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Abstract

Disturbed interoception (i.e., the sensing, awareness, and regulation of internal body signals) has 

been found across several mental disorders, leading to the development of interoception-based 

interventions (IBIs). Searching PubMed and PsycINFO, we conducted the first systematic review 

of randomized-controlled trials (RCTs) investigating the efficacy of behavioral IBIs at improving 

interoception and target symptoms of mental disorders in comparison to a non-interoception-based 

control condition [CRD42021297993]. Thirty-one RCTs fulfilled inclusion criteria. Across all 

studies, a pattern emerged with 20 (64.5%) RCTs demonstrating IBIs to be more efficacious 

at improving interoception compared to control conditions. The most promising results were 

found for post-traumatic stress disorder, irritable bowel syndrome, fibromyalgia and substance 

use disorders. Regarding symptom improvement, the evidence was inconclusive. The IBIs were 

heterogenous in their approach to improving interoception. The quality of RCTs was moderate to 

good. In conclusion, IBIs are potentially efficacious at improving interoception for some mental 

disorders. In terms of symptom reduction, the evidence is less promising. Future research on the 

efficacy of IBIs is needed.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which 
permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no 
modifications or adaptations are made.

Correspondence to: Marina Bobou.

Author contributions 
NH and MB contributed equally to the screening, extraction, synthesis of data and writing up of the review. MT and PJ revised the 
draft and senior authors AF and CS revised the draft and supervised the overall research process.

Disclosure statement 
The authors have no conflicts of interest to declare.

Europe PMC Funders Group
Author Manuscript
Psychiatry Clin Neurosci. Author manuscript; available in PMC 2024 April 01.

Published in final edited form as:
Psychiatry Clin Neurosci. 2023 July 08; 77(10): 530–540. doi:10.1111/pcn.13576/full.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

https://creativecommons.org/licenses/by-nc-nd/4.0/


Keywords

body awareness; interoception; interoception-based interventions; mental disorders; randomized-
controlled trial

The concept of interoception has brought the body, and particularly its psychophysiological 

states, into the spotlight of mental health research and practice.1,2 The term interoception 

describes the sensing, awareness and interpretation of the physiological signals arising 

within the body, involving major, visceral systems such as the gastrointestinal, respiratory, 

and cardiovascular systems, and in some definitions also certain cutaneous sensations 

such as affective touch, pain and temperature.3,4 Interoception has been associated with 

the awareness and regulation of emotional states at a behavioral5,6 and neural level,3,7,8 

building on preceding, peripheral theories of emotions. These theories highlighted the role 

of physiological processes at the core of emotional awareness.5,8–10 More recently, new 

technologies that can capture simultaneously both peripheral and central signals have led 

to the burgeoning of research on the multifaceted ways in which body–brain couplings 

influence cognition and emotion.11 The emerging perspectives on emotion reaffirm the 

influence of higher-order factors such as memory, appraisals or beliefs, yet highlight the 

bi-directional pathways by which peripheral signals interact with central mechanisms to give 

rise to our emotions. This bi-directional influence of peripheral and central processing in 

emotion has been found to be particularly relevant in the etiology and treatment of mental 

health disorders.

Indeed, fast accumulating evidence points to interoceptive disturbances in mental health 

conditions,12 including depression,13 eating disorders,14–16 somatic symptom disorders,17 

addiction disorders,18–20 depersonalization/derealization disorder,21 borderline personality 

disorder,22 suicidality,23 obsessive-compulsive disorder,24 post-traumatic stress disorder 

(PTSD),25 schizophrenia26 and anxiety disorders.27–29 In addition to such diagnosis-

specific findings, it has been suggested that interoceptive deficits, including related neural 

disruptions in a network centered around the mid-dorsal insula, might instead represent 

‘transdiagnostic’ mechanisms conferring a common vulnerability across multiple mental 

health disorders.12,30,31

Interoceptive processing is multidimensional, ranging from peripheral mechanisms of 

body physiology to high-order processing of interoceptive signals.1,2 Establishing the 

level, mechanism, and modality of interoceptive disruption is key to understanding and 

treating mental health disorders. However, this has proven far from straightforward 

and methodologically challenging.12,32 Ongoing measurement and terminology debates 

notwithstanding, several useful schemes have been proposed to classify the dimensions 

of interoception and suggest appropriate measures for each level, starting with a tripartite 

classification.33 This scheme distinguished between1 interoceptive accuracy referring to the 

ability of detecting physiological signals like one’s heart rate correctly during behavioral 

tasks2; interoceptive self-report or sensibility, referring to subjective, retrospective, 

typically questionnaire-based, accounts of one’s own everyday interoceptive abilities, and3 

interoceptive insight, metacognition, or awareness, operationalized as confidence–accuracy 
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correspondence in behavioral tasks, or as the (mis)alignment of interoceptive beliefs with 

veridical body states, as frequently noted in functional, somatic symptom and eating 

disorders.34 Several extensions with clinical relevance have been proposed since,35–37 

highlighting preconscious levels of interoceptive functioning, such as the finding that fear 

memories may be heightened by cardiovascular signals particularly in anxious individuals38; 

interoceptive attention, as for example, excessive attention to bodily changes in certain 

anxiety disorders and interoceptive attribution, as for instance catastrophizing about bodily 

signals during a panic attack.28

A range of current mental health treatments appear to alter interoception via effects 

on body physiology or on the cognitive processing of such signals across the 

aforementioned dimensions.35 Indeed, interoception can be manipulated at cellular, 

or, systems level, including for example via neural stimulation (e.g., vagus nerve 

stimulation) and pharmacological interventions (e.g., on interoceptive immune or appetite 

pathways).39,40 Moreover, an increasing number of mental health interventions target 

interoceptive disturbances at the psychological, or behavioral level.41,42 These psychological 

or behavioral, non-invasive Interoception-Based Interventions (IBIs) are defined as 

interventions that include “first-person reflection upon or cultivation of specific modes 

of experience, and practices that explicitly involve interoceptive awareness”.43 This 

definition stems from an interdisciplinary consideration of the various clinical and scientific 

traditions that have separately emphasized the importance of interoception for physical 

and psychological health and wellbeing.43 For example, Buddhist and contemplative 

practices have long attempted to cultivate healthy interoceptive habits and attentional stances 

towards bodily signals, with some of these insights reaching Western, secular psychological 

treatments in the form of mindfulness treatment or Acceptance and Commitment Therapy.44 

Separately from these traditions, increased scientific understanding of the bidirectional 

influences between physiology and psychology, and their effects on mental health, has 

led to the inclusion of interoceptive procedures, such as interoceptive exposure, and the 

development of novel therapeutic targets such as the training of interoceptive accuracy 

in many other psychological therapies. As a result of these different traditions, there 

are important differences in how these fields define and target interoception and which 

levels and facets of interoceptive processing they consider key for mental health and 

wellbeing. These differences, as well as some similarities, have been considered extensively 

elsewhere41,43 and a similar analysis escapes the scope of the present systematic review. 

However, we rely on these previous analyses that pointed towards the collective significance 

of these therapeutic endeavors to define IBIs as involving both first person reflections, 

experiences and practices that promote interoception, broadly defined.41 In particular, 

while certain scientific and clinical traditions would narrowly define and therapeutically 

target interoception as the cognitive ability to perceive one’s bodily signals accurately, 

broader definitions and alternative therapeutic targets focus on people’s attention tendencies 

and attitudes towards their bodily signals and their regulation.45,46 While the various 

interventions covered in this review are not identical and they may involve elements that 

go beyond targeting any strict definition of interoception, they share an emphasis in targeting 

interoception broadly defined, and as we outline below, they also need to include measures 

of interoception. Moreover, given these different traditions and as we explain below, we tried 
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to systematically present the variability in the multiple dimensions, modalities, and terms of 

interoception used by the existing RCTs, using also a common scheme that categorizes as 

far as possible the therapeutic focus on each intervention.

Interoceptive exposure (IE) is one of the most common IBIs of recent years,41,42 considered 

particularly effective for panic disorder.47 IE is typically applied as a part of cognitive 

behavioral therapy, involving the safe exposure to enhanced interoceptive sensations (e.g. 

hyperventilation following exercise) to facilitate reappraisal and better regulation of such 

sensations.48 Typically, interoceptive accuracy or perceptual metacognition is not measured 

in such interventions. By contrast, other IBIs may attempt to train interoceptive accuracy, or 

perceptual metacognition per se with beneficial effects on anxiety symptoms,49,50 while 

practices such as mindfulness, stemming out of contemplative traditions, target more 

attentional and attributive aspects of interoception, and appear to be effective in improving 

mental health symptoms in depression51 and subclinical eating disorders.52 However, 

observed changes of interventions such as interoceptive exposure or mindfulness practices 

that target interoception have been largely qualitative and limited, with few validated 

measures quantifying the mechanism of change. More generally, beyond a handful of non-

systematic narrative reviews and opinion papers,35,41,42 the literature on these psychological 

IBIs has not been systematically reviewed. Hence, the quality, efficacy, and mechanisms 

of action of these interventions in improving interoception and reducing mental health 

symptoms has not been systematically assessed. It is also unknown whether the different 

interoceptive dimensions and modalities targeted by these interventions have differential 

effects across or within different diagnostic categories. This lack of a systematic evaluation 

of the literature thus hinders the understanding and improvement of this potential, non-

invasive therapeutic path from interoception to mental health.

Accordingly, we preregistered and conducted the first systematic review of randomized 

controlled trials (RCTs) investigating the immediate and long-term efficacy of IBIs at 

improving interoception and target symptoms compared to a non-IBI control condition in 

patients diagnosed with mental health disorders. Although a meta-analysis of the literature 

would offer additional insights in the future, the currently available number of RCTs and 

clinical and methodological diversity of the used IBI’s, including their characteristics and 

measures, would render quantitative comparisons potentially misleading.53 Therefore, we 

decided that a systematic review and qualitative evaluation of the literature would be most 

appropriate at this stage. The main objective of this systematic review was to provide a 

comprehensive and reliable literature overview of the characteristics and efficacy of these 

IBIs in1 improving interoception (primary aim) and2 reducing target symptom severity 

(secondary aim) in mental health disorders. Additionally, we aimed to systematically assess 

and present the methodological quality, assessment instruments and intervention focus of the 

available RCTs across and within modalities and domains of interoception and the targeted 

mental health disorders. We chose to perform a systematic review as this method allows the 

exploration and narrative synthesis of the efficacy of heterogenous data (e.g., varied by type 

of intervention, disorders, outcomes, control conditions) and may help to identify relevant 

data for future meta-analyses. Accordingly, we considered as outcomes and systematically 

presented the variability in the multiple modalities and dimensions of interoception utilized, 

including physiological measures, validated behavioral tasks, or self-report.35 Given that 
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the identified interventions did not always use the terms described in the experimental 

and physiological literature on interoception, to distinguish between the various levels of 

interoception targeted, we used the following scheme to facilitate the reader; we presented 

the efficacy of IBIs regarding improvements in interoception and target symptoms, based 

on their therapeutic focus on1 physiological signals,2 the appraisal of these signals, or3 a 

combination of both.

Methods

This systematic review was conducted according to the PRISMA guidelines54 and was 

preregistered at PROSPERO (registration number: CRD42021297993) and OSF (https://

osf.io/fxucj).

Search strategy

A comprehensive literature search was independently conducted by NH and MB, using the 

PubMed and PsycINFO databases to identify eligible studies published up to December 1, 

2021. Two distinct search strategies were selected: firstly, we replicated and updated the 

search of a previous (non-systematic) review of IBIs conducted by Khoury and colleagues 

(2018),41 and secondly, we expanded their method to potentially identify additional papers 

using broader search terms. The first search strategy used the following search terms: 

“interoception” OR “interoceptive” OR “body awareness” AND “affective disorders” OR 

“depression” OR “anxiety” OR “eating disorders” OR “anorexia nervosa” OR “bulimia 

nervosa” OR “psychosomatic” OR “addiction” OR “addictive disorders”. The second 

search strategy used the following search terms: “body awareness” OR “interocept*”. 

For identification of RCTs, both strategies added the terms “randomized”, “RCT” or 

“random*” to be found in the title/abstract sections. Search strategy URLs are available 

in supplementary materials (Table S1). Additionally, references from relevant studies and 

reviews were manually checked for further eligible RCTs, not yet identified through 

database searching.

Inclusion and exclusion criteria

The following inclusion criteria were used to select studies1: randomized controlled trial 

(RCT) design, with participants randomly assigned to two or more trial arms,2 adult 

(≥18 year old) clinical population with a mental health disorder diagnosis, which had to 

be obtained from a clinician, trained researcher, or validated questionnaire according to 

DSM-5,55 DSM-IV56 or ICD-10 criteria,57,3 study published in English,4 comparing an 

IBI (see Introduction for definition) against a non-interoceptive control condition (e.g., 

active control, treatment as usual, waitlist) and5 using both at least one validated measure 

assessing interoception and mental health target symptoms (e.g., depressive symptoms in 

depression). Lastly,6 although not pre-registered we also excluded studies when no relevant 

data was reported to interpret the direction of the IBI based on statistical analyses, i.e., 

no between-group effects were reported or could be calculated based on mean scores and 

standard deviation, because the samples were too small. This led to the exclusion of one 

study with a total sample size n = 10 participants58 (Fig. 1).
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Screening and selection of studies

Screening and selection of eligible studies was conducted independently by two authors (NH 

and MB). Title and abstract screening were performed according to the eligibility criteria 

and all articles that met initial inclusion criteria were retrieved as full text. Study selection 

was performed independently by NH and MB, with disagreements resolved through 

discussion or including consultation with the other authors. Figure 1 details the flowchart 

of study selection. If no test statistics or effect sizes of between-group comparisons were 

reported, they were calculated manually based on post-treatment mean scores and standard 

deviations. Negative effect sizes indicating symptom reduction were changed to positive 

values, and vice versa positive effect sizes indicating deterioration to negative values, so that 

positive effect sizes indicate favorable effects for the IBI.

Data extraction

Data extraction was performed independently by NH and MB. Extracted data include first 

author, year of publication, sample size, mental health diagnosis, type of intervention and 

comparator. The following indices were extracted from intention to treat analysis, when 

available, for both the IBI and the comparator: duration of treatment, total number of 

sessions, length of sessions, frequency of sessions. Furthermore, measure of interoception, 

target symptom measure, post intervention between group comparison (including P-value 

and effect sizes in standardized mean difference, SMD) and follow-up between-group 

comparison (including follow-up time, P-value, and effect size).

Studies using at least one measure of interoception were included, including a wide range of 

interoceptive dimensions that were used as therapeutic targets and measured with different 

means. For example, measures ranged from interoceptive accuracy and interoceptive insight, 

assessed through experimental tasks to self-report measures of interoceptive sensibility, or 

mindful body awareness, or measures capturing symptoms that coincide with interoception, 

such as pain or irritable bowel symptoms. This variability reflects the aforementioned 

multidimensionality and debates regarding the concept of interoception. Highlighting and 

systematically presenting this variability in therapeutic targets was considered an important 

function of the present review.

Data synthesis

Results were reported in tables, figures and narratively summarized. For this, significant 

between-group differences at improving interoception and symptoms were pre-registered as 

primary and secondary outcomes, respectively. For illustrative purposes, RCTs were labeled 

as demonstrating significant between-group differences in favor of the IBI (↑Table 1), no 

statistical differences between groups (—Table 1) or significant between-group effects in 

favor of the control condition (↓Table 1). For this, we used between-group comparisons 

of total scores of interoception and target symptom measures when available. Considering 

the multi-dimensionality of interoception mentioned above, in the case that a measure 

consisted only of subscales, we labeled the overall direction of the effect if at least one 

subscale showed significant between-group effects. This was the case, for example, for the 

Multidimensional Assessment of Interoceptive Awareness (MAIA),46 which has no total 

score and consists of eight subscales that might each represent clinically relevant dimensions 
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of interoception. Most studies did not apply corrections for multiple comparisons in this 

case, yet as we report in the results section, no study had significant findings that relies 

only on a single subscale and in fact, in most studies results were consistent across multiple 

subscales.

Although not preregistered, in order to give readers a more integrated overview of 

central findings we also presented post-intervention results along an available, tripartite 

classification scheme, distinguishing between observed “indicative”, “preliminary” and 

“inconclusive” evidence for a given mental health disorder. The existence of ≥2 RCTs 

with >50% demonstrating superior efficacy was defined as “indicative evidence” of efficacy, 

while the existence of only one RCT for a given disorder demonstrating efficacy in the 

absence of conflicting evidence was defined as “preliminary evidence” of efficacy. Lastly, 

results were labeled as “inconclusive evidence” of efficacy when there were ≥1 RCTs of 

which ≥50% did not find the IBI to be superior.

Quality assessment

The quality of RCTs was assessed using a modified, enhanced version of the Jadad scale59 

and presented visually in one, comprehensive figure (Fig. S1). The original scale comprises 

three scoring criteria: (i) randomization; (ii) double-blinding; and (iii) withdrawals/dropouts. 

One point each was assigned if the following criteria were fulfilled: (i) randomization; (ii) 

blinding and (iii) description of dropouts.59 One additional point was assigned to criterion 

(i) if the randomization method was described appropriately. Jadad scale criterion (ii) was 

adapted as double blinding cannot be realized in trials of psychological interventions.60 

Thus, criterion (ii) was rated as fulfilled if researchers were blinded to treatment allocation. 

In total, a maximum score of 4 points could be achieved, with higher scores indicating better 

study quality.

Results

Study Characteristics

A total of 32 studies reporting data on 31 RCTs published between 2000 and 2021 were 

included in the systematic review as shown in Figure 1. Mental health disorders studied 

included patients with chronic pain (n = 9), chronic pain and depression (n = 1), depression 

(n = 2), anxiety and depression (n = 1), PTSD (n = 5), autism spectrum disorders (n = 

1), eating disorders (n = 2), irritable bowel syndrome (n = 3), sleep disturbance (n = 1), 

fibromyalgia (n = 3) and substance use disorders (n = 3) (Table 1). The sample sizes ranged 

between 20 and 338 participants with a mean number of 75.5 participants (SD = 64.1) across 

all studies (Table 1). A total of 16 out of 31 (51.6%) RCTs reported follow-up data ranging 

between.

Quality of studies

The quality of included studies was moderate to good with an average score of 3.2 out of a 

maximum of 4 (Fig. S1). All studies reported randomization (100%) with 77.4% describing 

appropriate randomization procedures, e.g., using sealed envelopes or a randomization 

algorithm. Except for one study,61 all RCTs documented number and reasons for dropouts 
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(96.8%). Regarding blinding of researchers to treatment allocation, only 41.9% described 

appropriate masking, while the rest showed increased risk of bias. Lastly, 54.8% (n = 17/31) 

of RCTs reported the pre-registration of a study protocol.

Interoception-based interventions

The applied IBIs varied in their approach and intensity (frequency, and duration) (Table S2). 

The average number of intervention sessions across all studies was 11.5 (SD = 8.4, range 

1–46) with a mean duration of 8.5 weeks (SD = 5.9, range single-session – 24 weeks). 

The reviewed IBIs also varied in the level of interoception they targeted. Given that these 

interventions do not always use the terms described in the experimental and physiological 

literature on interoception to distinguish between the various levels of interoception targeted 

we used the following scheme to help readers understand the central findings in this regard. 

Lastly, the types of interoception each intervention is targeting could not be meaningfully 

distinguished to accuracy, awareness, and sensibility, as the terms used by each therapeutic 

intervention do not always directly correspond to these dimensions as categorized in the 

experimental and psychophysics traditions (we now address this point directly in the text in 

our introduction, please see also above), and furthermore (as now outlined in the discussion) 

in terms of measures, almost all studies investigated interoception only by self-report 

limiting almost all results to a focus on the dimensions of interoceptive awareness and 

sensibility. IBIs were distinguished into three categories:

1. Interventions focusing solely on enhancing the bottom-up processing of, or the 

attention to physiological signals, such as breathing or exercise or veridical 

perception (IAccuracy) interventions without any components of reflection or 

appraisal of the experience in conversation with the therapist.

2. Interventions focusing on the (metacognitive) appraisal of or reflection on these 

signals and their meaning without any concomitant instructions to attend to 

bodily signals, improve or modify them (via exercise or similar).

3. Interventions involving both elements such as mindfulness based cognitive 

therapy, incorporating attention to bodily signals and reflection upon them with 

the therapist (Table S2).

The majority of RCTs (n = 23/31, 74.2%) used IBIs that both targeted processing and 

attention to the physiological signal itself, but also the metacognitive appraisal of the signal, 

including “mindfulness-based cognitive therapy” (MBCT) (n = 3). The most frequently 

applied IBI was “basic body awareness therapy” (BBAT) (n = 7), consisting of movement 

and massage therapy, followed by reflections about participants’ experiences during the 

sessions (Table S2).

Control conditions

IBIs were mainly compared against active controls (AC, n = 17/31, 54.8%) followed by 

treatment as usual (TAU, n = 8/31, 25.8%) and waitlist (WL, n = 6/31, 19.4%) (Table 

1). A total of five RCTs applied a three-arm design, including two RCTs comparing an 

IBI plus TAU, against TAU plus an AC condition and TAU alone, accounting for dosage 

effects. Active controls encompassed an equally intensive treatment as the IBI-condition, 
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however, without any interoceptive components (e.g., focus on exteroceptive cues). In the 

waitlist conditions participants did not receive any kind of treatment for the duration of the 

RCT. Overall, TAU varied markedly regarding intensity and type of treatment ranging from 

pharmacotherapy only to group therapy with 36 sessions (Table S3).

Interoception measures

The most frequent used measure for interoception was the Multi-dimensional Assessment 

of Interoceptive Awareness (MAIA) (n = 11/31, 35.5%) followed by the Five-Facet 

Mindfulness Questionnaire (FFMQ) (n = 5/31, 16.1%) and Scale of Body Connection 

(SBC) (n = 4/31, 12.9%) (Table 1). Although interoception can be assessed by experimental 

tasks and questionnaires, almost all RCTs used exclusively self-report measures (n = 

30/31, 96.8%). In fact, only one study applied both questionnaires and validated tasks, 

measuring interoceptive accuracy (i.e., heartbeat tracking and heartbeat discrimination).49 

As aforementioned, when verbal report measures have multiple subscales without aggregate 

scoring, we considered the overall direction of the effect if at least one subscale showed 

significant between-group effects.

Efficacy of interoception-based interventions on interoception

Across all studies, a pattern emerged, with most, but not all IBIs being more efficacious at 

improving interoception in mental health disorders compared to control conditions (Tables 

1 and 2). In total, 20 out of 31 RCTs (64.5%) demonstrated statistically superior between-

group effects of IBIs at improving interoception. A total of nine studies (29%) found no 

differences and two RCTs (6.5%) found the control condition to be significantly superior at 

improving interoception. Between-group effect sizes post-treatment ranged from d = −0.30–

1.73 and were available for 18 RCTs (58%). Of the 16 studies reporting follow-up data, 

eight RCTs (50.0%) reported a significant prolonged improvement in interoception in favor 

of the IBI at follow-up (Table 1).

Indicative evidence for the superiority of IBIs at improving interoception was found in 

participants with irritable bowel syndrome with all three RCTs (100%) demonstrating 

significant better between-group effects on interoception and effect sizes ranging from 

0.29 to 0.64 (Table 2). Furthermore, indicative evidence for substance-use disorder (SMDs 

ranging from −0.10 to 0.75) having two out of three RCTs (66.7%) demonstrating 

superiority at improving interoception. The studies for irritable bowel syndrome (n = 

110,75,67; quality = ø3.7 out of max. 4 on the Jadad scale) and substance use disorder (n = 

217,41,46; quality = ø3.0 on the Jadad scale) had good to very good quality and sample sizes 

were sufficient. Lastly, indicative evidence was also identified for fibromyalgia (no SMDs 

available) with two studies demonstrating superiority and one inferiority, and in PTSD 

(SMDs ranging from −0.01 to 1.05) with three out of five demonstrating superiority (60%) 

and two out of five inferiority (20%) (Table 2). For fibromyalgia sample sizes of the RCTs 

were small (n = 41,36,20) and quality was moderate to good (ø2.7 on the Jadad scale). For 

PTSD, the largest trial with 338 participants found no significant between-group effects at 

improving interoception and the three trials with positive results in favor of the IBI had small 

to medium sample sizes (n = 63,37,47) and moderate to good quality (ø2.7 on the Jadad 

scale). Preliminary evidence for IBIs at improving interception was found in chronic pain 
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with depression, anxiety and depression, autism spectrum disorder and sleep disturbances 

(one RCT available per disorder showing positive effects) (Table 2). Inconclusive evidence 

was found in patients diagnosed with chronic pain, depression and eating disorders (Table 

2).

Considering the differing sample sizes, a total of six RCTs49,62–66 had at least 50 

participants in each arm, enabling a more confident detection of a medium effect (d = 0.5) 

with a power of 0.8 at alpha = 0.05 using a one-sided test.67 Of those, three (50.0%)49,63,66 

reported superior effects in changing interoception for the IBI, which is somewhat smaller 

than the percentage over all studies (61.3%). Of those six RCTs, two reported between-

group effect sizes ranging from d = −0.30 to 1.10 in comparison to active controls (Table 1).

No clear differences in efficacy of improving interoception were found based on the type 

of IBI (Table 1). Out of the seven trials focusing on enhancing awareness of interoceptive 

signals, four (57.1%) demonstrated superior effects49,68–70 in favor of the IBI, and one 

(14.3%) inferior effects.71 Out of the 23 studies focusing on both interoceptive signal 

awareness and metacognitive appraisal of interoceptive signals, 15 studies (65.2%) found the 

IBI to be significantly more efficacious at improving interoceptive sensibility and one study 

(4.3%) significantly less efficacious72 (Table 1).

However, differences in efficacy at improving interoceptive sensibility were found according 

to the type of comparator condition (Table 1). Of the 19 RCTs comparing an IBI against an 

AC, with or without treatment as usual, 10 (52.6%) detected significant superior effects 

at improving interoceptive sensibility in favor of the IBI condition and two (10.5%) 

detected inferior effects.71,72 Six studies compared an IBI against TAU alone, of which 

three (50.0%) found significant superior effects for the IBI (Table 1). Lastly, of the six 

studies comparing IBIs to waitlist condition, all (100%) found significant positive results in 

improving interoceptive sensibility for the IBI.

Efficacy of interoception-based interventions on mental health symptoms

Regarding differences in symptom improvements, 15/31 RCTs (48.4%) demonstrated 

significant between-group effects in symptoms in favor of the IBI against a comparator 

condition, while 15 out of 31 (48.4%) RCTs found no significant differences and one RCT 

found the comparator condition significantly better regarding symptom improvement (3.2%) 

(Table 1&2). Between-group effect sizes post-treatment ranged from d = −0.28–1.89 and 

were available for 17 RCTs (54.84%). A total of 16 RCTs (51.6%) reported follow-up 

data on mental health symptoms of which six (37.5%) reported a significant prolonged 

improvement in favor of the IBI at follow-up (Table 1).

Indicative evidence for significant greater efficacy at improving symptoms in favor of 

the IBI was found for eating disorders (n = 2/2, 100.0%) with one effect size of d = 

0.38 and substance use disorder (n = 2/3, 66.7%) with effect sizes ranging from 0.22–

0.38 and irritable bowel syndrome (n = 2/3, 66.7%) with effect sizes ranging from 0.33 

to 0.44. (Table 2). For all other mental health disorders, evidence was inconclusive and 

preliminary. Notably, indicative evidence for IBIs were identified as improving interoception 

in fibromyalgia and PTSD, did not correspond to any significant improvements in disorder 
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symptoms (Table 2). Furthermore, in larger trials with sufficient power (n ≥ 50 per arm), 

to detect a medium effect (d = 0.5) with a power of 0.8 at alpha = 0.05 using a one-sided 

test,67 only one out of six RCTs (16.7%) found the IBI to improve symptoms significantly 

better than the control group.66 However, these six trials compared an IBI either against TAU 

or an active control where smaller effects are expected. Regarding the type of IBI, from 

the seven interventions focusing on interoceptive signal awareness, two (28.6%) identified 

significant symptom improvement in favor of the IBI, whereas 11 (47.8%) trials focusing 

on interoceptive signals, and the appraisal of these signals revealed greater improvement 

on participants’ symptoms. The results also differed with respect to type of comparator 

(Table 1). Whereas two-thirds of the trials comparing against TAU (4/6, 66.7%) found the 

IBI to achieve superior symptom improvements, this was only the case in 42.1% (8/19) in 

comparison to active control and 50.00% (3/6) using waitlist (Table 1).

Discussion

This systematic review is the first to investigate the efficacy of IBIs at improving 

interoception and reducing target symptoms in mental health disorders. Across the 

included RCTs (n = 31), a pattern emerged with most, but not all IBIs (20/31, 64.5%) 

being significantly more efficacious at improving interoception in mental health disorders 

compared to control conditions. Indicative evidence of efficacy was found for PTSD, 

irritable bowel syndrome, fibromyalgia, and substance use disorder. Preliminary evidence 

of efficacy was found for chronic pain with depression, anxiety and depression, autism 

spectrum disorder and sleep disturbances. Inconclusive evidence of efficacy was found for 

chronic pain, depression, and eating disorders.

The secondary aim was to identify significant between-group differences of IBIs at 

improving mental health symptoms. The emerging pattern of results was different in this 

case, with indicative evidence of efficacy observed in eating disorders, irritable bowel 

syndrome and substance use disorder. For all other disorders the evidence was inconclusive 

with less than half of the examined RCTs exhibiting reliable evidence of symptom 

improvement. Eating and substance use disorders lie at the interface between physical 

and mental health and are characterized not only with interoception abnormalities,73,74 but 

also with difficulties of insight regarding their eating, or substance use behaviors and their 

effects on the body. However, given the variability in both the methods and the quality of 

the available RCTs (see below for further discussion), it remains unclear whether IBIs are 

particularly suited to certain disorders at the interface between physical and mental health 

(e.g., disorders that affect appetitive brain–body systems), or whether better interventions 

stand to improve symptoms across a wider pool of mental health conditions. Importantly, 

given that symptom improvement was more common among the RCTs that targeted both 

interoceptive processing and interoceptive metacognition (see also below), further research 

in this area is warranted.

The included IBIs were heterogenous in their approach to improving interoception, i.e., the 

interoceptive dimension targeted. IBIs were grouped in three categories: (i) IBIs focusing 

solely on sensing of interoceptive signals; (ii) IBIs focusing solely on the appraisal of 

interoceptive signals; and (iii) IBIs targeting both. The most frequently applied type of 
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IBI targeted both improving the perception of physiological signals and the metacognitive 

appraisal of the signals. In terms of improving interoception no differences in efficacy were 

found between these groups. However, IBIs focusing on both, more often yielded significant 

symptom improvement compared to control conditions. This outcome may be attributed to 

the dual mechanism of action of IBIs reinforcing the experience of interoceptive signals and 

their metacognitive appraisal, which are both components of interoceptive processing. This 

might also indicate that in addition to improving interoceptive accuracy other interoceptive 

dimensions must be targeted to improve symptoms.

In terms of type of control conditions, the efficacy of IBIs at improving interoception 

differed depending on the comparator used, in that RCTs comparing against waitlist more 

often found favorable effects. However, there was no such finding regarding symptom 

improvements. This outcome is notable as comparisons against waitlist usually tend to 

find larger effect sizes than comparisons against TAU or active controls.75–78 Additionally, 

the outcome could be explained as those trials comparing against waitlist condition were 

mostly underpowered and thus might have missed small or moderate differences (Table 1). 

Furthermore, all trials comparing an IBI with TAU tested the IBI in addition to TAU vs. 

TAU alone. Thus, ‘dosage’ in all TAU-trials was not balanced except for two three-armed 

RCTs that included TAU alone and TAU with an AC in comparison to an IBI. Hence, 

it is unclear whether differential effects of TAU-comparisons are due to the interoception 

component or merely a higher therapeutic ‘dose’. Moreover, despite the higher dose, few 

RCTs comparing an IBI with TAU against TAU alone found positive results in favor of 

the IBI, which can also signify the efficacy of TAU practice, in some cases. Lastly, TAU 

varied greatly regarding intensity and type of treatment ranging from pharmacotherapy only 

to group therapy with 36 sessions and thus no comprehensive conclusions can be drawn 

regarding treatment dosage. As the intensity of TAU has been shown to significantly affect 

between-group comparisons,79 future meta-analytic studies should take TAU intensity into 

account as a potential moderator.

Across all RCTs, the power was low with an average of 75.5 participants (SD = 64.1) per 

RCT. More than half of the trials (17/31, 54.86%) had n ≤ 60 participants. In those RCTs 

with sufficient power to detect medium to large effect sizes (n ≥ 50 per arm) 50% found 

significant effects of the IBI in improving interoception, which is somewhat smaller than 

the average across all studies (64.5%). In terms of symptom reduction, the results differed 

markedly depending on power. While across all studies 45.2% of the trials found the IBI to 

be significantly better in improving mental symptoms, 16.7% of the RCTs with at least 50 

participants per arm found the IBI to be significantly better. Hence the results regarding the 

efficacy of IBIs at improving mental symptoms must be considered with utmost caution and 

require further investigation. Future RCTs should consider a priori power calculations. In 

addition, only about half of the reviewed studies (16/31 of RCTs) had follow-up data so the 

current results are based on post-intervention differences and hence conclusions about the 

long-term effects of IBIs are not warranted based on this evidence.

The quality of the included RCTs was overall sufficient with most trials reporting 

appropriate randomization procedures and reasons for withdrawal. However, risk of bias 

persisted in terms of researcher blinding of treatment allocation and lack of pre-registration 
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of study protocols, increasing researcher’s freedom and risk of publication bias. In addition, 

most RCTs used exclusively self-report to measure intervention effects on interoception and 

in 11 RCTs the scales used consisted of subscales only with no total scores. In most of these 

cases, statistical comparisons were performed without correction for multiple analyses, thus 

potentially leading to an over-estimation of significant effects on interoception. However, 

it should be noted that despite the multidimensionality of interoception, in the majority 

of studies without aggregate measures or omnibus analyses (9 out of 11), 50% or more 

of the subscales used showed consistent results. Thus, future studies could optimize the 

interoception measures used to focus on meaningful aggregate self-report measures, as well 

as physiological and behavioral measures that can improve the quality of measurement.

Strikingly, indicative evidence for IBIs in significantly improving interoception in PTSD and 

fibromyalgia does not correspond with significant improvements in symptomatic change. 

More generally, as summarized above, the current systematic review found that IBIs can 

improve interoception across many disorders, while primary mental health symptoms remain 

unaffected by the same IBIs with the exception of substance use disorders and irritable 

bowel syndrome. These findings suggest that symptom improvement may be harder to treat, 

either because targeting interoceptive deficits by behavioral interventions is not sufficient, or 

because the existing IBIs are not targeting interoception in a clinically efficacious manner. 

Interestingly, most of the reviewed studies do not statistically analyze the relationship 

between these two variables, however they discuss the following possibilities: some studies 

attributed this discrepancy mainly to small sample sizes with low power.80–84 Other 

explanations given were that the exposure to the applied IBI was not sufficient69,84; attention 

to bodily signals or the IBI itself through exercise may have increased chronic pain63,83; 

interoception might not be a mechanism of change63; the control condition may have been 

too strong, or that self-report measures may have impacted outcome81; the lack of difference 

may be attributed to a ceiling effect of the symptom outcome measure, or the concomitant 

pharmacological treatment, there is the possibility that IBIs may only be efficacious for 

specific subgroups.84

Therefore, these possibilities call for a better characterization of the comorbidity between 

mental health symptoms and interoceptive deficits. For instance, disturbed interoception can 

be only one of many predisposing factors for the gradual development of mental health 

symptoms. In addition, the trajectory of symptom improvement compared to improvement 

of interoception, can be very distinct and therefore further research should target and 

explore both predisposing and maintenance mechanisms, as well as compare and contrast 

the effects of targeting different domains and levels of interoception on clinical outcomes. 

Future studies should empirically investigate in greater specificity whether interoception is a 

mediator for change in symptom improvement. Indeed, even among the few available studies 

on invasive, neurostimulation or pharmacological treatments targeting interoception and 

mental health, it has become clear that specific interoceptive biomarkers for mental health 

need to be established before interventions can have meaningful clinical results.31,35,42,85–

87 However, such insights have not for the most part been taken up by the available 

RCTs on behavioral IBIs. For example, there is evidence for dysfunctions in both cardiac 

and gastrointestinal interoception in eating disorders and the potential to alter them by 

vagus nerve stimulation, interoceptive exposure or reduced environmental stimulation (i.e. 
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floatation therapy; 89). Yet the existing RCTs in eating disorders have targeted only 

conscious levels of body awareness and interoception, such as the feeling of relaxation 

following slow breathing or the pleasure of eating, with interoception interventions 

specifically targeting and measuring cardiac or gastrointestinal interoception, being limited 

to a handful of case or pilot studies.88–90 In summary, with the exception of substance use 

disorders and irritable bowel syndrome, this systematic review of RCTs testing the efficacy 

of behavioral interoceptive interventions did not find evidence to support the hypothesis that 

improving disturbed interoception is accompanied by reductions of mental health symptoms.

This systematic review has limitations. As research into IBIs is a novel field and no 

previous systematic investigation was conducted, this study aimed not only to review the 

evidence on the efficacy of IBIs, but also summarize the different approaches, quality of 

the studies, comparators, or measures used. However, future meta-analytic investigations are 

required to calculate overall effects of IBIs compared to different controls and regarding 

different outcomes. Although power was considered in interpreting the data, systematic 

reviews can only do so in a limited manner and meta-analytic evaluation is required, taking 

into consideration the sample size of the trial. Furthermore, meta-analyses can include 

RCTs with very small sample sizes, whereas we had to exclude one RCT as no metric 

test results were reported or could be calculated. Although this is a single small-scale 

study and therefore the effects of bias are unlikely to be significant, excluding articles 

with small sample sizes may result in publishing bias. In addition, as IBIs have not been 

sufficiently defined, we included all interventions aiming to improve interoception. As 

the field progresses and more RCTs become available, future reviews and meta-analytic 

evaluations might narrow their analyses to specific types of IBIs to increase homogeneity 

and internal validity or focus on specific measures of interoception.

Furthermore, some limitations of the present review depend to a large extent on the 

quality of the included RCTs. The same applies to the assessment of interoception. As 

aforementioned, with the exception of one study, all RCTs used self-report measures 

to assess interoception and future RCTs should apply also additional, experimental, and 

physiological measures, which can provide additional information regarding effects on 

interoceptive sensing, accuracy, or metacognition, and can be less biased by beliefs of one’s 

ability to sense interoceptive signals and other cognitive biases.

In conclusion, interoception-based interventions are potentially efficacious at improving 

interoception in mental health disorders. We found indicative and preliminary evidence 

for improved interoception in several mental health disorders, including irritable bowel 

syndrome, fibromyalgia, PTSD, substance use disorder, autism spectrum disorder and 

sleep disturbances. To date, there is no consistent evidence for the potential efficacy of 

IBIs in improving interoception in chronic pain, depression, or eating disorders. In terms 

of improving symptoms, indicative evidence of efficacy was found for eating disorders, 

irritable bowel syndrome and substance use disorders. The applied IBIs varied markedly in 

the heir approach to improving interoception with those focusing on both the perception and 

appraisal of bodily signals achieving better improvements in symptoms than those focusing 

on improving the sensing of interoceptive signals only. For many mental health disorders 

more RCTs with sufficient power are required to confidently determine the efficacy of IBIs.
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Fig. 1. PRISMA flowchart of study selection.
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Table 1
Interoception immediate and long-term outcomes

Post – between-group Follow-up – between-group Post – between-group Follow-up – between-group

Study Year Disorder N Intervention Duration(weeks) Focus 
of 

IBI

Comparator Interoception 
measure

P-
value**

ES in 
SMD

Direction P-
value**

ES in 
SMD

Direction Symptom 
measure

P-
value*

ES in 
SMD

Direction P-
value*

ES 
in 

SMD

Direction

Majore-
Dusele et al.

2021 CP 29 MBDMT+TAU 5 ISM TAU FFMQ 0.21 — — 0.43 — — NRS 0.02 — ↑MBDMT 0.04 — ↑MBDMT

Van der 
Maas et al.

2015 CP 114 PMT+TAU 12 ISM TAU SBC <0.05 0.44 ↑PMT <0.05 0.73 ↑PMT PDI >0.05 −0.28 — >0.05 0.003 —

Roberts et 
al.

2022 CP 95 MORE 8 ISM AC MAIA* 0.001–
0.008

— ↑MORE N.A. N.A. N.A. BPI 0.03 0.54 ↑MORE N.A. N.A. N.A.

Seferiadis et 
al.

2016 CP 113 BBAT 10 ISM AC SF-36* 0.110, 
0.120

−0.30, 
−0.31

— 0.044, 
0.688

−0.4, 
−0.08

↑BBAT NDI 0.07 0.37 — 0.368 0.18 —

Mehling et 
al.

2005 CP 36 Breathing 
therapy

6–8 IS AC SF-36* 0.45–
0.32

— — 0.27–
0.45

— — VAS 0.74 — — 0.56 — —

Ahmadi et 
al.

2020 CP 60 Feldenkrais 
method

5 IS AC MAIA <0.001 1.73 ↑Feldenkrais 
method

N.A. N.A. N.A. MPQ 0.166 0.13 — N.A. N.A. N.A.

Paolucci et 
al.

2017 CP 53 Feldenkrais 
method

5 IS AC MAIA >0.05 — — >0.05 — — VAS >0.05 — — 0.005 — ↑Feldenkrais 
method

Nicholas et 
al

2014 CP 140 CBT + IE 3 ISM AC PSEQ >0.05 0.22 — 0.57 −0.01 — MPI >0.05 0.06 — 0.82 0.04 —

Zangrando 
et al.

2017 CP 51 SMG 3 IS AC MAIA 0.024 −0.6 ↑SMG 0.097 −0.47 — VAS 0.005 0.95 ↑SMG 0.098 0.58 —

De Jong et 
al.

2016 CP & 
MDD

40 MBCT+TAU 8 ISM Waitlist MAIA* 0.023–
0.863

0.13–
0.48

↑MBCT N.A. N.A. N.A. PCS 0.294 0.03 — N.A. N.A. N.A.

Fissler et al. 2016 MDD 74 MBCT 3 ISM AC MAIA* 0.001–
>0.05

0.05–
0.86

↑MBCT N.A. N.A. N.A. BDI-II 0.001 1.3 ↑MBCT N.A. N.A. N.A.

Danielsson 
et al.

2014 MDD 62 BBAT 10 ISM AC SBC >0.05 — — N.A. N.A. N.A. MADRS >0.05 — — N.A. N.A. N.A.

AC(exercise) >0.05 — — N.A. N.A. N.A. >0.05 — — N.A. N.A. N.A.

Feinstein et 
al.

2018 MDD & 
Anxiety

31 Floatation-
REST

0 IS AC MAIA* <0.001 — ↑flotation-
REST

N.A. N.A. N.A. STAI 0.001 — ↑flotation-
REST

N.A. N.A. N.A.

Kendall et 
al.

2000 FM 20 BBAT 21 ISM AC CSQ <0.05 — #BBAT N.A. N.A. N.A. FIQ <0.05 — ↓BBAT >0.05 — —

ASES <0.05–
>0.05

— ↓BBAT 0.005–
0.016

— ↓BBAT

Bravo et al 2019 FM 41 BBAT+TAU 5 ISM TAU BARS <0.05 — ↑BBAT 0.072 — — VAS 0.037 — ↑BBAT 0.593 — —

Mannerkorpi 
& Arndorw

2004 FM 36 BBAT 12 ISM Waitlist BARS 0.025 — ↑BBAT N.A. N.A. N.A. FIQ >0.05 — — N.A. N.A. N.A.

Gaylord et 
al.

2011 IBS 75 MBSR 8 ISM AC FFMQ 0.03 — ↑MBSR 0.04 — ↑MBSR IBS-SS 0.006 — ↑ MBSR 0.001 — ↑MBSR

Henrich et 
al.

2020 IBS 67 MBCT-IBS 6 ISM Waitlist FFMQ <0.01 0.37 ↑MBCT-IBS <0.001 0.61 ↑MBCT-
IBS

GSRS-
IBS

<0.01 0.33 ↑MBCT-
IBS

0.003 0.86 ↑MBCT-IBS

Craske et al. 2011 IBS 110 CBT + IE 10 ISM AC PVAQ <0.05 0.64 ↑CBT + IE <0.05 0.82 ↑IE BSS >0.05 0.43 — >0.05 0.7 —

AC (SM) >0.24 0.29 — 0.06 0.56 >0.05 0.44 — >0.05 0.33 —

Quadt et al. 2021 ASD 121 ADIE 8 IS AC MAIA* 0.095–
0.573

0–0.3 — N.A. N.A. N.A. STAI-T >0.05 0.13 — 0.004 0.3 ↑ADIE

BPQ N.A. N.A. N.A. 0.001 0.4 ↑ADIE

HTT:IAccuracy >0.001 0.5 ↑ADIE >0.001 0.51 ↑ADIE
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Post – between-group Follow-up – between-group Post – between-group Follow-up – between-group

Study Year Disorder N Intervention Duration(weeks) Focus 
of 

IBI

Comparator Interoception 
measure

P-
value**

ES in 
SMD

Direction P-
value**

ES in 
SMD

Direction Symptom 
measure

P-
value*

ES in 
SMD

Direction P-
value*

ES 
in 

SMD

Direction

HDT:IAccuracy 0.001 1.1 ↑ADIE N.A. N.A. N.A.

HDT:IAwareness 0.383 0.26 — N.A. N.A. N.A.

Black et al. 2015 Sleep 
disturbance

49 MAPs 6 ISM AC FFMQ 0.008 0.76 ↑MAPs N.A. N.A. N.A. PSQI 0.002 0.89 ↑MAPs N.A. N.A. N.A.

Nakamura et 
al.

2011 PTSD 63 MBB 2 ISM AC FFMQ 0.052 0.46 ↑MBB N.A. N.A. N.A. MOS-SS 0.012 1.89 ↑MBB N.A. N.A. N.A.

Fetzner & 
Asmundson

2015 PTSD 33 Exercise & IP 2 IS AC (CD) ASI-3* <0.01 — ↓IP N.A. N.A. N.A. PCL >0.05 — — N.A. N.A. N.A.

AC (EO) 0.03 — ↓IP N.A. N.A. N.A. >0.05 — — N.A. N.A. N.A.

Classen et 
al.

2021 PTSD 37 SP 20 ISM Waitlist SBC* 0.007–
0.65

0.14–
0.91

↑SP N.A. N.A. N.A. PCL 0.71 0.12 — N.A. N.A. N.A.

Mehling et 
al.

2018 PTSD 47 IExercise 12 ISM Waitlist MAIA* 0.000–
0.958

−1.05 ↑IE N.A. N.A. N.A. CAPS 0.038 0.9 ↑IE N.A. N.A. N.A.

Nordbrandt 
et al.

2020 PTSD 338 BBAT+TAU 20 ISM TAU MAIA >0.05 — — N.A. N.A. N.A. HTQ >0.05 — — N.A. N.A. N.A.

AC+ TAU >0.05 — — N.A. N.A. N.A. >0.05 — — N.A. N.A. N.A.

Price et al. 2019 
& 

2019

SUD 217 MABT+TAU 8–10 ISM TAU MAIA* <0.001–
0.19

0.00–
0.75

↑MABT >0.05 — — TLFB 0.01 — ↑MABT <0.05 0.32 ↑MABT

AC+TAU — <0.001–
0.19

0.00–
0.66

↑MABT >0.05 — — — — — >0.05 — —

Worden et 
al.

2017 SUD 41 AS+TAU 3 ISM TAU ASI-3* 0.002 1.01 ↑AS 0.74 −0.23 — TLFB >0.05 0.22 — 0.66 0.27 —

Price et al. 2012 SUD 46 MABT+TAU 8 ISM TAU SBC* 0.750.88 — — 0.010.59 — ↑MABT TLFB <0.02 — ↑MABT 0.1 — —

Carrard et 
al.

2011 ED 74 CBT-IG 24 IM Waitlist EDI-2* 0.024 0.52 ↑CBT-IG >0.05 0.23 — EDEQ <0.001 0.38 ↑CBT-IG >0.05 0.3 —

Catalan-
Matamoros 

et al.

2011 ED 28 BBAT+TAU 7 ISM TAU EDI-2* 0.31 — — N.A. N.A. N.A. EAT-40 0.039 — ↑BBAT N.A. N.A. N.A.

Note: 

↑
in favor of the interoception-based intervention,

—
no significant differences,

↓
in favor of the control condition,

*
interoception measures with subscales only, see Table S4 for subscale P-values.

**
P-values reported here in inconsistent ways, included decimal points because we are necessarily following the reporting system of each paper.

***
Single session interventions or lasting less than one week anything will be marked 0.

Disorder: ASD, autism spectrum disorder, CP, Chronic Pain, ED, Eating Disorder, FM, Fibromyalgia, IBS, irritable bowel syndrome, MDD, Major 
Depressive Disorder; SUD, Substance Use Disorder.

Intervention: ADIE, Aligning Dimensions of Interoceptive Experience, BBAT, Basic Body Awareness Therapy, CBT-IE, Cognitive Behavioral 
Therapy with Interoceptive Exposure, Floatation-REST, Reduced Environmental Stimulation Therapy, IExercise, Integrative Exercise, IG, Internet 
Group, MABT, Mindful Awareness in Body-oriented Therapy, MAPs, Mindful Awareness Practices, MBB, Mind–Body Bridging, MBCT, 
Mindfulness-Based Cognitive Therapy, MBDMT, Mindful-Based Dance Movement Therapy, MBSR, Mindfulness-Based Stress Reduction, 
MORE, Mindfulness-Oriented Recovery Enhancement, PMT, Psychomotor Therapy; SP, Sensorimotor Psychotherapy.

Comparator: AC, Active Control, CD, cognitive distraction, EO, exercise only, SM, stress management; TAU, treatment as usual.
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Interoception measure: ASES, Arthritis Self–Efficacy Scale, ASI-3, Anxiety Sensitivity-3, BARS, Body Awareness Rating Scale, BDI-II, 
Beck Depression Inventory-II, BPI, Brief Pain Inventory, BPQ, Body Perception Questionnaire, BSS, Bowel Symptom Severity Index, CAPS, 
Clinician-Administered PTSD Scale, CSQ, Coping Strategies Questionnaire, EAT-40, Eating Attitudes Test, EDEQ, Eating Disorder Examination 
Questionnaire, EDI-2, Eating Disorder Inventory-2, FFMQ, Five-Facet Mindfulness Questionnaire, FIQ, Fibromyalgia Impact Questionnaire, 
GSRS-IBS, Gastrointestinal Symptom Rating Scale-IBS, HDT, Heartbeat Discrimination task (Katkin et al., 1983); in which participants state if 
a presented external stimulus is synchronous or asynchronous to their own heartbeat, HTT, Heartbeat Tracking task (Schandry et al., 1981); in 
which participants silently attend to their heart beats for a specific time frame and state how many heartbeats they felt, HTQ, Harvard Trauma 
Questionnaire, IAccuracy, Interoceptive Accuracy IAweress, Interoceptive Awareness, IBS-SS, Irritable Bowel Syndrome-Scoring System, IP, 
interoceptive prompts, MADRS, Montgomery-Asberg Depression Rating Scale, MAIA, Multidimensional Assessment of Interoceptive Awareness, 
MOS-SS, Medical Outcomes Study-Sleep Scale, MPI, Multidimensional Pain Inventory, MPQ, McGill Pain Questionnaire, NDI, Neck Disability 
Index, NRS, Numeric Rating Scale, PCL,
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Table 2
Evaluation of efficacy for improving interoception and symptoms per mental disorder 
according to a scheme

RCTs per 
disorder

Interoception Symptoms

Superior 
to control 

(n, %)

No 
differences 

(n, %)

Inferior 
to 

control 
(n, %)

Evidence of 
efficacy

Superior 
to control 

(n, %)

No 
differences 

(n, %)

Inferior 
to 

control 
(n, %)

Evidence of 
efficacy

All disorders (n = 
31)

20 (64.5%) 9 (29%) 2 (6.5%) 15 (48.4%) 15 (48.4%) 1 (3.2%)

Chronic pain (n = 
9)

4 (44.4%) 5 (55.6%) 0 Inconclusive 3 (33.3%) 6 (66.7%) 0 Inconclusive

Chronic pain and 
depression (n = 1)

1 (100%) 0 0 Preliminary 0 1 (100%) 0 Inconclusive

Depression (n = 2) 1 (50%) 1 (50%) 0 Inconclusive 1 (50%) 1 (50%) 0 Inconclusive

Anxiety and 
depression (n = 1)

1 (100%) 0 0 Preliminary 1 (100%) 0 0 Preliminary

PTSD (n = 5) 3 (60%) 1 (20%) 1 (20%) Indicative 2 (40%) 3 (60%) 0 Inconclusive

Autism spectrum 
disorders (n = 1)

1 (100%) 0 0 Preliminary 0 1 (100%) 0 Inconclusive

Eating disorders (n 
= 2)

1 (50%) 1 (50%) 0 Inconclusive 2 (100%) 0 0 Indicative

Irritable bowel 
syndrome (n = 3)

3 (100%) 0 0 Indicative 2 (66.7%) 1 (33.3%) 0 Indicative

Sleep disturbance 
(n = 1)

1 (100%) 0 0 Preliminary 1 (100%) 0 0 Preliminary

Fibromyalgia (n = 
3)

2 (66.7%) 0 1 (33.3%) Indicative 1 (33.3%) 1 (33.3%) 1 (33.3%) Inconclusive

Substance use 
disorders (n = 3)

2 (66.7%) 1 (33.3%) 0 Indicative 2 (66.7%) 1 (33.3%) 0 Indicative

Note: Indicative evidence for efficacy ≥2 RCTs with >50% demonstrating superior efficacy; inconclusive evidence of efficacy ≥1 RCTs of which 
≥50% did not find the IBI to be superior; inferior to control = statistical between-effects in favor of the control condition; no difference = 
no significant differences; preliminary evidence of efficacy = one available RCT demonstrating efficacy; superior to control group = statistical 
between-effects in favor of the IBI.
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