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Abstract

Religions, as cultural systems, influence how people view and attune to their body. This

research explores whether individual differences in various dimensions of religiosity are

associated with interoceptive sensibility (IS), i.e., one’s perceived ability to detect and inter-

pret bodily signals. In Study 1, Christians, Muslims, and Hindus (N = 1570) reported their

religiosity and completed the Multidimensional Assessment of Interoceptive Awareness, a

well-validated measure of IS. Results show that religious identity moderates the relationship

between the centrality of religion in one’s life and IS such that the association is positive and

medium for Christians, large for Muslims and Hindus. In addition, the medium positive corre-

lation between frequency of religious practice and IS was similar across religious groups.

Study 2 (N = 450) extended these results by measuring additional dimensions of religiosity

and spirituality as well as investigating religious-related beliefs about the body, both positive

(e.g., My body is holy) and negative (e.g., My body is sinful). Associations between religios-

ity and IS are replicated and found for spirituality as well. Interestingly, mediation analyses

reveal that belief in the body as holy partially explains the association between religiosity

and IS, but belief in the body as sinful suppresses such association. We discuss how reli-

gion, as a cultural factor, may influence beliefs about the body and bodily awareness, with

implications for emotion regulation and mental health.

Introduction

Humans’ nuanced awareness of the body’s internal signals plays a critical role in shaping our

emotional landscape and overall well-being [1,2]. Yet, the extent to which such perception is

shaped by cultural factors such as religious beliefs and practices remains largely uncharted ter-

ritory [3]. Our research aims to shed light on the nexus between religion and the perception of

bodily signals.

Interoception, the brain and mind’s representation of physiological signals, comprises sev-

eral distinct facets [4–6]. Two major facets of interoception are interoceptive accuracy, some-

times referred to as interoceptive sensitivity, and interoceptive sensibility (IS). Interoceptive
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accuracy is measured behaviorally and pertains to one’s objective ability to precisely detect

bodily signals (e.g., heartbeat) while IS, often assessed through self-report questionnaires,

refers to an individual’s perceived ability to detect, interpret, or regulate bodily sensations and

physiological processes such as heartbeat, breath, and emotional arousal [5–9]. Prior research

has established that interoceptive accuracy and IS are not necessarily correlated and often pre-

dict different outcomes. Notably, IS is distinctly important for assessing conscious physiologi-

cal experiences and has been shown to independently predict various affective and emotional

processes [10–12]. In addition, researchers have suggested that IS is more driven by cultural

schemas [e.g., 13], whereas accuracy is more driven by bodily cues [e.g., 14].

For the purposes of our study, we will study IS as indexed by the Multidimensional Assess-

ment of Interoceptive Awareness, [MAIA; 15,16] a well-validated self-report questionnaire of

IS. The MAIA comprises eights subscales that tap into different dimensions of IS [15]. Five of

the eight MAIA subscales measure general physiological sensibility (i.e., Noticing, Emotional

Awareness, Attention Regulation, Body Listening, and Trusting) and three subscales measure

either adaptive or maladaptive regulatory strategies (i.e., Not-Distracting, Not-Worrying, and

Self-Regulation) [17]. Although many studies have examined the MAIA on a multidimensional

level (i.e., analyzing the subscales independently), researchers have identified a general index of

self-reported interoception from the MAIA, excluding the Not-Worrying and Not-Distracting

subscales [18,19]. Thus, building upon these insights [18,19], our study will evaluate a general IS

index using the five MAIA subscales that measure general physiological sensibility [17]. We also

explore each subscale separately, which are presented in the Supporting Information file.

Beyond the physiological domain, IS plays a pivotal role in emotional experiencing, mental

health, and overall well-being [6,11,20]. Research has established that several dimensions of IS

have been linked to greater emotion regulation [11,21,22] and lower alexithymia, difficulties in

identifying and describing emotions [12,22]. Further, dimensions of IS are negatively related

to mental health symptoms such as depression and predict psychological improvement trajec-

tories [23–25].

Given this role of IS, researchers have sought to understand the factors that promote it [26].

The present research focuses on cultural factors associated with perceptions of the body. In

particular, we study religion: an aspect of culture because it involves a socially-constructed and

-transmitted set of beliefs, norms, ritualized practices, and communities [27]. Religion is cer-

tainly widespread; in 2015, approximately 84% of the world’s population, or 6.12 billion peo-

ple, identified with a religion. This figure is projected to grow by 32% by 2060, reaching 8.41

billion religious individuals. Christians, Muslims, and Hindus are the main contributors to

this growth [28].

Religious beliefs and rituals offer a unique lens through which the body is often viewed and

experienced. Specific contemplative practices embedded in various religious traditions, such

as meditation and mindfulness in Buddhism, focus on bodily awareness, thereby enhancing

sensitivity to internal states [3,29]. Ritualistic practices such as prayer and worship involve spe-

cific physical postures and draw attention to how the body is positioned [30–32]. Furthermore,

ascetic practices, including fasting, inherently heighten attention to bodily needs and

responses, potentially amplifying interoceptive awareness [33]. One study found that fasting

(outside of a religious context) led to more interoceptive accuracy [34]. Finally, traditions like

Hinduism emphasize the interconnection of mind, body, and spirit to promote a holistic

awareness of bodily sensations [35]. Empirical research has focused on testing whether specific

embodied contemplative practices can improve IS. Overall, people who engage in mind-body

practices such as yoga, mindfulness meditation, or body scan meditation show higher IS [e.g.,

36–38] but notably not interoceptive accuracy [39,40]. However, no research to our knowledge
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has investigated whether engaging in traditional religious practices such as prayer and worship

is associated with IS.

Religiosity refers to the individual difference in being interested in and/or involved with

religion [41]. Much research in sociology and psychology differentiates between three indica-

tors of religiosity [42]: (1) centrality of religion refers to a global evaluation of the extent to

which religion is important or central in person’s life [43], (2) religious practice refers to the

frequency of participation in collective and private religious practices such as attending reli-

gious services or individual prayer, and (3) affiliation with a particular religious tradition. To

these dimensions we add modern spirituality, which has received much scientific attention in

the past 25 years. Spirituality refers to the search for or connection with what is perceived as

sacred [44]. Spirituality can be experienced within a religion–tapping into more emotional

aspects of religion–or outside a religious framework.

Recognizing that religious traditions may differ on their teachings and ways to relate to the body,

we consider the impact of religiosity dimensions and of ascribing to specific views of the nature of

the body. Regarding the latter, many traditions rely on a dualistic view of the body, recognizing its

importance and the need for care, while also often placing greater emphasis on the spiritual aspect

of human existence. Focusing on Christianity, two very different theologies around the body co-

exist [45,46]. One emphasizes the body as a temple of the Holy Spirit, to be cared for and respected

[47]. Another views the body more negatively, associating it with sin or temptation. Such reli-

giously-based views on the body may further play a role in how religion impacts IS. Relatedly, exten-

sive research has examined the relationship between interoception and body image, consistently

showing that more positive body image and body satisfaction is associated with higher IS [48–51].

Despite the intuitive influences of religion on interoception, to our knowledge, no research

has empirically examined the relationship between individual differences in religiosity and IS.

We aim to fill this gap and measure various dimensions of religiosity.

Our initial study aims to assess whether religiosity correlates with IS among a large sample

of U.S. adults who identify as Christians, Muslims, and Hindus. We explore whether such asso-

ciation differs by religious traditions (Study 1). We further explore various dimensions of reli-

giosity, distinguishing between centrality of religion–how central or important religion is in

someone’s life–and frequency of religious practices (Studies 1–2). Finally, in Study 2, we

explore additional dimensions of religiosity, including spirituality, and evaluate the role of pos-

itive and negative religiously-based views of the body (body as holy and body as sinful) for the

relationship between religiosity and IS. We reasoned that religion may promote both views

[46], but depending on which view someone holds, they may be differently attuned to their

body sensations. Together, this research aims to contribute to our understanding of religious/

cultural factors that are associated with greater IS.

Study 1

In Study 1 we explored the associations between religiosity measures (i.e., centrality of religion

in one’s life and frequency of religious practices) and IS, and whether such associations differ

by religious affiliation (i.e., Christians, Muslims, and Hindus). We further explored which

dimension of religiosity was most strongly associated with IS. We use an archival dataset to

test these questions (preregistration available here: https://osf.io/2fxjg, see also 32).

Materials and methods

Participants

Procedure and materials were approved by the Institutional Review Board at the institution of

the first author. As approved by the IRB, participants gave consent electronically prior to
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participating in the research. As part of a larger study that ran February-May 2019, participants

responded to questions about their religious postures, emotions, and personality, in addition

to questions about their IS and religious beliefs and practices. Participants were recruited

through Amazon’s Mechanical Turk and Turk Prime. To participate, interested individuals

needed to identify as Christian, Muslim, or Hindu and live in the U.S. The study was adver-

tised as a 45-minute psychology survey on postures and emotions across religions. In order to

achieve our desired sample size for each group, which we preregistered to be 750 Christians,

500 Muslims, and 500 Hindus, our advertisements were targeted toward each religious group

individually. Participants were compensated $3.00 USD after completing the survey online.

Those who did not meet our inclusion requirements or pass attention check questions were

eliminated from participation and were not compensated. After data collection was complete,

out of the 1707 participants, a total of 193 participants were excluded from the analyses due to

the following criteria: they finished the survey in less than five minutes or failed to follow

directions to written response questions. The final set of participants (N = 1570; Christian

n = 674; Muslim n = 494; Hindu n = 402) comprised 47.1% female, 52.7% male, and 0.1%

other. Ages ranged from 18–81 years (M = 35.2, SD = 11.7). Participants identified as White

(48.7%), Asian (30.4%), African American (11.2%), American Indian or Alaska Native (4.3%),

other (4.5%), and Native Hawaiian or other Pacific Islander (0.6%).

Measures

Centrality of religion. To assess centrality of religion, we used a three-item measure

developed by Ladd [52,53] and following Markus [54] which taps into the centrality of religion

in the minds of the participants. Participants rated the extent to which they agreed with each

item on a scale from 0 (not at all) to 6 (completely). The items they answered were as follows:

“To what extent do you consider yourself a religious person?”, “To what extent is your stance

on religious issues important to you?”, and “To what extent is it likely that other people may

view you as a very religious individual?”. Reliability for this scale was high, Cronbach’s α = .84.

Frequency of religious practices. To assess the frequency of religious practices, we used two

items from Idler and colleagues [55]. Participants were asked “How often do you attend religious

services?” and rated their attendance on a scale from 0 (never) to 8 (several times a week) and

“How often do you pray privately in places other than at a specific religiously oriented building?”

and rated their prayer frequency on a scale from 0 (never) to 7 (more than once a day). Responses

were Z-scored and then averaged. Reliability for this scale was satisfactory, as indexed by Spear-

man’s r = .35, p< .0011, which is recommended for reliability tests of two-item scales [56].

IS. To assess IS, the Multidimensional Assessment of Interoceptive Awareness, Version 1

(MAIA; 15) was used. In the larger study from which we draw, only the five subscales that

most directly tap into IS (as in 17) were administered and were averaged to create a general IS

score (Cronbach’s α = .93): Noticing (α = .66; 3-items; e.g., “When I am tense I notice where

the tension is located in my body”), Attention Regulation (α = .86; 7-items; e.g., “I can pay

attention to my breath without being distracted by things happening around me”), Emotional

Awareness (α = .79; 5-items; e.g., “I notice how my body changes when I am angry”), Body Lis-

tening (α = .74; 3-items; e.g., “I listen for information from my body about my emotional

state”), and Trusting (α = .72; 3-items; e.g., “I trust my body sensations”). Participants rated

each item on a scale from 1 (never) to 5 (always).

Results

Analyses were performed on Jamovi version 2.3.21.0 (retrieved from https://www.jamovi.org).

Missing data were left as missing and not imputed. Means and standard deviations for all the
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measures, for the whole sample and by religious identity, are provided in Table 1. Correlations

for the whole sample and by religious identity are provided in Table 2. More detailed tables

containing all MAIA subscales are provided in the (S1 and S2 Tables).

First, we tested whether religious affiliation moderated the associations between our indica-

tors of religiosity (independent variable) and IS (dependent variable) using a set of linear

regressions. Religious affiliation moderated the association between centrality of religion and

IS, F(2, 1557) = 10.7, p< .001. Therefore, Pearson’s correlations (see Table 2) between the two

constructs were computed for each of the three religions individually. As expected, variables

were not normally distributed, but using Spearman’s rank correlation led to similar findings as

the Pearson’s correlation. Results showed that the positive association between the two con-

structs was medium for Christians and large for Muslims and Hindus [57]. Next, we con-

ducted Fisher’s Z transformation tests to determine whether correlations differed significantly

between the three groups. Results showed that the positive association between the two con-

structs was smaller for Christians compared to Muslims and Hindus (respectively, z = 3.13,

p< .01; z = 5.07, p< .001), but Muslims and Hindus barely differed from each other (z = 2,

p = .046).

The same moderation tests were conducted for frequency of religious practices, but the lin-

ear regression revealed no significant interaction between frequency of religious practice and

IS by religious affiliation (F(2, 1557) = 1.24, p = .290). Therefore, we computed a correlation

Table 1. Study 1 and 2 means and standard deviations.

Study 1 Study 2

All religions Christians Muslims Hindus

M SD M SD M SD M SD M SD
IS 3.37 .67 3.33 .73 3.42 .65 3.34 .56 3.30 .84

Religious Centrality 4.41 1.28 4.24 1.42 4.57 1.20 4.49 1.09 3.75 3.11

Frequency of Religious Practice 0 .82 -.23 .88 .27 .73 .05 .69 0 .89

4 Dimensions of Religiousness N/A N/A N/A N/A N/A N/A N/A N/A 3.04 2.00

Belonging N/A N/A N/A N/A N/A N/A N/A N/A 2.84 2.07

Behaving N/A N/A N/A N/A N/A N/A N/A N/A 2.99 2.23

Believing N/A N/A N/A N/A N/A N/A N/A N/A 3.16 2.04

Bonding N/A N/A N/A N/A N/A N/A N/A N/A 3.15 1.97

Importance of Spirituality N/A N/A N/A N/A N/A N/A N/A N/A 4.43 3.21

Daily Spiritual Experiences N/A N/A N/A N/A N/A N/A N/A N/A 2.68 1.64

Body As Holy N/A N/A N/A N/A N/A N/A N/A N/A 3.34 2.25

Body As Sinful N/A N/A N/A N/A N/A N/A N/A N/A 2.16 1.70

https://doi.org/10.1371/journal.pone.0309216.t001

Table 2. Pearson’s r correlation matrix between Interoceptive Sensibility (IS) and religious measures for all and by religious group (Study 1).

All Christians Muslims Hindus

IS CR IS CR IS CR IS CR

Religious Centrality (CR) .30*** — .20 *** — .37*** — .48*** —

Frequency of Religious Practice .17*** .57*** .13** .66*** .17*** .50*** .23*** .39***

Note

** p < .01

*** p < .001.

https://doi.org/10.1371/journal.pone.0309216.t002
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for the entire sample. We found a statistically significant, small to medium positive correlation

between frequency of religious practice and IS, r(1563) = .17, p< .001.

Finally, in the entire sample, using Fisher’s Z transformation to test whether IS is more

strongly associated with centrality of religion or with frequency of religious practices, we

found that the correlations statistically differed from each other (z = -3.85, p< .001), showing

that IS is more strongly associated with centrality of religion.

In sum, indicators of religiosity are positively associated with IS. Such association is stronger

for the centrality of religion than for frequency of religious practice. We further note that the

associations between centrality of religion and IS differed by religious traditions, weakest

among Christians and strongest among Muslims and Hindus.

Study 2

Study 2 aimed to replicate and extend Study 1 and was preregistered on aspredicted.org

(#124909). We aimed to conceptually replicate the test for the associations between religiosity

measures and IS. We extended Study 1 by including a multidimensional measure of religiosity

and measures of spirituality and exploring their associations with IS. Regarding religiosity, we

included a validated measure of four major religion dimensions as identified by Saroglou and

colleagues [58], known as the "four Bs": Believing (specific ideas about the transcendent and its

relation to humans and the world), Bonding (emotional connections through private or collec-

tive rituals with the transcendent), Behaving (conforming to norms, practices, and values per-

ceived as established by the transcendent), and Belonging (association with a group perceived

as eternal and filled with the transcendent presence) [58]. Regarding spirituality, we measured

the centrality of spirituality in one’s life and frequency of spiritual experiences in daily life.

We preregistered the following hypotheses and research questions (edited for clarity): We

hypothesize a small, positive correlation between centrality of religiosity and IS, and a smaller

but positive correlation between frequency of religious practices and IS. We will explore the

association between IS and other facets of religiosity/spirituality (4 facets of religiousness, 58,

and daily spiritual experiences, 59). We will also explore whether religious affiliation (if we

have groups large enough for Muslims or Hindus) moderates the association between religios-

ity and IS.

We further aimed to explore the role of religious-based beliefs about the body–as sinful and

as holy–on the association between religiosity and IS. We preregistered a moderation: We will

also explore whether views about the body (sinful and holy) moderate the association between

religiosity and IS. We expect that religiosity’s association with IS will be reduced or even nega-

tive among people who have a more sinful view of the body, but will be more positive among

people who have a more sanctified view of the body.

Finally, we preregistered to also explore associations between views about the body and the

MAIA subscales. Based on Jacobson and colleagues [46] and Todd and colleagues [51], we

expect that the Noticing subscale will be associated with a more sinful view of the body, and

the Attention Regulation, Self-Regulation, and Trusting subscales will be associated with a

more sanctified view of the body.

Method

Procedure

Procedure and materials were approved by the Institutional Review Board at the institution of

the first author. As approved by the IRB, participants gave consent electronically prior to par-

ticipating in the research. As part of a larger study run in March 2023, participants responded

to questions on IS, religiosity, and beliefs about their body. We collected these measures at the
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very end of a survey testing the association between religiosity/spirituality and compassion col-

lapse. Participants were randomly assigned to see one picture of a child vs. a seven-picture col-

lage of children suffering. We preregistered that we would test whether conditions affected the

present measures and that if they did, we would control for conditions. Since there were small

differences between conditions on IS (p = .035, d = .20), Daily Spiritual Experiences (p = .024,

d = .21), and belief in body as holy (p = .036, d = .20), we controlled for conditions.

Participants

Participants were recruited through Connect by CloudResearch. To participate, interested

individuals needed to be 18 or older, live in the U.S., and speak fluent English. The study was

advertised as a study on beliefs and opinions. Participants were compensated $1.30 USD after

completing this 10-minute survey online. Those who used a VPN or did not pass attention

check questions were eliminated from participation and were not compensated. We set a pri-

ori to collect data among 450 participants and collected such sample (N = 450, 50.2% female

and 49.8% male). Ages ranged from 18–77 years (Mage = 40.8, SDage = 12). For religious affilia-

tion, participants identified as Protestant (22.7%), Agnostic (21.1%), Atheist (18.9%), Catholic

(16.9%), spiritual but not religious (12.9%), other (3.6%), Jewish (2.4%), Buddhist (1.4%), and

Muslim (.2%). Participants identified as White (81.6%), African American (9.6%), Asian

(6.7%), American Indian or Alaska Native (.2%), other (1.6%), and Native Hawaiian or other

Pacific Islander (.4%).

Measures

Centrality of religion. This study administered a different measure than in Study 1 as

developed by Saroglou and Munoz-Garcia [60], but that still taps into perceptions of centrality

of religion in one’s life (see for a discussion, 43). Participants rated the extent to which they

agreed with the following statements on a scale of 1 (Not at all) to 9 (Yes, extremely): “How

much is God important in your life?” and “How much is religion important in your life?”. Reli-

ability for this scale was high as indexed by Spearman’s r = .88, p< .001.

Frequency of religious practices. Participants reported their frequency of practice in pri-

vate prayer and collective worship using the same measure as in Study 1 [55]. Reliability for

this scale was moderate, with a Spearman’s r = .61, p< .001.

Spirituality. Participants completed two measures to assess centrality of spirituality and

frequency of spiritual experiences. First, they rated “How much is spirituality important in

your life?” on a scale of 1 (Not at all) to 9 (Yes, extremely) [60]. To assess how spirituality is

expressed and experienced in daily life, we used the 6-item Daily Spiritual Experiences Scale

[59]. Participants rated how often they may have the following experiences in their daily lives

from 1 (Never to almost never) to 6 (Many times a day). Example items include “I feel God’s

presence”, “I feel deep inner peace or harmony”, and “I desire to be closer to or in union with

God.” They were informed that they could replace the word “God” with any experiences with

the transcendent, the divine, or a Higher Power when answering these questions. Reliability

for this scale was high, with a Cronbach’s α = .96.

Four dimensions of religiousness. We used The Four Basic Dimensions of Religiousness

Scale [58]. On this 12-item scale, participants rated the items on a scale of 1 (totally disagree) to

7 (totally agree). The scale consists of four subscales: Belonging Subscale (α = .94; e.g., “In reli-

gion, I enjoy belonging to a group/community”), Behaving Subscale (α = .97; e.g., “Religion

helps me to try to live in a moral way”), Bonding Subscale (α = .92; e.g., “I like religious cere-

monies”), and the Believing Subscale (α = .90; e.g., “I feel attached to religion because it helps

me to have a purpose in my life”). Reliability for this scale was high, with a Cronbach’s α = .98.
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IS. To assess IS, we used the Multidimensional Assessment of Interoceptive Awareness,

Version 2 (MAIA-2; 16). Following the same rationale as in Study 1, we computed a general IS

score (Cronbach’s α = .94) based on five subscales: Noticing (α = .83; 4-items), Attention Reg-

ulation (α = .90; 7-items), Emotional Awareness (α = .87; 5-items), Body Listening (α = .88;

3-items), and Trusting (α = .92; 3 items). We also administered the rest of the scale to explore

associations with other subscales: Self-Regulation (α = .88; 4 items; e.g., “When I bring aware-

ness to my body I feel a sense of calm.”), Not Distracting (α = .89; 6-items; e.g., “I distract

myself from sensations of discomfort.” [reverse scored]), and Not Worrying (α = .78; 5-items;

e.g., “I can notice an unpleasant body sensation without worrying about it.”).

Religious-related beliefs about the body. To assess positive religious-related beliefs

about the body (Body As Holy), we chose four items from the 14-item Christian Teachings on

the Body Scale [46] due to time constraints. These items were selected at face value because

they strongly represent religious-related positive beliefs about the body: “My body is blessed”,

“My body is holy”, “My body is a temple of God”, and “My body is a gift from God.” Partici-

pants rated each item on a scale from 1 (strongly disagree) to 7 (strongly agree). Reliability for

this subscale was high, Cronbach’s α = .97.

To assess negative beliefs, we again chose at face value four items from the 12-item Radical

Dualism Scale [46] that we felt accurately captured negative religious-related beliefs about the

body (Body As Sinful). The four chosen items were rated on a scale from 1 (strongly disagree)
to 7 (strongly agree): “My body is just something I live in here on earth”, “My body is basically

sinful”, “My soul is more important to God than my body”, and “My body frequently causes

me to sin”.

An exploratory factor analysis (EFA) was conducted on all items to identify the underlying

factor structure. The Kaiser-Meyer-Olkin measure verified the sampling adequacy for the anal-

ysis, KMO = 0.85, and Bartlett’s Test of Sphericity was significant (p< .001), indicating that

correlations between items were sufficiently large for EFA. Principal Axis Factoring was used

as the extraction method, followed by Promax rotation. The initial analysis revealed two fac-

tors with eigenvalues greater than 0.72, all the positive beliefs loaded on one factor (all factor

loadings > .80) and two of the negative beliefs (i.e., body as sinful) loaded on the second (all

factor loadings > .90). A third factor had an Eigenvalue of only 0.11. This third factor com-

prised two items: “My body is just something I live in here on earth” (factor loading = .44)

“My soul is more important to God than my body” (factor loading = .85). We decided to retain

only the items for the two factors with eigenvalues greater than 0.72 and this final model

explained 87% of the total variance. Body as holy remained unchanged and body as sinful

comprised the two items with the most face validity: “My body is basically sinful,” “My body

frequently causes me to sin” (Spearman’s r = .82, p< .001)

Results

Analyses were performed on Jamovi version 2.3.21.0. Missing data were left as missing and not

imputed. Means and standard deviations for all the measures are provided in Table 1. A full

correlation matrix can be found in Table 3. A more detailed correlation matrix with IS sub-

scales is available in the (see S3 Table).

Associations between IS and religion/spirituality measures

Supporting our hypothesis, we found a small to medium positive association between IS and

centrality of religion as well as with frequency of religious practices [57]. However, unlike in

Study 1, the size of these associations did not statistically significantly differ from each other, z
= -0.62, p = .535. Other measures of religiosity and spirituality showed similar associations,
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with the Daily Spiritual Experience scale being statistically significantly more strongly associ-

ated than frequency of religious practices (z = 2.39, p = .017), but not than other measures.

Role of beliefs about the body

We first examined whether beliefs about the body moderated the association between religios-

ity and IS using the medmod module in Jamovi. A significant interaction between centrality of

religion and belief in the body as holy on IS emerged, b = 0.03, SE = .01, p< .001. Simple slopes

analyses revealed that at low (-1SD) and average (M) levels of belief in body as holy, the associ-

ation between centrality of religion and IS was statistically significant but negative (respec-

tively, b = -0.17, SE = .03, p< .001; b = -0.10, SE = .01, p< .001). At high (+1SD) levels of

belief in the body as holy, such association was only marginally significant, b = -0.03, SE = .02,

p = .074. A similar pattern was observed for frequency of religious practices and IS by positive

beliefs about the body (significant interaction: b = 0.08, SE = .03, p< .001). At low (-1SD) and

average (M) levels of belief in body as holy, the association between centrality of religion and

IS was statistically significant but negative (respectively, b = -0.47, SE = .10, p< .001; b = -0.28,

SE = .05, p< .001). At high (+1SD) levels of belief in the body as holy, such association was

only marginally significant, b = -0.09, SE = .05, p = .059. However, there was not a statistically

significant interaction between either religious construct and belief in body as sinful on IS (all

ps> .231).

Table 3. Correlation matrix between IS, religious measures, and beliefs about the body (Study 2).

1 2 3 4 5 6 7 8 9 10 11

1. IS —

2.Centrality of Religion .21** —

—

3. Frequency of Religious Practice .17*** .83** —

4. Importance of Spirituality .26*** .84*** .69*** —

5. Daily Spiritual Experience .32*** .90*** .82*** .83*** —

6. 4 Dimensions of

Religiousness

.22*** .90*** .81*** .76*** .85*** —

7. Belonging .22*** .87*** .79*** .73*** .81*** .97*** —

8. Behaving .20*** .89*** .79*** .73*** .83*** .97*** .93*** —

9. Believing .21*** .89*** .79*** .78*** .85*** .97*** .91*** .93*** —

10. Bonding .24*** .80*** .72*** .69*** .77*** .94*** .90*** .86*** .88*** —

11. Body as Holy .33*** .85*** .74*** .81*** .88*** .78*** .74*** .76*** .80*** .70***

12. Body as Sinful .01 .45*** .41*** .38*** .40*** .39*** .38*** .39*** .38*** .35*** .45***

Note. Analyses control for Condition variable

* p< .05

** p< .01

*** p< .001.

https://doi.org/10.1371/journal.pone.0309216.t003
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These moderation tests revealed that controlling for belief in body as holy changed the

direction of the relationship between centrality of religion and IS from positive to negative.

The change from positive to negative correlation indicates that the positive effect of centrality

of religion on IS might be indirect, mediated through another variable (belief in body as holy).

This led us to predict that belief in body as holy might actually mediate the relationship

between centrality of religion and IS. Unlike moderation, where belief in body as holy influ-

ences the strength or direction of the centrality of religion and IS relationship, mediation sug-

gests that centrality of religion influences belief in body as holy, which in turn affects IS.

Theoretically, beliefs about the body represent plausible mechanisms (mediators) for the asso-

ciation between religiosity and IS. Religiosity may be associated with both beliefs but positively

associated with IS through belief in body as holy–which is associated with more positive ways

that people experience their bodies–and negatively through belief in body as sinful–which is

associated with more negative ways that people experience their bodies [46].

We explored whether beliefs about the body mediated the association between religiosity

and IS. We tested for parallel mediation using the medmod module, GLM Mediation analysis

in Jamovi. Regarding centrality of religion, the total indirect effect through belief in the body

as holy was statistically significant, B = .47, SE = .02, p< .001, as well as the one through belief

in the body as sinful, B = -0.08, SE = .01, p = .001. See Fig 1 for results for each path. Results

show that while religiosity is positively associated with both types of beliefs about the body,

belief in the body as holy is further positively associated (and partially explains religiosity’s

association) with IS, whereas belief in the body as sinful is further negatively associated (and

partially explains religiosity’s association) with IS. Descriptively, the mediation through belief

in body as holy was stronger than belief in body as sinful. The same results emerged for fre-

quency of religious practices. The total indirect effect through belief in the body as holy was

statistically significant, B = 0.36, SE = .05, p< .001, as well as the one through belief in the

body as sinful, B = -0.07, SE = .02, p = .001.

IS dimension associations with beliefs about the body

Contrary to our expectations, the association between the Noticing subscale and belief in body

as sinful was not confirmed (r = .02, p = .720). Surprisingly, this subscale is positively associ-

ated with belief in the body as holy (r = .19, p< .001). Attention Regulation was significantly

positively associated with belief in the body as holy (r = .19, p< .001) as was Trusting (r = .27,

p< .001) and the rest of the subscales included in the IS index, confirming our hypothesis.

Our pre-registered hypotheses regarding the positive correlation between the Self-Regulation

scale and belief in the body as holy was also confirmed (r = .34, p< .001), although the Self-

Regulation scale was not included in the IS index.

We further note that the other two subscales that are not part of the IS index, due to mea-

suring IS regulatory strategies as opposed to general IS, are significantly associated with belief

in the body as sinful: Not Distracting (r = -.10, p = .040) and Not Worrying (r = -.11, p = .025).

These two scales were the only ones not related to viewing the body as holy. Interestingly, both

scales are often associated with maladaptive forms of interoception such as worrying about

bodily sensations or ignoring important bodily signals [15]. These results could suggest those

who either frequently worry about or ignore bodily signals more often view their bodies as bad

or sinful.

Discussion

This research sought to illuminate how religion, as a cultural factor, intertwines with percep-

tions and views of the body, an area that remains underexplored in current literature. In
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Fig 1. Beliefs About the Body as Mediators Between Centrality of Religion (top) or Frequency of Religious Practices (bottom) and IS. Note. Fully standardized

coefficients are displayed. Top and bottom coefficients are for the indirect paths. * p< .05, ** p< .01, *** p< .001.

https://doi.org/10.1371/journal.pone.0309216.g001
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Studies 1 and 2, a positive association between religiosity and IS was found, which can be

described as small to medium in size [57]. Notably, the association between how central reli-

gion is in one’s life and IS is larger among Muslim and Hindu participants compared to Chris-

tian participants (Study 1). Islam and Hinduism may involve more embodied practices or

specific beliefs related to the body that might foster a heightened bodily awareness. These reli-

gious traditions are also more influenced by non-Western cultural norms. Interestingly, stud-

ies on cross-cultural differences in interoception and emotional concepts related to

interoception, highlight the tendency for people from non-Western cultures to exhibit higher

self-reported IS but lower interoceptive accuracy in comparison to Western cultures

[26,61,62]. Indirect evidence suggests a greater cultural emphasis on bodily parts and processes

among members of non-Western cultural groups—namely, East-Asians and West-Africans

[26]. Future research may investigate more specifically the distinct or synergistic role of East-

West culture and religion.

Interestingly, frequency of religious practices was not the strongest of the religious con-

structs to be associated with IS. Instead, the centrality of one’s religious identity and daily spiri-

tual experiences were especially associated with IS. In the context of other research that has

highlighted embodied contemplative practices as promoting IS [37], we wonder if spirituality

is an important mechanism for the effects of such practices on IS [as it is for the effects of

Mindfulness-Based Stress Reducation interventions on mental health, 63]. However, we also

note that the present measure of religious practices may be too broad and not adequately cap-

ture the more specific practices in each religious tradition that may influence IS. Future

research could also investigate how specific religious practices, such as prayer and fasting,

directly influence IS. Investigating these practices across different religious traditions could

offer valuable insights into the mechanisms through which religiosity impacts bodily

awareness.

Study 2 delved deeper into how religious beliefs about the body play a role in shaping the

relationship between religiosity and IS. The data suggested that the positive relationship

between religiosity and IS is more accurately described as being partially mediated by beliefs

about the body, rather than moderated by them. We found that religiosity is associated with

both the belief in the body as sinful and as holy, but the links between these beliefs and IS dif-

fered. In line with research showing that IS is associated with more positive body image [49–

51,61], belief in the body as holy partially explains the association between religiosity and IS,

but belief in the body as sinful partially suppresses such association. Although body image may

directly impact IS outside any religious influence, these results underscore the role that religion

can play in shaping body image through specific religious-based views of the body, which ulti-

mately could impact IS. Still, we highlight that such mediation results, exploratory and relying

on cross-sectional data, should be interpreted with caution. The complex influence of religion,

particularly specific religious doctrines, on how people perceive their ability to detect internal

bodily states warrants future research.

Limitations and future directions

One limitation of our study is the focus on specific religious traditions and views of the body,

which may not be universally applicable across all faiths or cultural contexts. Both studies were

also geographically limited to the U.S. Future research should explore a broader range of reli-

gious beliefs and practices, as well as their specific teachings related to the body, to further our

understanding of how these elements interact with IS. Another limitation is the cross-sectional

nature of the data collected. We cannot speak to any causality between religiosity and IS and

causal language is only inferred theoretically.
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Another limitation of this research is the reliance on self-reported scales. While the internal

consistency of the MAIA is generally reliable when removing the Not-Worrying and Not-Dis-

tracting scales [18,19], the MAIA has faced criticism regarding its consistency and alignment

with other IS questionnaires [64,65]. Future research should utilize multiple IS questionnaires

such as the Body Awareness Questionnaire [66] and the Body Perception Questionnaire [67]

to investigate factors that may be related to religiosity. Additionally, the use of self-report mea-

sures for interoception may introduce participant biases. Incorporating objective behavioral

measures of interoception could provide further insight into the complex relationship between

religion and body awareness, as these measures do not always align with self-reports and could

reveal additional interoceptive processes, such as accuracy in detecting body signals. Further-

more, self-reported measures of religiosity, while validated and widely used, are susceptible to

biases like social desirability. In particular, the selected items for religious-based beliefs about

the body were drawn from longer published measures. Although selecting items for brevity is

sometimes necessary, it can affect the internal consistency and the broad construct being

measured.

Future research may investigate how IS affects other embodied processes in religious prac-

tices, such as the physical experience of practices around food intake or body purification, or

the psychological experience of ritualistic postures and gestures [30,68]. Such research could

examine how variations in IS might contribute to the intensity and quality of religious experi-

ences, potentially influencing personal spirituality and communal religious engagement. This

line of inquiry could also explore the reciprocal effects—how engaging in religious practices

may, in turn, fine-tune IS, leading to a more integrated experience of religiosity that encom-

passes both mind and body.

Finally, perceptions of bodily signals are considered to be central to emotion experience in

a range of theories of emotions [69–71]. Good aspects of IS have been associated with better

emotion regulation [72] and may explain why religiosity has also been associated with more

adaptive emotion regulation strategies [73].

Conclusion

Recognizing the inherent benefits of IS–such as enhanced emotional regulation, improved

stress management, and better mental health–our research provides preliminary data on the

association between religious factors and body-based beliefs and awareness. We suggest that

the relationship between multiple dimensions of religiosity and IS across religions is not only

present, but is rich with implications for individual well-being, emotion regulation, and the

broader practices of diverse faith communities. The integration of body-based awareness

within religious contexts could provide new avenues for promoting mental health and emo-

tional well-being within these communities. These areas are ripe for future research.
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