


Yes, meditative awareness practices improve subjective interoception and somatic
integration, but objective sensitivity improves inconsistently.

Meditative awareness practices appear to improve the conscious integration of somatic signals more reliably than they improve
objective interoceptive sensitivity. Across randomized trials and meta-analyses, mindfulness-based programs repeatedly increase
self-reported interoceptive awareness, especially attention regulation, self-regulation, body listening, trusting, and reduced worry
about bodily sensations (  Treves et al., 2025;  Bornemann et al., 2015;  D’Antoni et al., 2021). By contrast, objective cardiac
interoceptive accuracy shows mixed results: several controlled studies found no advantage for meditators or short interventions
on heartbeat detection (  Khalsa et al., 2008; Parkin et al., 2013;  De Lima-Araujo et al., 2022), whereas longer or channel-
specific training sometimes improves performance (  Bornemann & Singer, 2017;  Wu et al., 2021; Rudnicki et al., 2025).

Neuroimaging and mechanistic studies support an effect on how bodily signals are integrated into conscious experience.
Mindfulness training altered insula, anterior cingulate, somatosensory, and attention-network recruitment during interoceptive
tasks, consistent with greater propagation of bodily signals into contextual and regulatory processing rather than simple sensory
gain (  Farb et al., 2012;  Price et al., 2023;  Guu et al., 2023). Clinical studies further suggest that these changes can matter
functionally, because gains in interoceptive awareness mediated reductions in anxiety, depressive symptoms, negative mood,
empathy-related distress, and health behavior change in several populations (  De Lima-Araujo et al., 2022;  Fissler et al., 2016;

 Wu et al., 2021).

Do meditative awareness practices improve interoceptive sensitivity and the conscious integration of somatic
signals?

N = 40

28 7 1 4

Yes 70% · Possibly 18% · Mixed 3% · No 10%

FIGURE 1  Research consensus on meditation and interoception

The meter should be read as a qualified yes. The strongest agreement is for subjective interoceptive awareness and somatic
integration, while evidence for objective interoceptive sensitivity, especially heartbeat detection, remains mixed and outcome-
dependent (  Treves et al., 2025;  Khalsa et al., 2019).

1. Introduction

Interest in meditative awareness practices and interoception has grown because interoception is central to emotion, self-
regulation, and bodily self-consciousness (  Treves et al., 2025;  Khalsa et al., 2019; Farb et al., 2023). The field now
distinguishes at least two partly separable targets: objective interoceptive sensitivity or accuracy, typically measured with
heartbeat or respiratory tasks, and subjective interoceptive awareness or sensibility, typically measured with multidimensional
self-report tools (  Treves et al., 2025;  De Lima-Araujo et al., 2022;  Bornemann et al., 2015).

That distinction explains much of the literature’s apparent inconsistency. A 29-RCT meta-analysis found a small-to-medium overall
benefit of mindfulness interventions on self-reported interoception, with the largest effects in mindfulness-based programs (
Treves et al., 2025). A separate review of randomized interoception-focused interventions found that 20 of 31 RCTs improved
interoception relative to control conditions, with promising results in PTSD, fibromyalgia, IBS, and substance use disorders (
Heim et al., 2023). But foundational cardiac studies repeatedly found no improvement in heartbeat detection among experienced
meditators, even under physiological perturbation (  Khalsa et al., 2008;  Khalsa et al., 2019).

2. Methods

This synthesis draws on a Deep Search over more than 170 million research papers indexed in Consensus, spanning Semantic
Scholar, PubMed, and other sources. The workflow identified 5,846 initially relevant records for the query, expanded citation
networks from seed papers, screened 240 papers with machine-learned relevance filtering, and retained 113 eligible papers, of
which the top 50 most relevant human controlled studies were included in the final corpus.

The included papers span randomized controlled trials, longitudinal cohort studies, mechanistic neuroimaging studies, cross-
sectional expert-novice comparisons, and meta-analyses across healthy and clinical populations.
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Search Strategy

3M

Retrieved
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All papers retrieved from 22 searches and 1
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analysis

FIGURE 2  Deep search screening and inclusion flow

Searches targeted mindfulness, contemplative practice, body awareness, somatic integration, neural mechanisms, null findings,
and population diversity across clinical and nonclinical samples.

3. Results

3.1 Key Papers

Three papers anchor the literature because they capture the field’s main pattern: robust gains in subjective interoception, mixed
cardiac accuracy findings, and plausible neural mechanisms for somatic integration (  Treves et al., 2025;  Khalsa et al., 2019;

 Farb et al., 2012).

Paper Summary

(  Bornemann et al., 2015) Small-to-medium self-reported interoception benefit across 29 RCTs (  Treves et al., 2025)

(Farb et al., 2023) Little evidence for improved cardiac awareness in meditators (  Khalsa et al., 2019)

(  Farb et al., 2012) Mindfulness alters insula-based interoceptive integration networks (  Farb et al., 2012)

FIGURE 3  Foundational papers in the included corpus

3.2 Subjective Interoception

Randomized and longitudinal studies consistently show that meditative practices improve self-reported bodily awareness. Three
days of mindfulness increased interoceptive sensibility, with gains in five of eight MAIA subscales, especially attention regulation,
emotional regulation, and body awareness (  De Lima-Araujo et al., 2022). Three months of contemplative body scan and breath
training improved five of eight MAIA dimensions, with the largest changes in regulatory aspects rather than simple noticing (
Bornemann et al., 2015).

This pattern extends to clinical settings. Mindfulness increased regulatory and belief-related aspects of interoceptive awareness in
depressed patients, and those increases helped explain symptom reduction through decentering (  Fissler et al., 2016). In chronic
pain with depression, MBCT improved self-regulation and reduced distraction from bodily signals (  De Jong et al., 2016). Lower-
ranked recent trials show the same direction: pregnant participants at risk for hypertensive disorders reported less worry about
bodily sensations and better awareness of body and breath changes after mindfulness training (  Sharp et al., 2024), and a body-
based mindfulness program improved alexithymia and participants’ ability to integrate bodily expressions, thoughts, and emotions
(  Quinto et al., 2025).
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3.3 Objective Sensitivity

Dimension
Short/Brief
Training Longer/Intensive Training Citations

Heartbeat accuracy Usually null Small gains sometimes
emerge

(  De Lima-Araujo et al., 2022; 
Bornemann & Singer, 2017)

Expert meditator
advantage

Often absent at
rest

Still absent in cardiac meta-
evidence

(  Khalsa et al., 2008;  Khalsa et al.,
2019)

Respiratory sensitivity Can improve Evidence more favorable than
cardiac

(  Wu et al., 2021)

Somatosensory
discrimination

Some task gains Accuracy not always
increased

(  Mirams et al., 2012;  Mylius et al.,
2024)

Tech-assisted
meditation

Mixed User experience may matter (Rudnicki et al., 2025)

FIGURE 4  Objective interoceptive outcomes by task and duration

The clearest negative evidence concerns heartbeat perception. Experienced meditators did not outperform controls at rest in
2008 or under adrenergic arousal in 2019 (  Khalsa et al., 2008;  Khalsa et al., 2019). Week-long body scan practice and even
8-week MBSR or MBCT did not improve cardiac perception accuracy, though confidence increased (Parkin et al., 2013).

Still, objective effects are not uniformly absent. Over 9 months of contemplative training, heartbeat perception accuracy
increased steadily, with significant small-to-medium effects by 6 to 9 months, and those gains tracked improved emotional
awareness (  Bornemann & Singer, 2017). Respiratory interoceptive sensitivity increased after 8-week mindfulness training and
fully mediated reduced negative mood (  Wu et al., 2021). Brief body scan meditation also improved somatosensory decision
making by reducing tactile misperception and increasing sensitivity (  Mirams et al., 2012).

3.4 Somatic Integration Mechanisms

Neuroimaging studies suggest mindfulness changes how bodily signals are represented and integrated, not merely how strongly
they are detected. After MBSR, interoceptive attention to the breath recruited anterior insula more strongly, reduced dorsomedial
prefrontal engagement, and changed posterior-insula connectivity, consistent with greater integration of bodily sensation with
context (  Farb et al., 2012). Body scan and breath practices also produced distinct salience-network connectivity patterns after
training, indicating practice-specific modes of interoceptive processing (  Guu et al., 2023).

Clinical interoceptive training studies converge on stronger sensory-prefrontal coupling. MABT increased ACC-somatomotor
connectivity and broader attentional-sensory integration, with connectivity changes associated with increased subjective
interoception (  Price et al., 2023). During sadness provocation, mindfulness-trained participants showed greater recruitment of
visceral and somatosensory regions, and that somatic recruitment was associated with lower depression scores (  Farb et al.,
2010). Longitudinal modeling further suggests a pathway from attentional control to decentering to broadened awareness of
interoceptive and exteroceptive information (  Garland et al., 2017).

Results Timeline

Interoception research in meditation has moved from null cardiac findings to multidimensional and mechanistic models.
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FIGURE 5  Timeline of meditation-interoception findings; larger markers indicate more citations

Early studies focused narrowly on heartbeat tasks and often found null effects. More recent work emphasizes respiratory,
somatosensory, regulatory, and network-level outcomes, which show more consistent benefits (  Melloni et al., 2013;  Treves
et al., 2025).

Top Contributors

Type Name Papers

Author N. Farb [02d6b91ad881592b9e8f7883aea7b634][0ade2a3837c7515ea6c9d6527de0c43e]
[a9fdff1ffe085e52b84f12eb9441b810][27f6d9245f0a54eab5222672870bb1e3]
[c9739d13a9fa5f43b4b2eaef4d467348][afed080dc555558c9ff3b6d71dd60d6a]

Author Cynthia J. Price [7c1f1934354a5e7d9da83d8887037076][0ade2a3837c7515ea6c9d6527de0c43e]
[15b3d9e329305cab842af9e0c0daf125][7af0eaef211253c58eb3e2c713a21f9c]
[a9fdff1ffe085e52b84f12eb9441b810]

Author Sahib S. Khalsa [884f11bb9d38593982b8aa10873a8c84][25258201d7a15b568a3bb661a63b582d]
[5eeb234124fc5ade816b3ed0724f9a92]

Journal Psychophysiology [884f11bb9d38593982b8aa10873a8c84][fbfdc5ed52e15743adb0cacb9efaae65]
[55b6b1e0571c5da39221b9de12e923b2][7e3a0197fb9b582d82218b500be7646d]
[3a0d19c571745b10b3dd5f01800bdf53][b919f76bcb5d59de9b6e6d9fad7466e2]
[a2c40186c5ef553e84de667aa6dbfe48]

Journal Mindfulness [7c1f1934354a5e7d9da83d8887037076][efcdb1be899556b1b3b93a025d4d5187]
[0d50a998c4e8539ab4d704fc431a8ad3][12e5596736495f059e025874b6236a37]
[35f85227bb1253c7b8471919c26d2071]

Journal Frontiers in
Psychology

[d619d4062296554c8efc17c6f079e9b9][12e5596736495f059e025874b6236a37]

FIGURE 6  Authors and journals most frequent in this corpus
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4. Discussion

The literature supports a qualified yes. The strongest evidence is that meditative awareness practices improve how people attend
to, interpret, regulate, and trust bodily signals, and that these changes often relate to better emotional functioning (  Treves et al.,
2025;  Fissler et al., 2016;  Schuman-Olivier et al., 2024). This conclusion is strengthened by randomized evidence across
multiple clinical populations, including trauma, chronic pain, pregnancy, opioid treatment, and cancer care (  Molteni et al.,
2024;  Price et al., 2024;  Chang et al., 2023).

The weaker part of the claim concerns “interoceptive sensitivity” if that term means objective perceptual accuracy. Cardiac tasks
repeatedly fail to show reliable benefit, and even cross-sectional expert studies often find changes in confidence, response bias,
or localization rather than accuracy itself (  Khalsa et al., 2008;  Mylius et al., 2024;  Khalsa et al., 2019). Several authors
explicitly argue that heartbeat detection may be a poor proxy for the bodily awareness trained by mindfulness, especially because
breath and body scan practices emphasize respiratory and somatosensory channels more than cardiac ones (  Melloni et al.,
2013;  Treves et al., 2025).

Mechanistically, the field is moving toward a model in which mindfulness enhances bottom-up access to bodily signals and their
integration with attentional, language, and regulatory networks, rather than simply amplifying raw signal detection (  Quinto et
al., 2025; Farb et al., 2023;  Quinto et al., 2025). But many studies remain small, rely on self-report, and rarely measure
subjective and objective interoception in the same sample (  Treves et al., 2025;  Price et al., 2023).

Claim
Evidence
Strength Reasoning Papers

Mindfulness improves self-
reported interoceptive
awareness.

Strong

Meta-analytic RCT support
across many samples.

(  Treves et al., 2025)

It improves cardiac
interoceptive accuracy reliably.

Weak

Several controlled studies and
meta-evidence are negative.

(  Khalsa et al., 2019; Parkin et
al., 2013)

It can improve respiratory or
somatosensory sensitivity.

Moderate

Positive RCTs exist, but measures
are heterogeneous.

(  Wu et al., 2021;  Mirams et
al., 2012)

It enhances somatic signal
integration in brain networks.

Moderate

Multiple neuroimaging studies
show convergent network
changes.

(  Farb et al., 2012;  Price et
al., 2023;  Farb et al., 2010)

Interoceptive change mediates
clinical or affective benefits.

Moderate

Several mediation analyses
support this pathway.

(  Wu et al., 2021;  Fissler et
al., 2016;  Schuman-Olivier et
al., 2024)

FIGURE 7  Key claims and evidence strength in corpus

5. Conclusion

Meditative awareness practices do improve interoception, but mainly in the sense of conscious access, regulation, trust, and
integration of bodily signals, not as a uniform increase in raw perceptual sensitivity. The best-supported effects are on subjective
and regulatory dimensions of interoception, with growing neural evidence that these practices alter insula-, ACC-, and
somatosensory-network integration. Objective sensitivity improves in some domains and longer trainings, but the evidence is
mixed and most negative for heartbeat detection (  Treves et al., 2025;  Bornemann & Singer, 2017; Parkin et al., 2013).
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Research Gaps

The main unresolved issue is whether meditation changes perception itself, appraisal of perception, or both. The corpus also
remains uneven across interoceptive channels and long-term mechanistic follow-up (  Treves et al., 2025).

Topic/Outcome
Objective
Tasks

Parallel Subjective
Measures

Long-Term Follow-
Up

Mechanistic
Imaging

Cardiac interoception 10 4 3 1

Respiratory interoception 4 4 1 3

Somatosensory
awareness

5 3 1 2

Clinical mediation tests 2 8 4 2

Multi-channel integration 1 2 1 2

Open Research Questions

Direct head-to-head tests are now needed to separate effects on accuracy, confidence, appraisal, and network integration.

Question Why

Do mindfulness programs improve respiratory and somatosensory
accuracy more reliably than cardiac accuracy when all channels are
measured in the same participants?

This would test whether mixed findings reflect true
channel specificity rather than inconsistent methods
across separate studies.

Do increases in subjective interoceptive awareness causally mediate
clinical improvement across disorders?

Several mediation studies suggest this pathway, but
stronger mechanistic trials with repeated measures
are still limited.



These search results were found and analyzed using Consensus, an AI-powered search engine for research. Try it at
https://consensus.app. © 2026 Consensus NLP, Inc. Personal, non-commercial use only; redistribution requires copyright
holders’ consent.
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