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Abstract
Based on their characteristics, it is likely that mind–body techniques develop interoception, the perception of bodily state. 
Nevertheless, findings on mindfulness, meditation, yoga, and body scan techniques are inconclusive. Additionally, the 
methodological scope is not exhaustive, neither in terms of the intervention nor the applied measure of interoception. This 
study investigated for the first time the effect of regular yoga training on cardiac and gastric perceptual ability (measured 
with the mental heartbeat tracking task and the water load task, respectively). With the involvement of 90 female university 
students (yoga group n = 57, control group n = 33) we did not find any connection between baseline heartbeat perception 
score and gastric fullness. Moreover, the applied 10-week-long regular yoga training did not develop any of the measured 
interoceptive abilities. We conclude that yoga might develop other abilities than these specific sensations. Very probably, 
the measured cardiac and gastric perceptual abilities do not represent bodily sensations in general. It would be worth to 
investigate, however, the effect of longer yoga training on interoception.
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Introduction

Interoception, the perception of the bodily state (Ceunen 
et al. 2016) is described both as multimodal (Ferentzi et al. 
2018) and multidimensional (Garfinkel et al. 2015; Khalsa 
et al. 2018). Multimodality grasps that interoception covers 
a wide range of internal channels, i.e. bodily sensations such 
as pain, tickle, and muscular and visceral sensations (Craig 
2002). Multidimensionality is described in various ways 
(Garfinkel et al. 2015; Murphy et al. 2019; Suksasilp and 
Garfinkel 2022) but regardless of the authors, questionnaire 
and behavioral measures of interoception are identified as 
benchmarks of different interoception dimensions (Garfinkel 
et al. 2015).

These measures of interoception investigate different 
phenomena. While questionnaires cover a wide range of 
bodily sensations and measure the related beliefs of the 
participants, behavioral tasks focus on a perceptual ability 
related to a single modality (e.g. heartbeat perception) or a 
few aspects of a single modality (e.g. feelings of fullness 
and discomfort in the stomach). The individual differences 
approach describes these as measures of past or typical 
behavior and ability measures, respectively (Cronbach 1949; 
Ferentzi et al. 2022).

In the literature on interoception, the construct measured 
with questionnaires is usually called interoceptive sensibil-
ity, while the one measured with a behavioral task is called 
interoceptive accuracy (Garfinkel et al. 2015). It is important 
to highlight that these labels might be misleading, as they 
suggest an underlying construct, while empirical studies so 
far show that neither questionnaires (Desmedt et al. 2022; 
Vig et al. 2022; Todd et al. 2022), nor behavioral measures 
are interchangeable (Ferentzi et al. 2018). It is also worth 
noting that there is no agreement regarding the number of 
interoception dimensions (Garfinkel et al. 2015; Herbert and 
Pollatos 2018; Khalsa et al. 2018; Murphy et al. 2019; Suk-
sasilp and Garfinkel 2022).
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Interoception is considered to be related to many impor-
tant psychological phenomena in the normal, sub-clinical, 
and clinical domains, such as emotion regulation, alexithy-
mia, and symptoms of depression and anxiety (Khalsa et al. 
2018; Köteles 2021a). The topic of developability became 
popular in parallel with the findings that a higher level of 
interoception might be beneficial. For example, it might help 
in emotion regulation (Füstös et al. 2013), and in overcom-
ing social exclusion (Pollatos et al. 2015). Developability, 
however, is not a new topic in interoception research, as 
the first methods to measure accuracy were developed from 
biofeedback procedures (Carroll 1977). With the growing 
popularity of various mind–body practices (e.g. breath-
ing exercises, yoga, or chi kung) in Western culture, this 
scientific question has begun to be examined from a new 
angle, with the possible developmental effect of mind–body 
techniques representing the “bright side” of interoception 
(Köteles 2021b). Most of these mind–body approaches 
include breathing exercises that affect cognitive, emotional, 
and sensory processing (Homma and Masaoka 2008; Varga 
and Heck 2017). As the vagus nerve regulates respiration, 
its transcutaneous stimulation can also effect interoceptive 
pathways; thus, it might have a therapeutic effect on various 
conditions (Weng et al. 2021).

Both typical behavior (assessed with questionnaires, 
called interoceptive sensibility) and interoceptive ability 
(interoceptive accuracy) are regarded as stable and trait-like; 
questionnaire scores are, however, more likely to change due 
to modification attempts (Köteles 2021b). Studies investigat-
ing mind–body techniques and interoception also support 
this notion.

Cross-sectional questionnaire studies (i.e. measures 
of interoceptive sensibility) found that people practicing 
mind–body techniques had higher questionnaire scores than 
the control group. For example, mind–body therapy-expe-
rienced people had higher scores on the Multidimensional 
Assessment of Interoceptive Awareness (MAIA, Mehling 
et al. 2012) than naive individuals (Mehling et al. 2013). 
Daubenmier (2005) found women practicing yoga had 
higher interoception (measured with the Body Awareness 
Questionnaire, BAQ; Shields et al. 1989) than aerobic exer-
cisers. Delaney and Anthis (2010) showed that those types 
of yoga interventions that contain more meditative compo-
nents rather than focusing on postures led to increased body 
awareness measured by the BAQ.

Longitudinal studies using mind–body approaches to 
improve interoceptive sensibility show that these interven-
tions are promising. A 2-month long yoga program led 
to higher interoception measured by BAQ (Impett et al. 
2006). Another study found that a 3 month-long contem-
plative, meditation-based program (ReSource training) led 
to higher scores on some MAIA subscales (Bornemann 
et al. 2015). Mehling et al. (2018) also found an increase 

in MAIA subscale scores after a 12-week-long integrative 
training that contained mindfulness and yoga elements as 
well. Fischer et al. (2017), however, found no effect of an 
8-week-long smartphone-assisted mindfulness practice on 
the Interoceptive Awareness Subscale of the Eating Disorder 
Inventory-2 (Paul and Thiel 2005). There is some evidence 
that shorter interventions might also develop questionnaire 
scores. Fissler et al. (2016) found an increase in some MAIA 
subscale scores after a 3-week long intervention that used 
practices of Mindfulness-Based Cognitive Therapy among 
major depression patients.

Cross-sectional studies that investigated interoceptive 
ability with measures of accuracy, however, did not show 
any connection between mind–body practice and intero-
ception. During discrimination tasks assessing cardiac 
interoceptive accuracy, participants have to judge whether 
a series of external tones are synchronous with their heart-
beats (Brener et al. 1993; Wiens et al. 2000). During track-
ing tasks, participants have to follow their heartbeats with 
counting (mental tracking) or finger movements (motor 
tracking) (Schandry 1981; Körmendi et al. 2022). Studies 
investigating heartbeat perception with discrimination tasks 
did not find any differences between meditators and non-
meditators (Nielsen and Kaszniak 2006; Khalsa et al. 2008). 
Similar results were revealed by a study that compared long 
and short-term meditation practitioners and non-meditators 
using a motor heartbeat tracking task (Melloni et al. 2013).

Studies using longitudinal design show mixed results. 
The longest intervention study that applied a 9-month-long 
contemplative mental practice found increased heartbeat 
perception accuracy assessed with a mental heartbeat track-
ing task (Bornemann and Singer 2017). A paper about the 
effect of mindfulness and cardiac interoception introduced 
four intervention studies; none of them found a change in 
interoception measured with a mental heartbeat tracking 
task (Parkin et al. 2013). A paper introduced two studies 
investigating an 8-week body scan training (Fischer et al. 
2017); only one of them found significant change in men-
tal heartbeat tracking scores. Interoception (measured with 
mental heartbeat tracking task) significantly increased after 
a biofeedback procedure (i.e. contingent feedback), but did 
not after other interventions (i.e. non-contingent cardiac 
feedback, mindfulness practice, and a waiting period with 
an external focus on interoception) (Meyerholz et al. 2019); 
these findings, however, were not replicated (Rominger et al. 
2021). A 20-min yoga session did not improve interocep-
tion assessed with mental heartbeat tracking (Schillings 
et al. 2021). To sum up, current empirical studies do not 
provide strong evidence for the developmental influence of 
mind–body practices in the case of interoceptive accuracy.

As we can see, in the context of mind–body practices, 
interoceptive accuracy has been usually investigated with 
heartbeat perception tasks. This is no wonder, as among 
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the behavioral measures of interoception, the most studied 
internal modality is the cardiac one (Jones 1994), i.e. cardiac 
accuracy or ability measured with various versions of the 
heartbeat perception tasks (e.g. Ring & Brener 1992; Schan-
dry 1981; Whitehead et al. 1977). It is an open question 
whether we can expect any changes in other interoception 
modalities due to mind–body practices. One related argu-
ment is about the generalizability of interoceptive abilities, 
while the other is related to the developmental effect of 
mind–body practices.

Related to the topic of generalizability, some authors 
claim that the cardiac modality is an appropriate model of 
other visceral modalities (Jones 1994), while others argue 
that greater accuracy or sensitivity in one area does not nec-
essarily correspond with higher ability in other areas (Vaitl 
1996; Ceunen et al. 2013). Recently published theoretical 
studies emphasize the importance of studies comparing 
multiple abilities (Suksasilp and Garfinkel 2022; Nord and 
Garfinkel 2022). Still, there is surprisingly little knowledge 
about the association of multiple internal modalities. Most 
of the related studies had mixed findings (Kollenbaum et al. 
1996; Steptoe and Noll 1997; Ferentzi et al. 2021) or showed 
no connection (Ferentzi et al. 2017, 2018; Crucianelli et al. 
2022). Two studies found a medium-level correlation 
between heartbeat perception and gastric sensitivity (White-
head and Drescher 1980; Herbert et al. 2012), while another 
study that investigated a relatively large sample (n = 117) did 
not find any significant connection (Ferentzi et al. 2018). 
There were, however, some methodological differences 
among the aforementioned studies. Whitehead and Drescher 
(1980) used the discrimination version of the heartbeat per-
ception task (Whitehead et al. 1977) and compared it to the 
sensitivity to stomach contractions (Stunkard and Fox 1971). 
Herbert et al. (2012) used a mental heartbeat tracking task 
(Schandry 1981) and a water load test (Koch et al. 2000; 
Jones et al. 2003; Chen et al. 2005). Similarly, the study of 
Ferentzi et al. (2018) that did not find any connection used a 
mental heartbeat tracking task (Schandry 1981) and a water 
load test (Boeckxstaens et al. 2001). There is a report on 
an association between cardiac and gastric perception (Gar-
finkel et al. 2017); but as this preliminary report does not 
reveal any methodological details it is difficult to interpret 
the results in their complexity.

Thus, studies investigating the relationship between gas-
tric and cardiac interoceptive abilities show mixed results 
and need further investigation. It is important to highlight, 
that gastric interoception is an important modality in its 
own right. In everyday life, gastric sensations are relatively 
often in focus, and a better understanding of normal and 
abnormal gastric sensory mechanisms has great significance 
(Andresen 2009). Gastrointestinal complaints are prevalent 
in various conditions; thus it is important to measure and 
understand gastric interoceptive abilities better (Schulz et al. 

2017). This research interest is also expressed by newly 
developed measures of gastric interoceptive ability (Des-
medt et al. 2023).

Although yoga requires attention to focus on the entire 
body, so far, no studies investigated the effect of regular 
yoga training on interoceptive abilities. Additionally, to 
our knowledge, studies with a focus on the development of 
interoceptive perceptual abilities involved a single modality 
only. Besides the cardiac modality, we decided to involve 
the gastric one, to shed more light on the mixed results and 
to see whether gastric sensation can be developed by regular 
yoga practice. We investigated the effect of a 10-week long 
yoga training, believing that a longer than 8-week interven-
tion has a bigger chance of changing interoceptive abilities 
than a shorter one (Bornemann and Singer 2017; Fischer 
et al. 2017; Schillings et al. 2021). We found yoga practice a 
good candidate as it focuses on body sensations in a complex 
way (Daubenmier 2005; Impett et al. 2006).

Based on the aforementioned studies, we hypothesized 
that there would be no connection between the cardiac and 
gastric domains. Furthermore, we expected that the yoga 
training would lead to an improvement in both interocep-
tive abilities.

Materials and methods

Participants

The study enrolled 115 female participants. They were all 
Hungarian university students, studying primarily human or 
natural sciences. 90 participants remained in the final sample 
(see the details of the dropout in Fig. 1). Participants’ mean 
age was 21.98 years (SD = 3.76) ranging between 18–44. 
The age of the yoga group (M = 21.53, SD = 2.38, n = 57) and 
the control group (M = 22.76, SD = 5.32, n = 33) did not dif-
fer significantly in terms of age (t(39.56) = − 1.26, p = 0.21).

Self-declared inclusion criteria of the study were (I) no 
previous experience with yoga, (II) the intention to maintain 
current physical activity level during the experiment, (III) 
not starting new body-focused activities beyond the study, 
(IV) avoiding yoga practice at home between yoga classes, 
and (V) no known psychiatric diagnosis.

Before starting the study, participants gave their con-
sent by signing an informed consent form. The study was 
approved by the Research Ethics Committee of the Faculty 
of Education and Psychology at ELTE Eötvös Loránd Uni-
versity, Budapest, Hungary.

Design

Beginner-level Hatha yoga courses were announced on the 
university’s online registration platform at the beginning 
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of three semesters. As the study was conducted as a prac-
tical course at the university, a maximum of 3 absences 
were allowed. Only female participants were included to 
avoid any effects of sex differences. A control course was 
also advertised in the same way. Participants were aware 
that they would not receive any intervention but take part 
in the pre and post-measurements only (see below). Both 
groups got university course credits for their participation. 
Measurements of cardiac and gastric interoception were 
conducted one week before and after the yoga program. 
As this study was part of a larger project, during pre- and 

post-measurement other measures were also registered (see: 
Csala et al. 2020, 2021).

Yoga intervention

The 10-week yoga program was held in groups of up to 14 
people. Each session lasted for 1.5 h. The classes were led by 
a certified female yoga instructor (RYT500). They focused 
on Asana practice, beginning with a brief body and breath 
focus, and ending with a relaxation period of approximately 

Fig. 1  Number of participants at each time point. Note: The participant marked with an asterisk is the same person
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8–10 min (Savasana). The class content was based on two 
yoga books (Iyengar 1991; Satyananda Saraswati 2013).

Participants who signed up for the yoga course were ran-
domly assigned to one of two groups (Sport or Spiritual) 
and were not aware that there were two different classes 
with different verbal instructions. The physical aspects of the 
classes, such as specific movements and posture sequence, 
were the same for both groups, just like the amount of ver-
bal instruction given during each session. However, while 
the Sport group received instructions that focused on the 
physical aspects of yoga practice, the Spiritual group 
received more holistic instructions that emphasized the 
overall experience of yoga practice. (For more details see 
Csala et al. 2020). The average number of absences was 
1.35 (SD = 0.88).

Measurements

Mental heartbeat tracking task

A modified version of Schandry’s tracking task (1981) was 
used to measure heartbeat perception ability (Ferentzi et al. 
2017, 2018). Participants were asked to silently count their 
heartbeats while seated, during three time periods (30, 
45, and 100 s, in random order), with a 15-s practice trial 
before. Participants were not permitted to use techniques 
that could help in perceiving their heartbeats such as taking 
their pulse and were instructed to breathe normally. They 
were encouraged to only count heartbeats they were certain 
of but were also instructed to take into account weak sen-
sations (for instruction see: Supplementary 1). Heartbeats 
were recorded with a Polar watch (model RS-400), using a 
chest strap. Heartbeat perception score was calculated for 
each trial using the following formula: 1 −|(recorded heart-
beats − counted heartbeats)/recorded heartbeats|; which was 
followed by the calculation of the mean score of the three 
trials; so the values of the final heartbeat perception scores 
were ranging between 0 and 1.

Water load test

A modified version of the water load test of Boeckxstaens 
et al. (2001) was used to evaluate participants’ sensitivity 
to stomach fullness (Ferentzi et al. 2018). Participants con-
sumed the same amount of water every minute (adjusted to 
their body height in such a way that they should drink as 
many ml of water as they are tall in cm) for 5 min. Thus, 
everybody had to drink a total of 5 portions. After each dose 
of water, participants rated their feelings of both fullness 
and discomfort on a piece of paper presenting two 10 cm 
long visual analog scales, thus values ranged between 0 and 
100. The difference between their first and fifth ratings was 
calculated to determine the level of fullness and discomfort 

(Ferentzi et al. 2018). For participants who did not drink all 
five doses, the calculation was based on the evaluation made 
after the last dose drunk. This calculation method was used 
in the case of pre-test results of 4 participants, 3 of them did 
not drink the fifth dose and one did not drink the fourth dose. 
During post-test measurements, 3 participants did not drink 
the fifth, 2 the fourth, and 1 the third dose. Higher fullness 
and discomfort scores indicate a greater gastric sensitivity. 
This study investigates gastric fullness only, as this is what 
represents the accuracy of perception, comparable to what 
is assessed by a heartbeat perception task. Results regarding 
gastric discomfort (which is more about symptom percep-
tion) are summarized in Supplementary 2.

Statistical analyses

The statistical analyses were performed using IBM SPSS 
v.26.0 software. Normal distribution of the baseline vari-
ables and change scores from pre- to post-tests of each vari-
able were analyzed by the Shapiro–Wilk test. If the data was 
not normally distributed, nonparametric tests (Kruskal–Wal-
lis test, Mann–Whitney U test, Kendall’s correlation) were 
run, while in the case of normal distribution parametric tests 
(Student t-test, Pearson correlation) were run.

As a first step, a possible link between cardiac and gastric 
interoception was investigated by correlational analyses in 
the whole sample, and then the possible differences between 
the two instructions were evaluated. Since the instruction 
(Sport vs. Spiritual) did not affect the variables involved 
either when it was investigated with Kruskal–Wallis test 
(∆ heartbeat perception score: H(2) = 1.54, p = 0.46, ∆ 
gastric fullness: H(2) = 0.89, p = 0.64), or when the Sport 
and Spiritual group was compared (∆ heartbeat perception 
score: U = 310.00, p = 0.47, ∆ gastric fullness: U = 348.00, 
p = 0.48), the two yoga groups were treated together. For 
descriptive data and analyses testing the effect of the inter-
vention see Table 1.

Results

The heartbeat perception score did not significantly correlate 
with gastric fullness (r = 0.13, p = 0.22, n = 87).

There were no significant pre-test differences between 
the control group and the yoga group in terms of heartbeat 
perception score, (t(86) = −0.42, p = 0.68) and gastric full-
ness (t(87) = 1.96, p = 0.05).

Effects of the intervention

There was no significant difference in change scores from 
pre- to post-test measurements (U = 708.00, p = 0.29) 
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between the intervention (Mdn = 0.0054) and the control 
group (Mdn =  − 0.0237).

Change scores of gastric fullness from pre- to post-test 
did not differ significantly (U = 935.00, p = 0.55) between 
the control (Mdn = 6.00) and the yoga group (Mdn = 3.00).

Unlike in the study of Ferentzi et al. (2018), the par-
ticipants of this study did not drink all the water that was 
given to them. Thus, we investigated whether there was a 
difference between subjects who drank all the water they 
were given and those who did not. In the case of those who 
did drink all the water, no significant difference was found 
in change scores of fullness (t(33) = 1.42, p = 0.16, n = 35) 
between the intervention (M = 10.35, SD = 20.94, n = 17) 
and control group (M =  − 0.78, SD = 24.91, n = 18). For 
those who did not drink all of the water, a significant differ-
ence was found (U = 352,00, p = 0.04, n = 52) between the 
intervention (Mdn = 3.00, n = 39) and control participants 
(Mdn = 22.00, n = 13).

Discussion

Our study investigated the effect of a 10-week-long begin-
ner-level Hatha yoga course on interoceptive abilities. In 
accordance with our hypothesis, we did not find any con-
nection between cardiac (measured with mental heartbeat 
tracking task, Schandry 1981) and gastric interoception 
(i.e. fullness and discomfort, induced with a water load test, 
Boeckxstaens et al. 2001). Furthermore, no improvement 
in either cardiac or gastric interoception was observed as a 
result of yoga practice.

There are surprisingly few studies comparing multiple 
interoceptive channels (Suksasilp and Garfinkel 2022; Nord 
and Garfinkel 2022). The present study aims to increase the 
number of these by focusing on the relationship between 
interoceptive sensations related to heartbeat and stomach 
distension. We found the same results as in our previous 
study (Ferentzi et al. 2018), which used the same method to 
measure cardiac and gastric interoceptive abilities investigat-
ing a similar sample size; but also including male partici-
pants. Thus, our present results confirm the previous ones 

that the ability to perceive bodily events cannot be general-
ized from one internal channel to the other. These findings 
also raise some questions about what interoceptive accuracy 
refers to. If the interoceptive accuracy of various organ sys-
tems does not relate, this supports the notion that ‘inter-
oceptive accuracy’ is a methodological umbrella term of 
interoceptive ability measures, without an underlying, shared 
construct. General interoceptive ability might still exist, as 
the ability to sense various bodily events might be on differ-
ent levels, resulting (together with unconscious sensation) in 
a coherent unique feeling of the bodily state (Ferentzi et al. 
2018). We hypothesize that none of the interoceptive abili-
ties represents this bodily feeling.

Just like some previous studies using mind–body tech-
niques to develop interoceptive abilities, our study did not 
find any improvement in the cardiac and gastric domains. 
There are many possible explanations for this. One of the 
most plausible is the length of the intervention. Bornemann 
and Singer, who investigated the effects of contemplative 
training, used a much longer intervention of 9 months than 
the present study (Bornemann and Singer 2017). Another 
paper reported two studies using body scan intervention, and 
only one of them showed significant change after an 8-week-
long intervention (Fischer et al. 2017). All the other studies 
used a shorter intervention (Parkin et al. 2013; Meyerholz 
et al. 2019; Schillings et al. 2021; Rominger et al. 2021) 
or were cross-over studies (Nielsen and Kaszniak 2006; 
Khalsa et al. 2008; Melloni et al. 2013). However, it should 
also be pointed out that these investigated methods are very 
different, despite the obvious overlaps, which are roughly 
described by the “mind–body” category. As far as we know, 
this is the first interoception study to investigate the effect 
of regular yoga training. Another explanation could be the 
different amount of breathing exercises because as far as 
we know it could affect the vagus nerve that receives soma-
tosensory afference and is involved in the regulation of the 
respiratory function (Weng et al. 2021).

It is also possible that we did not choose the right inter-
oceptive domains to investigate in connection with yoga. 
For example, the investigation of breathing and proprio-
ceptive accuracy might have been more suitable, as the 

Table 1  Descriptive statistics 
of the assessed variables before 
and after the intervention

Measurement Pre-test Post-test

Intervention Control Intervention Control

Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD) n

Heartbeat perception task
Heartbeat 

perception 
score

0.417 (0.247) 53 0.443 (0.207) 31 0.420 (0.243) 53 0.409 (0.230) 31

Water load test
Fullness 39.040 (21.750) 56 30.484 (19.770) 31 42.074 (22.071) 56 36.194 (22.105) 31
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focus on inhalation, exhalation, and posture is particularly 
emphasized during yoga practices. Nonetheless, neither 
cardiac nor gastric interoception is therefore associated 
with the kind of general (or specific) interoceptive accu-
racy that yoga develops. In line with our results, a recent 
study shows that cardiac and gastric attention have differ-
ent neural backgrounds (Haruki and Ogawa 2023).

Studies using interoception-related questionaries, how-
ever, show that interoception can be developed by yoga 
(Rani and Rao 1994) and by other mind–body practices 
(Fissler et al. 2016; Mehling et al. 2018). It is important 
to emphasize, however, that past or typical behavior differs 
substantially from abilities (Cronbach 1949), a difference 
that is typically described in the interoception literature 
as sensitivity and accuracy (Garfinkel et al. 2015). This is 
also supported by a recent study that investigated the effect 
of an 8-week intervention on either cardiac or gastrointes-
tinal activity (Davey et al. 2023) and found that the lat-
ter led to improved interoceptive sensibility (measured by 
MAIA) and better self-reported emotion regulation. The 
authors suggest that gastroception might have a distinct 
contribution to the benefits of body focus. In line with 
these and with our recent results, we assume this effect 
works on the self-reported level only. This still could be 
beneficial, as self-reports are important contributors to 
well-being (Ferentzi et al. 2019). This is also supported 
by our previously published results that the applied yoga 
intervention decreased negative affect (Csala et al. 2020), 
and increased balance, flexibility, and core muscle strength 
(Csala et al. 2021). Thus, the applied yoga course was 
beneficial without developing the investigated interocep-
tive abilities.

Methodologically, it is interesting that there was no dif-
ference in change scores of fullness between the intervention 
and control group if we investigated those who did drink 
all the water, but there was if we investigated those who 
did not although the small number of participants make 
this result uncertain. This result may be a statistical arti-
fact; alternately, it suggests that the method is not reliable 
among these subjects. Our (speculative) explanation of this 
is that those people in the control group who did not drink 
all the water could be less motivated, and also did not focus 
on their internal sensations that much during the drinking 
task, providing unreliable results. The previous study (Fer-
entzi et al. 2018) investigated a different sample, including 
undergraduates who had taken sports-related subjects. They 
may have been more motivated to follow the expectations 
of the experimenter, i.e. drink all the water given. This phe-
nomenon partly raises questions regarding the currently used 
method that needs further investigation. If motivation is a 
significant influencing factor that affects the amount of water 
consumed, this puts those methods in a new light that use 
the amount of water drunk as an indicator of interoceptive 

ability (Koch et al. 2000; Jones et al. 2003; Chen et al. 2005; 
Herbert et al. 2012).

Finally, it should be noted that the development of intero-
ception was not considered beneficial by all authors. Based 
partly on theoretical considerations and partly on animal 
experiments (Moiseeva 1952, 1966), it is assumed that dur-
ing childhood, the perception of internal bodily mechanisms 
dominates. This dominance gradually diminishes due to 
various learned and automatic processes. In adulthood, a 
significant amount of interoceptive information is filtered 
out, and according to György Ádám, the alteration of this 
is not recommended (Ádám 1998); as far as we know, this 
view of him has never been confirmed directly.

Conclusions for future biology

As far as we know, our study is the first that investi-
gated more than one interoceptive ability in the context 
of mind–body practice, and the first that investigated the 
effect of regular yoga practice on interoceptive abilities. Our 
results support the notion that gastric and cardiac intero-
ceptive accuracy are not related, and indirectly that intero-
ception is not generalizable. Based on this, further studies 
should investigate how these interoceptive modalities can 
be improved. Probably a modality-specific way to improve 
interoception would be more effective. It is also possible that 
people with specific bodily complaints react to regular yoga 
practice differently. Finally, it would be worth investigating, 
the effect of longer yoga training on interoception.

The water load test applied in our study might have its 
limitations. Stomach size can depend on several factors, only 
one of which is body height. Future studies should use a 
more sophisticated method to control this factor. Addition-
ally, the sample of this recent study differed from the pre-
vious one (Ferentzi et al. 2018). In this study, some of the 
subjects did not drink all the water, and several participants 
stopped drinking water before the 5th dose (n = 8). This 
might be due to the differences in the study context or the 
motivation level. Future studies should interview the partici-
pants about the reasons for not drinking all the given water.

Another limitation of the study is the usage of the mental 
heartbeat tracking task, whose validity is frequently ques-
tioned nowadays (Ferentzi et al. 2022). Our study, however, 
used strict instruction (Desmedt et al. 2020) which reduces 
the influence of top-down processes, such as knowledge and 
expectations.
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