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Abstract

Interoception is a complex, multidimensional construct that refers to the nervous system's processing of internal
bodily signals. Currently, there are no comprehensive measurement tools available to capture the full complex-

ity of interoception. The Multidimensional Assessment of Interoceptive Awareness, Version 2 (MAIA-2), is a widely
accepted and utilized interoceptive questionnaire that measures the multiple dimensions of conscious interoception
through self-report. The aim of this study was to demonstrate the validity of a new Spanish translation of the MAIA-2
in Peruvian adults and to examine the dimensionality of the MAIA-2. A total of 414 Peruvian participants residing

in Lima (Peru) were included; 85% were young adults between 18 and 27 years. The fit of the structural equation
model (SEM) was assessed using confirmatory factor analysis (CFA). The dimensionality of the MAIA-2 was assessed
using bootstrap exploratory bootstrap graph analysis (bootEGA). The results of the CFA suggest an oblique model

(8 factors, 34 items) with modifications (items 11, 12, and 15 deleted). The bootEGA analyses indicate that a five-
dimensional model is more parsimonious. These findings suggest that the MAIA-2 may have fewer dimensions

than the original eight-dimensional theoretical model. The Peruvian Spanish version of the MAIA-2 proves to be

a valid and reliable tool for assessing interoception in Peruvian adults, though slight variations in the dimensional
structure were observed compared to the original model. This provides a solid basis for future research and clinical
applications in Spanish-speaking contexts.
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Introduction

Interoception is a complex, multidimensional con-
struct that refers to the nervous system’s processing of
internal bodily stimuli, encompassing a range of physi-
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5-7]. This framework presents the following eight
dimensions in ascending levels of interoceptive pro-
cessing: Neural Representation, Strength of Afferent
Signals, Preconscious Impact of Afferent Signals, Intero-
ceptive Accuracy, Self-Report and Interoceptive Beliefs,
Interoceptive Insight, Interoceptive Attention, and Attri-
bution of Interoceptive Sensations [2].

The scientific study of interoception began more than
a century ago [8], but research over the last two decades
has revealed its importance for both physical and psy-
chological health [6, 9]. Currently, efforts are being made
to improve the understanding of various aspects of inter-
oception at the neurophysiological [10-12], theoretical
[1, 2, 4-7, 13-16], interventional [15, 17-19], and meas-
urement levels [18, 20-22]. Additionally, recent studies
highlight that interoceptive awareness is not solely deter-
mined by biological mechanisms but is also influenced by
cultural, social, and environmental factors [16, 23]. These
factors shape how individuals perceive, interpret, and
respond to bodily sensations, underscoring the impor-
tance of considering contextual variables when assessing
interoception in diverse populations.

The term "self-report and interoceptive beliefs" refers
to assessments of individuals’ beliefs about their intero-
ceptive sensations and experiences, which may be either
consciously accessible or not [2]. This term had also been
referred to as “sensitivity” or “subjective measures” of
interoception [2], with “interoceptive awareness” [6, 18],
frequently used as a synonym for “body awareness” [13,
18, 20], as reflected in measures such as the Body Aware-
ness Questionnaire. Interoceptive awareness has been
defined as the multiple dimensions of conscious intero-
ception that can be captured by self-report [18], but it
has also referred to the relationship between “subjective
measures” (e.g., Body Perception Questionnaire) and
“objective measures” (e.g., heartbeat detection task) of
interoception. Self-report questionnaires for interocep-
tion assess overarching beliefs that are thought to reflect
more stable trait-like aspects of interoceptive awareness
[2]. In clinical settings, these measures provide insights
into the phenomenological experience of interoception
and can complement behavioral or brain-based measures
in predicting certain health outcomes [2, 17, 18]. Inter-
oception assessed by questionnaires (“self-report and
interoceptive beliefs”) typically shows positive changes
associated with mindfulness-based interventions and
other mind-body therapies in both clinical and non-clin-
ical samples [14, 15, 24, 25]. These interventions include,
for example, hatha yoga, meditation, Tai Chi, mindful-
ness, contemplative training (such as silent retreats and
meditation), mindful awareness in body-oriented ther-
apy, and mindfulness-based cognitive therapy (MBCT)
[1, 14, 15, 17, 24].
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The most frequently cited interoception questionnaires
as measures of “interoceptive sensitivity” or “self-report
scales” include the Body Perception Questionnaire (BPQ)
[26], Body Awareness Questionnaire (BAQ) [27], Private
Body Consciousness Sub-Scale (PBCS) of the Body Con-
sciousness Questionnaire (BCQ) [28], Self-Awareness
Questionnaire (SAQ) [29], and the Multidimensional
Assessment of Interoceptive Awareness (MAIA) [14]. A
systematic review, which informed the development of
the MAIA, included twelve “body awareness” question-
naires, including those mentioned above, with the excep-
tion of the SAQ and MAIA [13, 20]. The BPQ contains
items from other constructs, including exteroception
(hearing) and attention [21]. The BAQ is intended to
"measure beliefs about one’s sensitivity to normal, non-
emotive bodily processes'[13]. The PBCS is intended to
measure the disposition to focus on internal body sensa-
tions, ‘awareness of interoceptive feedback,” and ‘sensi-
tivity to changes in bodily states” [13]. The SAQ was also
designed to measure commonly felt body sensations,
referred to as “interoceptive awareness” [29]. However, it
contains two items that appear to be related to automatic
imitation (“when somebody coughs, I feel like coughing
t00”) and tiredness (“I feel breathless without engaging in
any type of exertion or effort”). Interoception question-
naires have been developed in various contexts as efforts
continue to improve the understanding and conceptual-
ization of self-reported interoception. This is reflected
in recent studies indicating that interoception question-
naires assess different constructs, suggesting that their
use should be differentiated based on specific assessment
needs [3, 22, 30].

The MAIA is an interoception questionnaire created
to measure the multiple dimensions of conscious inter-
oception that can be captured by self-report [18]. This
instrument is designed to distinguish between adaptive
attentional modes, characterized by mindfulness, and
less adaptive modes, which may be associated with pre-
occupation or distraction regarding bodily sensations [13,
20]. However, it is important to clarify that the MAIA is
not designed to directly assess clinically 'maladaptive’
aspects of interoception, such as somatosensory ampli-
fication or symptom hyperawareness. Instead, it focuses
on assessing adaptability in the management of bodily
sensations. Additionally, the MAIA is useful for evaluat-
ing the effectiveness of mind-body therapies in both clin-
ical and experimental research contexts [20]. The MAIA
theoretical model presents eight dimensions, which, in
sequential order, involve ascending levels of conscious
interoception. These dimensions are as follows: Noticing,
Not-Distracting, Not-Worrying, Attention Regulation,
Emotional Awareness, Self-Regulation, Body Listening,
and Trusting [18, 20]. Items in the “Not¢-Distracting” and
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“Not-Worrying” dimensions capture information about
the maladaptive, anxiety-characterized attention mode of
interoception, specifically regarding distraction and pre-
occupation with physical symptoms (e.g., “I ignore physi-
cal tension or discomfort until they become more severe”
[Not-Distracting] and “I start to worry that something
is wrong if I feel any discomfort” [Not-Worrying]) [14].
The items in the “Attention Regulation,” “Self-Regulation,”
“Body Listening” and “Trusting” dimensions capture
information on the adaptive attentional mode of intero-
ception, which is characterized by mindfulness [14].

Strengths of the MAIA include its multidimensional-
ity, ability to differentiate between attentional modes of
interoception, and sensitivity to treatment-associated
changes [14]. In general, the weaknesses of the MAIA
include low internal consistency in the “Noticing,” “Not-
Distracting,” and “Not-Worrying” dimensions, [31] as
well as a variable factor structure—ranging from eight,
seven, six, to three factors—with modifications across
various sociocultural contexts [32]. The MAIA-2 was
developed after the addition of five new items to the Not-
Distracting and Not-Worrying dimensions to improve
their internal consistency [18]. Subsequently, several vali-
dation studies of the MAIA-2 have confirmed its origi-
nal factor structure [33-36]. Measurement invariance
between males and females was demonstrated across all
dimensions except for “Not-Worrying” and “Attention
Regulation” [36].

However, some validation studies of the MAIA-2 have
reported psychometric deficiencies similar to those
found in the MAIA [25, 37-39]. Specifically, low fac-
tor loadings have been reported for two items (5 and 6
[Not-Distracting]) [34]; along with low internal consist-
ency in the “Noticing,” [18, 33], “Not-Worrying” [18, 25],
and “Trusting” [39], as well as difficulties in replicating
the original factor structure, particularly with the pro-
posed seven- [25, 37] and six-factor models [38, 39]. Due
to these psychometric shortcomings of the MAIA-2, a
24-item short version of the MAIA-2 was recently devel-
oped, which confirmed the eight-factor structure and
demonstrated measurement invariance between groups
based on gender and sport participation [31].

Traditionally, statistical procedures to assess the
dimensionality of a questionnaire have relied on factor
analysis, such as exploratory factor analysis (EFA) [40]. In
recent years, a new field of psychometrics called network
psychometrics has emerged, proposing novel approaches
to assess the dimensionality of constructs in multivariate
data [40, 41]. These approaches include exploratory graph
analysis (EGA) and bootstrap exploratory graph analy-
sis (bootEGA) [41]. BootEGA is considered a novel and
robust method in network psychometrics for estimating
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the stability of dimensions and items in multivariate data
[41].

In our study, we emphasize that the BootEGA method,
based on graph theory, offers an intuitive graphical visu-
alization of the data structure and requires fewer statis-
tical assumptions than traditional factorial methods.
These features facilitate a more flexible and straightfor-
ward interpretation of the data, which is especially use-
ful for identifying clusters of closely related items [42].
Although EGA may require specific technical skills and
involve less conventional interpretation, its combination
with bootstrap techniques in BootEGA provides addi-
tional statistical robustness, allowing for estimates of the
stability of the detected clusters. This capability is par-
ticularly important in studies where the stability of the
data structure is crucial [41]. In the current study, the
application of BootEGA is justified by the nature of the
data and the specific objectives of the research, provid-
ing a statistically sound and appropriate methodology for
our analysis. To our knowledge, researchers have primar-
ily used factor analysis to assess the dimensionality of the
MAIA and MAIA-2, except for one study that applied
EGA to analyze convergence among several interoceptive
questionnaires [22].

The MAIA has been translated into approximately 30
languages, making it widely accepted for assessing intero-
ception [18, 43]. Despite the existence of Chilean [44]
and European Spanish translations [34], significant cul-
tural and linguistic differences across Spanish-speaking
countries justify the need for a new version tailored to
Peruvian adults. Cultural factors, such as beliefs about
the body and health practices specific to Peru, may influ-
ence interoceptive awareness and, consequently, affect
the psychometric performance of the MAIA-2. For
example, variations in educational levels, regional dia-
lects, and conceptual understanding of interoceptive
sensations can impact the accuracy and validity of assess-
ments. In Peru, there has been growing interest in mind-
fulness practices, including yoga, meditation, and other
mind-body therapies aimed at improving well-being [13].
While mindfulness questionnaires have been adapted
locally, interoception questionnaires, such as the MAIA-
2, have not yet undergone cultural adaptation [13].
Though versions of the MAIA have been adapted into
Chilean Spanish and translated into European Spanish,
a successful adaptation requires ensuring linguistic, cul-
tural, conceptual, and metric equivalence to the original.
This process involves considering the specific linguistic,
cultural, and psychological characteristics of the target
population. For example, the validation of the MAIA in
a Colombian sample led to a modified seven-factor struc-
ture, highlighting the importance of ensuring that items
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are comprehensible to participants, particularly univer-
sity students [45, 46].

To ensure that the content holds similar meaning for
all populations, evidence of content validity and response
processes is essential [46, 47]. This can be obtained
through methods such as expert judgments and cogni-
tive interviews [25, 44]. It has been hypothesized that the
linguistic and sociocultural characteristics of Peruvians
(e.g., education level) could influence the comprehension
of the MAIA-2. The present study aimed to demonstrate
the validity of a new Spanish translation of the MAIA-2
in Peruvian adults and to examine its dimensionality.
Furthermore, it is worth noting that other psychological
questionnaires also have Peruvian adaptations, under-
scoring the importance of culturally relevant adaptations
in psychometric assessments.

Based on previous studies indicating variability in the
factor structure of the MAIA-2 across different cultural
contexts, we hypothesize that the dimensionality of the
newly translated MAIA-2 in Peruvian adults may differ
from the original eight-factor model, potentially present-
ing fewer or modified factors due to cultural influences.
Specifically, we anticipate that cultural beliefs and prac-
tices in Peru, such as traditional healing methods and
local understandings of body awareness, may affect inter-
oceptive awareness in unique ways compared to other
Spanish-speaking countries. While the MAIA-2 has
demonstrated strong psychometric properties in various
studies, we also expect that certain dimensions, such as
"Not-Worrying" and "Noticing,” which have shown low
reliability in other contexts, may present similar chal-
lenges in the Peruvian population.

Materials and Methods

Participants

A total of 491 individuals participated in the study, with
128 completing the survey online and 363 participat-
ing in person. Participants for the online survey were
recruited through social media platforms, where the
survey link was shared widely. Individuals were able to
access and complete the survey from any location in Peru
using their personal electronic devices, such as mobile
phones or computers. For the in-person sample, partici-
pants were recruited from two educational institutions
in Lima: a university and a military school. Surveys were
administered in group settings by two trained psychology
professionals who provided detailed verbal instructions
and responded to any questions that arose during the
completion of the questionnaires.

We excluded a total of 77 participants for the following
reasons: 31 participants did not reside in the department/
province of Lima, 14 participants had Venezuelan nation-
ality, 12 were under 18 years of age, 8 did not provide
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essential sociodemographic data such as weight and sex,
7 did not accept the informed consent, and 5 submitted
incomplete questionnaires with at least five missing data
points. Cases with fewer than five missing data points
(1-4 missing values) were included in the analysis, and
the cross-tabulated mean was calculated for the missing
data to ensure the robustness of the results.

Instruments

Sociodemographic data registration form

A questionnaire was developed to collect information on
the following sociodemographic data: sex, age, weight,
height, nationality, department/province of current resi-
dence, and educational level.

Multidimensional Assessment of Interoceptive Awareness,
Version 2 (MAIA-2)

The MAIA is an interoception questionnaire designed
to measure the multiple dimensions of conscious intero-
ception that can be captured through self-report [2, 20].
The MAIA-2 has a structure of eight dimensions and 37
items that in sequential order involve ascending levels of
interoceptive consciente: Noticing (4 items), Non-Dis-
tracting (6 reverse items), Not worrying (5 items, of which
3 are inverse), Attention regulation (7 items), Emotional
awareness (5 items), Self-regulation (4 items), Body lis-
tening (3 items), and Trusting (3 items) [18]. The meas-
urement scale is ordinal with six Likert-type response
options (never=0 to always=5) [44, 48]. The eight fac-
tors presented the following internal consistency values:
a=.64-.83 (Mehling et al., 2018); ordinal a=.78-.95 [35];
®=.82-.93 [36]. In this research, a version of the MAIA-2
translated into Spanish was used in the Peruvian context
(see Supplementary material 1). In addition, the coding
was modified, and the frequency options of the response
format were completed (never=1; almost never=2;
sometimes=3; frequently=4; almost always=5, and
always=6), thus the instruction for calculating the
inverse items also changed (7 - x). Since the direct items
are scored on a scale of 1 to 6, the inverse items should be
scored using the following subtraction: 7 - x. For exam-
ple, if the response to inverse item 5 (“I ignore physical
tension or discomfort until they become more severe”) is
"always" (6), the score (7 —6) would result in 1.

Procedure

A Peruvian translator specialized in psychology, but
unfamiliar with the construct, prepared the initial draft of
the Spanish translation of the MAIA-2. The lead author
(LV-R) then met with a bilingual native Spanish speaker,
who was not familiar with the construct but was well-
acquainted with U.S. culture, to read, analyze, and com-
pare the initial draft of the translation with the original
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MAIA-2 and the Chilean version of the MAIA [44]. The
translator performed the certified direct English-to-
Spanish translation of the MAIA-2. The final version of
the MAIA-2, translated and adapted to Peruvian Span-
ish, resulted from an iterative process involving revisions
and modifications based on (1) the direct translation,
(2) extensive discussions between LV-R and a bilingual
native Spanish speaker, (3) expert judgments, (4) cogni-
tive interviews, and (5) several discussions between LV-R
and one of the other authors (AS-B).

Expert Judgments

The purpose of the expert judgments was to obtain evi-
dence on the pertinence, relevance, and clarity of the
items in relation to the dimensions and construct of the
MAIA-2. The theoretical analysis conducted by AS-B
and LV-R identified that the MAIA-2 is epistemologi-
cally based on the humanistic theoretical approach to
psychology. Gestalt therapy, which also includes body
work in the “here and now; is rooted in this approach.
The psychologists had knowledge of various theoretical
approaches and were trained in psychological assessment
within a specific sociocultural context. Approximately
20 specialists were contacted by email, WhatsApp, and
in person. Six Peruvian psychologists agreed to par-
ticipate as judges (3 men, 3 women; place of residence:
Lima=>5, Oxapampa Province =1; specialty: Gestalt ther-
apy completed or in progress=3, clinical psychology=2,
research=1). The judges considered the linguistic, soci-
ocultural, and psychological characteristics of the tar-
get population (Peruvian adults) and used a Likert scale
(Strongly disagree=1; Disagree=2; Agree=3; Strongly
agree=4) to rate their opinion on relevance (“the item
measures the dimension and the construct”), importance
(“the item is important and not redundant with another
item”), and clarity (“the item is understandable and not
confusing”). The judges provided their opinions in writ-
ing through a document prepared specifically for this
purpose. Four judges responded using the digital format,
while the other two used the paper format. The judges
were given the freedom to respond at their convenience
and to submit the document within a reasonable period
of time (e.g., one week). Quantitative analysis was per-
formed using an online calculator to obtain Aiken’s V
coeficient (V).

Cognitive interviews

To address the feedback provided by the expert judges,
a series of cognitive interviews was conducted to iden-
tify and resolve any additional issues with the MAIA-2
items. Eleven adults residing in Peru were contacted
via WhatsApp to participate in this process, and
ten of them (7 women, 3 men) voluntarily agreed to
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participate. Participants ranged in age from 25 to 64
years and had different levels of education, including
higher and secondary education.

The cognitive interviews were designed to gather evi-
dence about problematic elements in the items (e.g.,
words, expressions, response format) that could lead to
misunderstandings or difficulties for the target popula-
tion. Interviewees were asked to complete the MAIA-2
and then engaged in retrospective probing, where
standardized questions were posed to understand how
they interpreted specific items and why certain ques-
tions may have been confusing. For example, the term
"tension fisica” in item 5 was interpreted by some as
"emotional stress”, leading to the revision of the item to
"malestar fisico” to clarify its meaning.

After these modifications were made, the revised
items were re-administered to a subset of participants
to ensure the changes were clear and appropriate.
These cognitive interviews helped validate the cultural
and linguistic relevance of the MAIA-2 items for the
Peruvian population. Both qualitative and quantitative
analyses were performed on the interview data, using
Aiken’s V coefficient (V) to assess the clarity and rel-
evance of the modified items.

Sample size calculation

An a priori sample size calculator for structural equa-
tion models was used with the following parameters
and values: anticipated effect size (.3), desired power
level (.95), number of latent variables (8), number of
observed variables (37), and probability level (.05) [49].
The minimum recommended sample size was 256 par-
ticipants. Sample participants were recruited both vir-
tually and in person. The decision to combine survey
modalities (virtual and face-to-face) was made due to
the time frame established for recruitment. Virtually,
participants completed the survey using a personal
electronic device (e.g., cell phone) from anywhere in
the country. The survey was designed in Google Forms
and disseminated through social networks. In the face-
to-face setting, participants completed the survey in
a group using pencil and paper in the classrooms of a
university and a military school located in Lima, Peru.
The survey was administered by two psychology profes-
sionals, who provided oral instructions and addressed
any questions that arose. Peruvian adults aged 18 to 69
years, with a minimum educational level of completed
secondary school, and residing in Lima, Peru, were
considered for inclusion. Participants who did not meet
these criteria were excluded. The necessary permissions
were obtained for administering the paper surveys in
both educational institutions.
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Ethical aspects

The virtual and paper survey contained informed con-
sent and questionnaires. Informed consent consisted
of explaining the duration and procedure of the survey;
purpose of the research; right to refuse participation or
discontinue participation after it has begun; absence of
consequences for refusal or withdrawal of participation;
absence of benefits due to participation; guarantee of
confidentiality and anonymity, as well as the contact of
the lead author. Anonymity, privacy, and confidentiality
were guaranteed in the use of the information collected
throughout the research process. The Ethical Principles
of Psychologists and the Code of Conduct were respected
[50, 51].

Data analysis

Descriptive statistical analysis of the sociodemographic
data (frequencies, percentages, and arithmetic mean) was
performed. The minimum value established for V was
>.70 [52]. The fit of the structural equation model (SEM)
was assessed through confirmatory factor analysis (CFA),
in which the recommended weighted least squares means
and variance adjusted (WLSMV) estimation method was
employed for ordinal data in violation of the normality
assumption [53]. The following parameters and cutoff
points considered acceptable were used: chi-square over
degrees of freedom (x*/df=2-5) [54, 55], comparative fit
index (CFI>.90), Tucker-Lewis index (TLI>.90), stand-
ardized root mean square residual (SRMR<.08), root
mean square error of approximation (RMSEA <.08), and
factor loadings (A>.40) [56]. The internal consistency
method of reliability was estimated using the ordinal
(ordinal a) and omega (w) alpha coefficient with accepta-
ble factor values >.70 [53]; values ~.90 can be considered
"excellent”; ~ .80 "very good", and ~.70 "adequate" [57].
The mean variance extracted (AVE) was analyzed with
acceptable factor values>.50 [58].

The dimensionality of the MAIA-2 was assessed using
bootstrap exploratory bootstrap graph analysis (boot-
EGA), which is considered a novel and robust approach
in network psychometrics for estimating the stability
of dimensions and items in multivariate data [41]. The
parametric procedure was used to generate data on all
starting replicate samples (500), the graphical opera-
tor network estimation method graph absolute mini-
mum selection and shrinkage (GLASSO) to estimate the
graphical Gaussian model (GGM), as well as the Walk-
trap community detection algorithm [59].

Descriptive statistics were calculated for the MAIA-2
dimensions (median, standard deviation, confidence
interval, and quantile), which provides a general under-
standing of the stability of the dimensions [59]. Structural
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consistency, defined as the degree to which the items of
a dimension show interrelations and homogeneity within
the multidimensional structure of the questionnaire, was
used to evaluate the stability of the dimensions, which is
observed in the coherent grouping of communities in a
psychological network [41]. Thus, structural consistency
is an alternative measure to the reliability coefficients
(e.g., a, w) of the internal consistency method commonly
used in factor analysis [41, 59]. We considered items with
acceptable stability (>.75) and significant average net-
work loadings for a small effect size (>.15) [59].

Measurement invariance between groups according to
sex was assessed using multigroup confirmatory factor
analysis (MFCA). Values of ACFI and ARMSEA (<.010)
[60] were considered [60] to accept measurement invari-
ance in the three constraining stages (scalar, metric, and
residual) [61].

Jamovi (version 2.3) [62] was used to perform the
descriptive statistical analysis of the sociodemographic
data, and RStudio (version 4.3.0.) [63], the packages
"psych” [64], "lavann” [65], "semPlot" [66], "semTools" [67],
"EGAnet” ([68], and "ggraph” ([69] to perform the rest of
the analyses.

Results

A total of 414 Peruvian participants with residence
in Lima were included, 85% were young adults aged
18-27 years (252 females=61%; 162 males=39%; age
range =18-64; M, = 23.4; educational level [incomplete
university=71%; complete university=19%; complete
high school=10%]; M, ;gn; = 65 kg; Myeighe 1.63 m; Mpyy

Wi

= 24.4 [normal]) (see Table 1).

Table 1 Sociodemographic data of participants

Characteristics f % M
Sex Male 162 39
Female 252 61
Age 18-27 351 85
28-37 42 10
38-47 8 2
48-57 7 2
58-64 6 1
Level of education High school completed 43 10
University incomplete 294 71
University complete 77 19
Weight (kg) 65
Height (m) 1.63
BMI 244

Nota. f frequencies, BMI body mass index, kg kilograms, m meters, M arithmetic
mean, M arithmetic mean
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Expert judgments

Six Peruvian psychologists participated as judges, three
men and three women, five residing in Lima and one in
the department of Pasco, Peru. Most of the items (35/37)
obtained acceptable values at the lower limit of the con-
fidence interval corresponding to Aiken’s V coefficient
(95% CI [.67-.82]) in the three aspects of the content
evaluated (relevance, pertinence, and clarity). The first
two items obtained values < .65 at the lower limit (95% CI
[.61]), specifically in the following aspects of the content:
clarity (item 1) and relevance (item 2).

Cognitive interviews

Respondents opined on the MAIA-2 items and response
format based on the completion of several types of retro-
spective cognitive probes (paraphrasing, comprehension/
interpretation, confidence judgment, and general) [70].
The results of the qualitative analysis were congruent
with those of the quantitative analysis. Between 70 % ad
100 % o the respondents achieved a positive result in the
probe, thus most of the items (18/24) obtained acceptable
values in the Aiken V coefficient (.70—1). The remain-
ing items (5, 6, 19, 20, 22, 34, 35) obtained values<.70.
The following problematic items were identified: (a) the
initial negation in item 5 caused confusion, so “I do not
realize it” was changed to “I ignore”; (b) several items
were interpreted to include an emotional aspect, so the
word “physical” was added to specify that discomfort or
pain referred to the physical level (sensations), ensuring
consistency with the description of the dimensions and
the construct; (c) the word “posture” in item 18 was also
interpreted as related to “job position” or “point of view,’
so it was necessary to complement it with the word “bod-
ily”; (d) the expression “become aware” in item 19 gen-
erated confusion, so it was changed to “pay attention”;
(e) the wording of several items (20, 22, 25, 28, 35, 36)
caused confusion, so they were rephrased. For example,
item 35 (“I feel comfortable in my body”) was interpreted
in relation to self-esteem, and item 36 (“I feel my body is
a safe place”) was confusing due to a lack of context.

Factor analysis
The first oblique model corresponding to the origi-
nal factor structure of the MAIA-2 was analyzed; it
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presented fit indices with acceptable values: y*/df =2.967;
CFI=.930; TLI=.923; SRMR =.066; RMSEA =.069 (90%
CI [.065-.073]). However, it presented factor loadings
with values lower than the minimum accepted (.039-
.069) in the inverse items of Not-Worrying (11, 12, 15).
These items were removed, and a second model was
analyzed. The second oblique model showed acceptable
values of fit indices: x*/df=3.133; CFI=.935; TLI=.927;
SRMR=.057; RMSEA=.072 (90% CI [.068-.076]). This
model presented slightly better values than the first one
in CFI, TLL, and SRMR, and therefore it was considered
the model with the best fit (see Table 2).

The first model presented factor loadings with the fol-
lowing values: .748-.846 on items 1-4 (Noticing); .753-
.843 on items 5-10 (Non-Distracting); .039-.722 on items
11-15 (Not worrying); .628-. 869 on items 16—22 (Atten-
tion regulation); .725-.853 on items 23-27 (Emotional
awareness); .772-.864 on items 28-31 (Self-regulation);
.827-.864 on items 32-34 (Body listening), and .850-.892
on items 35-37 (Trusting). All these values were sta-
tistically significant (p<.001], except items 11, 12, 15
(p=.285-.558) which obtained factor loadings with val-
ues inferior to the minimum accepted [.039-.069] (Fig. 1).

The second model (without items 11, 12, 15) presented
factor loadings with acceptable values: .749-.846 on items
1-4 (Noticing); .753-.843 on items 5-10 (Non-Distract-
ing); .678-.741 on items 13, 14 (Not worrying); .628-.869
on items 16-22 (Attention regulation); .725-.853 on items
23-27 (Emotional awareness); .772-.864 on items 28-31
(Self-regulation); .827-.864 on items 32-34 (Body listen-
ing) and .850-.892 (Trusting). All these values were statis-
tically significant (p <.001) (Fig. 1).

Dimensionality of MAIA-2 using bootstrap exploratory
graphical analysis (bootEGA)

The first psychological network model was represented
by seven dimensions, the red nodes grouped the items
of Self-regulation ("au" 28-31), Body listening ("ec"
32-34), and Trusting ("co" 35-37) which resulted in
the first dimension called Body connection. The light
blue nodes grouped the Non-Distracting ("nd" 5-10
[inverse]) items and resulted in the second dimension.
The green nodes grouped the Emotional awareness
items ("ce" 23—-27) and resulted in the third dimension.

Table 2 Fit indices of oblique models of confirmatory factor analysis (CFA)

Model X df X/ df CFI TLI SRMR RMSEA C190% RMSEA

Lower Superior
M1: 8 factors, 37 items 1783.325 601 2.967 0.930 0.923 0.066 0.069 0.065 0.073
M2: 8 factors, 34 items 1563.207 499 3.133 0.935 0.927 0.057 0.072 0.068 0.076

Note. x? chi-square, df degrees of freedom, CFI comparative fit index, TLI Tucker-Lewis index, SRMR Standardized root mean square residual, RMSEA Root mean square

error of approximation, C/ Confidence interval
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Fig. 1 Oblique 8-factor model of MAIA-2. Note. Second model (M2) of 34 items. CO: (Trusting/Confianza), EC: (Body listening/Escucha corporal),
AU: (Self-regulation/Autorregulacion), CE: (Emotional awareness/Conciencia emocional), RA: (Attention regulation/Regulacion de la atencién), NP: (Not
worrying/No preocuparse, ND: (Non-Distracting/No distraerse), PE: (Noticing/Percepcion)

The orange nodes were grouped three items of Atten-
tion regulation ("ra" 16-18) and two items of Not worry-
ing ("np" 13, 14), resulting in the fourth dimension. The
yellow-colored nodes grouped the three inverse items
of Not worrying ("np" 11, 12, 15) and resulted in the
fifth dimension. The purple nodes grouped the Trusting
items ("co" 1-4) and resulted in the sixth dimension.
Finally, the dark blue nodes were grouped four items of
Attention regulation ("ra" 19-22), resulting in the sev-
enth dimension (see Fig. 2A).

The visual and semantic analysis of the Self-regula-
tion, Body listening, Trusting, and Attention regulation
dimensions, together with the analysis of item stability,
suggested the need to evaluate a second model. After
eliminating the Not worrying items ("'np" 11-15), which
in the first model represented the fifth dimension with
yellow nodes (inverse items 11, 12, 15) and part of the
fourth dimension with orange nodes (direct items 13, 14),
the second model considered more parsimonious was
obtained.



Vivas-Rivas et al. BMC Psychology (2025) 13:125

A ) -
Z c927 %\
pe
ce23

'"’\ms %
P

o

P

&\ w5 ~ o8
< J/ )

( ~
51\‘ npt3 ~ L
- N —_—— -~ np12 ~ \
npi11
N\
nd10
| NN e P 4 \ np15 /
ndé m!, nd9 -

Page 9 of 16

na7 s _se2d
"X ce23” i
!1122
4 w2l
ped 1
ped
/
mzo \ f"
pe2
\'mg rai6
ra18 ral7

Fig. 2 Dimensionality of MAIA-2 assessed by bootstrap exploratory bootstrap graph analysis (bootEGA). Note: Comparison between model
A (7 dimensions, 37 items) and model B (5 dimensions, 32 items). CO: (Trusting/Confianza), EC: (Body listening/Escucha corporal), AU: (Self-regulation/
Autorregulacion), CE: (Emotional awareness/Conciencia emocional), RA: (Attention regulation/Regulacion de la atencién), NP: (Not worrying/No

preocuparse, ND: (Non-Distracting/No distraerse), PE: (Noticing/Percepcidn)

This model was represented by five dimensions, the
red nodes grouped the items of Self-regulation ("au"
28-31), Body listening ("ec" 32-34), and Trusting ("co"
35-37) which resulted in the first dimension called Body
connection. The light blue nodes grouped the Attention
Regulation items ('ra" 16-22) and resulted in the sec-
ond dimension. The green nodes grouped the Emotional
Awareness items ("ce" 23-27) and resulted in the third
dimension. The orange nodes grouped the Not distracting
("nd" 5-10 [inverse]) items, which resulted in the fourth
dimension. Finally, the yellow nodes grouped the Trust-
ing items ("pe" 1-4), which resulted in the fifth dimen-
sion (see Fig. 2B).

The first model (model A: 7 dimensions, 37 items) pre-
sented a median of 6 dimensions; standard deviation of
1; confidence interval (95% CI [4—8]) and quantile (4-8).
The second model (model B: 5 dimensions, 34 items) pre-
sented a median of 5 dimensions; standard deviation of
1; confidence interval (95% CI [3-7]) and quantile (5-8).
These results suggest that MAIA-2 has fewer dimensions
than the original 8-dimensional theoretical model (see
Table 3).

In the first model (model A), the items of the dimen-
sions presented values indicating stability (0.77-1.00),
however, the items of the sixth dimension (Noticing)
represented by the purple nodes ("pe" 1-4) presented
instability (0.52). In the second model (model b), the
items of all dimensions were stable (0.76—1.00). The
second model showed stability (see Fig. 3).

In the first model (model A), items "ral9", "ra21" and
"au29" presented significant network loadings in two
dimensions ("ral9" and "ra21" in the fourth and sixth
dimensions, and "au29" in the first and third dimen-
sions), i.e., these items presented cross loadings in the
mentioned dimensions. In the second model (model B)
with the "Not worrying" items ("np" 11-15) removed,
the significant average network loadings resulted con-
sistent according to the grouping of the items in the
dimensions, although the item "au29" continued to pre-
sent cross-loadings, this time, in the first and fourth
dimensions, indicating that this item is multidimen-
sional (see Table 4).

Table 3 Descriptive statistics of MAIA-2 dimensions in all baseline replicate samples

n.Boots median.dim SD.dim Cl.dim Lower.Cl Upper.Cl Lower. Upper.
Quantile Quantile
Model A 500 6 1 2 4 8 4 8
Model B 500 5 1 2 3 7 5 8

Note. n.Boots number of starting replicate samples, median.dim median, SD.dim standard deviation, C/ = 95% confidence interval, Lower lower limit, Upper upper limit,

Model A: 7 dimensions, 37 items; Model B: 5 dimensions, 32 items.
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Fig. 3 Stability of MAIA-2 items. Note: Comparison between model A (7 dimensions, 37 items) and model B (5 dimensions, 32 items)

Measurement invariance

Measurement invariance between groups according
to sex was accepted by observing values of ACFI and
ARMSEA <.010 in the three restrictive stages; thus,
interoceptive awareness was an equivalent construct for
males and females in this research (see Table 5).

Reliability using the internal consistency method

The factors of the second model of the AFC (eight fac-
tors, 34 items) presented good values of ordinal alpha
(ordinal a=.863-.905) and omega (w=.847-.887) reli-
ability coefficients, except for the third factor (Not worry-
ing) (xordinal =.669; w=.639), in which the inverse items
(11, 12, 15) were eliminated and it was left with only the
two direct items (13, 14). Likewise, they showed accept-
able values of the average variance extracted (AVE =.505-
.762) (see Table 6).

Discussion

The Multidimensional Assessment of Interoceptive Aware-
ness, Version 2 (MAIA-2) is an interoception question-
naire designed to measure the multiple dimensions of
conscious interoception that can be captured through
self-report [2, 18]. The present study aimed to demon-
strate the validity of a new Spanish translation of the
MAIA-2 in Peruvian adults and to examine its dimen-
sionality using bootEGA. Evidence is presented that sup-
ports the validity, reliability, and fairness of the MAIA-2
in Peruvian adults.

A new translation of the MAIA-2 into Peruvian
Spanish was produced. The strategies and methods
employed—direct translation, multiple reviews and dis-
cussions, expert judgments, and cognitive interviews—
provided valuable insights at each stage of the translation
process. In this version of the MAIA-2, the coding was

modified, and the frequency options of the response for-
mat were completed (never=1; almost never =2; some-
times=3; frequently=4; almost always=5; always=6).
Consequently, the instruction for calculating the inverse
items was also adjusted (7 - x). This response format
was understandable to the respondents in this study. In
most previous MAIA-2 studies, the direct and reverse
translation method was used [25, 31, 33-36, 38]. A pre-
vious MAIA-2 study involved an expert committee to
assess "language validity" (Turkish), but no results were
reported [37]. Some previous MAIA and MAIA-2 stud-
ies used the cognitive interviewing method and reported
the most relevant findings [25, 44]. The previous MAIA-2
study reported comprehension problems with two items
(12 and 35) [44].

The cognitive interviews conducted in this study helped
identify several problematic elements in the MAIA-2. For
example, the negation in item 5 caused confusion and
was revised from ’I don't realize’ to I ignore! Addition-
ally, to clarify that the items referred to physical sensa-
tions rather than emotional states, the word ’physical’
was added to several items. Similarly, ambiguous terms
like ’posture’ in item 18 and ’become aware’ in item 19
were clarified as ’bodily posture’ and ’pay attention,
respectively. Several other items (20, 22, 25, 28, 35, 36)
were rephrased for better clarity.

On the other hand, it is worth mentioning that the dif-
ferences between the Chilean version of the MAIA, the
Spanish version of the MAIA-2, and the Peruvian version
of the MAIA-2 are detailed below [34, 44]: The two previ-
ous versions retained the original response format (Likert
scale from 0 =never to 5=always) [34]. The Spanish ver-
sion of the MAIA-2 is not publicly available, so it cannot
be included in this comparison [34]. The Chilean version
of the MAIA includes the feminine gender in adjectives,
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Table 4 Average network loadings of MAIA-2 items across all baseline replicate samples

Model A 1 2 3 4 5 6 7 ModelB 1 2 3 4 5

pel 0.024 —-0.001 0.028 0.059 0.281 0.021 0.000 pel 0.025 0.044 —-0.001 0.018 0.282
pe2 -0.009  -0.008  0.051 0.045 0.443 0.004 -0.006  pe2 -0.008 0.011 -0.007  0.037 0.458
pe3 0.021 -0.002  0.047 0.060 0.329 0.044 0.004 pe3 0.020 0.054 -0.002  0.039 0.327
pe4 -0.016  0.000 0.106 0.093 0.235 0.013 —0.008  pe4 -0.022  0.060 0.002 0.104 0.239
nd5 0.001 0.321 0.000 -0.008  -0.001 -0018 -0.008 nd5 0.003 -0.020 0.329 0.001 0.000
ndé 0.000 0.342 0.004 0.019 0.002 0.002 —0.008  nd6 0.000 0.008 0.347 0.006 0.004
nd7 0.005 0.360 0.003 0.003 —-0.010  0.005 —0.007  nd7 0.005 0.007 0.382 0.005 —-0.009
nd8 0.000 0.398 —-0.001 0.002 0.000 —-0.001 -0.019  nd8 0.000 0.002 0.410 —-0.001 0.000
nd9 0.000 0.352 -0.004  0.004 —0.001 -0.002  —-0.055 nd9 0.001 0.005 0.400 —-0.006  0.000
nd10 -0032 0.274 -0.003  0.001 -0.005  -0.001 -0.146  nd10 -0.034  -0.001 0.305 -0.003  —0.005
npl1l 0.007 -0.054  0.002 -0.010  0.000 0.002 0.118 npl1l - - - - -

npl12 0.005 —-0.009  0.005 -0.005  0.000 0.013 0.155 npl12 - - - - -

np13 -0010 0017 0.011 0.206 0.056 0.025 -0.087  npl13 - - - - -

npl4 0.019 0.003 0.007 0.220 0.015 0.017 -0.018 npl4 - - - - -

np15 0.007 -0.037  0.002 -0.009  -0.005  0.003 0.169 np15 - - - - -

ralé 0.019 0.011 0.009 0.298 0.057 0.009 -0.014 ral6 0.024 0.186 0.019 0.007 0.076
ral7 0.007 -0.003  0.005 0.292 0.057 0.098 0.002 ral7 0.006 0.279 -0.002  0.002 0.068
ral8 0.017 —-0.001 0.038 0.205 0.031 0.101 -0.002 ral8 0.016 0.199 0.003 0.039 0.045
ral9 0.018 -0.005  0.015 0.182 0.035 0.325 0.008 ral9 0.016 0.327 -0.005 0012 0.040
ra20 0.033 0.005 0.020 0.145 0.003 0.294 0.004 ra20 0.031 0.274 0.007 0.017 0.006
ra2l 0.037 0.000 0.031 0.163 0.017 0.338 0.002 ra2l 0.035 0.303 -0.001 0.030 0.018
ra22 0.069 -0.010  0.089 0.131 0.019 0.267 0.022 ra22 0.067 0.251 -0.014  0.086 0.019
ce23 0.052 0.005 0.159 0.068 0.050 0.097 0.001 ce23 0.050 0.104 0.008 0.160 0.054
ce24 0.050 -0.010  0.170 0.028 0.099 0.052 -0003 ce24 0.051 0.037 -0.013  0.175 0.096
Model A 1 2 3 4 5 6 7 ModelB 1 2 3 4 5

ce25 0.055 -0.002 0.277 0.007 0.044 0.012 0.012 ce25 0.054 0.006 -0.002  0.280 0.045
ce26 0.026 0.001 0.336 0.021 0.026 0.050 0.006 ce26 0.023 0.043 0.002 0.349 0.024
ce27 0.085 0.002 0.310 0.007 0.028 0.012 -0.002  ce27 0.086 0.009 0.003 0.315 0.029
au28 0.183 —-0.001 0.042 0.053 0.003 0.093 0.015 au28 0.180 0.091 —-0.001 0.033 0.003
au29 0.203 —-0.001 0.162 0.011 0.009 0.005 0.002 au29 0.200 0.009 —-0.001 0.158 0.008
au30 0.187 —-0.004  0.065 0.046 0.010 0.012 0.016 au30 0.185 0.028 -0.005  0.056 0.012
au3l 0.256 -0.002 0032 0.012 -0.008 0011 0.000 au3l 0.252 0.013 -0.002  0.020 -0.012
ec32 0.182 0.000 0.110 0.012 0.007 0.033 0.005 ec32 0.184 0.025 0.001 0.105 0.006
ec33 0.259 0.002 0.028 —-0.001 0.025 0.002 0.002 ec33 0.270 0.000 0.002 0.017 0.024
ec34 0.257 -0.003  0.034 0.020 0.007 0.054 0.006 ec34 0.260 0.045 -0.004  0.028 0.008
co35 0.282 0.000 0.030 0.011 -0.028 0.017 0.010 co35 0.262 0.017 0.000 0.025 —-0.033
co36 0.290 0.007 0.004 0.010 0.002 0.020 0.010 co36 0.255 0.017 0.008 0.004 0.002
co37 0.254 -0.030  0.022 0.013 0.018 0.029 0.009 co37 0.239 0.024 -0.034 0019 0.019

Note. Model A: 7 dimensions, 37 items; Model B: 5 dimensions, 32 items. Mean network loadings significant for small effect size: >0.15 (bold values). CO (Trusting/
Confianza), EC (Body listening/Escucha corporal), AU (Self-regulation/Autorregulacién), CE (Emotional awareness/Conciencia emocional), RA (Attention regulation/
Regulacién de la atencién), NP (Not worrying/No preocuparse, ND (Non-Distracting/No distraerse), PE (Noticing/Percepcion)

Table 5 Measurement invariance between groups according to sex

Invariance X2 df X/ df p CFI RMSEA ACFI ARMSEA
Configural 2231.500 908 2458 - 0.838 0.084 - -

Scalar 2281.300 935 2440 0.005 0.835 0083 0.003 0.001
Metric 2346.100 962 2439 0.000 0.830 0.083 0.005 0.000
Residual 2414.400 994 2429 0.000 0.826 0.083 0.004 0.000

Note. Model 2 of the network analysis: 5 dimensions, 32 items. x? chi-square, df degrees of freedom, p p-value, CFl comparative fit index, RMSEA root mean square error
of approximation, ACF/ difference of CFl, ARMSEA difference of RMSEA
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Table 6 Reliability estimated using the internal consistency method

F1 F2 F3 F4 F5 F6 F7 F8
ordinaley 0.863 0.905 0.669 0.896 0.881 0.887 0.878 0.898
w 0.847 0.869 0.639 0.887 0.880 0.869 0.857 0.883
AVE 0.624 0.643 0.505 0.578 0.636 0.666 0.710 0.762

Note. AFC Model 2: 8 factors, 34 items. AVE average variance extracted

for example, "tenso(a).” The items that show the most sig-
nificant differences between the Chilean version of the
MAIA and the Peruvian version of the MAIA-2 (com-
mon to both versions, with MAIA-2 numbering) are as
follows: 3, 5, 6, 12, 17, 19, 20, 21, 22, 25, 26, 28, 29, 31, 32,
33, 34, 35, and 36.

Four previous studies [33—36] presented a factor struc-
ture conforming to the original eight-factor, 37-item
structure of the MAIA-2 [18]. However, other studies
presented alternative factor structures, such as 6 fac-
tors with 26 items [38]; 7 factors with 34 items [37]; 7
factors with 31 items [25], and 8 factors with 24 items
[31]. In our study, items 11, 12, and 15 from the "Not
Worrying" dimension were removed due to psychomet-
ric issues, similar to the approach taken by Tosun et al.
[37], who also excluded these inverse items. This decision
was based on their low internal consistency and difficul-
ties in item comprehension, which have been noted in
other studies as well. While the removal of these items
raises concerns about whether the full scope of intero-
ceptive avoidance is being measured, we ensured that
the remaining items in the dimension captured the core
aspects of the construct. As seen in the study by Da
Costa et al. [38], where all items from this dimension
were removed, the exclusion of problematic items can
enhance the psychometric properties of the scale without
significantly compromising its validity. In our analysis,
the revised structure maintained acceptable fit indices,
suggesting that the overall measurement of interoception
was preserved, even with the removal of these items.

Two psychological network models were tested.
Although the two estimated models show the multidi-
mensionality of the MAIA-2, the number of dimensions
does not correspond to the original theoretical model
of the questionnaire [18]. Nevertheless, the five-dimen-
sional model proved to be more stable and provided
better fit indices compared to the eight-factor model.
Specifically, the five-factor solution showed improved
statistical robustness, with lower RMSEA and SRMR
values, which are indicative of a better model fit. Theo-
retical considerations also support the selection of the
five-factor model over the eight-factor structure. The
five-dimensional model offers a more integrated and
practical conceptualization of interoception that is

particularly relevant for the Peruvian context, where cul-
tural factors such as somatic awareness and health beliefs
might differ from those considered in the development of
the original model. For instance, the merging of related
dimensions such as "Self-regulation” and "Body listening”
into a broader "Body Connection” dimension allows for
a more holistic representation of how bodily sensations
are experienced by Peruvian adults. This adjustment not
only reflects the cultural specificity of the population
but also provides a simpler, more interpretable frame-
work for assessing interoceptive awareness. In contrast,
the original eight-factor model may introduce unneces-
sary complexity and item redundancy when applied in
the Peruvian setting. Although the eight-factor model
was theoretically grounded, its granularity might not
align with the way interoceptive processes are interpreted
across different cultural contexts, leading to less reli-
able factor loadings. As a result, the five-factor model is
favored in both statistical and practical terms, offering
a more suitable structure for measuring interoception
within the Peruvian population.

The second model was represented by five dimensions,
the red nodes grouped the first dimension called Body
Connection, which was formed by the original dimen-
sions Self-regulation ("au" 28-31), Body listening ("ec"
32-34), and Trusting ("co" 35-37). Node au3l "When I
am caught up in thoughts, I can calm my mind by focus-
ing on my body/breathing " was related to node ec33
"When I am upset, I take time to explore how my body
feels” and node c035"T am at home in my body", which
may mean that relaxation through conscious attention
to the body or breathing, facilitates the recognition of
bodily sensations associated with the emotion, as well as
the generation of a state of inner tranquility. Although
Body Connection (Self-regulation, Body listening, Trust-
ing) does not fully represent the Mind-body integration
dimension (Emotional awareness, Self-regulation, Body
listening) corresponding to the initial MAIA conceptual
framework, it was consistent with the conceptual frame-
work of the construct as it is represented by the last three
dimensions of MAIA-2, which follow a sequential order
of ascending levels of interoceptive awareness.

Likewise, node nd10 "When I feel unpleasant body
sensations, I occupy myself with something else so I don’t
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have to feel them” was negatively related to node co37 "I
trust my body sensations”, which may mean that ignor-
ing bodily sensations perceived as unpleasant generates
distrust of those sensations. Node ce27 "I notice how
my body changes when I feel happy / joyful” was related
to node au29 "When I become aware of my body, I feel a
sense of calm”, which may mean that conscious attention
to bodily sensations such as those generated by joy, gen-
erates a state of tranquility. Node ce24 "When something
is wrong in my life, I can feel it in my body"” was related to
node ec32 "I listen for information from my body about
my emotional state”, possibly because attention to bod-
ily sensations associated with the emotional state may be
more present in difficult life experiences. In turn, node
ce24 "When I bring awareness to my body, I feel a sense
of calm” was related to node ped, "I notice changes in my
breathing, such as whether it slows down or speeds up",
which may be because the identification of subtle bod-
ily sensations (e.g., breathing) enables the recognition of
more complex bodily sensations (e.g., muscle tension).
Node ra22 "I am able to consciously focus on my body as
a whole” was related to node ce23 "I notice how my body
changes when I am angry”, this may be due to the fact
that conscious attention to bodily sensations allows us
to perceive the bodily change associated with the emo-
tion. Node pe4 "I notice changes in my breathing, such as
whether it slows down or speeds up” was related to node
ral6 "I can pay attention to my breath without being
distracted by things happening around me", which may
suggest that attention to changes in breathing facilitates
sustained attention to the breathing process.

Network analysis is prioritized over factor analysis for
several reasons: the stable psychological network model
demonstrated theoretical consistency with the construct;
CFA models from several previous studies did not reflect
the original eight-factor, 37-item structure of the MAIA-
2; in addition, the bootEGA represents a robust approach
in network psychometrics for assessing dimensionality,
which provided significant empirical evidence for the
psychometric investigation of MAIA-2.

The results of the analysis of measurement invariance
between groups by sex are consistent with those of a
previous study [31]. In another study, men scored sig-
nificantly higher than women on the “No¢-Worrying” and
“Attention Regulation” dimensions [71]. Similar to two
previous studies, the third factor ("Not-Worrying") did
not show adequate values in internal consistency meas-
ures (ordinal «, ®) [1, 51].

The results of this study should be interpreted con-
sidering cultural factors that may have influenced the
perception and self-report of interoception in the Peru-
vian population. As in the study by Freedman et al. [72],
which identified cultural differences in body awareness
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between Americans and Japanese, it is likely that cultural
differences between the Peruvian population and other
cultures could have impacted the MAIA-2 findings. In
Peru, the influence of traditional health practices, spir-
itual beliefs, and cultural gender norms may have affected
how participants experience and report their bodily sen-
sations. These cultural differences underscore the impor-
tance of contextualizing the MAIA-2 results within the
specific cultural framework of the studied population and
suggest the need for future research to explore these cul-
tural variations in greater depth.

Limitations

This study has several limitations that should be consid-
ered when interpreting the results. First, the translation
process of the MAIA-2 into Peruvian Spanish did not
include multiple translations or the use of a back-trans-
lation method, which could have affected the linguistic
and cultural equivalence of the instrument. Furthermore,
a second phase of cognitive interviews with a different
group of participants was not conducted after item modi-
fication, which limited the ability to validate the adapta-
tions made.

Another limitation is related to the exclusion of Ven-
ezuelan citizens, although this exclusion was to maintain
cultural homogeneity and ensure that the data reflected
the experiences of Peruvian adults. However, it may limit
the generalizability of the results, especially in a con-
text where migration is an important demographic fac-
tor. The decision to exclude Venezuelan participants was
based on potential cultural and health-related behavioral
differences.

Moreover, the sampling was non-probabilistic and
limited to young adults in Lima, which restricts the geo-
graphic and demographic representativeness of the sam-
ple, thereby affecting the ability to generalize the results
to the Peruvian population as a whole. Finally, although
novel analysis techniques like bootEGA, which are prom-
ising for assessing the dimensionality of complex con-
structs, were used, these techniques are less conventional
and may require further validation within the scientific
community to ensure their reliability and applicability in
future studies.

Practical and clinical implications

This study could trigger relevant impacts both in the field
of research and clinical intervention regarding intero-
ceptive awareness in the Peruvian adult population.
Elucidation of the dimensions of interoceptive aware-
ness and validation of the MAIA-2 instrument could
facilitate further exploration and understanding of this
construct in specific contexts in Peru. Furthermore, the
findings obtained could be vital for the adaptation or
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development of clinical interventions aimed at improving
interoceptive awareness and, possibly, the quality of life
of individuals. The potential applications of these inter-
ventions could be broad, ranging from the management
of chronic conditions to support in the treatment of men-
tal disorders. In the clinical context, improved under-
standing of interoceptive awareness and the availability
of a validated instrument could enable health care pro-
fessionals to incorporate interoceptive awareness-based
intervention strategies into their practices, which could
result in more holistic and patient-centered therapeutic
approaches. Currently, there are no objective tools that
can comprehensively assess the various facets of intero-
ception [6, 18], which is why the MAIA-2 is presented as
the most suitable measure for this purpose [14, 18]. The
MATIA-2 is an internationally widely used self-assessment
questionnaire, and has multiple advantages such as its
multidimensionality, ability to discern attentional modes
of interoceptive awareness, and sensitivity to detect treat-
ment-associated changes [14].

Future directions

For future research, it would be important to test the
revised MAIA-2 in different populations and contexts to
validate the stability and generalizability of the findings.
Specifically, replication studies in other Spanish-speak-
ing regions, such as Central America and the Caribbean,
would be valuable, as cultural, social, and economic dif-
ferences may influence how individuals perceive intero-
ceptive sensations. Additionally, longitudinal studies
could provide insights into how mindfulness practices
or body-oriented interventions affect interoception over
time. It would also be relevant to explore the validity of
the MAIA-2 in clinical populations, such as those with
psychosomatic disorders, to assess its utility as a diag-
nostic tool in clinical settings. Finally, continuous evalu-
ation of the dimensional structure of the MAIA-2 using
advanced psychometric approaches like network analysis
is recommended to further refine the understanding of
the interoception construct.

Conclusion

This study addressed the dimensionality assessment
of the MAIA-2 using the bootEGA method, enabling
a rigorous exploration of its components. The results
obtained provide initial evidence of the instrument’s
validity and reliability in a sample of Peruvian adults,
supporting its potential usefulness and accuracy in meas-
uring the proposed constructs. However, it is important
to interpret these findings with caution, as this is only a
first step in the validation of the MAIA-2 in this specific
context. Although the analysis suggests that the MAIA-2
is a suitable instrument for use in this demographic
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group, further research is required to confirm its appli-
cability and efficacy in various contexts within Peru.
These results underscore the potential of the MAIA-2 as
a valuable tool for future research on interoception in the
Peruvian context. However, it is recommended that its
validity and reliability continue to be explored in different
populations.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/540359-025-02480-y.

[ Supplementary Material 1. }

Acknowledgements

The authors would like to thank all those who volunteered to participate in
this research. Special thanks go to JASR for their support in translating the
MAIA-2 and to KVGB for their assistance in recruiting sample participants.

Authors’ contributions

LV-R and AS-B designed and developed the study protocol, organized the
survey, oversaw data collection, and wrote the first draft of the manuscript.
AS-B, NDCG-D, and JS assisted with data analysis, interpretation of results,
and revision of the manuscript. LV-R, SPC-C, and AS-B contributed to drafting
and reviewing several versions of the manuscript. All authors reviewed and
approved the final version of the manuscript.

Funding

The author(s) declare financial support was received for the research, author-
ship, and/or publication of this article. Funding for Open Access Charge:
Universidad Sefor de Sipan (Grant: 0195-2023/VRI-USS).

Data availability
The data sets generated to support the findings of this study are not publicly
available, but can be requested from the corresponding author.

Declarations

Ethics approval and consent to participate

Ethical guidelines and standards of conduct in psychological research were
respected, and the corresponding tools and procedures were properly fol-
lowed. Additionally, the research protocol was reviewed and approved by
the Research Ethics Committee of the Universidad César Vallejo (Lima, Peru).
In addition, informed consent was obtained from the participants. The study
was conducted in accordance with the ethical standards and amendments
included in the Declaration of Helsinki.

Consent for publication
Not Applicable.

Competing interests
The authors declare no competing interests.

Received: 26 September 2023 Accepted: 11 February 2025
Published online: 15 February 2025

References

1. Farb N, Daubenmier J, Price CJ, Gard T, Kerr C, Dunn BD, et al. Interocep-
tion, contemplative practice, and health. Front Psychol. 2015;6:763.

2. Suksasilp C, Garfinkel SN. Towards a comprehensive assessment of
interoception in a multi-dimensional framework. Biol Psychol. 2022;168:
108262.


https://doi.org/10.1186/s40359-025-02480-y
https://doi.org/10.1186/s40359-025-02480-y

Vivas-Rivas et al. BMC Psychology

20.

21

22.

23.

24.

25.

26.

(2025) 13:125

Todd J, SwamiV, Aspell JE, Furnham A, Horne G, Stieger S. Are some
interoceptive sensibility components more central than others? Using
item pool visualisation to understand the psychometric representation of
interoception. PLoS One. 2022;17(12): e0277894.

Murphy J, Catmur C, Bird G. Classifying individual differences in intero-
ception: implications for the measurement of interoceptive awareness.
Psychon Bull Rev. 2019;26(5):1467-71.

Critchley HD, Garfinkel SN. Interoception and emotion. Curr Opin Psychol.
2017;17:7-14.

Khalsa SS, Adolphs R, Cameron OG, Critchley HD, Davenport PW, Fein-
stein JS, et al. Interoception and mental health: a roadmap. Biol Psychiatry
Cogn Neurosci Neuroimaging. 2018;3(6):501-13.

Garfinkel SN, Seth AK, Barrett AB, Suzuki K, Critchley HD. Knowing your
own heart: distinguishing interoceptive accuracy from interoceptive
awareness. Biol Psychol. 2015;104:65-74.

Sherrington CS. The integrative action of the nervous system. 1st ed. New
Haven: Yale University Press; 1906.

Chen WG, Schloesser D, Arensdorf AM, Simmons JM, Cui C, Valentino

R, et al. The emerging science of interoception: sensing, integrating,
interpreting, and regulating signals within the self. Trends Neurosci.
2021;44(1):3-16.

Craig AD. How do you feel — now? The anterior insula and human
awareness. Nat Rev Neurosci. 2009;10(1):59-70.

. Critchley HD, Harrison NA. Visceral influences on brain and behavior.

Neuron. 2013;77(4):624-38.

Stern ER, Grimaldi SJ, Muratore A, Murrough J, Leibu E, Fleysher L, et al.
Neural correlates of interoception: effects of interoceptive focus and rela-
tionship to dimensional measures of body awareness. Hum Brain Mapp.
2017,38(12):6068-82.

Mehling WE, Gopisetty V, Daubenmier J, Price CJ, Hecht FM, Stewart

A. Body awareness: construct and self-report measures. PLoS One.
2009;4(5):e5614.

Mehling W. Differentiating attention styles and regulatory aspects of self-
reported interoceptive sensibility. Philosophical Trans Royal Soc B: Biol Sci.
2016;371(1708):20160013.

. Khoury NM, Lutz J, Schuman-Olivier Z. Interoception in Psychiatric Disor-

ders: A Review of Randomized, Controlled Trials with Interoception-Based
Interventions. Harv Rev Psychiatry. 2018;26(5):250-63.

. Schmitt CM, Schoen S. Interoception: A Multi-Sensory Foundation of

Participation in Daily Life. Front Neurosci. 2022;16:875200.

. Bornemann B, Herbert BM, Mehling WE, Singer T. Differential changes in

self-reported aspects of interoceptive awareness through 3 months of
contemplative training. Front Psychol. 2015;5;5.

. Mehling WE, Acree M, Stewart A, Silas J, Jones A. The multidimensional

assessment of interoceptive awareness, version 2 (MAIA-2). PLoS One.
2018;13(12):e0208034.

. Roberts RL, Ledermann K, Garland EL. Mindfulness-oriented recovery

enhancement improves negative emotion regulation among opioid-
treated chronic pain patients by increasing interoceptive awareness. J
Psychosom Res. 2022;152: 110677.

Mehling WE, Price C, Daubenmier JJ, Acree M, Bartmess E, Stewart A. The
Multidimensional Assessment of Interoceptive Awareness (MAIA). PLoS
One. 2012;7(11): e48230.

Krys K, Vignoles VL, de Almeida I, Uchida Y. Outside the cultural binary:
understanding why Latin American collectivist societies foster independ-
ent selves. Perspect Psychol Sci. 2022;17(4):1166-87.

Desmedt O, Heeren A, Corneille O, Luminet O. What do measures of self-
report interoception measure? Insights from a systematic review, latent
factor analysis, and network approach. Biol Psychol. 2022;169: 108289.
Solano Duran P, Morales JP, Huepe D. Interoceptive awareness in a clinical
setting: the need to bring interoceptive perspectives into clinical evalua-
tion. Front Psychol. 2024;15:15.

Rani N, Rao P. Body awareness and yoga training. Percept Mot Skills.
1994,;79(3):1103-6.

Teng B, Wang D, Su C, Zhou H, Wang T, Mehling WE et al. The multidi-
mensional assessment of interoceptive awareness, version 2: Translation
and psychometric properties of the Chinese version. Front Psychiatry.
2022;13:970982.

Porges. The body perception questionnaire. 1993. Available from: https://
www.traumascience.org/body-perception-questionnaire. Cited 2024 Aug
20.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

42.

43.

44,

45.

46.

Page 150f 16

Graves TA, Tabri N, Thompson-Brenner H, Franko DL, Eddy KT, Bourion-
Bedes S, et al. A meta-analysis of the relation between therapeutic
alliance and treatment outcome in eating disorders. Int J Eat Disord.
2017;50(4):323-40.

Miller L, Murphy R, Buss A. Consciousness of body: private and public. J
Pers Soc Psychol. 1981;41(2):397-407.

Longarzo M, D'Olimpio F, Chiavazzo A, Santangelo G, Trojano L, Grossi
D. The relationships between interoception and alexithymic trait.

The Self-Awareness Questionnaire in healthy subjects. Front Psychol.
2015;6:1149.

Vig L, Koteles F, Ferentzi E. Questionnaires of interoception do not
assess the same construct. PLoS ONE. 2022;17(8):e0273299.

Rogowska AM, Tataruch R, Klimowska K. Validation of the shortened
24-item multidimensional assessment of interoceptive awareness, ver-
sion 2 (Brief MAIA-2). Sci Rep. 2023;13(1):21270.

Todd J, Barron D, Aspell JE, Toh EKL, Zahari HS, Khatib NAM, et al.
Translation and validation of a Bahasa Malaysia (Malay) version of the
Multidimensional Assessment of Interoceptive Awareness (MAIA). PLoS
One. 2020;15(4): €0231048.

Scheffers M, Coenen J, Moeijes J, de Haan A, van Busschbach J, Belle-
mans T. The Multidimensional Assessment of Interoceptive Awareness,
version 2 (MAIA-2): psychometric properties in a Dutch non-clinical
sample. BMC Psychol. 2024;12(1):53.

Desdentado L, Miragall M, Llorens R, Baios RM. Disentangling the role
of interoceptive sensibility in alexithymia, emotion dysregulation, and
depression in healthy individuals. Curr Psychol. 2023;42(24):20570-82.
Fiskum C, Eik-Nes TT, Abdollahpour Ranjbar H, Andersen J, Habibi Asga-
rabad M. Interoceptive awareness in a Norwegian population: psycho-
metric properties of the Multidimensional Assessment of Interoceptive
Awareness (MAIA) 2. BMC Psychiatry. 2023;23(1):489.

Fekih-Romdhane F, Malaeb D, Fawaz M, Chammas N, Soufia M, Obeid
S, et al. Psychometric properties of an Arabic translation of the
multidimensional assessment of interoceptive awareness (MAIA-2)
questionnaire in a non-clinical sample of Arabic-speaking adults. BMC
Psychiatry. 2023;23(1):577.

Tosun M, Yasak Guner R, Demir Yurtseven E, Ozpinar S, Akyol M. The
multidimensional assessment of interoceptive awareness-2 scale:

a Turkish validity and reliability study in patients admitted to the
dermatology outpatient clinic. Turkiye Klinikleri J Dermatology.
2022;32(2):79-88.

Da Costa Silva L, Belrose C, Trousselard M, Rea B, Seery E, Verdonk C,

et al. Self-reported body awareness: validation of the postural aware-
ness scale and the Multidimensional Assessment of Interoceptive
Awareness (Version 2) in a non-clinical adult French-speaking sample.
Front Psychol. 2022;13:946271.

Ozpinar S, Dunder E, Demir Y, Akyol M. Multidimensional assessment
of interoceptive awareness (MAIA 2): psychometric properties of the
Turkish version. J Health Sci Med. 2021;4(2):132-6.

Golino HF, Epskamp S. Exploratory graph analysis: a new approach

for estimating the number of dimensions in psychological research.
Voracek M, editor. PLoS One. 2017;12(6):e0174035.

. Christensen AP, Golino H. Estimating the Stability of Psychological

Dimensions via Bootstrap Exploratory Graph Analysis: A Monte Carlo
Simulation and Tutorial. Psych. 2021;3(3):479-500.

Christensen AP, NetworkToolbox. Methods and measures for brain,
cognitive, and psychometric network analysis in R. R J. 2019;10(2):422.
Ferentzi E, Olaru G, Geiger M, Vig L, Koteles F, Wilhelm O. Examining the
Factor Structure and Validity of the Multidimensional Assessment of
Interoceptive Awareness. J Pers Assess. 2021;103(5):675-84.
Valenzuela-Moguillansky C, Reyes-Reyes A. Psychometric properties of
the multidimensional assessment of interoceptive awareness (MAIA) in
a Chilean population. Front Psychol. 2015;6:6.

Montoya-Hurtado O, Gdmez-Jaramillo N, Bermudez-Jaimes G,
Correa-Ortiz L, Candn S, Judrez-Vela R, et al. Psychometric Proper-

ties of the Multidimensional Assessment of Interoceptive Awareness
(MAIA) questionnaire in Colombian University students. J Clin Med.
2023;12(8):2937.

American Educational Research Association, American Psychological
Association, National Council on Measurement in Education - AERA,

APA & N. Standards for educational and psychological testing. American
Educational Research Association, editor. New York; 2014. Available from:


https://www.traumascience.org/body-perception-questionnaire
https://www.traumascience.org/body-perception-questionnaire

Vivas-Rivas et al. BMC Psychology (2025) 13:125

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

https://www.apa.org/science/programs/testing/standards. Cited 2022
Oct9.

International Test Commission. The ITC guidelines for translating and
adapting tests (second edition). International Test Commission; 2017.
Available from: https://www.intestcom.org/. Cited 2023 Sep 26.
Eggart M, Todd J, Valdés-Stauber J. Validation of the Multidimensional
Assessment of Interoceptive Awareness (MAIA-2) questionnaire in
hospitalized patients with major depressive disorder. PLoS ONE.
2021;16(6):€0253913.

Soper D. A-priori Sample Size Calculator for Multiple Regression. Software.

2022. [cited 2024 Feb 4]. https://www.danielsoper.com/statcalc/.
American Psychological Association. Ethical principles of psychologists
and code of conduct. American Psychological Association; 2017. Avail-
able from: https://www.apa.org/ethics/code. Cited 2023 Sep 26.

Colegio de Psicélogos del Pert. Codigo de ética profesional. Consejo
Directivo Nacional. 2017. Available from: https://www.cpsp.pe/docum
entos/marco_legal/codigo_de_etica_y_deontologia.pdf. Cited 2022 Oct
9.

Charter RA. A breakdown of reliability coefficients by test type and
reliability method, and the clinical implications of low reliability. J Gen
Psychol. 2003;130(3):290-304.

Gana K, Broc G. Structural equation modeling with lavaan. In: Structural
equation modeling with lavaan. Hoboken: Wiley; 2019. p. 1-273.

Hair JF, Hult GT, Ringle C, Sarstedt M. A primer on Partial Least Squares
Structural Equation Modeling (PLS-SEM). In: Hair JF Jr, Hult GTM, Ringle C,
Sarstedt M, editors. 2nd ed. Los Angeles: Sage; 2017. p. 374.

Hair JF, Black WC, Babin BJ, Anderson RE. Multivariate Data Analysis. 7th
ed. New York: Pearson; 2010.

Brown TA. Confirmatory factor analysis for applied research. 2nd ed. New
York, NY: Guilford Press; 2015.

Kline RB. Principles and practice of structural equation modeling. Cuarta
Ed. New York: Guilford Press; 2016.

Fornell C, Larcker DF. Evaluating structural equation models with unob-
servable variables and measurement error. J Mark Res. 1981;18(1):39.
Christensen AP, Golino H. On the equivalency of factor and network load-
ings. Behav Res Methods. 2021;53(4):1563-80.

Chen FF. Sensitivity of goodness of fit indexes to lack of measurement
invariance. Struct Equ Model. 2007;14(3):464-504.

Wu H, Estabrook R. Identification of Confirmatory Factor Analysis Models
of Different Levels of Invariance for Ordered Categorical Outcomes.
Psychometrika. 2016;81(4):1014-45.

Gallucci M. JAMM: jamovi Advanced Mediation Models. 2020. Available
from: https://jamovi-amm.github.io/. Cited 2022 Aug 23.

R Core Team. A language and environment for statistical computing.
Vienna: R Foundation for Statistical Computing; 2019. Available from:
https://www.r-project.org/. Cited 2022 May 1.

Revelle W. Procedures for psychological, psychometric, and personality
research [R package psych version 2.1.9]. Evanston: Comprehensive R
Archive Network (CRAN); 2021.

Rosseel Y. lavaan: an R package for structural equation modeling. J Stat
Softw. 2012;48(2):1.

Epskamp S. semPlot: Unified visualizations of structural equation models.
Struct Equ Model. 2015;22(3):474-83.

JorgensenTD, PS, SAM, & RY. semTools: useful tools for structural equation
modeling (R package version 0.5-6). 2022. Available from: https://cran.r-
project.org/web/packages/semTools/. Cited 2023 Sep 26.

Golino H, Shi D, Christensen AP, Garrido LE, Nieto MD, Sadana R, et al.
Investigating the performance of exploratory graph analysis and tradi-
tional techniques to identify the number of latent factors: a simulation
and tutorial. Psychol Methods. 2020;25(3):292-320.

Epskamp S, Cramer AOJ, Waldorp LJ, Schmittmann VD, Borsboom D.
qgraph: Graph plotting methods, psychometric data visualization and
graphical model estimation (1.9.2). J Stat Softw. 2012;48. Available from:
http://igraph.sf.net. Cited 2022 Dec 10.

Willis GB. Cognitive interviewing a tool for improving questionnaire
design. Ter ed. Thousand Oaks: SAGE Publications; 2005.
Fekih-Romdhane F, Obeid S, Malaeb D, Hallit R, Hallit S. Validation of

a shortened version of the Eating Attitude Test (EAT-7) in the Arabic
language. J Eat Disord. 2022;10(1):1-8 Available from: https://jeatdisord.
biomedcentral.com/articles/10.1186/540337-022-00651-5.Cited 2023 Jun
7

Page 16 of 16

72. Freedman A, Hu H, Liu ITHC, Stewart AL, Adler S, Mehling WE. Similarities
and differences in interoceptive bodily awareness between US-American
and Japanese cultures: a focus-group study in bicultural Japanese-Ameri-
cans. Cult Med Psychiatry. 2021;45(2):234-67.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://www.apa.org/science/programs/testing/standards
https://www.intestcom.org/
https://www.danielsoper.com/statcalc/
https://www.apa.org/ethics/code
https://www.cpsp.pe/documentos/marco_legal/codigo_de_etica_y_deontologia.pdf
https://www.cpsp.pe/documentos/marco_legal/codigo_de_etica_y_deontologia.pdf
https://jamovi-amm.github.io/
https://www.r-project.org/
https://cran.r-project.org/web/packages/semTools/
https://cran.r-project.org/web/packages/semTools/
http://igraph.sf.net
https://jeatdisord.biomedcentral.com/articles/10.1186/s40337-022-00651-5
https://jeatdisord.biomedcentral.com/articles/10.1186/s40337-022-00651-5

	Psychometric network analysis of the Multidimensional Assessment of Interoceptive Awareness, version 2 (MAIA-2) in Peruvian adults
	Abstract 
	Introduction
	Materials and Methods
	Participants
	Instruments
	Sociodemographic data registration form
	Multidimensional Assessment of Interoceptive Awareness, Version 2 (MAIA-2)

	Procedure
	Expert Judgments
	Cognitive interviews
	Sample size calculation
	Ethical aspects

	Data analysis

	Results
	Expert judgments
	Cognitive interviews
	Factor analysis
	Dimensionality of MAIA-2 using bootstrap exploratory graphical analysis (bootEGA)
	Measurement invariance
	Reliability using the internal consistency method

	Discussion
	Limitations
	Practical and clinical implications
	Future directions

	Conclusion
	Acknowledgements
	References


