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Abstract
Background  Interoceptive awareness is a multidimensional construct that refers to the sensation, interpretation, and 
integration of signals within the body. There is increasing evidence that problems with interoceptive awareness form 
an important component of mental health problems. The Multidimensional Assessment of Interoceptive Awareness 
2 (MAIA-2) is presently the most used self-report questionnaire to measure interoceptive awareness. The aim of the 
present study is to psychometrically evaluate the Dutch version of the MAIA-2.

Method  The psychometric properties of the MAIA-2-NL were examined in a non-clinical sample of 1054 participants 
aged between 18 and 83. Internal consistency and test-retest reliability were investigated. Factor structure was 
examined by exploratory factor analysis (EFA), followed by confirmatory factor analysis (CFA).

Results  Internal consistency was good, with McDonald’s omega (ω) ranging from 0.67 to 0.89. Test-retest reliability 
was moderate to good, with intraclass correlation coefficients (ICC) ranging from 0.67 to 0.79. Factor analyses 
suggested a six-factor structure, combining the original subscales Noticing with Emotional awareness and Self-
regulation with Body listening. However, a CFA based on the original eight factors showed a somewhat better fit than 
the CFA based on six factors.

Conclusion  The MAIA-2-NL is a reliable and valid instrument to measure interoceptive awareness in healthy Dutch 
adults. We recommend to maintain the original 37 items.

Keywords  Interoceptive awareness, Psychometric properties, Dutch version, Exploratory factor analysis, Confirmatory 
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Introduction
Interoception is the process by which the nervous sys-
tem senses, interprets, and integrates signals originating 
from within the body [1].These signals include physical 
sensations related to internal organ functions such as 
heartbeat, respiration, satiety and the autonomic ner-
vous system activity related to emotions [2]. Many of 
these remain unconscious, but some are conscious or 
are potentially accessible to consciousness. Interoceptive 
awareness refers to this conscious level of interoception 
[3].

Interoceptive awareness helps the organism to main-
tain homeostasis and is thus crucial for survival [4]. 
Moreover, it is thought to be connected to self-regulation 
and emotion-regulation [2, 5]. It is suggested that intero-
ceptive awareness is often problematic in patients with 
mental disorders, such as mood disorders [5], posttrau-
matic stress disorder [6], somatic symptom disorders [7], 
and eating disorders [8, 9]. While most studies have been 
conducted in patients with specific diagnoses, problems 
in interoceptive awareness might be regarded as a trans-
diagnostic factor, a common vulnerability across multiple 
disorders [10]. Awareness of physical sensations may be 
upregulated or downregulated in patients with mental 
disorders [11].

Interoceptive awareness has been measured by differ-
ent self-report questionnaires, such as the Porges Body 
Perception Questionnaire (BPQ) [12], the Scale of Body 
Connection (SBC) [13, 14], the Somatic Awareness 
Questionnaire (SAQ) [15, 16], and the Multidimensional 
Assessment of Interoceptive Awareness (MAIA), ver-
sion 1 and 2 [3, 17]. Interoceptive awareness is closely 
related to interoceptive sensitivity, described by Forkman 

et al. [18] as a dispositional tendency to be internally 
focused. This term thus captures beliefs about body sen-
sations usually assessed with self-report questionnaires. 
However, the term interoceptive sensibility does not dif-
ferentiate clearly an anxiety and hypervigilance-driven 
attention style versus a more mindful, adaptive and 
potentially healthy attention style. The MAIA-2 has been 
designed to differentiate between anxiety-driven and 
mindful attention styles towards interoceptive cues, a dis-
tinction of key clinical importance [3, 19]. Presently, the 
MAIA-2 is the most used self-report questionnaire, cov-
ering different components of interoceptive awareness. 
The MAIA-2 has been translated and psychometrically 
evaluated in several languages, including French [20], 
Turkish [21], Chinese [22], Norwegian [23], Ukrainian 
[24], and German [5]. These studies used non-clinical 
samples except for the study conducted by Eggart et al. 
[5], who provided psychometric values for the MAIA-2 
in a group of people with Major Depressive Disorder. The 
above-mentioned studies, as well as studies using the first 
version of the MAIA, revealed varying results regarding 
factor structure and internal consistency of the subscales.

To date, the MAIA-2 has not been translated and psy-
chometrically evaluated in Dutch. The SAQ [15, 16], as 
well as the SBC [13, 14], have been used in studies in the 
Netherlands [25, 26], but both lack thorough psycho-
metric evaluation. Furthermore, these questionnaires do 
not cover the multidimensional concept of interoceptive 
awareness as applied in the MAIA-2, which we deem 
preferable for an instrument to be used in a broad array 
of mental disorders. Therefore, we refrained from further 
evaluation of the SAQ and SBC and selected the MAIA-2 
for psychometric evaluation in a convenience sample of 
Dutch adults.

The central aim of this article is to evaluate the psycho-
metric properties of the Dutch version of the MAIA-2 
(MAIA-2-NL) in a non-clinical sample. This step may be 
regarded as the first necessary step, after which psycho-
metric evaluation in different target groups should follow.

Method
Participants
Data were collected in a non-clinical sample of Dutch 
adults (n = 1054) aged between 18 and 83. The sample 
consisted of 331 (31.4%) men and 723 (68.6%) women. 
Descriptive statistics are shown in Table 1.

Procedure
Data collection took place in agreement with the Medi-
cal Ethical Committee of the University Medical Center 
Groningen. Students enrolled in a bachelor psychomotor 
therapy research course in 2019 collected data from their 
personal network, resulting in a convenience sample of 
Dutch adults. Participation was voluntary, and data were 

Table 1  Demographic characteristics of the sample
Frequen-
cy (%)

Mean (SD) Range 
(min-max)

Total (n) 1054 (100)
Men 331 (31.4)
Women 723 (68.6)

Education 
level*

Higher 
education

652 (61.9)

Medium 
education

370 (35.1)

Lower 
education

32 (3.0)

Age 35.15 (15.74) 18–83
Men (331) 37.51 (16.45) 18–83
Women (723) 34.07 (15.30) 18–82

BMI (n = 1033) 24.34 (4.01) 16.00-44.69
Men (327) 24.95 (3.81) 16.11–42.28
Women (706) 24.09 (4.10) 16.00-44.69

* Based on the International Standard Classification of Education
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analysed anonymously. No participatory incentives were 
offered. All participants were informed of the study’s 
purpose, method, and voluntary and anonymous nature 
of participation before they entered the study. Data was 
collected using computerized questionnaires through a 
secure online survey platform (Formdesk). To assess tem-
poral reliability 109 respondents (Men = 30, Women = 79, 
Mean age = 43.78 (SD = 17.86), Mean BMI = 24.79 

(SD = 4.31)) completed the questionnaire again after 14 
days.

Measures
The MAIA-2 is a self-report questionnaire developed 
by Mehling et al. [3] (see Table  2). It is a 37-item scale 
that consists of eight subscales: Noticing, Not-distract-
ing, Not-worrying, Attention regulation, Emotional 
awareness, Self-regulation, Body listening and Trusting. 

Table 2  Multidimensional Assessment of Interoceptive Awareness, English version*
1.a When I am tense, I notice where the tension is located in my body
2.a I notice when I am uncomfortable in my body
3.a I notice where in my body I am comfortable
4.a I notice changes in my breathing, such as whether it slows down or speeds up
5.b I ignore physical tension or discomfort until they become more severe (R)
6.b I distract myself from sensations of discomfort (R)
7.b When I feel pain or discomfort, I try to power through it (R)
8.b I try to ignore pain (R)
9.b I push feelings of discomfort away by focusing on something (R)
10.b When I feel unpleasant body sensations, I occupy myself with something else so I

don’t have to feel them (R)
11.c When I feel physical pain, I become upset (R)
12.c I start to worry that something is wrong if I feel any discomfort (R)
13.c I can notice an unpleasant body sensation without worrying about it
14.c I can stay calm and not worry when I have feelings of discomfort or pain
15.c When I am in discomfort or pain I can’t get it out of my mind (R)
16.d I can pay attention to my breath without being distracted by things happening

around me
17.d I can maintain awareness of my inner bodily sensations even when there is a lot

going on around me
18.d When I am in conversation with someone, I can pay attention to my posture
19.d I can return awareness to my body if I am distracted
20.d I can refocus my attention from thinking to sensing my body
21.d I can maintain awareness of my whole body even when a part of me is in pain or

discomfort
22.d I am able to consciously focus on my body as a whole
23.e I notice how my body changes when I am angry
24.e When something is wrong in my life, I can feel it in my body
25.e I notice that my body feels different after a peaceful experience
26.e I notice that my breathing becomes free and easy, when I feel comfortable
27.e I notice how my body changes when I feel happy / joyful
28.f When I feel overwhelmed, I can find a calm place inside
29.f When I bring awareness to my body, I feel a sense of calm
30.f I can use my breath to reduce tension
31.f When I am caught up in thoughts, I can calm my mind by focusing on my body/

breathing
32.g I listen for information from my body about my emotional state
33.g When I am upset, I take time to explore how my body feels
34.g I listen to my body to inform me about what to do
35.h I am at home in my body
36.h I feel my body is a safe place
37.h I trust my body sensations
R = reversely scored; a = subscale Noticing; b = subscale Not-distracting; c = subscale Not-worrying; d = subscale Attention regulation, e = subscale Emotional 
awareness, f = subscale Self-regulation, g = subscale Body listening; h = subscale Trusting
* original version in English; for Dutch version, see Table S1
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Subscale scores are calculated by taking the arithmetic 
mean of the items on each scale. Items are scored on a 
6-point Likert scale, ranging from 0 (never) to 5 (always). 
Higher scores indicate more interoceptive awareness [3].

A forward-backward translation based on the original 
English version of the MAIA-2 was made following a 
recommended five-step procedure [27]: (1) Two forward 
translations were performed independently by two native 
Dutch speakers, with proficiency in English and with 
knowledge of the concept of interoceptive awareness and 
its meaning in practice; (2) The two versions were then 
compared item-by-item, and discrepancies were resolved. 
(3) Two independent professional bilingual translators, 
naive to the construct of interoceptive awareness, per-
formed a back-translation into English; (4) Discrepancies 
between the back-translations and the original English 
version were discussed and resolved; (5) This resulted in 
a pre-final Dutch version. In the next step, a pilot study 
was conducted among 41 respondents to examine the 
usability and comprehensibility. This led to minor adjust-
ments in the wording of some items, resulting in the final 
version used in the present study (see Table S1).

Data analysis
SPSS 28 for Windows was used for statistical analyses. 
Factor structure was examined by exploratory factor 
analysis (EFA) and confirmatory factor analysis (CFA). 
The sample was randomly split into two halves, one of 
which was analysed with EFA and the other with CFA. 
Reliability was assessed using both McDonald’s omega 
and Cronbach’s α. McDonald’s omega was used because 
the assumption of tau-equivalency is not accepted [28]. 
Cronbach’s α was reported to allow comparisons with 
other validation studies. In addition, there is no univer-
sally accepted guideline for acceptable levels of omega 
reliability, but they need to meet the same standards as 
Cronbach’s α [29]. Thus, an omega ≥ 0.70 is regarded as 
good [30]. Test-retest reliability was established by intra-
class correlation (ICC). A two-way mixed model for 
absolute agreement was used [31]. An ICC between 0.50 

and 0.75 was considered moderate, between 0.75 and 
0.90 good, and ≥ 0.90 excellent [32].

For the EFA, Maximum Likelihood with oblique rota-
tion was used as factor extraction method. Kaiser’s cri-
terion, requiring factors with eigenvalues of at least 1, 
was adhered to [33]. The number of factors retained was 
based on interpreting the scree plot [34] and parallel 
analysis [35]. Cross-loadings were defined as an item that 
loads at > 0.32 on two or more factors [36].

The other half of the sample (n = 527) was used for con-
firmatory analysis (CFA) to evaluate the adequacy of the 
proposed factor structure following EFA [37–39]. Mplus 
Version 8.0 was used [40]. Each index type provides dif-
ferent information about model fit [37]. Therefore, a 
broad range of indices was reported, including root mean 
square error of approximation (RMSEA) [41, 42], stan-
dardized root mean square residual (SRMR) [43], Com-
parative Fit Index (CFI), and Tucker Lewis index (TLI) 
[37, 40, 44].

Results
Table 3 shows the descriptive statistics forthe subscales, 
along with internal consistency, both from the entire 
sample and separately for men and women. Table 4 shows 
the descriptive statics and internal consistency for both 
the Exploratory Factor Analysis (EFA) and Confirmatory 
Factor Analysis (CF) samples, as well as the test-hertest 
sample. The internal consistency (ω) of all subscales of 
the MAIA-2 NL was moderate to good with ω = 0.67 to 
0.89. The MAIA-2 subscales showed moderate to good 
reliability over time, with intraclass correlation coeffi-
cients (ICC) varying from 0.67 to 0.79.

EFA revealed a six-factor structure as best solution, 
with the items from the original subscales Noticing 
(items 1 to 4) and Emotional awareness (items 23 to 27) 
as well as the subscales Self-regulation (items 28 to 31) 
and Body listening (items 32 to 34) taken together as one 
factor. The other items are loaded at four factors, which is 
in accordance with the subscales as proposed by Mehling 
et al. [3], see Table 5.

Table 3  Descriptive Statistics, internal consistency, and sex differences
Complete sample
(n = 1054)

Men
(n = 331)

Women
(n = 723)

Differences men and women

Mean (SD) α ω Mean (SD) Mean (SD) t (df = 1052)
Noticing 3.37 (0.86) 0.67 0.67 3.15 (0.92) 3.46 (0.81) 5.33*
Not-distracting 2.17 (0.87) 0.80 0.81 2.19 (0.85) 2.16 (0.88) − 0.53
Not-worrying 3.35 (0.82) 0.78 0.78 3.45 (0.81) 3.30 (0.83) − 0.27
Attention regulation 2.88 (0.85) 0.86 0.86 2.96 (0.81) 2.85 (0.86) -1.94
Emotional awareness 3.50 (0.84) 0.80 0.79 3.32 (0.87) 3.59 (0.81) 4.87*
Self-regulation 2.65 (0.97) 0.81 0.82 2.71 (0.94) 2.62 (0.99) -1.37
Body listening 2.38 (1.06) 0.82 0.82 2.32 (1.04) 2.41 (1.07) 1.22
Trusting 3.63 (1.02) 0.88 0.89 3.80 (0.97) 3.55 (1.04) -3.69*
* = p <.001
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Table 4  Descriptive Statistics EFA and CFA samples, and test-retest
Sample EFA
(n = 527)

Sample CFA
(n = 527)

Test-retest sample
(n = 109)

Mean (SD) α ω Mean (SD) α ω Mean (SD) ICC
Noticing 3.39 (0.84) 0.66 0.67 3.38 (0.90) 0.70 0.71 3.37 (0.89) 0.79
Not-distracting 2.14 (0.89) 0.81 0.81 2.13 (0.90) 0.81 0.82 2.12 (0.79) 0.67
Not-worrying 3.38 (0.80) 0.77 0.78 3.34 (0.85) 0.80 0.81 3.42 (0.69) 0.69
Attention regulation 2.89 (0.82) 0.85 0.85 2.84 (0.87) 0.86 0.86 2.90 (0.89) 0.74
Emotional awareness 3.52 (0.83) 0.79 0.79 3.49 (0.86) 0.81 0.81 3.48 (0.90) 0.73
Self-regulation 2.66 (0.96) 0.80 0.81 2.62 (0.98) 0.82 0.83 2.79 (0.96) 0.73
Body listening 2.38 (1.02) 0.80 0.80 2.37 (1.07) 0.82 0.82 2.61 (1.01) 0.68
Trusting 3.66 (1.02) 0.88 0.89 3.61 (1.06) 0.89 0.89 3.79 (0.93) 0.70

Table 5  Exploratory Factor Analysis
Item Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6
1.a − 0.066 − 0.013 − 0.043 0.026 0.541 0.041
2.a − 0.007 0.103 − 0.071 − 0.049 0.494 − 0.097
3.a 0.025 0.076 − 0.019 0.076 0.427 0.102
4.a − 0.072 0.135 − 0.008 0.011 0.354 − 0.022
5.b 0.042 − 0.024 0.448 0.122 0.150 − 0.018
6.b 0.017 0.007 0.550 0.019 − 0.085 − 0.015
7.b − 0.022 − 0.043 0.617 − 0.047 − 0.062 0.047
8.b 0.053 0.035 0.718 − 0.074 0.005 0.026
9.b − 0.070 0.088 0.773 − 0.034 − 0.039 − 0.072
10.b − 0.015 0.056 0.786 0.039 − 0.062 0.013
11.c − 0.033 − 0.078 0.136 0.714 0.017 0.032
12.c 0.049 − 0.037 0.088 0.729 0.037 − 0.068
13.c 0.013 0.088 − 0.119 0.538 0.090 0.007
14.c 0.076 0.130 − 0.090 0.641 − 0.066 0.042
15.c 0.151 0.052 0.019 0.497 − 0.100 0.021
16.d − 0.044 0.509 0.047 0.051 − 0.053 0.174
17.d 0.051 0.583 0.028 0.032 0.081 0.024
18.d 0.089 0.481 − 0.009 0.161 0.113 0.056
19.d 0.009 0.784 0.048 − 0.009 0.023 0.020
20.d 0.019 0.705 0.038 0.053 0.080 0.080
21.d 0.130 0.478 − 0.009 0.161 0.113 0.056
22.d 0.125 0.517 − 0.007 0.060 0.156 0.103
23.e − 0.013 0.106 − 0.017 0.039 0.562 − 0.017
24.e − 0.002 0.065 0.039 − 0.184 0.613 − 0.124
25.e 0.074 − 0.145 0.004 − 0.005 0.579 0.248
26.e 0.057 − 0.035 0.030 0.030 0.663 0.163
27.e 0.115 − 0.128 − 0.002 0.011 0.746 0.077
28.f 0.131 0.027 − 0.039 0.157 − 0.069 0.571
29.f 0.075 0.003 − 0.002 0.119 0.103 0.634
30.f − 0.058 0.168 0.014 0.011 0.035 0.607
31.f − 0.075 0.205 − 0.057 0.029 − 0.049 0.685
32.g 0.015 0.089 0.118 − 0.244 0.197 0.471
33.g 0.030 0.130 0.061 − 0.243 0.154 0.475
34.g 0.166 0.147 0.045 − 0.125 0.105 0.386
35 h 0.885 0.001 − 0.033 0.003 − 0.067 − 0.013
36.h 0.981 0.038 0.009 − 0.010 − 0.060 − 0.052
37.h 0.654 0.109 0.047 0.043 0.089 0.025
a = subscale Noticing; b = subscale Not-distracting; c = subscale Not-worrying; d = subscale Attention regulation, e = subscale Emotional awareness, f = subscale Self-
regulation, g = subscale Body listening; h = subscale Trusting
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CFA on the six factors resulting from the EFA (see 
Table  5) provided an acceptable fit. However, CFA with 
the original eight factors resulted in a better fit (see 
Table 6).

Discussion
The central aim of this study was to evaluate the psycho-
metric properties of the Dutch version of the MAIA-2 
(MAIA-2-NL) in a large non-clinical sample of Dutch 
adults. Our analyses show good internal consistency and 
reliability over time for all eight MAIA-2-NL subscales. 
EFA and CFA points towards a six-factor structure 
instead of the eight-factor structure from the original 
English version [3]. However, the CFA reveals better fit 
indices for an eight factor solution than for a six factor 
solution.

A six-factor structure was also established as best solu-
tion in the French [20] and Turkish [21] versions of the 
MAIA-2. However, in the French version, the subscales 
Not-worrying and Not-distracting were excluded, mak-
ing a comparison with our results impossible. In the 
Turkish version, a six-factor solution was only reached 
after removing items 1, 6, 19, 20, and 35. We refrained 
from excluding items to be able to make adequate com-
parisons between the MAIA-2-NL and the original 
MAIA-2. In our opinion adjustments to existing ques-
tionnaires should be made with caution and parsi-
mony because they negatively influence the comparison 
between studies.

A possible explanation for the aggregation of the two 
original subscales Noticing and Emotional awareness 
in our factor analysis could be that the subscales both 
measure awareness, although differing in the cognitive 
appraisal being measured. Several items of the subscale 
Noticing and Emotional awareness show some overlap 
in sentence formulation, for example, item 1, subscale 
Noticing (“When I am tense, I notice where the tension 
is located in my body”) and item 23, subscale Emotional 
Awareness (“I notice how my body changes when I am 
angry”).

The original MAIA-2 subscales Self-regulation and 
Body listening are also considered one factor in our anal-
ysis. This could be explained by the fact that both sub-
scales are described by Mehling et al. [17] as belonging 
to an overarching dimension of Mind-Body Integration, 
referring to an overall felt sense of an embodied self. This 
implies that one has access to more developed levels of 

body awareness, to a sense of “the interconnectedness of 
mental, emotional, and physical processes as opposed to 
a disembodied sense of alienation and of being discon-
nected from one’s body” [17, p.3].

Although we retained six factors in the EFA for the 
MAIA-2-NL versus eight factors in the original MAIA-2 
[17], it should be noted that the two ‘new’ factors con-
sist of four ‘old’ factors taken together two by two. More 
important, the CFA based on the original eight factors 
shows a better fit than the CFA based on six factors. 
These considerations lead to the conclusion that, with 
the present knowledge, maintaining eight factors isac-
ceptable. Especially when comparing study results on the 
MAIA-2-NL with other studies, using eight factors, as 
in the original English scale, seems preferable. It would 
ofcourse be advisable to replicate the EFA and CFA in 
another large population sample.

This study has a couple of unique strengths. First, it 
benefits from a large sample size, setting it apart from 
other studies in the field. This large sample size offered 
the possibility of randomly splitting the sample in half 
and conducting EFA on one half of the sample and CFA 
on the other, as recommended by Swami and Barron 
[39]. It should be noted that, unfortunately, a consider-
able amount of the studies on the psychometric proper-
ties of the MAIA-2 were conducted in relatively small 
samples. For example, the study on the Turkish version 
of the MAIA-2 [21] was conducted in a total sample of 
400 respondents, which is on the small side when taking 
into account the recommended participant-to-item ratio 
of 10:1 for EFA [36, 39]. The same goes for the French 
validation of the MAIA-2 [20], based on an EFA in 154 
respondents and a CFA in another 154 respondents.

Another strong point lies in the insight provided by this 
study into the temporal reliability of the MAIA-2-NL, 
which ranges from moderate to good. As test-retest reli-
ability is one of the components of the Reliable Change 
Index, this is essential knowledge in view of future studies 
on the evaluation of therapeutic interventions addressing 
interoceptive awareness.

Lastly, due to the digital administration of the ques-
tionnaire, no missing data were present. Additionally, 
this method eliminates the possibility of input errors that 
could occur with pen and paper administration, which 
could have implications for data accuracy.

The study has some limitations that need to be 
addressed in future research. First, construct validity for 

Table 6  Goodness of fit index values for CFA
χ² df RMSEA (90% CI) SRMR CFI TLI

6 Factors 2324 619 0.072 (0.069 − 0.075) 0.069 0.781 0.765
8 factors 1662 601 0.058 (0.055 − 0.061) 0.057 0.864 0.849
χ2 = chi square; df = degrees of freedom; RMSEA = root mean square error of approximation; 90% CI = 90% confidence interval of the RMSEA; SRMR = standardized 
root mean square residual; CFI = comparative fit index; TLI = Tucker Lewis index

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Page 7 of 8Scheffers et al. BMC Psychology           (2024) 12:53 

the MAIA-2-NL has not yet been investigated. Further-
more, as mentioned by Todd et al. [45], men and older 
adults often remain underrepresented in this kind of 
studies. This is, regrettably, also the case in our study. The 
mean age in our convenience sample was 35 years and 
men comprised one-third of the sample. It is important 
to note that the gender distribution is not equal and thus 
does not reflect the gender composition of the general 
Dutch population. Nevertheless, compared with other 
studies with much smaller male datasets [e.g., 20, 21, 
23, 24], this study includes a substantial number of male 
participants (n = 331), thus contributing valuable com-
parative data. It is evident that more data from an elderly 
group and male respondents need to become available in 
order to speak not of a convenience sample but of a sam-
ple representing the Dutch population.

More importantly, future studies need to be conducted 
in clinical samples. This is, of course, an essential step in 
order to be able to evaluate problems in interoceptive 
awareness in different groups of patients and in order to 
measure the effect of interventions targeting these prob-
lems. However, confirmatory factor analyses in these 
samples should be performed before drawing conclusions 
on scores obtained with the MAIA-2 in clinical samples 
[19]. Such a strict psychometric procedure is worthwhile 
and should preferably be followed because it provides a 
sound base for further usage of an instrument. Unfor-
tunately, obtaining the required sample size in a clinical 
setting is often challenging. An exception is the German 
version of the MAIA-2, validated in a sample of severely 
depressed patients (n = 110). Importantly, The MAIA-2 
was found reliable and sensitive to change in this sample 
[5].

To summarize, our findings indicate that the MAIA-
2-NL is a reliable and valid instrument to measure intero-
ceptive awareness in a non-clinical sample of Dutch 
adults.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s40359-024-01553-8.

Supplementary Material 1

Acknowledgements
The authors wish to thank all participants and students who participated in 
the study.

Author contributions
All authors participated in the writing of the manuscript. Responsible for 
the study design were MS, JM, TB, JvB. MS and JC drafted the work and 
substantially revised it. Supervision was provided by JvB and TB. Data 
collection was conducted by JM, AdH, JvB and MS. Data analysis was 
performed by MS, JC, TB, and JM. Interpretation of data was performed by MS, 
JC, JM, TB, and AdH. All authors approved the final version of the manuscript.

Funding
The present study was accomplished without any outside financial support.

Data availability
The dataset used in the current study is available from the corresponding 
author upon reasonable request.

Declarations

Ethics approval and consent to participate
This study was performed in accordance with the Declaration of Helsinki. 
Ethics approval was obtained from the ethics committee of the Medical 
Research Ethics Committee, University Medical Center Groningen (Ref: 
2019/409). Informed consent was obtained from all participants involved in 
the study and participation was completely voluntary.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 2 August 2023 / Accepted: 24 January 2024

References
1.	 Khalsa SS, Adolphs R, Cameron OG, Critchley HD, Davenport PW, Feinstein JS, 

et al. Interoception and mental health: a roadmap. Biol Psychiatry: Cognitive 
Neurosci Neuroimaging. 2018;3(6):501–13.

2.	 Price CJ, Hooven C. Interoceptive awareness skills for emotion regulation: 
theory and approach of mindful awareness in body-oriented therapy (MABT). 
Front Psychol. 2018;9:798.

3.	 Mehling WE, Acree M, Stewart A, Silas J, Jones A. The multi-dimensional 
Assessment of Interoceptive Awareness, Version 2 (MAIA-2). PLoS ONE. 
2018;13(12):e0208034.

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

5.	 Eggart M, Todd J, Valde´s-Stauber J. Validation of the multi-dimensional 
Assessment of Interoceptive awareness (MAIA-2) questionnaire in hospital-
ized patients with major depressive disorder. PLoS ONE. 2021;16(6):e0253913.

6.	 Neukirch N, Reid S, Shires A. Yoga for PTSD and the role of interoceptive 
awareness: a preliminary mixed-methods case series study. Eur J Trauma & 
Dissociation. 2019;3(1):7–15.

7.	 Flasinski T, Dierolf AM, Rost S, Lutz AP, Voderholzer U, Koch S, et al. Altered 
interoceptive awareness in high habitual symptom reporters and patients 
with somatoform disorders. Front Psychol. 2020;11:1859.

8.	 Morales C, Dolan SC, Anderson DA, Anderson LM, Reillym EE. Exploring the 
contributions of affective constructs and interoceptive awareness tot feeling 
fat. Eat Weight Disord. 2022;27(8):3533–41.

9.	 Phillipou A, Rossell SL, Castle DJ, Gurvich C. Interoceptive awareness in 
anorexia nervosa. J Psychiatr Res. 2022;148:84–7.

10.	 Nord CM, Lawson RP, Dalgleish T. Disrupted dorsal mid-insula activa-
tion during interoception across psychiatric disorders. Am J Psychiatry. 
2021;178:761–70.

11.	 Nord CM, Garfinkel SN. Interoceptive pathways to understand and treat 
mental health conditions. Trends Cogn Sci. 2022;26(6):499–513.

12.	 Kolacz J, Holmes L, Porges SW. Body perception Questionnaire (BPQ) Manual. 
Traumatic Stress Research Consortium; 2018.

13.	 Price CJ, Thompson EA. Measuring dimensions of body connection: 
body awareness and bodily dissociation. J Altern Complement Med. 
2007;13(9):945–53.

14.	 Price CJ, Thompson EA, Cheng SC. Scale of body connection: a multi-sample 
construct validation study. PLoS ONE. 2017;12(10):e0184757.

15.	 Gijsbers van Wijk CMT, Kolk AM. Psychometric evaluation of symptom per-
ception related measures. Pers Individ Dif. 1996;20:55–70.

16.	 Kolk AM, Hanewald GJPF, Schagen S, Gijsbers van Wijk CMT. A symptom 
perception approach to common physical symptoms. Soc Sci Med. 
2003;57:2343–354.

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Page 8 of 8Scheffers et al. BMC Psychology           (2024) 12:53 

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

18.	 Forkmann T, Scherer A, Meessen J, Michal M, Schächinger H, Vögele C, Schulz 
A. Making sense of what you sense: disentangling interoceptive awareness, 
sensibility and accuracy. Int J Psychophysiol. 2016;109:71–80.

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

20.	 Da Costa Silva L, Belrose C, Trousselard M, Rea B, Seery E, Verdonk C, Duffaud 
AM. Self-reported body awareness: validation of the postural awareness 
scale and the multi-dimensional Assessment of Interoceptive awareness 
(version 2) in a non-clinical adult french-speaking sample. Front Psychol. 
2022;13:946271.

21.	 Özpınar S, Dünder E, Demir Y, Akyol M. Multi-dimensional assessment of 
interoceptive awareness (MAIA 2): psychometric properties of the Turkish ver-
sion. Health Sci Med. 2021;4(2):132–6.

22.	 Teng B, Wang D, Su C, Zhou H, Wang T, Mehling WE, Hu Y. The Multidimen-
sional Assessment of Interoceptive Awareness, Version 2 (MAIA-2): translation 
and psychometric properties of the Chinese version. Front Psychiatry. 
2022;13:103389.

23.	 Fiskum C, Eik-Nes TT, Abdollahpour Ranjbar H, Andersen J, Habibi Asgarabad 
M. Interoceptive awareness in a Norwegian population: psychometric 
properties of the Multidimensional Assessment of Interoceptive Awareness 
(MAIA) 2. BMC Psychiatry. 2023;23:489.

24.	 Voloshchenko Y. Interoceptive awareness. Verification of the adaptation of 
the Ukrainian version of the multidimensional assessment of interocep-
tive awareness (version 2) questionnaire among first-year student of Borys 
Grinchenko Kyiv University. Sport Sci Human Health. 2023;1(9):68–91.

25.	 Scheffers M, Hoek M, Bosscher RJ, van Duijn MAJ, Schoevers RA, van Bussch-
bach JT. Negative body experience in women with early childhood trauma: 
associations with trauma severity and dissociation. Eur J Psychotraumatol. 
2017;8:1322892.

26.	 Van der Maas LCC. Psychomotor therapy in chronic pain rehabilitation 
enhancing body awareness in multidisciplinary treatment. Amsterdam: Vrije 
Universiteit; 2015.

27.	 Beaton DE, Bombardier C, Guillemin F, Ferraz MB. Guidelines for the 
process of cross-cultural adaptation of self-report measures. Spine. 
2000;25(24):3186–91.

28.	 McNeish D. Thanks Coefficient Alpha, We’ll Take It From Here. Psychol Meth-
ods. Advance online publication; 2017.

29.	 Watkins MW. The reliability of multi-dimensional neuropsychological mea-
sures: from alpha to omega. Clin Neuropsychol. 2017;31:1113–26.

30.	 Cronbach LJ. Coefficient alpha and the internal structure of tests. Psy-
chometrika. 1951;16(3):297–334.

31.	 Perinetti G, StaTips Part IV. Selection, interpretation and reporting of the 
intraclass correlation coefficient. South Eur J Orthod Dentofacial Res. 
2018;5(1):3–5.

32.	 Koo TK, Li MY. A Guideline of selecting and reporting Intraclass correlation 
coefficients for Reliability Research. J Chiropr Med. 2016;15:155–63.

33.	 Kaiser HF. The application of electronic computers to factor analysis. Educ 
Psychol Meas. 1960;20:141–51.

34.	 Algars A, Santtila P, Varjonen M, Witting M, Johansson A, Jern P. The adult 
body: how age, gender, and body mass index are related to body image. J 
Aging Health. 2009;21:1112–32.

35.	 Hayton JC, Allen DG, Scarpello V. Factor retention decisions in explor-
atory factor analysis: a tutorial on parallel analysis. Organ Res Methods. 
2004;7(2):191–205.

36.	 Tabachnick BG, Fidell LS. Using multivariate statistics, 6th ed. Pearson; 2013.
37.	 Brown TA. Confirmatory factor analysis for applied research, 2nd edition. 

Guilford Press; 2015.
38.	 Matsunaga M. How to factor-analyze your data right: do’s, don’ts, and how-

to’s. Int J Psychol Res. 2010;3(1):97–110.
39.	 Swami V, Barron D. Translation and validation of body image instruments: 

challenges, good practice guidelines, and reporting recommendations for 
test adaptation. Body Image. 2019;31:204–20.

40.	 Muthén LK, Muthén. BO. Mplus User’s Guide, 8th ed. Muthén & Muthén; 
1998–2017.

41.	 Byrne BM. Structural equation modeling with LISREL, PRELIS and SIMPLIS: 
basic concepts, applications and programming. Lawrence Erlbaum Associ-
ates; 1998.

42.	 Browne MW, Cudeck R. Alternative ways of assessing model fit. Sage Publish-
ing; 1993.

43.	 Schermelleh-Engel K, Moosbrugger H, Müller H. Evaluating the fit of struc-
tural equation models: test of significance and descriptive goodness-of-fit 
measures. Methods Psychol Res. 2003;8(2):23–74.

44.	 Bentler PM. Comparative fit indices in structural models. Psychol Bull. 
1990;107(2):238–46.

45.	 Todd J, Aspell JE, Barron D, Swami V. An exploration of the associations 
between facets of interoceptive awareness and body image in adolescents. 
Body Image. 2019;31:171–80.

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

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



1.

2.

3.

4.

5.

6.

Terms and Conditions
 
Springer Nature journal content, brought to you courtesy of Springer Nature Customer Service Center GmbH (“Springer Nature”). 
Springer Nature supports a reasonable amount of sharing of  research papers by authors, subscribers and authorised users (“Users”), for small-
scale personal, non-commercial use provided that all copyright, trade and service marks and other proprietary notices are maintained. By
accessing, sharing, receiving or otherwise using the Springer Nature journal content you agree to these terms of use (“Terms”). For these
purposes, Springer Nature considers academic use (by researchers and students) to be non-commercial. 
These Terms are supplementary and will apply in addition to any applicable website terms and conditions, a relevant site licence or a personal
subscription. These Terms will prevail over any conflict or ambiguity with regards to the relevant terms, a site licence or a personal subscription
(to the extent of the conflict or ambiguity only). For Creative Commons-licensed articles, the terms of the Creative Commons license used will
apply. 
We collect and use personal data to provide access to the Springer Nature journal content. We may also use these personal data internally within
ResearchGate and Springer Nature and as agreed share it, in an anonymised way, for purposes of tracking, analysis and reporting. We will not
otherwise disclose your personal data outside the ResearchGate or the Springer Nature group of companies unless we have your permission as
detailed in the Privacy Policy. 
While Users may use the Springer Nature journal content for small scale, personal non-commercial use, it is important to note that Users may
not: 
 

use such content for the purpose of providing other users with access on a regular or large scale basis or as a means to circumvent access

control;

use such content where to do so would be considered a criminal or statutory offence in any jurisdiction, or gives rise to civil liability, or is

otherwise unlawful;

falsely or misleadingly imply or suggest endorsement, approval , sponsorship, or association unless explicitly agreed to by Springer Nature in

writing;

use bots or other automated methods to access the content or redirect messages

override any security feature or exclusionary protocol; or

share the content in order to create substitute for Springer Nature products or services or a systematic database of Springer Nature journal

content.
 
In line with the restriction against commercial use, Springer Nature does not permit the creation of a product or service that creates revenue,
royalties, rent or income from our content or its inclusion as part of a paid for service or for other commercial gain. Springer Nature journal
content cannot be used for inter-library loans and librarians may not upload Springer Nature journal content on a large scale into their, or any
other, institutional repository. 
These terms of use are reviewed regularly and may be amended at any time. Springer Nature is not obligated to publish any information or
content on this website and may remove it or features or functionality at our sole discretion, at any time with or without notice. Springer Nature
may revoke this licence to you at any time and remove access to any copies of the Springer Nature journal content which have been saved. 
To the fullest extent permitted by law, Springer Nature makes no warranties, representations or guarantees to Users, either express or implied
with respect to the Springer nature journal content and all parties disclaim and waive any implied warranties or warranties imposed by law,
including merchantability or fitness for any particular purpose. 
Please note that these rights do not automatically extend to content, data or other material published by Springer Nature that may be licensed
from third parties. 
If you would like to use or distribute our Springer Nature journal content to a wider audience or on a regular basis or in any other manner not
expressly permitted by these Terms, please contact Springer Nature at 
 

onlineservice@springernature.com
 

mailto:onlineservice@springernature.com

