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1. Introduction

In recent years, there has been a surge of interest in the topics of interoception and
mindfulness from researchers, clinicians, and the general public alike (e.g., [1,2]). The
rapid increase in research within both fields has led to difficulties in consistently defining
and measuring the constructs. Regarding ‘mindfulness’, the term has roots in Buddhism,
but has been adopted into Western contemporary culture to characterise a broad spectrum
of practices, processes, and characteristics [3]. For parsimony, Kabat-Zinn [4] (p. 1481)
suggests that mindfulness can be thought of as a “moment-to-moment, non-judgmental
awareness, cultivated by paying attention in a specific way, that is, in the present moment,
and as non-reactively, as non-judgmentally, and as openheartedly as possible”. In terms
of defining interoception, researchers have recently acknowledged that it can be broadly
defined as a collection of processes through which the nervous system senses, interprets,
integrates and regulates information originating inside the body, providing a moment-
by-moment mapping of the body’s internal environment [2,5].

There are clear theoretical parallels between the topics of interoception and mindful-
ness: traditional and contemporary methods for cultivating mindfulness are centred on
the noticing of body sensations [3,6-8], and there are several interoceptive mechanisms
that may impact mindfulness-based interventions, including interoceptive attention, in-
teroceptive appraisal, and the use of interoceptive regulation strategies [9]. Reciprocally,
interoceptive processing may be modulated through mindfulness-based training pro-
grammes via sustained attention to respiratory signals and bodily sensations such as pres-
sure, movement and temperature, and cognitive and affective qualities of mindful atten-
tion to the internal body [8].

A growing body of research considers interoception and mindfulness in tandem (for
interesting perspectives, see [3,6]). Within this body of literature, the associations between
interoception and mindfulness appear to depend on the operationalisation of the two con-
structs [3]. For example, mindfulness-based training programmes have been found to en-
hance interoception when measured using self-report measures (e.g., [10-13]), and have
also been associated with increased activation in the brain regions associated with intero-
ceptive processing, such as the insular cortex [14-17]. However, there does not appear to
be a consistent relationship between mindfulness and other components of interoception,
such as interoceptive accuracy [18,19]. The interaction likely depends on the type of mind-
fulness practise employed and the timescale considered; for example, increases in intero-
ceptive accuracy have been observed in training programmes utilising body scan media-
tions over a period of eight weeks [20] or over nine months of engaging in contemplative
practices [21].

As a contribution to knowledge in this field, this Special Issue brings together six
new articles (one review, and five original research studies) which consider the associa-
tions between multiple components of interoception and mindfulness-based interven-
tions/training programmes, in clinical and non-clinical groups of adolescents and adults,
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from both Western and non-Western contexts. We summarise the findings from these
studies below.

2. Clinical Research

Differences in interoceptive processing have been identified as an important compo-
nent of several physical and mental health conditions [2,22,23], and modulations of inter-
oceptive processing represent a promising avenue of novel therapeutic interventions for
many mental health conditions [2,8,22,24]. Within this Special Issue, the first group of
studies considered the associations between interoception and mindfulness-based inter-
ventions/training programmes (in particular, the use of mindfulness-based practices to
modulate interoceptive processes) in adults with substance use disorders, depression, and
suicidal ideation.

May and colleagues [25] provide new insights on the role of interoceptive dysfunc-
tions in the development and maintenance of substance use disorders, and the potential
utility of mindfulness-based interventions for the treatment of interoceptive symptoms in
substance use disorders. In reviewing these themes, May and colleagues [25] suggest that
substance use disorders may be typified by exaggerated responses in the insula and ante-
rior cingulate cortices to drug-specific cues, but diminished behavioural performance and
attenuated activity in the insula and anterior cingulate cortices during interoceptive tasks.
Furthermore, May and colleagues [25] interrogate the limited research utilising mindful-
ness-based interventions in substance use disorders, which suggests that mindfulness-
based interventions hold promise for the treatment of substance use disorders, but require
further scrutiny to optimise the selection of approaches and doses, and to identify whether
treatments are effective across different substance classes.

In a different clinical context, Karanassios and colleagues [26] compared the effects
of a standardised cognitive behavioural therapy (CBT) against CBT with an additional
mindfulness-based stress reduction training programme on interoceptive abilities and de-
pressive symptoms in adults with depression. Here, the authors found that participants
with depression had a significant decrease in depression symptoms, and an increase in
trait mindfulness and interoceptive abilities (heartbeat tracking task scores, task-related
confidence ratings, and scores on the Body Awareness subscale of the Body Perception
Questionnaire), following the four-week CBT programme. Contrary to the authors” expec-
tations, Karanassios and colleagues [26] found that CBT with additional mindfulness-
based stress reduction training did not have any additional benefits for depressive symp-
toms, trait mindfulness, nor interoceptive abilities.

Finally, Smith and colleagues [27] present two studies that build upon previous re-
search from their group, which has identified interoceptive deficits as a correlate and pos-
sible risk factor for suicidal ideation and behaviour in various samples from the United
States (e.g., [28-30]). Here, Smith and colleagues [27] found that their previous findings
can be extended to a non-Western context, by identifying associations between interocep-
tive deficits and the current, past, and future likelihood of suicidal ideation in a sample of
Indian adults. Furthermore, Smith and colleagues [27] found that Reconnecting to Internal
Sensations and Experiences (RISE)—a four-session mindfulness-informed intervention
designed to reduce suicidal ideation by improving interoception (first tested in US adults;
[31]) —had good levels of acceptability, and was associated with improvements in intero-
ceptive dysfunction and reductions in suicidal ideation in a sample of Indian adults.

3. Non-Clinical Research

The three remaining studies in this Special Issue examined interactions between
mindfulness and interoception in non-clinical samples. Yoga practises are considered as a
type of body-focused mindfulness practise by many practitioners and authors (e.g., see
[32]), and yoga has been found to increase body awareness and responsiveness (e.g., [33]).
In the current Special Issue, Schillings and colleagues [34] report a study that investigated
whether a single twenty-minute yoga session would have any effects on interoceptive
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accuracy and emotional experience. Compared to participants assigned to an inactive con-
trol or endurance session, the yoga session participants showed no significant changes in
interoception (measured via the heartbeat tracking task), nor any changes in affect. The
authors suggest that the negative findings are due to an insufficiently long engagement
with the practise: it may be that a longer course of multiple yoga sessions would be needed
to increase body awareness and to have consequent effects on interoceptive accuracy.
They also acknowledge the limitation of using only a single measure of interoception,
namely the heartbeat tracking task, the validity of which has been criticised heavily in the
recent literature (e.g., [35]). Future research should employ additional/alternative
measures of interoception, including self-report measures, and examine the effects of mul-
tiple and/or longer yoga sessions.

Self-report measures of body awareness (BA) were employed in the study by Pérez-
Pefia and colleagues [36], which examined the effects of mindfulness-based interventions
on BA in a non-clinical sample. The authors employed the following multidimensional
definition of body awareness: “the subjective, phenomenological aspect of proprioception
and interoception that enters conscious awareness, which is modifiable by mental pro-
cesses including attention, interpretation, appraisal, beliefs, memories, conditioning, atti-
tudes and affect”, from Mehling and colleagues [37]. A number of authors have suggested
that there are two main “attention/attitude styles’ towards bodily sensations. Maladaptive
BA is avoidant, evaluative and linked to anxiety and other negative emotional states,
whereas adaptive BA is accepting, non-judgmental and related to wellbeing [38]. There is
some evidence that adaptive BA can be trained using mindfulness-based interventions
(MBISs; [39]) but few studies have tested this with studies of sufficient power. The study
by Pérez-Pefia and colleagues [36] therefore investigated the effects of an 8-week MBI
(MBCT) on BA and on measures of experiential avoidance, rumination, self-efficacy, and
self-discrepancy. BA was measured using two questionnaires—the MAIA and the Func-
tional Body Sensation Questionnaire—plus an indirect measure, the Modified Autobio-
graphical Memory Test [40]. The latter measures the spontaneous tendency to report body
sensations when recollecting emotional memories. The MBCT group showed significant
increases in self-report measures of BA and reduced symptomatology, but showed no dif-
ferences in the indirect BA measure. The effects of the MBI were, however, mediated by
belief-related aspects of body awareness. The results support the idea that MBCT is a
transdiagnostic intervention that can affect cognitive processes common to several psy-
chological disorders.

The final paper in the Special Issue [41] examined the neural effects of mindfulness
training: in particular, how the insula—a key interoceptive brain area—might be modu-
lated in healthy adolescents. Given that some studies have shown changes to interocep-
tion following mindfulness training, it is to be expected that changes to interoceptive brain
regions also occur. Previous research has shown that adolescence is a period in which
interoceptive processes are still developing (e.g., [42,43]), and it is also a time in which
several psychopathologies can first emerge (e.g., [44]). Mindfulness training (MT) shows
promise as an early intervention to help prevent mental health issues and increase well-
being in adolescents [45], and it is possible it may exert its effects via changes to intero-
ception. Yu and colleagues [41] sought to test whether MT causes changes in interoceptive
brain regions in adolescents. They employed fMRI-based neurofeedback-augmented
mindfulness training, and found the differential effects of neurofeedback runs on sub-
regions of the insula: increases in the activation of the anterior insula and decreases in the
posterior insula. Furthermore, anterior insula activity was negatively correlated with life
satisfaction, and posterior insula activity was positively correlated with pain behaviour.
The findings suggest that MT modulates insula activation in a way that may have clinical
significance for adolescents, and thus more research in this area is warranted.

Altogether, the studies in this Special Issue point to important associations between
interoception, mindfulness, and mental health. They reinforce previous findings that in-
teroceptive abilities may be diminished in adults with substance use disorders,
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depression, and suicidal ideation, and point to the next steps for clinical contexts. In par-
ticular, the findings show that it may be possible to improve interoceptive abilities via
short-term mindfulness-based interventions and cognitive behavioural therapy. In tan-
dem with this, improvements in interoception may translate to symptom improvements
in related psychopathology, including the conditions referenced throughout this series of
articles. The studies on non-clinical samples are consistent with previous research show-
ing that mindfulness interventions can also be effective in improving mental wellbeing in
the non-clinical population. In sum, the articles indicate that mindfulness interventions
may exert some of their effects via changes to interoceptive processing, in both clinical
and non-clinical samples, but more research is needed to understand the underlying
mechanisms. Not all mindfulness techniques invoke a focus on internal body sensations,
and differences between approaches may explain their differing consequences on intero-
ception and mental health (see [3]), as may individual differences in responsiveness. It is
conceivable that, in the future, interoceptive/mindfulness interventions could be tailored
not only to particular psychological disorders (e.g., the approach needed for anxiety
would likely differ from that needed for depression), but also to suit particular individu-
als—akin to personalised medicine—depending on which intervention(s) an individual
benefits most from, and can best engage with. Promising times lie ahead.

Funding: This research received no external funding.

Conflicts of interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

American Mindfulness Research Association. Mindfulness Journal Publications by Year, 1980-2021. Available online:
https://goamra.org/Library (accessed on 19 May 2022).

Khalsa, S.S.; Adolphs, R.; Cameron, O.G.; Critchley, H.D.; Davenport, P.W; Feinstein, ].S.; Feusner, J.D.; Garfinkel, S.N.; Lane,
R.D.; Mehling, W.E.; et al. Interoception and mental health: A roadmap. Biol. Psychiatry Cogn. Neurosci. Neuroimaging 2018, 3,
501-513. https://doi.org/10.1016/j.bpsc.2017.12.004.

Gibson, J. Mindfulness, interoception, and the body: A contemporary perspective. Front. Psychol. 2019, 10, 2012.
https://doi.org/10.3389/fpsyg.2019.02012.

Kabat-Zinn, J. Mindfulness. Mindfulness 2015, 6, 1481-1483. https://doi.org/10.1007/s12671-015-0456-x.

Chen, W.G.; Schloesser, D.; Arensdorf, A.M.; Simmons, ].M.; Cui, C.; Valentino, R.; Gnadt, ].W.; Nielsen, L.; Hillaire-Clarke,
C.St.; Spruance, V.; et al. The emerging science of interoception: Sensing, integrating, interpreting, and regulating signals within
the self. Trends Neurosci. 2021, 44, 3-16. https://doi.org/10.1016/j.tins.2020.10.007.

Farb, N.; Daubenmier, J.; Price, C.].; Gard, T.; Kerr, C.; Dunn, B.D.; Klein, C.; Paulus, M.P.; Mehling, W.E. Interoception, con-
templative practice, and health. Front. Psychol. 2015, 6, 763. https://doi.org/10.3389/fpsyg.2015.00763.

Kerr, C.E; Sacchet, M.D.; Lazar, S.W.; Moore, C.I; Jones, S.R. Mindfulness starts with the body: Somatosensory attention and
top-down modulation of cortical alpha rhythms in mindfulness meditation. Front. Hum. Neurosci. 2013, 7, 12.
https://doi.org/10.3389/fnhum.2013.00012.

Weng, H.Y.; Feldman, J.L.; Leggio, L.; Napadow, V.; Park, J.; Price, C.J. Interventions and manipulations of interoception. Trends
Neurosci. 2021, 44, 52-62. https://doi.org/10.1016/j.tins.2020.09.010.

Joshi, V.; Graziani, P.; Del-Monte, J. The role of interoceptive attention and appraisal in interoceptive regulation. Front. Psychol.
2021, 12, 4884. https://doi.org/10.3389/fpsyg.2021.714641.

Bornemann, B.; Herbert, B.M.; Mehling, W.E.; Singer, T. Differential changes in self-reported aspects of interoceptive awareness
through 3 months of contemplative training. Front. Psychol. 2015, 5, 1504. https://doi.org/10.3389/fpsyg.2014.01504.

De Jong, M.; Lazar, S.W.; Hug, K.; Mehling, W.E.; Holzel, B.K,; Sack, A.T.; Peters, F.; Ashih, H.; Mischoulon, D.; Gard, T. Effects
of mindfulness-based cognitive therapy on body awareness in patients with chronic pain and comorbid depression. Front. Psy-
chol. 2016, 7, 967. https://doi.org/10.3389/fpsyg.2016.00967.

Duncan, L.G.; Cohn, M.A.; Chao, M.T.; Cook, J.G.; Riccobono, J.; Bardacke, N. Benefits of preparing for childbirth with mind-
fulness training: A randomized controlled trial with active comparison. BMC Pregnancy Childbirth 2017, 17, 140.
https://doi.org/10.1186/s12884-017-1319-3.

Fissler, M.; Winnebeck, E.; Schroeter, T.; Gummersbach, M.; Huntenburg, ].M.; Gaertner, M.; Barnhofer, T. An investigation of
the effects of brief mindfulness training on self-reported interoceptive awareness, the ability to decenter, and their role in the
reduction of depressive symptoms. Mindfulness 2016, 7, 1170-1181. https://doi.org/10.1007/s12671-016-0559-z.
Casals-Gutiérrez, S.; Abbey, H. Interoception, mindfulness and touch: A meta-review of functional MRI studies. Int. J. Osteopath.
Med. 2020, 35, 22-33. https://doi.org/10.1016/j.ijosm.2019.10.006.



Brain Sci. 2022, 12, 696 5 of 6

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Farb, N.A.; Segal, Z.V.; Mayberg, H.; Bean, J.; McKeon, D.; Fatima, Z.; Anderson, A.K. Attending to the present: Mindfulness
meditation reveals distinct neural modes of self-reference. Soc. Cogn. Affect Neurosci. 2007, 2, 313-322.
https://doi.org/10.1093/scan/nsm030.

Grant, J.A.; Courtemanche, J.; Duerden, E.G.; Duncan, G.H.; Rainville, P. Cortical thickness and pain sensitivity in zen medita-
tors. Emotion 2010, 10, 43-53. https://doi.org/10.1037/a0018334.

Young, K.S.; van der Velden, A.M.; Craske, M.G.; Pallesen, K.J.; Fjorback, L.; Roepstorff, A.; Parsons, C.E. The impact of mind-
fulness-based interventions on brain activity: A systematic review of functional magnetic resonance imaging studies. Neurosci.
Biobehav. Rev. 2018, 84, 424-433. https://doi.org/10.1016/j.neubiorev.2017.08.003.

Khalsa, S.S.; Rudrauf, D.; Hassanpour, M.S.; Davidson, R.J.; Tranel, D. The practice of meditation is not associated with im-
proved interoceptive awareness of the heartbeat. Psychophysiology 2020, 57, €13479. https://doi.org/10.1111/psyp.13479.

Treves, LN.; Tello, L.Y.; Davidson, R.J.; Goldberg, S.B. The relationship between mindfulness and objective measures of body
awareness: A meta-analysis. Sci. Rep. 2019, 9, 17386. https://doi.org/10.1038/s41598-019-53978-6.

Fischer, D.; Messner, M.; Pollatos, O. Improvement of interoceptive processes after an 8-week body scan intervention. Front.
Hum. Neurosci. 2017, 11, 452. https://doi.org/10.3389/fnhum.2017.00452.

Bornemann, B.; Singer, T. Taking time to feel our body: Steady increases in heartbeat perception accuracy and decreases in
alexithymia over 9 months of contemplative mental training.  Psychophysiology 2017, 54, 469-482.
https://doi.org/10.1111/psyp.12790.

Nord, C.L.; Garfinkel, S.N. Interoceptive pathways to understand and treat mental health conditions. Trends Cogn. Sci. 2022, 26,
499-513. https://doi.org/10.1016/j.tics.2022.03.004.

Quadyt, L.; Critchley, H.D.; Garfinkel, S.N. The neurobiology of interoception in health and disease. Ann. N. Y. Acad. Sci. 2018,
1428, 112-128. https://doi.org/10.1111/nyas.13915.

Khoury, N.M.; Lutz, J.; Schuman-Olivier, Z. Interoception in psychiatric disorders: A review of randomized controlled trials
with interoception-based interventions. Harv. Rev. Psychiatry 2018, 26, 250-263. https://doi.org/10.1097/HRP.0000000000000170.
May, A.C; Davis, C,; Kirlic, N.; Stewart, J.L. Mindfulness-based interventions for the treatment of aberrant interoceptive pro-
cessing in substance use disorders. Brain Sci. 2022, 12, 279. https://doi.org/10.3390/brainsci12020279.

Karanassios, G.; Schultchen, D.; Mohrle, M.; Berberich, G.; Pollatos, O. The effects of a standardized cognitive-behavioural ther-
apy and an additional mindfulness-based training on interoceptive abilities in a depressed cohort. Brain Sci. 2021, 11, 1355.
https://doi.org/10.3390/brainscil1101355.

Smith, A.R.; Kinkel-Ram, S.; Grunwald, W.; George, T.S.; Raval, V. A pilot feasibility study of Reconnecting to Internal Sensa-
tions and Experiences (RISE), a mindfulness-informed intervention to reduce interoceptive dysfunction and suicidal ideation,
among university students in India. Brain Sci. 2022, 12, 237. https://doi.org/10.3390/brainsci12020237.

Forrest, L.N.; Smith, A.R.; White, R.D.; Joiner, T.E. (Dis) connected: An examination of interoception in individuals with suicid-
ality. J. Abnorm. Psychol. 2015, 124, 754-763. https://doi.org/10.1037/abn0000074.

Smith, A.; Forrest, L.; Velkoff, E. Out of touch: Interoceptive deficits are elevated in suicide attempters with eating disorders.
Eat. Disord. 2018, 26, 52-65. https://doi.org/10.1080/10640266.2018.1418243.

Smith, A.R;; Dodd, D.R; Ortiz, S.; Forrest, L.N.; Witte, T.K. Interoceptive deficits differentiate suicide groups and associate with
self-injurious thoughts and behaviors in a military sample. Suicide Life Threat Behav. 2020, 50, 472-489.
https://doi.org/10.1111/sltb.12603.

Smith, A.R.; Forrest, L.N.; Perkins, N.M.; Kinkel-Ram, S.S.; Bernstein, M.].; Witte, T.K. Reconnecting to Internal Sensation and
Experiences: A pilot feasibility study of an online intervention to improve interoception and reduce suicidal ideation. Behav.
Ther. 2021, 52, 1145-1157. https://doi.org/10.1016/j.beth.2021.02.001.

Salmon, P.; Lush, E.; Jablonski, M.; Sephton, S.E. Yoga and mindfulness: Clinical aspects of an ancient mind/body practice. Cogn.
Behav. Pract. 2009, 16, 59-72. https://doi.org/10.1016/j.cbpra.2008.07.002.

Gard, T.; Noggle, ].].; Park, C.L.; Vago, D.R.; Wilson, A. Potential self-regulatory mechanisms of yoga for psychological health.
Front. Hum. Neurosci. 2014, 8, 770. https://doi.org/10.3389/fnhum.2014.00770.

Schillings, C.; Schultchen, D.; Pollatos, O. Effects of a single yoga session on cardiac interoceptive accuracy and emotional ex-
perience. Brain Sci. 2021, 11, 1572. https://doi.org/10.3390/brainscil1121572.

Desmedt, O.; Luminet, O.; Corneille, O. The heartbeat counting task largely involves non-interoceptive processes: Evidence
from both the original and an adapted counting task. Biol. Psychol. 2018, 138, 185-188. https://doi.org/10.1016/j.biopsy-
ch0.2018.09.004.

Pérez-Pefia, M.; Notermans, J.; Desmedt, O.; Van der Gucht, K.; Philippot, P. Mindfulness-based interventions and body aware-
ness. Brain Sci. 2022, 12, 285. https://doi.org/10.3390/brainsci12020285.

Mehling, W.E.; Wrubel, J.; Daubenmier, J.J., Price, C.J.; Kerr, C.E.; Silow, T.; Gopisetty, V.; Stewart, A.L. Body awareness: A
phenomenological inquiry into the common ground of mind-body therapies. Philos. Ethics Humanit. Med. 2011, 6, 6.
https://doi.org/10.1186/1747-5341-6-6.

Mehling, W. Differentiating attention styles and regulatory aspects of self-reported interoceptive sensibility. Philos. Trans. R Soc.
Lond. B Biol. Sci. 2016, 371, 20160013. https://doi.org/10.1098/rstb.2016.0013.

Segal, Z.V.; Williams, M.; Teasdale, J. Mindfulness-Based Cognitive Therapy for Depression; Guilford Publications: New York, NY,
USA, 2018.



Brain Sci. 2022, 12, 696 6 of 6

40.

41.

42.

43.

44.

45.

Williams, J.M.; Broadbent, K. Autobiographical memory in suicide attempters. J. Abnorm. Psychol. 1986, 95, 144-149.
https://doi.org/10.1037/0021-843X.95.2.144.

Yu, X.; Cohen, Z.P.; Tsuchiyagaito, A.; Cochran, G.; Aupperle, R.L.; Stewart, J.L.; Singh, M.K.; Misaki, M.; Bodurka, J.; Paulus,
M.P.; et al. Neurofeedback-augmented mindfulness training elicits distinct responses in the subregions of the insular cortex in
healthy adolescents. Brain Sci. 2022, 12, 363. https://doi.org/10.3390/brainsci12030363.

Murphy, J.; Brewer, R.; Catmur, C.; Bird, G. Interoception and psychopathology: A developmental neuroscience perspective.
Dev. Cogn. Neurosci. 2017, 23, 45-56. https://doi.org/10.1016/j.dcn.2016.12.006.

Murphy, J.; Cheesman, R.; Gregory, AM.; Lau, |.; Ehlers, A.; Catmur, C.; Bird, G.; Eley, T.C. Estimating the stability of heartbeat
counting in middle childhood: A twin study. Biol. Psychol. 2019, 148, 107764. https://doi.org/10.1016/j.biopsycho.2019.107764.
Essau, C.A.; Lewinsohn, P.M.; Lim, ].X.; Ho, M.R.H.; Rohde, P. Incidence, recurrence and comorbidity of anxiety disorders in
four major developmental stages. ]. Affect. Disord. 2018, 228, 248-253. https://doi.org/10.1016/j.jad.2017.12.014.

Sanger, K.L.; Thierry, G.; Dorjee, D. Effects of school-based mindfulness training on emotion processing and well-being in ad-
olescents: Evidence from event-related potentials. Dev. Sci. 2018, 21, €12646. https://doi.org/10.1111/desc.12646.



