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ABSTRACT 

Notwithstanding breakthroughs in our knowledge of interoception’s various dimensions 
and implications, along with research demonstrating interoceptive impairments in 
clinical groups, there is limited data on the successful ways for enhancing this capacity. 
Here special attention will be given to the interventions that commonly directs attention 
to the body and to the respiratory rhythms, such as slow breathing technique and MBIs, 
and how these interventions can promote interoception modulation. Without claiming 
to be exhaustive and with the intention of soliciting research in this field, in this 
contribution some potentially interesting and relatively novel applications of the 
manipulation of interoception will be described, focusing in particular on the clinical, 
social and sports field. 
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1. A BRIEF INTRODUCTION TO INTEROCEPTION

Although the concept of interoception has been hypothesized centuries ago by 
Sherrington (1906), as a type of perception distinguished from exteroception, only 
recently it has gained increased attention in the panorama of the neuroscientific 
literature.  

Conventionally, it refers to the mechanism by which the nervous system 
detects, interprets, and integrates the signals that come from inside the body, 
providing a punctual and complete mapping, moment by moment, of the internal 
body condition, through the conscious and unconscious levels (Tsakiris & De 
Preester, 2018).  

Despite, it has been widely considered as a stable index that reflects a fixed 
individual trait, recent works started to conceive it as a multidimensional construct 
along a continuum from the bottom-up to top-down systems that can be 
manipulated by different types of interventions (Weng et al., 2021). In fact, 
previous research conceived the first interoception dimensions (i.e., interoceptive 
sensitivity, accuracy, and awareness) as relatively stable traits which can modulate 
the subjective experience of emotion; however, recent research showed that the 
different dimensions of interoception can be instead modulated by specific training 
(Farb et al., 2013b), such as awareness-based approaches like Mindfulness-Based 
Interventions (MBIs), slow breathing (Weng et al., 2021), and the degree to which 
a person focuses the attention on bodily changes (Farb et al., 2013b, 2013a). 

Notwithstanding breakthroughs in our knowledge of interoception’s various 
dimensions and implications, along with research demonstrating interoceptive 
impairments in clinical groups, there is limited data on the successful ways for 
enhancing this capacity (Farb et al., 2015). There are still some open points that 
would deserve further deepening in this field, such as i) the full cortical basis of 
interoception, ii) the higher-level dimension of the construct related to awareness, 
attention and executive attribution, that suggests the link between the attention to 
the bodily signals, and executive functioning, and iii) the possibility to manipulate 
interoception through specific training. 

With reference to this last point, in the next section, some of the possible 
interventions that can be implemented to manipulate the interoceptive capacity will 
be described. 

2. INTERVENTIONS AND MANIPULATIONS OF INTEROCEPTION

At the basis of interventions involving interoception, there is the concept and 
evidence that interoception is not a static perceptual ability but is a multi-faced 
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construct that can be modulated by different methods and approaches. Indeed, 
according to recent evidence, interoceptive pathways may be manipulated at various 
levels to develop interventions to improve symptoms in a range of clinical disorders 
(Weng et al., 2021). 

Interventions of a given interoceptive system can be understood through four 
main domains: the intervention type, the target(s), the potential mechanisms 
underlying the intervention, and the clinical and psychological outcomes derived 
from the intervention.  

Primarily via the respiratory system, various pathways can be manipulated at 
neural, behavioural, and psychological levels to change the representation of and 
attention to interoceptive signals, which can alter interconnected physiological 
systems and improve functioning and adaptive behaviour. Also, interventions can 
alter interoception via neuromodulation of the vagus nerve, slow breathing techniques 
to change respiratory rate and depth, or awareness processes such as MBIs. It is worth 
noticing that all these interventions act on the person’s executive control directly or 
indirectly and at a conscious or unconscious level.   

The neural entry points that can affect upstream sensory or psychological 
functioning (e.g., the vagus nerve) or behavioural or psychological entry points that 
can affect downstream functioning (e.g., respiration rate and depth, interoceptive 
awareness, and interpretation of respiratory sensations) may be the target(s) of an 
interoceptive intervention. These targets can be reached through different 
intervention types. Here special attention will be given to the interventions that 
commonly direct attention to the body and to the respiratory rhythms, such as slow 
breathing techniques and MBIs, and how these interventions can promote 
interoception modulation. 

2.1. Breathing techniques for modulating interoception and improving sympathetic 
function 

 Breathing processes are usually unconscious. However, breathing can become 
conscious when there is a shift in intensity (e.g., exercise) or an airway blockage, or 
through interoceptive awareness training previously mentioned. The mind-body link 
relies heavily on respiratory function and individuals can become active participants in 
their own health and homeostasis, by engaging in interventions that consciously 
regulate their respiratory rate or increase their interoceptive awareness capacity, for 
example, through different types of training such as slow breathing techniques and 
mindfulness approaches. 

Slow breathing (or the decreasing of respiratory rate) is considered to lower 
blood pressure and causes a reflex reduction in autonomic nervous system (ANS) 
activation (Seals et al., 1990). Device-guided slow breathing, in which a biofeedback 
device uses musical tones to direct breathing rates to sub-physiological levels of ~5 
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breaths/min, can be used to alter respiratory rate (Sharma et al., 2011). 
Various emotional states might raise the respiratory rate to boost oxygen intake 

in order to support the energy cost of escaping or resisting dangers. The respiratory 
challenge, on the other hand, causes panic-like feelings (Nardi et al., 2009).  

Therefore, conscious processes can be utilized to affect respiratory functioning, 
just as respiratory processes can impact mental states; for example, by adjusting the 
respiratory rate or interoceptive awareness of breathing sensations (Grossman, 2010). 
Respiration differs from other peripheral systems in that conscious management may 
have an instantaneous influence on respiratory processes, and respiratory processes can 
affect emotion and cognition, as seen above. For example, in a core practice of 
focused attention to the breath, interoceptive attention is consciously focused on 
sensations of the breath until distracted by other internal or external stimuli, and then 
nonjudgmentally returned to the breath (a procedure very similar to the mindfulness 
approach).  

Exteroceptive information like as visual and auditory stimuli has traditionally 
been used to study alerting, orienting, and executive control attention networks 
(Corbetta & Shulman, 2002; Petersen & Posner, 2012).  Less is known about 
whether these attention networks can be similarly applied to interoceptive 
information, which is internal and difficult to measure.  

2.2. Mindfulness-Based Interventions (MBIs) 

As previously anticipated, psychological interventions such as MBI can alter the 
representation of interoceptive information by training awareness to i) internal 
respiratory signals from bodily areas associated with breathing, ii) internal and 
external sensations, iii) cognitive and affective qualities of attention, such as sustained 
focus with a non-judgmental attitude. 

For instance, in terms of interventions, Mindful Awareness in Body-oriented 
Therapy (MABT) from Price and colleagues’ (Price et al., 2012, 2019) combines 
manual and brain-and-body approaches to develop interoception and self-care tools 
for emotion regulation. MABT is unique among MBI in its use of touch to promote 
and develop the capacity for Interoceptive Awareness. As a therapeutic approach 
delivered individually, regulatory responses to sensory experience are assessed, and any 
difficulty with interoceptive processing is explicitly addressed through a combination 
of mindfulness instruction and psychoeducation (Price & Hooven, 2018). Previous 
findings highlighted the acquisition of interoceptive awareness skills, improved 
emotion regulation (self-report and physiological), reduced depression, and perceived 
benefits of this approach among women benefiting from this intervention (Price & 
Hooven, 2018). 

Also, MBIs engage neural networks involved in interoception (anterior and 
posterior insula), Executive Function (EF), and emotion regulation (mPFC/ACC). 
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MBI appears to boost the activation of interoception and salience networks, which 
share a critical hub in the anterior insula, via using executive control networks. 
According to neuroimaging studies, breath-focused meditation enhances activity in 
networks involved in focused attention and cognitive regulation (i.e., EF network 
including the PFC, the ACC, and the premotor cortex) as well as interoception (the 
insula) (Fox et al., 2016).   

Findings from EEG studies of breath-focused meditation suggest increased 
alpha in posterior areas and theta in frontal areas (Tang et al., 2019). Increased frontal 
theta may indicate a need for cognitive control and may also influence the white 
matter (Balconi & Vanutelli, 2017; Piscopo et al., 2018). During an interoceptive 
breath-focused activity, mindfulness meditation training resulted in increased 
activation in the posterior insula, a region sensitive to respiratory rate and putatively 
regarded primary interoceptive cortex, as well as a posterior limbic and medial parietal 
network (Farb et al., 2013b).   

In addition, breath-focused meditation practice decreases activation in regions 
associated with mind-wandering and self-referential processing (Fox et al., 2016). 
Results show that meditators can focus on the breath by activating brain networks 
associated with cognitive control and interoception and disengage from mind 
wandering and self-referential processing by decreasing decision-making activation 
(Fox et al., 2016).  

Because it cultivates cognitive and emotional flexibility, disengaging from self-
related cognition is very important in healthy and clinical contexts (Dahl et al., 2015). 
Nowadays new wearable devices have been developed to track these fluctuating neural 
states of attention to interoceptive signals during meditation, which provides 
empirical evidence of the neural differentiation between inner states of interoception, 
mind wandering, and self-referential processing. These neural patterns are then 
utilized to measure attention concentration during breath-focused meditation, which 
may be used to calculate the proportion of time spent interoceptively focusing on the 
breath (Weng et al., 2021). 

To conclude, MBI may improve concentration, interoceptive focus, and 
stability (Khalsa et al., 2018), cognitive processes aimed towards interoceptive stimuli 
(such as sustained attention, cognitive monitoring, and meta-awareness (Dahl et al., 
2015), and emotion regulation (more acceptance and less reaction to interior sensory 
experiences; Desbordes et al., 2015). 

In addition, to connect MBI to empathic behaviour, meditation techniques can 
help people develop compassion (Weng et al., 2013) and kindness in the face of pain 
and suffering (Kirschner et al., 2019). These abilities may contribute to enhanced 
health-promoting decision-making and behaviours, by allowing for better monitoring 
and regulation of physical, emotional, and social processes (Quigley et al., 2021). 

Without claiming to be exhaustive and with the intention of soliciting research 
in this field, in the next section, some potentially interesting and relatively novel 
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applications of the manipulation of interoception will be described, focusing on the 
clinical, social, and sports fields. 

3. SOME APPLICATIONS

3.1 Manipulation of interoception for clinical purposes: the example of chronic diseases 

One of the very first reasons why there is a specific interest in the manipulation of 
interoception concerns the positive clinical and psychological outcomes derived from 
such an intervention. 

In fact, the manipulation of interoception acted by augmenting the awareness of 
the breath rhythms can be a free of side effects alternative or complementary 
treatment (non-pharmacological way) to improve sympathetic control. This opens 
avenues for patients to take control of their health by participating in programs that 
deliberately regulate their breathing rate or develop their interoceptive awareness 
capacity through mindfulness techniques.  

Manipulation of breathing interoception may aid in the treatment of disorders 
involving dysregulation of the sympathetic nervous system (SNS), which is 
responsible for both acute and long-term blood pressure regulation. Several chronic 
conditions, such as chronic kidney disease (CKD) (Grassi et al., 2011) and post-
traumatic stress disorder (PTSD) (Park et al., 2017), are featured by a persistent 
hyperactivation of SNS, which in turn increases the risk of developing chronic 
diseases. Treatments for SNS overactivation, on the other hand, are restricted, owing 
to the fact that existing pharmaceutical alternatives might produce side effects such as 
hypotension, orthostasis, and weariness, as well as metabolic implications (Carella et 
al., 2010). So, the nonpharmacological therapeutic techniques for SNS overactivity 
and dysregulation may provide an alternative treatment option. 

Recently, we have deepened the construct of interoception in relation to two 
main chronic clinical conditions. First, a single case of a patient with fibromyalgia has 
been confronted with a control group of healthy participants, to explore the 
relationship between this well-known “amplification syndrome”, emotional distress, 
and interoception (Balconi & Angioletti, 2020). Secondly, the link between impaired 
interoception and addiction has been discussed proposing interoceptive manipulation 
as a root for intervention (Balconi & Campanella, 2021). In both these two clinical 
conditions interventions involving interoception could be considered a potentially 
valuable alternative treatment for promoting a positive restoration of the brain-and-
body system.  

78 
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3.2. Manipulation of interoception for social purposes: interpersonal synchronization and 
dyadic performance 

As briefly discussed above, due to its importance in physical and emotional well-
being, interoception has been more investigated in recent years. However, recent 
contributions focused on the function of interoception in social connection, which is 
a relatively young and rapidly expanding field of study. 

According to research in the so-called field of “social interoception”, 
interoception may be particularly important in the appraisal of physiological signals in 
social contexts (Arnold et al., 2019). It has been also suggested that interventions 
aimed to improve interoceptive abilities, such as mindfulness-based meditation 
practices, may be key for alleviating loneliness (as an extreme case of poor social 
connection, which is associated with physiological decline, increased mortality risk, 
and interoceptive dysregulation) and improving the social connection. 

Interestingly, to date little is known about how deliberate attention to 
interoceptive correlates (Interoceptive Attentiveness, IA) affects the performance 
during a social interaction that requires or necessitates the synchronization with 
another partner of the dyad, such as a communication process, a teamwork dynamic, 
or a general interpersonal relation. 

The ability to synchronize with another person comprises a set of social 
communication actions that encompasses joint attention, imitation, turn-taking, 
nonverbal social-communicative exchanges, time and content synchronization 
(Delaherche et al., 2012) and is extremely relevant in several real-life conditions 
requiring reciprocal cooperative interactions and interpersonal coordination, and just 
by way of example, dyadic sports such as synchronized diving or dancing 
competitions. Interpersonal synchronization can occur either consciously when there 
is an explicit objective or unconsciously when the goal is absent. The activation of 
neural correlates such as the PFC, supporting interpersonal synchronization can be 
enhanced by the focused attention to a particular interoceptive signal, such as the 
breath, for a specified time interval, a skill known as interoceptive attentiveness 
(Balconi & Angioletti, 2022). 

Nowadays there is little understanding of how IA may affect brain responses 
during synchronized cognitive or motor tasks. To this aim, a new protocol was 
recently developed to explore the effect of explicit IA manipulation on hemodynamic 
brain correlates of simple cognitive tasks implying linguistic or motor synchronization 
(Balconi & Angioletti, 2022).  

Eighteen healthy participants completed two linguistic and motor 
synchronization tasks during both explicit IA and control conditions while 
hemoglobin variations were recorded by functional Near-Infrared Spectroscopy 
(fNIRS) (Balconi & Molteni, 2016). During the explicit IA condition, participants 
were instructed to focus on their body (specifically on their breath) while executing 
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the synchronization tasks. Instead, in the control condition no explicit request to 
concentrate on their interoceptive correlates was provided. In the meanwhile, fNIRS 
was used to record oxygenated (O2Hb) and deoxygenated hemoglobin (HHb) 
changes during the tasks. 

Findings suggested that the brain regions associated with sustained attention, 
such as the right prefrontal cortex (PFC), were more involved when inducing the 
explicit focus on the breath during the cognitive linguistic task requiring 
synchronization with a partner, as indicated by increased O2Hb. Interestingly, this 
effect was not significant for the motor task.  

In conclusion, for the first time, this pilot research found increased activity in 
neuroanatomical regions that promote sustained attention, attention reorientation, 
and synchronization when a joint task is carried out and the person is focusing on its 
physiological body reactions. Moreover, results suggested that the benefits of 
conscious concentration on physiological interoceptive correlate while executing a 
task demanding synchronization, particularly verbal alignment, may be related to the 
right PFC. 

However, IA is also relevant for motor synchronization since interoceptive 
processes inform motor planning, making predictions of a partner’s movements, and 
motor coordination with the social partner (Farmer & Tsakiris, 2012). Also, previous 
studies suggested a link between controlled breathing and motor synchronization 
stating the first plays a special role in mediating respiration-entrained brain 
synchrony, which could enhance motor activity (McKay et al., 2003) and synchrony 
in the motor cortex (Herrero et al., 2018). 

In another recent pilot study, participants performed a task requiring 
interpersonal movement synchrony with and without a social framing in both explicit 
IA and control conditions. This study was developed to explore the effect of explicit 
IA manipulation on hemodynamic brain correlates during a task involving 
interpersonal motor coordination framed with a social goal (e.g., to synchronize to 
perform better in a sports team). 

The IA manipulation conditions and the fNIRS recording procedure were 
equivalent to the previous study, while the tasks differed: the motor synchronization 
tasks consisted of a simple finger movement task, that in one case, was socially framed 
specifying that participants needed to synchronize in order to develop greater dyadic 
teamwork skills. 

According to the results, the PFC, which is involved in high-order social 
cognition and interpersonal relations processing, was more responsive when inducing 
the explicit focus (IA) on breathing during the motor task requiring synchronization 
and socially framed, as indicated by increased O2Hb. Overall, the present study 
suggests that when a joint task is performed and the individual focuses on his/her 
physiological body reactions, the brain hemodynamic correlates are “boosted” in 
neuroanatomical regions that support sustained attention, reorientation of attention, 
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social responsiveness, and synchronization. Furthermore, the PFC responds 
significantly more as the person consciously focuses on physiological interoceptive 
correlates and performs a motor task requiring synchronization, particularly when the 
task is socially framed. 

3.3. Manipulation of interoception in the sports field 

In the previous paragraph, it has been discussed how the manipulation of IA 
can affect the ability to synchronize and, only by way of example, dyadic sports, 
such as synchronized diving or dance were mentioned. However, during 
physical exercise, interoception provides the representation of the physiological 
condition of one’s body in order to make possible this dynamic crosstalk 
between the CNS and the periphery of the body (Craig, 2002).  

Interoceptive abilities have been linked to physical performance in recent 
studies, implying that interoception aids self-regulation during exercise 
(Georgiou et al., 2015; Zarza et al., 2019). For example, Herbert and 
colleagues discovered that when subjects were allowed to determine their own 
speed in a 15-minute exercise on a bicycle ergometer, good heartbeat perceivers 
had lower heart rates, stroke volume, and cardiac output, as well as a shorter 
recorded distance (Herbert et al., 2007). In this study, participants who had 
superior interoceptive accuracy set a more manageable pace and controlled their 
weariness better than those who had poor heartbeat perception. Children with 
a normal or high BMI and better interoceptive sensitivity covered a greater 
distance in a 6-minute running performance challenge (Georgiou et al., 2015). 
On the other hand, no differences in maximal performance were found 
between a group of poor and good heartbeat perceivers (Machado et al., 2019). 

Interoception has a stronger impact on exercise performance in precision 
sports like shooting and archery. Shooting accuracy, for example, is dependent 
on the exact point of the cardiac cycle when the shot is triggered (Keast & 
Elliott, 1990). Helin and colleagues showed that athletes with better cardiac 
awareness and accuracy were able to pull the trigger at the points of the cardiac 
cycle where higher accuracy is achieved, that is during ventricular diastole, 
because the heart causes an almost imperceptible shake during systole, which 
can affect the bullet's trajectory (Helin et al., 1987). Furthermore, biofeedback 
given to eight junior experienced shooters resulted in increased awareness and 
improved performance (Daniels & Landers, 1981). 

To sum up, these examples from physical exercise and sports disciplines 
show how interventions involving interoception manipulation could have a 
direct positive impact on sports performance. 
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