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1 Introduction

Interoception has emerged as a prominent construct in psychology, neuroscience, and
medicine, referring to the perception and processing of signals originating from within the
body (Craig, 2002; Khalsa et al., 2018). It is thought to play a crucial role in emotional
experience, self-regulation, and various clinical conditions (Barrett and Simmons, 2015;
Tsakiris and Critchley, 2016). The notion of interoception as a coherent system spanning
different bodily domains has gained traction, with researchers typically treating it as a
unitary ability. However, mounting evidence challenges this conceptualization. In fact,
large variability exists in the accuracy of different interoceptive channels (Vaitl, 1996;
Ferentzi et al., 2017, 2018; Harver et al., 1993; Whitehead and Drescher, 1980; Garfinkel
et al., 2016, 2017).

While the title of this article is intentionally provocative, it serves to highlight a
critical issue in the field: namely that the term “interoception” is often used in ways
that belie the complexity and diversity of the phenomena it purports to describe. The
evidence provided herein focuses primarily on accuracy across differentmodalities, though
we acknowledge that interoception encompasses multiple dimensions beyond accuracy
(e.g., sensibility, awareness, attention, intensity). Even within this focused scope, the data
strongly suggests that treating interoception as a unitary construct is problematic. Such a
monolithic view of interoception mirrors both the tension between categories (i.e., classes
of entities grouped by shared features) and concepts (i.e., mental representations capturing
a category’s essence), reminiscent of the perception of a mosaic: from afar, interoception
appears as a cohesive category or single image, but closer inspection reveals it as a complex
concept comprising distinct, often unrelated subconcepts—akin to individual tiles.

In fact, studies consistently find weak or absent correlations in behavioral performance
across interoceptive tasks probing different modalities, such as cardiac, respiratory, and
gastrointestinal perception (Ferentzi et al., 2018; Garfinkel et al., 2016; Harver et al., 1993).
Associations between interoceptive indices and affective and clinical variables also vary
across domains (Baranauskas et al., 2017; Paulus and Stein, 2010). In the next sections, we
review evidence for the dissociability of interoceptive abilities across modalities. We focus
on themore extensively studied perceptions: cardiac, respiratory, and thermal signals.1 Our
central thesis is that progress or training in one interoceptive domain does not necessarily
translate to others, contrary to the notion of a unitary interoceptive ability.

This dissociability is akin to athleticism in sports: while proficiency in tennis might
transfer to pickleball due to similar demands, there’s minimal skill transfer between
disparate sports like golf and water polo, which require vastly different physical aptitudes.

1 It is important to note that the inclusion of thermal signals within the domain of interoception is not

universally accepted (Craig, 2002; Chen et al., 2021; Crucianelli et al., 2021, 2024). Some researchers

argue that thermoception should be considered exteroceptive, as thermal receptors can be activated

by external temperature changes. We acknowledge this debate and include thermal signals in our

discussion to highlight the complexities and nuances in defining interoception.
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We argue that interoception, like athleticism, is best understood
as a useful heuristic for organizing distinct lines of research,
rather than a coherent empirical phenomenon. This perspective has
important implications for the study and treatment of disorders
thought to involve aberrant interoception. Deficits in one modality
may not imply deficits in others, necessitating the development of

a comprehensive multi-modal assessment, much like how athletic
potential in one sport doesn’t guarantee success across all sports.
Interventions targeting specific interoceptive domainsmay bemore
effective than general interoceptive training, just as sport-specific
training often yields better results than general fitness regimens. By
embracing a differentiated view of interoception, we can develop
more precise and valid models of its role in health and disease,
acknowledging the unique demands and characteristics of each
interoceptive modality.

2 The case for dissociable
interoceptive abilities

2.1 The problem with interoceptive tasks

Interoceptive accuracy is typically assessed through various
modality-specific tasks, each designed to measure sensitivity to
different internal bodily signals. However, these tasks face several
methodological challenges that can impact their validity and
reliability. The Heartbeat Counting Task (HCT) is the most
widely used measure of cardioceptive accuracy (and is often
mischaracterized as a measure of “interoception”), but its validity
has been questioned. Studies have shown that HCT performance
is influenced by non-interoceptive processes, including time
estimation and prior knowledge of heart rate (Desmedt et al.,
2018, 2020; Ring and Brener, 1996). Intelligence has been found
to mediate HCT performance through knowledge of resting heart
rate (Murphy et al., 2018). Meta-analyses have revealed weak
or non-significant associations between HCT performance and
mental health outcomes (Desmedt et al., 2022). Respiratory and
gastric perception are much less studied, however their instruments
have similar issues. Respiroceptive accuracy is typically assessed
with the Respiratory Resistance Sensitivity Task (RRST), where
participants judge breathing difficulty under varying resistances
(Nikolova et al., 2022). RRST can be influenced by factors such as
anxiety and asthma (Ritz et al., 2000), limiting its applicability in
certain populations. The Water Load Test (WLT) measures gastric
interoception by having participants drink water to perceived
fullness (van Dyck et al., 2016). However, this test can be
affected by factors like recent food intake, hydration status, and
individual differences in stomach capacity (Mejía-Rivas et al.,
2009). Thermoceptive accuracy, assessed via a classic temperature
task or dynamic thermal matching task, has been shown to vary
based on the amount of hair on the skin of participants (Crucianelli
et al., 2021, 2022).

Given these limitations, considerable efforts have been made
by researchers to develop alternative tasks to more accurately
assess interoceptive accuracy (review in Garfinkel et al., 2022;
Schoeller et al., 2024; Weng et al., 2021; Desmedt et al.,
2023). For instance, the Heartbeat Discrimination Task (HDT)
minimizes reliance on knowledge of heart rate and time estimation

(Hickman et al., 2020; Brener and Kluvitse, 1988). Signal detection
theory has also been applied to interoceptive tasks to separate
sensitivity from response biases (Garfinkel et al., 2015, see also
Ring et al., 2015; Larsson et al., 2021). Furthermore, tasks like
the Respiratory Occlusion Detection Task and the use of gastric
balloon distension offer more precise measures for respiratory
and gastrointestinal interoception,2 respectively (Faull et al., 2017;
Herbert et al., 2012). Researchers have also turned to examine
the relationships between different interoceptive channels and
the potential for more comprehensive, multimodal assessments
of interoception.

2.2 Weak correlations across interoceptive
tasks

A key line of evidence for the dissociability of interoceptive
modalities comes from studies examining correlations in
performance across tasks (Schoeller et al., 2024). If interoception
reflects a unitary ability, one would expect individuals who
excel in one domain to perform well in others. However, this
is rarely the case. Garfinkel et al. (2016) assessed interoceptive
accuracy in cardiac and respiratory domains using heartbeat
discrimination and respiratory resistance tasks. They found no
significant correlation between accuracy scores on the two tasks,
suggesting distinct underlying abilities. Similar findings have
emerged in other studies comparing cardiac and respiratory
perception (Ehlers et al., 2000; Pollatos et al., 2005). The lack of
concordance extends beyond cardiac and respiratory perception.
Ferentzi et al. (2018) administered a battery of tasks spanning
cardiac, respiratory, gastrointestinal, and pain perception domains
to a large sample. Correlations between accuracy scores were weak
and mostly non-significant, indicating little shared variance. In
another study, Crucianelli et al. (2022) found that no relationship
was found between thermoceptive and cardioceptive accuracy.
Similar patterns were found when comparing interoceptive abilities
across somatic and visceral modalities (Michael et al., 2015; Steptoe
and Vögele, 1992). Even within a given interoceptive domain,
different task variants often yield discrepant results. For example,
heartbeat counting and discrimination tasks frequently show
low or absent correlations (Ring and Brener, 1996). Evidence
also suggests cardioceptive accuracy differs between males and
females (Fairclough and Goodwin, 2007). This suggests that even
ostensibly similar tasksmay tap into distinct facets of interoception.
Alternatively, it is possible that the apparent lack of convergence
among different interoceptive tasks reflects limitations in the
tasks themselves, and the need for more rigorously validated
and sensitive measures, that accurately capture underlying
computations. Indeed, studies with interventional methodologies
that actively modulate physiological states—such as controlled
water loading to satiation—have found that cardiac awareness is
related to greater sensitivity for gastric functions, suggesting that

2 The Respiratory Occlusion Detection Task involves mild, brief

airflow disruptions to assess respiratory interoceptive sensitivity, while

gastric balloon distension uses controlled stomach inflation to measure

gastrointestinal interoception.
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there is a general sensitivity for interoceptive processes across the
gastric and cardiac modality (see Herbert et al., 2012).

The weak correlations across interoceptive modalities are
striking given the shared neuroanatomical substrates thought to
underlie interoception, such as the insula and anterior cingulate
cortex (Craig, 2009; Critchley et al., 2004). While these regions
integrate signals from different bodily systems, the behavioral
evidence suggests that this integration does not give rise to a
unitary ability. Indeed, this is an oversimplification. The insula is
a widely heterogeneous structure supporting distinct interoceptive
modalities via several divergent neural pathways. Engelen and Solcà
(2023) showed how fundamental bodily rhythms—particularly
cardiac, respiratory, and gastric cycles—entrain and shape neural
activity throughout the brain. Their work highlights how
mechanoreceptors relay visceral signals via vagal and spinal
pathways to integrative hubs like the insula and anterior cingulate
cortex. These inputs, in turn, modulate widespread cortical
and subcortical networks, influencing perception, cognition, and
emotion. The same mismatch between conceptualization and
measurement is reviewed by Desmedt and colleagues in a recent
review article (Desmedt et al., 2023). These studies demonstrate
modality-specific routes of neural sensing, further substantiating
the behavioral dissociations observed in interoceptive tasks.

2.3 Di�erential associations with a�ective
and clinical variables

Another line of evidence for the dissociability of interoceptive
modalities comes from their differential associations with affective
and clinical phenomena. If interoception were a unitary empirical
phenomenon, one would expect similar patterns of associations
across domains. However, this is often not the case. For example,
while some studies have found heightened cardiac interoceptive
accuracy in anxiety disorders (Ehlers and Breuer, 1992; Pollatos
et al., 2005), others have reported no differences or even
reduced accuracy (Asmundson et al., 1993; De Pascalis et al.,
2021). Thermoceptive accuracy was found to be increased in
individuals with higher anxiety (Crucianelli et al., 2024). In
contrast, respiratory interoception appears to be more consistently
impaired in anxiety (Paulus and Stein, 2010; De Peuter et al.,
2004). These discrepancies suggest that the role of interoception
in anxiety is most likely modality-dependent. Similarly, depression
has been linked to reduced interoceptive accuracy in some domains,
such as gastric perception (Park et al., 2022; Avery et al., 2015)
and thermoception (Terhaar et al., 2010; Crucianelli et al., 2024),
but not others, such as cardioception (Dunn et al., 2010). Eating
disorders also show divergent patterns, with some studies reporting
decreased interoceptive accuracy (Pollatos et al., 2008) and others
reporting varying relationships (Klabunde et al., 2013; Khalsa et al.,
2015).

The differential associations between interoceptive modalities
and clinical symptoms suggest that psychopathology does
not involve a global interoceptive deficit, but rather selective
impairments in specific channels. Table 1 highlights some of these
incongruent relationships between affective variables and accuracy

of different modalities of interoception. Importantly, associations
between objective interoceptive accuracy and subjective symptom
reports are often dissociated (De Pascalis et al., 2021; Paulus and
Stein, 2010). Individuals with high anxiety may report heightened
interoceptive sensations even if their accuracy is unimpaired or
reduced (Petersen et al., 2015). Interestingly, this discrepancy
between self-perceived and objectively measured interoceptive
ability is not limited to anxiety disorders. Studies have shown
that experienced meditators, despite their belief in enhanced
interoceptive abilities, often perform no better than controls on
objective measures of interoception (Khalsa et al., 2008). This
highlights the importance of distinguishing between objective and
subjective facets of interoception, which may have distinct clinical
correlates (Heim et al., 2023).

2.4 Lack of transfer of interoceptive
training

If interoception existed as a unitary ability, one would
expect training in one modality to transfer to others. However,
evidence for such transfer is limited. Interoceptive interventions
typically show domain-specific effects without generalizing to other
modalities. For instance, cardiac biofeedback improves heartbeat
perception (Goessl et al., 2017) without enhancing respiratory or
gastrointestinal awareness.

Meditation practices, while offering a unique perspective on
interoception, further illustrate this lack of transfer. Despite being
associated with increased insular gray matter (Hölzel et al., 2011),
their impact on interoceptive accuracy varies across traditions and
modalities, highlighting the specificity of interoceptive training.
Mindfulness-based interventions emphasizing breath awareness
increase respiratory interoception (Daubenmier et al., 2013)
but show inconsistent effects on cardiac perception (Parkin
et al., 2014), underscoring the modality-specific nature of
these improvements.

The study by Khalsa et al. (2008) provides additional
evidence for this lack of transfer. Tibetan Buddhist and Kundalini
practitioners showed no improvement in heartbeat detection tasks
despite increased confidence in their abilities. While these practices
may incorporate some bodily awareness, they don’t explicitly
emphasize it, and when present, it tends to focus more on
breath than heartbeat. This suggests that even within meditation
practices, interoceptive improvements may be limited to the
specific modalities emphasized in training.

It’s worth noting that the full extent of interoceptive
enhancements in meditators may not yet be fully captured
by current research methodologies. Meditators often report
heightened sensitivity to subtle internal sensations (Mylius et al.,
2023) and experiences of diminished body boundaries and altered
time perception during meditation (Linares Gutiérrez et al., 2022;
Thönes and Wittmann, 2016). These subjective experiences, while
intriguing, do not necessarily indicate a transfer of interoceptive
skills across different physiological systems.

The consistent lack of transfer across interoceptive modalities
suggests distinct neural and cognitive mechanisms underlying
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TABLE 1 Relationship between a�ective and clinical variables and interoceptive accuracy across modalities.

Interoceptive modality Anxiety Depression Emotional arousal Eating disorders

Cardioception (heartbeat
perception task)

Variable change
(Adams et al., 2022; Kandiah
et al., 2022)

Variable change
(Dunn et al., 2010)

Accuracy ↑
(Pollatos et al., 2005; Wiens
et al., 2000)

Variable accuracy
(Khalsa et al., 2015; Pollatos
et al., 2008)

Respiroception (occlusion
counting task)

Accuracy ↓
(Garfinkel et al., 2016)

Accuracy ↓
(Chan et al., 2023)

Variable accuracy
(Chan et al., 2023)

Variable accuracy
(Khalsa et al., 2015)

Thermoception (dynamic thermal
matching task)

Accuracy ↑
(Crucianelli et al., 2024)

Accuracy ↓
(Terhaar et al., 2010;
Crucianelli et al., 2024)

Accuracy
↑ (Crucianelli et al., 2024)

–

Gastric perception (water load test) – Accuracy ↓
(Park et al., 2022)

Accuracy ↑
(Critchley and Garfinkel,
2017)

Accuracy ↓
(Klabunde et al., 2017)

This table highlights selected examples to illustrate disparities in the relationship between affective variables and interoceptive accuracy in differing modalities, rather than providing

comprehensive review of the landscape. The ↑ and ↓ symbols respectively mean increase or decrease in interoceptive accuracy.

different aspects of interoception. This emphasizes the need
for modality-specific interventions in clinical applications. For
example, respiratory biofeedback may benefit anxiety disorders
with dysfunctional breathing patterns (Meuret et al., 2005), while
gastrointestinal-focused interventions could be more relevant for
eating disorders (Khalsa et al., 2022). These targeted approaches
acknowledge the specificity of interoceptive training and its limited
transfer across modalities.

3 Implications and future directions

The evidence reviewed above challenges the notion
of interoception as a unitary construct and highlights the
dissociability of interoceptive abilities across modalities. This has
important implications for the conceptualization, measurement,
and clinical application of interoception.

1. First, researchers should be cautious about generalizing
findings from one interoceptive domain to others. Deficits or
enhancements in a specific modality may not imply similar
patterns in other channels. Ideally, studies should systematically
assess multiple interoceptive modalities to capture a more
comprehensive profile of an individual’s interoceptive abilities.

2. Second, the development of interoceptive measures should
focus on modality-specific tasks with established validity and
reliability. The use of single tasks as proxies for global
interoceptive ability is problematic given the lack of cross-modal
convergence. Multidimensional batteries tapping into different
facets of interoception within each modality (e.g., accuracy,
sensitivity, awareness) may provide a more accurate assessment.

3. Third, clinical models of interoception should move beyond a
one-size-fits-all approach and consider the specific interoceptive
profiles associated with different disorders. Identifying the
modalities that are selectively impaired or heightened in a given
condition can informmore targeted interventions. For example,
patients with generalized anxiety disorder may benefit from
respiratory-focused training, while those with anorexia nervosa
may require interventions targeting gastrointestinal perception.

4. Fourth, future research should investigate the mechanisms
underlying the dissociability of interoceptive modalities. This
may involve examining the neural substrates specific to

each modality, the cognitive processes involved in different
interoceptive tasks, and the factors that influence individual
differences in interoceptive abilities. Longitudinal studies
tracking the development of interoceptive abilities across
modalities could also shed light on their divergence.

5. Fifth, researchers should consider the complex relationship
between subjective interoceptive experiences and objective
measures of interoceptive accuracy. For instance, studies on
meditators have shown that their somatosensory perception
is more sensitive to subtle internal sensations, potentially
leading to both enhanced detection of bodily signals and
misinterpretation of these signals (Mylius et al., 2023). Future
research should aim to disentangle the effects of attention,
expectation, and actual physiological sensitivity in different
populations and across various interoceptive modalities.

While we argue against the notion of a unitary interoceptive
ability, we do not discount the value of interoception as a heuristic
construct. Furthermore, while the evidence showcased herein
primarily examines accuracy across interoceptive modalities,
we acknowledge that interoception encompasses multiple
dimensions beyond accuracy (e.g., awareness, sensibility,
attention, intensity). Even within a single modality, these
dimensions can dissociate—as demonstrated by meditators
showing heightened interoceptive awareness despite no
improvement in cardiac accuracy (Khalsa et al., 2008). Our
argument for the non-unitary nature of interoception, while
grounded in accuracy measures, opens broader questions about
potential dissociations across other dimensions of interoceptive
experience. Interoception remains a useful umbrella term for
organizing research on inner body perception and its role in
cognition, affect, and behavior. However, researchers should
be clear about the level of analysis they are operating at and
not conflate modality-specific findings with general claims
about interoception.

Author contributions

FS: Writing – original draft, Writing – review & editing.
BZ: Writing – original draft, Writing – review & editing. TG:

Frontiers in Psychology 04 frontiersin.org

https://doi.org/10.3389/fpsyg.2025.1488415
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Schoeller et al. 10.3389/fpsyg.2025.1488415

Writing – original draft, Writing – review & editing. NR: Writing –
original draft, Writing – review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. FS and NR
are supported by a grant from the Yosef Innovation Fund. In the
past years, FS founded and received compensation from BeSound
SAS and Nested Minds LTD. In the past years, FS work has been
funded by the European Commission, Joy Ventures, and the French
Ministry of Armed Forces (AID). The funders had no role in
study design, data collection and analysis, decision to publish, or
preparation of the manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

References

Adams, K. L., Edwards, A., Peart, C., Ellett, L., Mendes, I., Bird, G., et al.
(2022). The association between anxiety and cardiac interoceptive accuracy:
a systematic review and meta-analysis. Neurosci. Biobehav. Rev. 140:104754.
doi: 10.1016/j.neubiorev.2022.104754

Asmundson, G. J., Sandler, L. S., Wilson, K. G., and Norton, G. R. (1993). Panic
attacks and interoceptive acuity for cardiac sensations. Behav. Res. Ther. 31, 193–197.
doi: 10.1016/0005-7967(93)90071-2

Avery, J. A., Drevets, W. C., Moseman, S. E., Bodurka, J., Barcalow, J. C.,
Simmons, W. K., et al. (2015). Major depressive disorder is associated with abnormal
interoceptive activity and functional connectivity in the insula. Biol. Psychiatry 78,
258–266. doi: 10.1016/j.biopsych.2013.11.027

Baranauskas, M., Grabauskaite, A., and Griškova-Bulanova, I. (2017). Brain
responses and self-reported indices of interoception: heartbeat evoked potentials are
inversely associated with worrying about body sensations. Physiol. Behav. 180, 1–7.
doi: 10.1016/j.physbeh.2017.07.032

Barrett, L. F., and Simmons, W. K. (2015). Interoceptive predictions in the brain.
Nat. Rev. Neurosci. 16, 419–429. doi: 10.1038/nrn3950

Brener, J., and Kluvitse, C. (1988). Heartbeat detection: judgments of the
simultaneity of heartbeats and brief tones. Psychophysiology 25, 554–561.
doi: 10.1111/j.1469-8986.1988.tb01891.x

Chan, P.-Y. S., Jhu, Y.-J., Chang, W.-P., Fang, H., Shih, H.-T., Davenport,
P. W., et al. (2023). Effects of emotional contexts on respiratory attention
task performance. Respir. Physiol. Neurobiol. 308:103984. doi: 10.1016/j.resp.2022.
103984

Chen, W. G., Schloesser, D., Arensdorf, A. M., Simmons, J. M., Cui, C.,
Valentino, R., et al. (2021). The emerging science of interoception: sensing, integrating,
interpreting, and regulating signals within the self. Trends Neurosci. 44, 3–16.
doi: 10.1016/j.tins.2020.10.007

Craig, A. D. (2002). How do you feel? Interoception: the sense of the physiological
condition of the body. Nat. Rev. Neurosci. 3, 655–666. doi: 10.1038/nrn894

Craig, A. D. (2009). How do you feel–now? The anterior insula and human
awareness. Nat. Rev. Neurosci. 10, 59–70. doi: 10.1038/nrn2555

Critchley, H. D., andGarfinkel, S. N. (2017). Interoception and emotion.Curr. Opin.
Psychol. Emot. 17, 7–14. doi: 10.1016/j.copsyc.2017.04.020

Critchley, H. D., Wiens, S., Rotshtein, P., Öhman, A., and Dolan, R. J. (2004).
Neural systems supporting interoceptive awareness. Nat. Neurosci. 7, 189–195.
doi: 10.1038/nn1176

Crucianelli, L., Enmalm, A., and Ehrsson, H. H. (2021). Probing interoception
via thermosensation: no specific relationships across multiple interoceptive sub-
modalities. bioRxiv. doi: 10.1101/2021.03.04.433866

Crucianelli, L., Enmalm, A., and Ehrsson, H. H. (2022). Interoception
as independent cardiac, thermosensory, nociceptive, and affective touch
perceptual submodalities. Biol. Psychol. 172:108355. doi: 10.1016/j.biopsycho.2022.
108355

Crucianelli, L., Radziun, D., and Ehrsson, H. H. (2024). Thermosensation
and emotion: thermosensory accuracy in a dynamic thermal matching task is
linked to depression and anxiety symptomatology. Physiol. Behav. 273:114407.
doi: 10.1016/j.physbeh.2023.114407

Daubenmier, J., Sze, J., Kerr, C. E., Kemeny, M. E., and Mehling, W. (2013).
Follow your breath: respiratory interoceptive accuracy in experienced meditators.
Psychophysiology 50, 777–789. doi: 10.1111/psyp.12057

De Pascalis, V., Alberti, M. L., and Pandolfo, R. (2021). Interoceptive accuracy,
body image and eating disorder risk: the role of anxiety and depression. Eat. Weight
Disord 1–11.

De Peuter, S., Van Diest, I., Lemaigre, V., Verleden, G., Demedts, M., and Van den
Bergh, O. (2004). Dyspnea: the role of psychological processes. Clin. Psychol. Rev. 24,
557–581. doi: 10.1016/j.cpr.2004.05.001

Desmedt, O., Corneille, O., Luminet, O., Murphy, J., Bird, G., Maurage, P.,
et al. (2020). Contribution of time estimation and knowledge to heartbeat counting
task performance under original and adapted instructions. Biol. Psychol. 154:107904.
doi: 10.1016/j.biopsycho.2020.107904

Desmedt, O., Luminet, O., and Corneille, O. (2018). The heartbeat
counting task largely involves non-interoceptive processes: evidence from
both the original and an adapted counting task. Biol. Psychol. 138, 185–188.
doi: 10.1016/j.biopsycho.2018.09.004

Desmedt, O., Luminet, O., Walentynowicz, M., and Corneille, O. (2023). The new
measures of interoceptive accuracy: a systematic review and assessment. Center Open
Sci. doi: 10.1016/j.neubiorev.2023.105388

Desmedt, O., Van Den Houte, M., Walentynowicz, M., Dekeyser, S., Luminet, O.,
Corneille, O., et al. (2022). How does heartbeat counting task performance relate
to theoretically-relevant mental health outcomes? A meta-analysis. Collabra: Psychol.
8:33271. doi: 10.1525/collabra.33271

Dunn, B. D., Galton, H. C., Morgan, R., Evans, D., Oliver, C., Meyer, M., et al.
(2010). Listening to your heart: how interoception shapes emotion experience and
intuitive decision making. Psychol. Sci. 21, 1835–1844. doi: 10.1177/09567976103
89191

Ehlers, A., and Breuer, P. (1992). Increased cardiac awareness in panic disorder. J.
Abnorm. Psychol. 101:371. doi: 10.1037/0021-843X.101.3.371

Ehlers, A., Mayou, R. A., Sprigings, D. C., and Birkhead, J. (2000). Psychological
and perceptual factors associated with arrhythmias and benign palpitations. Psychosom.
Med. 62, 693–702. doi: 10.1097/00006842-200009000-00014

Engelen, T., Solcà, M, and Tallon-Baudry, C. (2023). Interoceptive rhythms in the
brain. Nat. Neurosci. 26, 1670–1684. doi: 10.1038/s41593-023-01425-1

Fairclough, S. H., and Goodwin, L. (2007). The effect of psychological stress
and relaxation on interoceptive accuracy: implications for symptom perception. J.
Psychosom. Res. 62, 289–295. doi: 10.1016/j.jpsychores.2006.10.017

Faull, O. K., Hayen, A., and Pattinson, K. T. S. (2017). Breathlessness and
the body: neuroimaging clues for the inferential leap. Cortex 95, 211–221.
doi: 10.1016/j.cortex.2017.07.019

Ferentzi, E., Bogdány, T., Szabolcs, Z., Csala, B., Horváth, Á., Köteles, F., et al.
(2018). Multichannel investigation of interoception: sensitivity is not a generalizable
feature. Front. Hum. Neurosci. 12:223. doi: 10.3389/fnhum.2018.00223

Ferentzi, E., Köteles, F., Csala, B., Drew, R., Tihanyi, B. T., Pulay-Kottl, G.,
et al. (2017). What makes sense in our body? Personality and sensory correlates
of body awareness and somatosensory amplification. Pers. Individ. Dif. 104, 75–81.
doi: 10.1016/j.paid.2016.07.034

Frontiers in Psychology 05 frontiersin.org

https://doi.org/10.3389/fpsyg.2025.1488415
https://doi.org/10.1016/j.neubiorev.2022.104754
https://doi.org/10.1016/0005-7967(93)90071-2
https://doi.org/10.1016/j.biopsych.2013.11.027
https://doi.org/10.1016/j.physbeh.2017.07.032
https://doi.org/10.1038/nrn3950
https://doi.org/10.1111/j.1469-8986.1988.tb01891.x
https://doi.org/10.1016/j.resp.2022.103984
https://doi.org/10.1016/j.tins.2020.10.007
https://doi.org/10.1038/nrn894
https://doi.org/10.1038/nrn2555
https://doi.org/10.1016/j.copsyc.2017.04.020
https://doi.org/10.1038/nn1176
https://doi.org/10.1101/2021.03.04.433866
https://doi.org/10.1016/j.biopsycho.2022.108355
https://doi.org/10.1016/j.physbeh.2023.114407
https://doi.org/10.1111/psyp.12057
https://doi.org/10.1016/j.cpr.2004.05.001
https://doi.org/10.1016/j.biopsycho.2020.107904
https://doi.org/10.1016/j.biopsycho.2018.09.004
https://doi.org/10.1016/j.neubiorev.2023.105388
https://doi.org/10.1525/collabra.33271
https://doi.org/10.1177/0956797610389191
https://doi.org/10.1037/0021-843X.101.3.371
https://doi.org/10.1097/00006842-200009000-00014
https://doi.org/10.1038/s41593-023-01425-1
https://doi.org/10.1016/j.jpsychores.2006.10.017
https://doi.org/10.1016/j.cortex.2017.07.019
https://doi.org/10.3389/fnhum.2018.00223
https://doi.org/10.1016/j.paid.2016.07.034
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Schoeller et al. 10.3389/fpsyg.2025.1488415

Garfinkel, S. N., Manassei, M. F., Engels, M., Gould, C., and Critchley, H. D.
(2017). An investigation of interoceptive processes across the senses. Biol. Psychol. 129,
371–372. doi: 10.1016/j.biopsycho.2017.08.010

Garfinkel, S. N., Manassei, M. F., Hamilton-Fletcher, G., In den Bosch, Y.,
Critchley, H. D., and Engels, M. (2016). Interoceptive dimensions across cardiac and
respiratory axes. Philos. Trans. R. Soc. B: Biol. Sci. 371:20160014. doi: 10.1098/rstb.2016.
0014

Garfinkel, S. N., Schulz, A., and Tsakiris, M. (2022). Addressing the need for new
interoceptivemethods. Biol. Psychol. 170:108322. doi: 10.1016/j.biopsycho.2022.108322

Garfinkel, S. N., Seth, A. K., Barrett, A. B., Suzuki, K., and Critchley, H. D. (2015).
Knowing your own heart: distinguishing interoceptive accuracy from interoceptive
awareness. Biol. Psychol. 104, 65–74. doi: 10.1016/j.biopsycho.2014.11.004

Goessl, V. C., Curtiss, J. E., and Hofmann, S. G. (2017). The effect of heart rate
variability biofeedback training on stress and anxiety: a meta-analysis. Psychol. Med.
47, 2578–2586. doi: 10.1017/S0033291717001003

Harver, A., Katkin, E. S., and Bloch, E. (1993). Signal-detection outcomes on
heartbeat and respiratory resistance detection tasks in male and female subjects.
Psychophysiology 30, 223–230. doi: 10.1111/j.1469-8986.1993.tb03347.x

Heim, N., Bobou, M., Tanzer, M., Jenkinson, P. M., Steinert, C., Fotopoulou, A.,
et al. (2023). Psychological interventions for interoception in mental health disorders:
a systematic review of randomized-controlled trials. Psychiatry Clin. Neurosci. 77,
530–540. doi: 10.1111/pcn.13576

Herbert, B. M., Muth, E. R., Pollatos, O., and Herbert, C. (2012). Interoception
across modalities: on the relationship between cardiac awareness and the sensitivity
for gastric functions. PLoS ONE. 7:e36646. doi: 10.1371/journal.pone.0036646

Hickman, L., Seyedsalehi, A., Cook, J. L., Bird, G., and Murphy, J. (2020). The
relationship between heartbeat counting and heartbeat discrimination: a meta-analysis.
Biol. Psychol. 156:107949. doi: 10.1016/j.biopsycho.2020.107949

Hölzel, B. K., Carmody, J., Vangel, M., Congleton, C., Yerramsetti, S. M., Gard,
T., et al. (2011). Mindfulness practice leads to increases in regional brain gray matter
density. Psychiatry Res. 191, 36–43. doi: 10.1016/j.pscychresns.2010.08.006

Kandiah, J. W., Blumberger, D. M., and Rabkin, S. W. (2022). The fundamental
basis of palpitations: a neurocardiology approach. Curr. Cardiol. Rev. 18.
doi: 10.2174/1573403X17666210909123930

Khalsa, S. S., Adolphs, R., Cameron, O. G., Critchley, H. D., Davenport, P. W.,
Feinstein, J. S., et al. (2018). Interoception and mental health: a roadmap. Biol.
Psychiatry Cogn. Neurosci. Neuroimaging 3, 501–513. doi: 10.1016/j.bpsc.2018.04.007

Khalsa, S. S., Berner, L. A., and Anderson, L. M. (2022). Gastrointestinal
interoception in eating disorders: charting a new path. Curr. Psychiatry Rep. 24, 47–60.
doi: 10.1007/s11920-022-01318-3

Khalsa, S. S., Craske, M. G., Li, W., Vangala, S., Strober, M., Feusner, J. D.,
et al. (2015). Altered interoceptive awareness in anorexia nervosa: effects of meal
anticipation, consumption and bodily arousal. Int. J. Eat. Disord. 48, 889–897.
doi: 10.1002/eat.22387

Khalsa, S. S., Rudrauf, D., Damasio, A. R., Davidson, R. J., Lutz, A., Tranel, D.,
et al. (2008). Interoceptive awareness in experienced meditators. Psychophysiology 45,
671–677. doi: 10.1111/j.1469-8986.2008.00666.x

Klabunde, M., Acheson, D. T., Boutelle, K. N., Matthews, S. C., and Kaye, W. H.
(2013). Interoceptive sensitivity deficits in women recovered from bulimia nervosa.
Eat. Behav. 14, 488–492. doi: 10.1016/j.eatbeh.2013.08.002

Klabunde, M., Collado, D., and Bohon, C. (2017). An interoceptive model of
bulimia nervosa: a neurobiological systematic review. J. Psychiatr. Res. 94, 36–46.
doi: 10.1016/j.jpsychires.2017.06.009

Larsson, D. E. O., Esposito, G., Critchley, H. D., Dienes, Z., and Garfinkel, S. N.
(2021). Sensitivity to changes in rate of heartbeats as a measure of interoceptive ability.
J. Neurophysiol. 126, 1799–1813. doi: 10.1152/jn.00059.2021

Linares Gutiérrez, D., Schmidt, S., Meissner, K., and Wittmann, M. (2022).
Changes in subjective time and self during meditation. Biology 11:1116.
doi: 10.3390/biology11081116

Mejía-Rivas, M., Remes-Troche, J. M., Montaño-Loza, A., Herrera, M., and
Valdovinos-Díaz, M. A. (2009). Gastric capacity is related to body mass index in obese
patients. A study using the water load test. Rev. Gastroenterol. Mex. 74, 71–73.

Meuret, A. E., Wilhelm, F. H., Ritz, T., and Roth, W. T. (2005). Breathing training
for treating panic disorder: useful intervention or impediment? Behav. Modif. 29,
731–754. doi: 10.1177/0145445503256324

Michael, G. A., Naveteur, J., Dupuy, M. A., and Jacquot, L. (2015). My heart is in
my hands: the interoceptive nature of the spontaneous sensations felt on the hands.
Physiol. Behav. 143, 113–120. doi: 10.1016/j.physbeh.2015.02.030

Murphy, J., Millgate, E., Geary, H., Ichijo, E., Coll, M.-P., Brewer, R., et al. (2018).
Knowledge of resting heart rate mediates the relationship between intelligence and the
heartbeat counting task. Biol. Psychol. 133, 1–3. doi: 10.1016/j.biopsycho.2018.01.012

Mylius, M., Guendelman, S., Iliopoulos, F., Gallese, V., and Kaltwasser, L.
(2023). The impact of meditation on body awareness: prestimulus alpha activity
modulates response bias in a somatosensory signal detection task. Authorea 27.
doi: 10.22541/au.169445202.28516536/v2

Nikolova, N., Harrison, O., Toohey, S., Brændholt, M., Legrand, N., Correa, C.,
et al. (2022). The respiratory resistance sensitivity task: an automated method for
quantifying respiratory interoception and metacognition. Biol. Psychol. 170:108325.
doi: 10.1016/j.biopsycho.2022.108325

Park, H., Sanchez, S. M., Kuplicki, R., Tsuchiyagaito, A., Khalsa, S. S., Paulus,
M. P., et al. (2022). Attenuated interoceptive processing in individuals with major
depressive disorder and high repetitive negative thinking. J. Psychiatr. Res. 156,
237–244. doi: 10.1016/j.jpsychires.2022.10.020

Parkin, L., Morgan, R., Rosselli, A., Howard, M., Sheppard, A., Evans, D., et al.
(2014). Exploring the relationship between mindfulness and cardiac perception.
Mindfulness 5, 298–313. doi: 10.1007/s12671-012-0181-7

Paulus, M. P., and Stein, M. B. (2010). Interoception in anxiety and depression.
Brain Struct. Funct. 214, 451–463. doi: 10.1007/s00429-010-0258-9

Petersen, S., Van Staeyen, K., VÃ¶gele, C., von Leupoldt, A., and Van den Bergh, O.
(2015). Interoception and symptom reporting: disentangling accuracy and bias. Front.
Psychol. 6:732. doi: 10.3389/fpsyg.2015.00732

Pollatos, O., Kirsch, W., and Schandry, R. (2005). On the relationship between
interoceptive awareness, emotional experience, and brain processes. Brain Res. Cogn.
Brain Res. 25, 948–962. doi: 10.1016/j.cogbrainres.2005.09.019

Pollatos, O., Kurz, A.-L., Albrecht, J., Schreder, T., Kleemann, A. M., Schöpf, V.,
et al. (2008). Reduced perception of bodily signals in anorexia nervosa. Eat. Behav. 9,
381–388. doi: 10.1016/j.eatbeh.2008.02.001

Ring, C., and Brener, J. (1996). Influence of beliefs about heart rate
and actual heart rate on heartbeat counting. Psychophysiology 33, 541–546.
doi: 10.1111/j.1469-8986.1996.tb02430.x

Ring, C., Brener, J., Knapp, K., and Mailloux, J. (2015). Effects of heartbeat feedback
on beliefs about heart rate and heartbeat counting: a cautionary tale about interoceptive
awareness. Biol. Psychol. 104, 193–198. doi: 10.1016/j.biopsycho.2014.12.010

Ritz, T., Steptoe, A., DeWilde, S., and Costa, M. (2000). Emotions and
stress increase respiratory resistance in asthma. Psychosom. Med. 62:401.
doi: 10.1097/00006842-200005000-00014

Schoeller, F., Horowitz, A. H., Jain, A., Maes, P., Reggente, N., Christov-
Moore, L., et al. (2024). Interoceptive technologies for psychiatric interventions:
from diagnosis to clinical applications. Neurosci. Biobehav. Rev. 156:105478.
doi: 10.1016/j.neubiorev.2023.105478

Steptoe, A., and Vögele, C. (1992). Individual differences in the perception of bodily
sensations: the role of trait anxiety and coping style. Behav. Res. Ther. 30, 597–607.
doi: 10.1016/0005-7967(92)90005-2

Terhaar, J., Boettger, M. K., Schwier, C., Wagner, G., Israel, A. K., Bär, K. J. (2010).
Increased sensitivity to heat pain after sad mood induction in female patients with
major depression. Eur J Pain. 14, 559–563. doi: 10.1016/j.ejpain.2009.09.004

Thönes, S., and Wittmann, M. (2016). Time perception in yogic mindfulness
meditation—effects on retrospective duration judgments and time passage. Psychol.
Conscious. Theory Res. Pract. 3, 316–325. doi: 10.1037/cns0000088

Tsakiris, M., and Critchley, H. (2016). Interoception beyond homeostasis: affect,
cognition and mental health. Philos. Trans. R. Soc. Lond B Biol. Sci. 371:20160002.
doi: 10.1098/rstb.2016.0002

Vaitl, D. (1996). Interoception. Biol. Psychol. 42, 1–27.
doi: 10.1016/0301-0511(95)05144-9

van Dyck, Z., Vögele, C., Blechert, J., Lutz, A. P. C., Schulz, A., and Herbert, B. M.
(2016). The water load test as a measure of gastric interoception: development of a two-
stage protocol and application to a healthy female population. PLoS ONE 11:e0163574.
doi: 10.1371/journal.pone.0163574

Weng, H. Y., Feldman, J. L., Leggio, L., Napadow, V., Park, J., Price, C. J., et al.
(2021). Interventions and manipulations of interoception. Trends Neurosci. 44, 52–62.
doi: 10.1016/j.tins.2020.09.010

Whitehead, W. E., and Drescher, V. M. (1980). Perception of gastric
contractions and self-control of gastric motility. Psychophysiology 17, 552–558.
doi: 10.1111/j.1469-8986.1980.tb02296.x

Wiens, S., Mezzacappa, E. S., and Katkin, E. S. (2000). Heartbeat detection and the
experience of emotions. Cogn. Emot. 14, 417–427. doi: 10.1080/026999300378905

Frontiers in Psychology 06 frontiersin.org

https://doi.org/10.3389/fpsyg.2025.1488415
https://doi.org/10.1016/j.biopsycho.2017.08.010
https://doi.org/10.1098/rstb.2016.0014
https://doi.org/10.1016/j.biopsycho.2022.108322
https://doi.org/10.1016/j.biopsycho.2014.11.004
https://doi.org/10.1017/S0033291717001003
https://doi.org/10.1111/j.1469-8986.1993.tb03347.x
https://doi.org/10.1111/pcn.13576
https://doi.org/10.1371/journal.pone.0036646
https://doi.org/10.1016/j.biopsycho.2020.107949
https://doi.org/10.1016/j.pscychresns.2010.08.006
https://doi.org/10.2174/1573403X17666210909123930
https://doi.org/10.1016/j.bpsc.2018.04.007
https://doi.org/10.1007/s11920-022-01318-3
https://doi.org/10.1002/eat.22387
https://doi.org/10.1111/j.1469-8986.2008.00666.x
https://doi.org/10.1016/j.eatbeh.2013.08.002
https://doi.org/10.1016/j.jpsychires.2017.06.009
https://doi.org/10.1152/jn.00059.2021
https://doi.org/10.3390/biology11081116
https://doi.org/10.1177/0145445503256324
https://doi.org/10.1016/j.physbeh.2015.02.030
https://doi.org/10.1016/j.biopsycho.2018.01.012
https://doi.org/10.22541/au.169445202.28516536/v2
https://doi.org/10.1016/j.biopsycho.2022.108325
https://doi.org/10.1016/j.jpsychires.2022.10.020
https://doi.org/10.1007/s12671-012-0181-7
https://doi.org/10.1007/s00429-010-0258-9
https://doi.org/10.3389/fpsyg.2015.00732
https://doi.org/10.1016/j.cogbrainres.2005.09.019
https://doi.org/10.1016/j.eatbeh.2008.02.001
https://doi.org/10.1111/j.1469-8986.1996.tb02430.x
https://doi.org/10.1016/j.biopsycho.2014.12.010
https://doi.org/10.1097/00006842-200005000-00014
https://doi.org/10.1016/j.neubiorev.2023.105478
https://doi.org/10.1016/0005-7967(92)90005-2
https://doi.org/10.1016/j.ejpain.2009.09.004
https://doi.org/10.1037/cns0000088
https://doi.org/10.1098/rstb.2016.0002
https://doi.org/10.1016/0301-0511(95)05144-9
https://doi.org/10.1371/journal.pone.0163574
https://doi.org/10.1016/j.tins.2020.09.010
https://doi.org/10.1111/j.1469-8986.1980.tb02296.x
https://doi.org/10.1080/026999300378905
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

	There is no such thing as interoception
	1 Introduction
	2 The case for dissociable interoceptive abilities
	2.1 The problem with interoceptive tasks
	2.2 Weak correlations across interoceptive tasks
	2.3 Differential associations with affective and clinical variables
	2.4 Lack of transfer of interoceptive training

	3 Implications and future directions
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


