatigue, sweating, chills, and to develop an appropriate response (Cameron
2001, Craig 2009, Ceunen et al. 2016, Berntson and Khalsa 2021, Suksasilp and Garfinkel 2022). At the same
time, it is not limited to any specific sensation but is based on past experiences, memories, associations,
attitudes, beliefs, and emotions, integrating them into the total experience that forms the subjective
representation of the body’s state (Cameron 2001, Craig 2009, Ceunen et al. 2016). For example, in response
to fear, interoceptive arousal symptoms may include muscle tension, an increased heart rate, pupil
dilation, and hormonal changes. However, if the individual is not facing a real threat, an interoceptive
misjudgment occurs (Machorrinho et al. 2019). In this context, interoception is defined by Fowler (2002) as,
“The interoceptive system constitutes the material self as a whole, and how we perceive these sensations
from our body determines our mood, well-being, and emotions." Moreover, interoception creates a
subjective sense of self (Damasio et al. 2013).

In this context, it is noteworthy that the concept of mentalization, related to interoception, is important in
the literature. Mentalization refers to the individual's ability to recognize, understand, and express mental
states such as emotions, thoughts, desires, and beliefs. On the other hand, it refers to the ability to use the
same skills for others (Bateman and Fonagy 2016). When interoception is considered as a supportive
concept, the "mentalization of interoceptive sensations" suggests that the ability to reflect on oneself will
begin by focusing primarily on "current” bodily signals (Duquette and Ainley 2019). Here, mentalization is
particularly thought of as the ability to understand the meaning of sensations affecting the individual, and
the prerequisite for this process is focusing on present interoceptive sensations (Duquette and Ainley
2019).

According to the findings of a growing body of studies, interoceptive dysfunctions have been observed in
various psychopathologies, such as depression (Simons et al. 2016, Zhou et al. 2024), eating disorders
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(Khalsa et al. 2022, Kaloglu and Hocaoglu 2023, Velkoff et al. 2024), addictions (Mattioni et al. 2024),
obsessive-compulsive disorders (Eng et al. 2020), schizophrenia(Yao and Thakkar 2022, Torregrossa et al.
2022), post-traumatic stress disorder (Schaan et al. 2019, Reinhardt et al. 2020, Leech et al. 2024), and
anxiety disorders (Puigcerver et al. 2024).

For example, it is known that individuals with panic disorder show hypersensitivity to bodily sensations,
and this sensitivity feeds fear and anxiety cycles through misinterpretations (Domschke et al. 2010). These
individuals often have irritable bowel syndrome as a comorbid diagnosis (Tsao et al. 2009). On the other
hand, it has been found that individuals with eating disorders often have very low or no awareness of body
sensations such as hunger and satiety (Herbert and Pollatos 2014). Thus, both low and high levels of
interoception are significant in terms of psychopathology (Khalsa et al. 2022).

Depression is another psychopathology in which interoceptive functions are impaired (Khalsa et al. 2018).
Impairments in interoceptive skills reduce the individual's capacity to cope with stress and make them
vulnerable to depression (Khalsa et al. 2018). Studies have shown that individuals diagnosed with
depression have decreased levels of interoceptive awareness, particularly with the inability to perceive
heartbeats, and they cannot evaluate signals from their own body in a healthy way, leading to difficulties
in emotion regulation (Eggart et al. 2021).

In studies with individuals diagnosed with obsessive-compulsive disorder (OCD), who tend to over-
interpret bodily sensations, it has been suggested that this body sensitivity may trigger compulsive
behavior cycles due to fear of contamination (Bragdon et al. 2020). Additionally, a study investigating the
role of interoception in the relationship between OCD and suicidal behavior found that decreased body
sensations cause a bodily disconnection that increases the desire for death, while increased bodily
sensations may increase the risk of suicide by causing difficulties in emotion regulation skills (Blenger et
al. 2023).

Similar to OCD, individuals diagnosed with PTSD have hypersensitivity to bodily sensations, and these
sensations are associated with traumatic memories. Additionally, it was found that body awareness
decreased, and dissociation symptoms were observed in some individuals (Price and Hooven 2018). These
findings suggest that both high and low levels of interoception play a role in maintaining psychopathologies
through a similar mechanism (Khalsa et al. 2018). Therefore, the assessment of interoceptive functions
may be crucial in understanding and treating psychopathologies.

It is thought that future studies on this subject are needed to determine the role of interoception in
psychiatric disorders and to design the best ways to plan individualized interoceptive interventions. The
patient-therapist relationship is a safe harbor to help the patient discover new perspectives and facilitate
change (Ovalle et al. 2023). Providing this safe harbor is related to how individualized the treatment is (Nord
and Garfinkel 2023).

Interoception and the Brain

Studies suggest that interoceptive deficits may represent a transdiagnostic mechanism in mental
disorders (Khalsa et al. 2018, Lafci Fahrioglu and ilgi 2019, Brewer et al. 2021, Nord et al. 2021). In this
context, it can be argued that the assessment of interoceptive skills should be a part of the diagnosis and
treatment for each psychopathological disorder. Craig(2009) defined this concept within a neurobiological
framework by revealing important findings on the processing of interoception in the anterior insula region,
which is considered the 5th lobe of the brain. Since then, numerous studies have investigated the
relationship between interoception, emotional experiences, and psychological functions (Barrett 2017).

Interoception works through pathways that receive, process, and transmit information from organs. These
pathways include afferent fibers from sensory receptors in peripheral organs such as the heart, lungs, gut,
and skin, which transmit signals to the spinal cord, brain stem, hypothalamus, and thalamus, and then to
cortical regions such as the insular cortex, anterior cingulate cortex, and prefrontal cortex (Berntson and
Khalsa 2021). Interoceptive pathways include the insular cortex and anterior cingulate cortex (Nord and
Garfinkel 2022).
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Recent neuroimaging studies have highlighted the importance of the insula in many brain diseases
(Namkung and Sawa 2017). The insula works with the anterior cingulate cortex in the regulation of body
sensations, and the anterior cingulate cortex is involved in the emotional and cognitive processing of
interoceptive information (Medford and Critchley 2010). Additionally, the prefrontal cortices are involved in
the conscious processing of interoception, enabling individuals to recognize bodily reactions such as heart
rate and respiration and to interact socially based on this information (Berntson and Khalsa 2021). In fact,
research has shown that secure attachment and positive social interactions strengthen emotional
requlation through the insular cortex (Li et al. 2021). Studies have revealed that insula activation is related
to anxiety and fear (Terasawa et al. 2013).

In a recent study 22 healthy volunteers were given interoceptive training for 40 minutes a day, at least 4
times a week, and examined with brain imaging techniques. The study observed that the participants were
able to shift their attention resources from exteroception to interoception. This training increased the
participants' interoceptive accuracy and led to a reduction in somatic symptoms, anxiety levels, and
neuroticism. At the same time, brain regions, including the anterior insular cortex and the cognitive control
network, were strengthened after interoceptive training (Sugawara et al. 2024).

The anterior cingulate cortex and anterior insular cortex are also active in the "bottom-up" processes of
interoception. The anterior insular cortex and dorsolateral prefrontal cortex are involved in the "top-down"
processes of interoception, which are thought to provide cognitive control of emotion. Based on research,
it has been suggested that mindfulness-based cognitive therapies can benefit individuals with
hypersensitivity to interoceptive sensations by strengthening the "top-down" pathway of interoception
(Segal and Walsh 2016, Sugawara et al. 2024). The "bottom-up" neural circuit of interoception is connected
to the vagus nerve. Activation of the vagus nerve helps balance the autonomic nervous system and
facilitates the development of interoceptive skills (Porges and Dana 2018). It is often emphasized that yoga,
which activates the bottom-up pathway, plays an important role in the development of interoceptive skills
in individuals with low interoceptive awareness (Van der Kolk et al. 2014, Emerson 2023, Sugawara et al.
2024). The vagus nerve's role in the regulation of interoceptive skills is explained by the PVT, which
emphasizes interoception in establishing relationships and social bonds with oneself and others, revealing
the biophysiological basis of the sense of security (Porges 2023).

In individuals with PTSD, lower levels of activity have been found in the left insula, which is part of the
interoceptive pathways, along with the thalamus, medial prefrontal cortex, and anterior cingulate gyrus
(Herringa et al. 2012). This indicates that after a traumatic experience, individuals may become
disconnected from their sense of self and body, which is essential for experiencing the world and
relationships safely (Nord and Garfinkel 2022). The need to feel safe is functionally our body's way of
communicating through the autonomic nervous system. It affects our mental and physical health, social
relationships, cognitive processes, and behavioral repertoire, serving as a collaborative physiological
infrastructure (Porges 2023). Philosopher and psychotherapist Gendlin (1997) emphasized that trust is not
only a "felt" mental experience but also a physical reflection. While secure attachment enables individuals
to establish healthier and more satisfying relationships (Bowlby 1988), chronic insecurity can increase the
risk of stress-related diseases by creating constant increases in heart rate and blood pressure through
sympathetic nervous system activation (Sapolsky 2004). Furthermore, feeling secure may improve an
individual's empathy and social connection skills by increasing insula activation (Taylor et al. 2010).

Measurement Tools Developed for Interoception

Various measurement tools have been developed for the assessment and conceptualization of
interoception in the literature. Garfinkel (2015) outlined three definitions of interoception: first,
interoceptive accuracy, which is measured through objective tests such as the heart rate detection task,
second, interoceptive sensibility, determined by self-assessment scales focusing on the individual's
internal states, and third, interoceptive awareness, which relates to the performance of both interoceptive
accuracy and sensitivity (Garfinkel et al. 2015).
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Laboratory experiments typically focus on interoceptive accuracy, which is measured by assessing heart
rate with an electrocardiogram and asking individuals to count their heartbeats. This is an objective
measurement related to the experience and requlation of emotions (Pollatos et al. 2009). For interoceptive
sensibility, several scales are used in the literature, including the Body Awareness Questionnaire adapted
by Mehling et al. (2009), the Interoception Sense Questionnaire created by LFiene et al. (2018), the
Interoceptive Accuracy Scale (IAS) developed by Murphy et al. (2020), and the Interoceptive Sensitivity and
Attention Scale by Bogaerts et al. (2022). The Multidimensional Assessment of Interoceptive Awareness
(MAIA-11), developed by Mehling et al. (2012), assesses interoceptive awareness and sensitivity. It is a
standardized, multidimensional measurement tool that can be used quickly outside laboratory settings,
making it more generalizable. Following efforts to improve the scale and validate it in new sample groups,
the second version of the MAIA-II, consisting of 8 dimensions and 37 items, was published (Mehling et al.
2018). This scale has been widely used worldwide and has been adapted into 20 different languages. The
Turkish standardization of the MAIA-Il was conducted by Ozpinar et al. in 2021, resulting in a version with 6
subscales and 32 items (Ozpinar et al. 2021). The subscales include 'Awareness' (awareness of
uncomfortable, comfortable, and neutral body sensations), 'No Distraction' (the tendency to ignore or
distract oneself from pain or discomfort),'No Worry'(the tendency not to worry despite pain or discomfort),
'Attentional Requlation’ (the ability to focus attention on body sensations), 'Emotional Awareness'
(awareness of the connection between body sensations and emotional states), and Trusting' (the belief
that one's body is reliable and safe). The Cronbach alpha coefficient for the total scale (32 items) was found
to be 0.72. When examining the Cronbach alpha coefficients for the subscales, the values were as follows:
o =0.86 for "Secure Attachment" and a = 0.77 for "Insecure Attachment."

Interception Based Interventions

Therapy approaches differ in terms of the components they focus on. While bottom-up therapies target
cognitive processes, top-down therapies target the nervous system and integrate interoceptive processes
into psychotherapies (Duguette and Ainley 2019). The main reason for this difference is the integration of
emotion, external, and internal sensation processes (Seth and Friston 2016). Interoceptive skills are the
neural substructure of subjective awareness that enables the individual to perceive his/her emotional
experience, and when the individual reaches subjective awareness, this has an impact on cognition and
behavior.

It is thought that interoceptive skills may have a transdiagnostic role in explaining psychiatric disorders
ranging from panic disorder to substance use disorder and even from childhood traumas to PTSD
symptoms (Khoury et al. 2018, Van der Kolk 2019). Symptoms such as flashbacks, triggers, avoidance, self-
numbing, hyperarousal, constant vigilance, difficulty in emotion regulation, dissociation, attention
problems, and somatic pains, which are among the main symptoms of PTSD, are indicators that the
individual experiences the trauma "in the body" (Jaycox and Foa 1996, Van der Kolk 2019). Traumatic
experiences often threaten the integrity of the body, and individuals experience a disconnection between
their bodies and minds (Herman 2007).

At the same time, brain imaging studies (positron emission tomography and functional magnetic
resonance imaging) have revealed that the functionality of the prefrontal cortex, regions related to
interoceptive skills, and the speech center called Broca's area in the left hemisphere of the brain is
impaired, which weakens the individual's control and ability to express themselves with words following
traumatic experiences (Rogalsky et al. 2008, Van der Kolk 2019, Gajardo-Vidal et al. 2021, Herron et al.
2024). For this reason, the effectiveness of classical speech therapies is limited today (Lee et al. 2022).

There are many approaches used in trauma treatment (Paul et al. 2012). The International Society for
Traumatic Stress Studies (ISTSS) and the World Health Organization (WHO) state that Eye Movement
Desensitization and Reprocessing (EMDR) is an evidence-based psychotherapy for the treatment of PTSD
in children, adolescents, and adults (WHO 2013, Bisson et al. 2019, Melegkovits et al. 2023). In recent years,
the effectiveness of EMDR therapy has frequently been the subject of research (Perlini et al. 2020, Onofri
2023). It has been stated that EMDR therapy can provide homeostasis in the autonomic nervous system
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and reduction in physiological symptoms by integrating the cognitive-physical and emotional elements
involved in traumatic memory (Sack et al. 2008, Shapiro and Laliotis 2011, Shapiro 2016). EMDR has also
been shown to support the ventral vagal pathway from the perspective of PVT (Sack et al. 2008, Poli et al.
2023). Individual trauma-focused Cognitive Behavioral Therapy and EMDR were found to be more effective
in reducing the severity of symptoms compared to standard care and waiting lists (De Jongh et al. 2019,
Gjerstad et al. 2024). On the other hand, it has been reported that traumatic stimuli are re-experienced
during therapy and that there are significant relapse rates and treatment discontinuation due to
deficiencies in physical and emotional regulation (Cloitre et al. 2011, Ford et al. 2011, Sele et al. 2023).

Although therapies such as Cognitive Behavioral Therapy, Dialectical Behavior Therapy, Acceptance and
Commitment Therapy, EMDR, and Mindfulness are useful in the treatment of trauma, it is emphasized in
the literature that without bodywork, cognition-oriented therapies may be insufficient (Van der Kolk 2014,
Van der Kolk 2019). Some individuals may lack sensory awareness or hypersensitivity, especially in PTSD,
anxiety disorders, and somatization disorders (Khalsa et al. 2015). At this point, the inclusion of
Interoception-Based Interventions (IBI), which are used to increase the body awareness that individuals
need, in psychotherapies comes to the fore (Loizzo 2016). It has been reported that IBl is used for various
psychopathologies, especially post-traumatic stress-related disorders, which improve emotional
requlation by increasing individuals' perceptions of their bodies or supporting them to control existing
hypersensitivity (Heim et al. 2023). In other words, approaches focusing on interoception are non-invasive
psychological or behavioral approaches that aim to increase an individual's awareness of their internal,
bodily sensations through specific experiences (Farb et al. 2015, Loizzo 2016).

On the other hand, when individuals come to the psychotherapy room, whether they have a psychiatric
diagnosis or not, they bring with them the intense emotions they feel towards the world, themselves, and
others, and the difficulties they have in verbalizing their challenging experiences (Patterson 2014). They
often have difficulties in recognizing their bodily experiences, expressing emotions, and reading the body
correctly (Loizzo 2016). Interoception-based interventions (IBI) aim to provide homeostasis by helping
people recognize, interpret, and manage emotions, and interoceptive mechanisms have been frequently
studied in relation to recent psychopathologies (Putica et al. 2025). These interventions can also help
treatment, especially in patients with somatic symptoms, by providing body-mind integration (Herbert and
Pollatos 2014).

In a meta-analysis study that examined 11 different studies focused on Body-Mind Therapies, including IBl,
in individuals with chronic pain symptoms, evidence of improvement in interoceptive awareness was
found after body-mind therapies. Additionally, it was reported that body-mind therapies resulted in
improvements in sub-dimensions such as not worrying, trusting, and self-regulation, in addition to the
total score of general interoceptive awareness (Gnall et al. 2024).

Based on these results, interoception is a determinant of psychological well-being, which refers to both
physical and mental well-being and the individual's potential for self-realization and this effort (Hanley et
al. 2017). In another systematic review study investigating the effectiveness of IBl in reducing symptoms
and improving interoceptive skills in mental disorders, 31 studies between 2000 and 2021 were analyzed,
and it was stated that IBI is potentially effective in improving interoception in mental disorders (Heim et
al. 2023).

Interoceptive Exposure is a therapy technique used in Cognitive Behavioral Therapy, which is also used in
PTSD, and is often addressed in anxiety disorders (Lee et al. 2008). In a systematic review of the
effectiveness of IBI for PTSD 19 studies were examined, and it was found that integrative exercises
improved interoceptive awareness and regulation, and interoceptive-based exposure interventions
reduced the individual's anxiety sensitivity and thus were effective on post-traumatic stress disorder
symptoms (Putica et al. 2025).

Recently, it is possible to see that many studies have been conducted on interoception and mental health.
In a study using the Multidimensional Interoceptive Awareness Inventory, Five-Dimensional Mindfulness
Scale, and Psychological Well-Being Scale, data were collected from 478 participants (Hanley et al. 2017).
According to the findings of the study, there is a statistically significant relationship between interoception
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and psychological well-being. Based on these results, interoception is a determinant of psychological well-
being, which refers to both physical and mental well-being and the individual's potential for self-realization
(Hanley et al. 2017).

Interoceptive exposure exercises applied for this purpose involve triggering harmless body sensations
associated with bodily arousal. For example, spinning in a chair triggers dizziness, running in place,
breathing in and out rapidly triggers hyperventilation, exhaling through a straw recreates the sensation of
shortness of breath by inhaling, looking at a painting of small squares for a long time can cause visual
hallucinations. With these exercises, body sensations are recreated in a controlled way. The aim is for the
individual to realize that they have control over their body sensations and not to catastrophize these
sensations (Putica et al. 2025). Exposure to unpleasant bodily sensations is important to reduce the fear
response to these body sensations, thus informing both the body and the mind that these bodily symptoms
are not dangerous.

In this context, interoception-based interventions such as carbon dioxide inhalation, which effectively
reduce panic attacks, have been developed based on classical cognitive models that reveal the
misinterpretation of bodily signals. Interoception is an important tool for understanding the interaction
between emotional experiences and bodily states. IBl is particularly beneficial for individuals experiencing
a lack of bodily awareness or emotional regulation problems (Khalsa et al. 2015), especially for panic
disorder (Nardi et al. 2006, Rahman et al. 2014).

In another psychotherapy approach, Mindfulness-Based Cognitive Therapy (MBCT) uses mindfulness
techniques to correct cognitive distortions and improve emotional regulation (Sipe and Eisendrath 2012).
MBCT exercises aim to increase interoceptive awareness and enable individuals to restructure their
relationship with their body sensations (Zeidan et al. 2010, Sipe and Eisendrath 2012). Biofeedback, which
is one of the perception-based interventions, allows individuals to monitor and control their bodily
processes (e.g., heartbeat, muscle tension) through visual or auditory feedback. This method can help
individuals increase their interoceptive awareness and better understand their bodies (McCraty et al.
2009).

The harmonious functioning of the sympathetic and parasympathetic branches in the CNS — activation of
the sympathetic nervous system and increase in heart rate while inhaling and activation of the
parasympathetic nervous system and decrease in heart rate while exhaling — is necessary for the mental
and physical health of the individual, and heart rate variability reveals the relative balance between these
two systems (Van der Kolk 2014, Van der Kolk 2019). Heart rate variability is high in healthy individuals.
Individuals with psychiatric diagnoses and autonomic nervous system dysfunction cannot establish a
balance between breathing and heart rate due to poor heart rate variability (G5¢en and Ozden 2024). This
increases susceptibility to various mental illnesses such as heart diseases, cancers, depression, and PTSD
(Van der Kolk 2019).

Within the framework of all this information, there are studies suggesting that Hatha Yoga can be a method
of correcting heart rate variability in individuals (Van der Kolk 2014, Van der Kolk 2019). Trauma-Sensitive
Yoga(TSY), created especially for people who have experienced interpersonal trauma, was designed to be
used as a supportive treatment method at the Trauma Center in Massachusetts in 2003 and is a body-mind
therapy focused on increasing the interoceptive awareness of the individual and is also a form of Hatha
Yoga (Emerson 2023).

In general, it is also suggested that EMDR may be more effective for singular events such as car accidents
and natural disasters (Shapiro 2016). However, singular interpersonal events such as sexual assault or
deliberate harm to another person may be exceptions, and EMDR developed specifically for individuals who
have experienced complex trauma in interpersonal relationships can be used in such cases (Emerson
2023).

What makes Trauma-Sensitive Yoga (TSY) different from other forms of yoga is that it uses an inviting,
inclusive language (Hooper 2012). Bodily autonomy is emphasized by offering participants options for each
form, avoiding contact, and respecting the participant's bodily boundaries, not forcing the person into any
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posture. Itis described as a gentle teaching approach (Emerson 2023). This approach was developed based
on the idea that individuals with trauma experience disconnection between their body and their mind. TSY
also includes safe physical movements to release trauma stored in the body. The bodywork involved in TSY
provides both a top-down and bottom-up requlation system, while balancing the sympathetic and
parasympathetic nervous systems and improving interoception (Emerson 2023).

All of these approaches highlight the importance of interoceptive awareness, whether through direct
exposure to bodily sensations or through mindfulness-based practices, in treating trauma and improving
mental health outcomes.

Conclusion

What Descartes, the founder of modern philosophy, discovered on his journey to attain knowledge that
leaves no room for doubt and can be trusted with certainty is that the senses often mislead us. He
concluded this based on the proposition "Cogito, ergo sum” ("l think, therefore | am"), asserting that we are
subjects who perceive the world as "res cogitans" ("conscious mind-thinking thing") (Descartes 2016).
However, dualists universally accept the idea that the mind affects the body, and the body affects the mind
(Priest 2018).

According to Descartes, the needs of the body, such as hunger and thirst, should be addressed by the mind.
Thus, the body and mind are interconnected. Descartes viewed sensations like hunger, thirst, and pain as
forms of thinking and suggested that one could be mistaken about the sensations of one's own body
(Descartes 2016). Furthermore, Descartes believed that the body and mind interact through the pineal
gland, which he referred to as the "central headquarters" of this interaction (Descartes 2016).

In contrast, modern neuroscience suggests that interoception may serve as the bridge between the body
and the mind. Interoception refers to the nervous system's role in interpreting both internal and external
experiences, determining the true subjective awareness of emotional experiences and bodily sensations.
It plays a crucial role in maintaining homeostasis in the body, though it is not always experienced at the
level of awareness. Despite this, it impacts cognition, behavior, and the quality of life of individuals. Bodily
sensations experienced outside the level of awareness can be perceived as catastrophic and may pose a
threat to the individual.

It is essential to understand the role of psychotherapeutic techniques that target interoception and
interoceptive mechanisms in treating psychopathologies, especially in terms of both physical and mental
health. Including interoceptive measures in clinical trials may help understand existing treatments and
develop new ones. To be comprehensive, such measures should explore different interoceptive axes (e.g.,
gastric, respiratory, cardiac) at neural, behavioral, and subjective levels. It may be especially beneficial to
apply interoception-based therapies to clients who show interoceptive impairments. Such interventions
could also be considered in cases where clients show little or no response to existing therapy.

When applied appropriately, interoception-based interventions have the potential to enhance existing
psychotherapy approaches. However, further clinical research is necessary to broaden their application.
It is expected that interoception-based interventions may become more widely used in clinical practice
within the framework of mind-body therapies in the future (Farb et al. 2015).
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