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There is an emergent movement of scientists and 
scholars working on somatic awareness, intero-
ception and embodiment. This work cuts across 
studies of neurophysiology, somatic anthropol-
ogy, contemplative practice, and mind-body 
medicine. Key questions include: How is body 
awareness cultivated? What role does interocep-
tion play for emotion and cognition in healthy 
adults and children as well as in different psy-
chopathologies? What are the neurophysiolog-
ical effects of this cultivation in practices such 
as Yoga, mindfulness meditation, Tai Chi and 
other embodied contemplative practices? What 
categories from other traditions might be useful 
as we explore embodiment? Does the cultivation 
of body awareness within contemplative practice 
offer a tool for coping with suffering from condi-
tions, such as pain, addiction, and dysregulated 
emotion? 

This emergent field of research into somatic 
awareness and associated interoceptive processes, 

however, faces many obstacles. The principle obstacle lies in our 400-year Cartesian tradition 
that views sensory perception as epiphenomenal to cognition. The segregation of perception 
and cognition has enabled a broad program of cognitive science research, but may have also 
prevented researchers from developing paradigms for understanding how interoceptive aware-
ness of sensations from inside the body influences cognition. The cognitive representation of 
interoceptive signals may play an active role in facilitating therapeutic transformation, e.g. by 
altering context in which cognitive appraisals of well-being occur. This topic has ramifications 
into disparate research fields: What is the role of interoceptive awareness in conscious presence? 
How do we distinguish between adaptive and maladaptive somatic awareness? How do we best 
measure somatic awareness? What are the consequences of dysregulated somatic/interoceptive 
awareness on cognition, emotion, and behavior? The complexity of these questions calls for 
the creative integration of perspectives and findings from related but often disparate research 
areas including clinical research, neuroscience, cognitive psychology, anthropology, religious/
contemplative studies and philosophy. 

Citation: Farb, N., Kerr, C., Mehling, W. E., Pollatos, O., eds. (2017). Interoception, Contemplative 
Practice, and Health. Lausanne: Frontiers Media. doi: 10.3389/978-2-88945-094-7

http://journal.frontiersin.org/journal/psychology
http://journal.frontiersin.org/researchtopic/2251/interoception-contemplative-practice-and-health


3 January 2017  |  Interoception, Contemplative Practice, and HealthFrontiers in Psychology

Table of Contents

06	 Editorial: Interoception, Contemplative Practice, and Health
Norman Farb and Wolf E. Mehling

1) Creating a scientific framework for our discourse
10	 Interoception, contemplative practice, and health

Norman Farb, Jennifer Daubenmier, Cynthia J. Price, Tim Gard, Catherine Kerr, 
Barnaby D. Dunn, Anne Carolyn Klein, Martin P. Paulus and Wolf E. Mehling

36	 On the Origin of Interoception
Erik Ceunen, Johan W. S. Vlaeyen and Ilse Van Diest

53	 Interoception and stress
André Schulz and Claus Vögele

2) Interoceptive phenomenology across Eastern and Western cultural 
perspectives
76	 Cross-cultural differences in somatic awareness and interoceptive accuracy: a 

review of the literature and directions for future research
Christine Ma-Kellams

85	 Addendum: Cross-cultural differences in somatic awareness and interoceptive 
accuracy: a review of the literature and directions for future research
Christine Ma-Kellams

3) Neural mechanisms underlying interoceptive processing
88	 Neural activity during interoceptive awareness and its associations with 

alexithymia—An fMRI study in major depressive disorder and non-psychiatric 
controls
Christine Wiebking and Georg Northoff

104	 Brain mechanisms of short-term habituation and sensitization toward dyspnea
M. Cornelia Stoeckel, Roland W. Esser, Matthias Gamer, Christian Büchel  
and Andreas von Leupoldt

112	 Emotional Experience and Awareness of Self: Functional MRI Studies of 
Depersonalization Disorder
Nick Medford, Mauricio Sierra, Argyris Stringaris, Vincent Giampietro,  
Michael J. Brammer and Anthony S. David

127	 Attenuated sensitivity to the emotions of others by insular lesion
Yuri Terasawa, Yoshiko Kurosaki, Yukio Ibata, Yoshiya Moriguchi and Satoshi Umeda

4) Interoceptive awareness and contemplative practice
137	 Differential changes in self-reported aspects of interoceptive awareness 

through 3 months of contemplative training
Boris Bornemann, Beate M. Herbert, Wolf E. Mehling and Tania Singer

http://journal.frontiersin.org/journal/psychology
http://journal.frontiersin.org/researchtopic/2251/interoception-contemplative-practice-and-health


4 January 2017  |  Interoception, Contemplative Practice, and HealthFrontiers in Psychology

150	 Effects of Mindfulness-Based Cognitive Therapy on Body Awareness in Patients 
with Chronic Pain and Comorbid Depression
Marasha de Jong, Sara W. Lazar, Kiran Hug, Wolf E. Mehling, Britta K. Hölzel, 
Alexander T. Sack, Frenk Peeters, Heidi Ashih, David Mischoulon and Tim Gard

163	 The effect of meditation on regulation of internal body states
Sahib S. Khalsa, David Rudrauf, Richard J. Davidson and Daniel Tranel

178	 Psychophysiology of duration estimation in experienced mindfulness 
meditators and matched controls
Simone Otten, Eva Schötz, Marc Wittmann, Niko Kohls, Stefan Schmidt  
and Karin Meissner

5) Interoception as it relates to other psychological constructs and its role in 
clinical conditions
190	 Heartfelt empathy? No association between interoceptive awareness, 

questionnaire measures of empathy, reading the mind in the eyes task or the 
director task
Vivien Ainley, Lara Maister and Manos Tsakiris

199	 Investigating the relationship between interoceptive accuracy, interoceptive 
awareness, and emotional susceptibility
Giuseppe Calì, Ettore Ambrosini, Laura Picconi, Wolf E. Mehling  
and Giorgia Committeri

212	 The relationships between interoception and alexithymic trait. The Self-
Awareness Questionnaire in healthy subjects
Mariachiara Longarzo, Francesca D’Olimpio, Angela Chiavazzo, Gabriella Santangelo, 
Luigi Trojano and Dario Grossi

220	 Interoceptive fear learning to mild breathlessness as a laboratory model for 
unexpected panic attacks
Meike Pappens, Evelien Vandenbossche, Omer Van den Bergh and Ilse Van Diest

232	 Respiratory sensory gating measured by respiratory-related evoked potentials 
in generalized anxiety disorder
Pei-Ying S. Chan, Chia-Hsiung Cheng, Shih-Chieh Hsu, Chia-Yih Liu, Paul W. Davenport 
and Andreas von Leupoldt

238	 When interoception helps to overcome negative feelings caused by social 
exclusion
Olga Pollatos, Ellen Matthias and Johannes Keller

246	 Somatic experiencing: using interoception and proprioception as core elements 
of trauma therapy
Peter Payne, Peter A. Levine and Mardi A. Crane-Godreau

264	 Corrigendum: Somatic Experiencing: using interoception and proprioception as 
core elements of trauma therapy
Peter Payne, Peter A. Levine and Mardi A. Crane-Godreau

267	 Embodied cognitive flexibility and neuroplasticity following Quadrato Motor 
Training
Tal D. Ben-Soussan, Aviva Berkovich-Ohana, Claudia Piervincenzi, Joseph Glicksohn, 
and Filippo Carducci

278	 Interoception and symptom reporting: disentangling accuracy and bias
Sibylle Petersen, Ken Van Staeyen, Claus Vögele, Andreas von Leupoldt 
and Omer Van den Bergh

http://journal.frontiersin.org/journal/psychology
http://journal.frontiersin.org/researchtopic/2251/interoception-contemplative-practice-and-health


5 January 2017  |  Interoception, Contemplative Practice, and HealthFrontiers in Psychology

6) Interoceptive awareness in children
286	 Interaction of physical activity and interoception in children

Eleana Georgiou, Ellen Matthias, Susanne Kobel, Sarah Kettner, Jens Dreyhaupt, 
Jürgen M. Steinacker and Olga Pollatos

294	 Interoceptive sensitivity, body weight and eating behavior in children: a 
prospective study
Anne Koch and Olga Pollatos

7) Measuring subjective aspects of interoceptive awareness
305	 Psychometric properties of the multidimensional assessment of interoceptive 

awareness (MAIA) in a Chilean population
Camila Valenzuela-Moguillansky and Alejandro Reyes-Reyes

http://journal.frontiersin.org/journal/psychology
http://journal.frontiersin.org/researchtopic/2251/interoception-contemplative-practice-and-health


EDITORIAL

published: 01 December 2016
doi: 10.3389/fpsyg.2016.01898

Frontiers in Psychology | www.frontiersin.org December 2016 | Volume 7 | Article 1898 |

Edited and reviewed by:

Morten Overgaard,

Aarhus University, Denmark

*Correspondence:

Norman Farb

norman.farb@utoronto.ca

Wolf E. Mehling

Wolf.Mehling@ucsf.edu

Specialty section:

This article was submitted to

Consciousness Research,

a section of the journal

Frontiers in Psychology

Received: 16 September 2016

Accepted: 21 November 2016

Published: 01 December 2016

Citation:

Farb N and Mehling WE (2016)

Editorial: Interoception, Contemplative

Practice, and Health.

Front. Psychol. 7:1898.

doi: 10.3389/fpsyg.2016.01898

Editorial: Interoception,
Contemplative Practice, and Health

Norman Farb 1* and Wolf E. Mehling 2*

1Department of Psychology, University of Toronto Mississauga, Toronto, ON, Canada, 2Department of Family and

Community Medicine, and Osher Center for Integrative Medicine, University of California San Francisco, San Francisco, CA,

USA

Keywords: interoception, mindfulness, contemplative practice, consciousness, awareness

Editorial on Research Topic

Interoception, Contemplative Practice, and Health

Well-being is deeply rooted in the body, a continuous flow of feelings denoting comfort or
distress. Interoception, the representation of the body’s internal state, is a growing target of
scientific research, buoyed by a growing respect for contemplative traditions relating interoceptive
awareness to the cultivation of well-being. An emerging interoception literature cuts across studies
of neurophysiology, somatic anthropology, contemplative practice, and mind-body medicine. Key
questions include: How is body awareness cultivated? What role does interoception play for
emotion and cognition across the lifespan as well as in different psychopathologies? What are the
neurophysiological effects of interoceptive training in Yoga, mindfulness meditation, Tai Chi, and
other embodied contemplative practices? What categories from other traditions might be useful
in this investigation? How might the cultivation of interoceptive awareness improve resilience in
chronic health conditions?

Such questions have historically been ill-addressed by Western science, which is still influenced
by a 400-year Cartesian tradition that treats cognition as something fundamentally distinct from
sense-perception. This segregation limits consideration of interoception as the very context that
situates and motivates cognition. And yet in therapeutic domains, attention to such context is
critical, as the integration of interoceptive signals constrain the scope through which cognitive
appraisals of well-being occur. This idea is not entirely novel to the literature- in 1974 Zanna and
Cooper (1974) found elevated anxiety appraisals following caffeine pill ingestion when participants
did not know they had consumed caffeine, as compared to when they did. Analogously, ignorance
of the causes and consequences of our own myriad visceral feelings does not prevent them from
coloring our interpretations of self, others, and the world. A strong version of this idea is that
a failure to appreciate the causes and influences of interoceptive signals on cognition is to allow
cognition to be determined by these signals.

It is still unknown how to comprehensively assess the quality of interoceptive integration. We
know little about how to formally distinguish between adaptive and maladaptive interoception,
or the consequences of dysregulated interoception on cognition and behavior. The complexity
of these questions calls for the creative integration of perspectives and findings from related
but often disparate research areas including clinical research, neuroscience, cognitive psychology,
anthropology, religious/contemplative studies, and philosophy.

In recognition of the growing interest in such questions, we worked with Frontiers in
Psychology to foster dialogue and collaboration in this emerging field. The numerous contributions
stand as testament to a burgeoning interest in interoception, although direct demonstrations of
interoceptive integration as a determinant of health were rare. Even rarer were empirical articles
specifically addressing interoceptive reconditioning, in contemplative practice or beyond. Thus the
role of interoceptive training in the context of wellbeing and health remains a relatively unexplored
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topic. Nevertheless, we are pleased to present this special issue
that curates some of the growing interest in interoception
research, speaking to the following research subdomains:

1) Creating a scientific framework for our discourse

Farb et al. present an attempt at creating an integrated
discourse on interoception from multiple perspectives, a
“White Paper” on the theme of this special topic issue
following a 2-day conference with researchers and scholars
from Europe and the US from clinical and social psychology,
medicine, psychiatry, neuroscience, nursing, and religion. The
paper explores how contemporary theories of perception,
e.g., the predictive coding model, can be applied to elucidate
interoceptive processes, and mechanisms for reported health
benefits of contemplative practice. It presents an overview
of what we know today, the limitations and challenges we
encounter in our field, and suggests next steps.

Ceunen et al. review the history of interoception theory
from its etymological origin through its subsequent semantic
development. The authors trace the confusing language for the
various components of interoception back to their physical
and physiological contexts in which these were studied and
discerned, such as by stimulus source, organs involved, and
neurological signal-transmitting pathways, and propose a
theoretical framework built around interoceptive experience
understood as originating in the central nervous system.

Schulz and Vögele review findings on psychobiological
processes underlying acute and chronic stress and their
interactions with interoception. They discuss psychological
factors in stress reactivity, the role of the hypothalamic-
pituitary-adrenocortical and the autonomic nervous system.
The authors propose a theoretical model that integrates stress
from early life andmajor adverse events with the dysregulation
of physiological stress axes, altered interoception, the
generation of physical symptoms, and the perpetuation of
dysfunction.

2) Interoceptive phenomenology across Eastern and Western

cultural perspectives

Ma-Kellams explores the literature describing cross-cultural
differences in interoception between Western and non-
Western cultures and in levels of somatic awareness and
interoceptive accuracy. She questions whether findings of
heightened somatic awareness among non-Western cultures is
linked to a greater emphasis on somatic symptoms in clinical
depression and anxiety.

3) Neural mechanisms underlying interoceptive processing

Wiebking andNorthoff report an fMRI study of neural activity
in the insula during the heartbeat counting task contrasting
(a) non-psychiatric participants with high or low alexithymia
scores to (b) patients suffering from major depressive disease
and with comparable levels of alexithymia. The authors
describe aberrant processing during an interoceptive task in
depressed patients.

Stoeckel et al. describe distinct brain activation patterns in
dyspnea perception that indicate habituation or sensitization,
a topic especially relevant for patients with bronchial and
pulmonary diseases. They describe how trait and state anxiety

and dyspnea unpleasantness are linked with specific patterns
of brain activity and implicate the anterior insula and the
periaqueductal gray regions in this context.

Medford et al. studied physiological and neutral
reactivity to emotion provocation in patients suffering from
depersonalization disorder before and after pharmacological
treatment. The authors relate reductions in symptoms
central to this disorder, such as diminished sense of self
and attenuated emotional experience, with normalization of
neural responses to emotionally-evocative visual stimuli.

Finally, focusing on brain structure rather than functional
activity, Terasawa et al. studied the influence of insular
damage on altered emotion processing and interoceptive
awareness in three right insular and adjacent area-damaged
individuals with well-preserved higher cognitive function.
Emotion processing integrity was measured via recognition
rates for emotional face stimuli, and examined for its
association with interoceptive accuracy measured by the
heartbeat perception task.

4) Interoceptive awareness and contemplative practice

Bornemann et al. investigated how self-reported aspects
of interoceptive awareness are influenced by a 3-month
contemplative intervention that featured daily practices of
attending to the body and breath. Interoceptive awareness
was assessed by self-report with the German version of the
Multidimensional Assessment of Interoceptive Awareness
(MAIA). The authors address whether contemplative
practices may target specific aspects of the complex
multi-dimensional construct of interoceptive awareness.

de Jong et al. report results of a randomized controlled
trial of Mindfulness-Based Cognitive Therapy (MBCT) vs.
usual care on self-reported interoceptive body awareness,
assessed by the MAIA, in patients with chronic pain and
comorbid depression. Mindfulness interventions including
MBCT entail paying attention to present moment experience,
including thoughts, emotions, and bodily sensations and train
body awareness through the body scan and yoga. The study
investigates whether MBCT produces selective and specific
changes in interoceptive awareness, and whether such changes
mediate improvements in clinical outcomes.

Meditation reduces heart and respiration rates, blood

pressure and skin conductance. Khalsa et al. explored

the question whether meditators have stronger regulation

skills for elevated cardiac adrenergic tone (heart rate;

blood pressure) introduced by isoproterenol infusions

compared to matched controls. Participants were exposed

to different doses of isoproterenol or saline while resting or
meditating.

Is the subjective experience of the passing of time related

to the awareness of body sensations, interoceptive accuracy

and psychophysiological autonomic regulation? Otten et al.
assessed performance in visual and auditory time duration
reproduction tasks, comparing meditators with matched
controls. They used the heartbeat perception task, self-
reported presence and acceptance, the Attention Network
Test, divided attention, heart rate, and skin conductance.
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5) Interoception as it relates to other psychological constructs

and its role in clinical conditions

Ainley et al. examined a potential link between interoceptive
accuracy and empathy. They compared the performance on
the heartbeat perception task with scores on tests that relate to
various aspects of empathy: Index of Interpersonal Reactivity,
Questionnaire of Cognitive, and Affective Empathy, Reading
the Mind in the Eyes Task for recognizing facial expressions
involved in affect sharing, and Directors Task to assess
cognitive perceptive taking ability involving self-other
distinction.

Cali et al. studied the complex relationship between distinct
dimensions of self-reported interoceptive awareness and
emotional susceptibility, the tendency to experience feelings
of discomfort and vulnerability when facing negatively-valued
emotionally-laden stimuli. They also investigated whether
dimensions of self-reported interoceptive awareness, assessed
by the MAIA, are related to interoceptive accuracy assessed by
the heartbeat perception task.

Longarzo et al. investigated the relationship between
interoception and alexithymia, the difficulty to identify
and express emotions cross-sectionally using the Toronto
Alexithymia Scale and the newly developed Self-Awareness
Questionnaire (SAQ) in healthy volunteers. The study
explored whether alexithymia is related to interoceptive
awareness, and in particular with a tendency to exaggerate
fluctuations in body sensations.

Pappens et al. paired a benign interoceptive stimulus as a
conditioned stimulus (CS) with the unconditioned stimulus
(US) of panic associated with feelings of suffocation—to study
fear learning in healthy volunteers. Can the presentation
of an interoceptive fear conditioning paradigm serve as
a laboratory model for panic attacks? Conditioned fear
learning was assessed by startle eye blink electromyography,
skin conductance, and respiration rate and tidal volume.
Is interoceptive fear learning independent of declarative
knowledge of the CS–US contingency?

Chan et al. explored the interoceptive processing of
respiratory stimuli potentially altered by respiratory sensory
gating in patients with generalized anxiety disorder compared
to healthy controls. Respiration was manipulated through
brief airway occlusions; sensory gating of stimulus processing
was assessed by Respiratory-Related Evoked Potentials
(RREP).

Pollatos et al. report on two studies exploring whether
higher levels of interoceptive sensitivity support the ability
to overcome negative feelings caused by social exclusion
in healthy volunteers. They created groups of high or low
interoceptive performance using the heartbeat perception
task. The experience of ostracism was induced by the
cyberball paradigm, a computerized ball toss game in which
the participant is eventually excluded from play. The first
study assessed subjective feelings and behavioral affiliation
tendencies, the second habitual emotion regulation processes
focusing on suppression and reappraisal. Does interoceptive
sensitivity reduce aversive states provoked by social exclusion
and, if so, which coping strategy maximizes such protection?

Payne et al. present a theoretical model that tries to
understand the psychological and neurological dynamics of
trauma, chronic stress, and post-traumatic stress disease, and
how trauma therapy, specifically the Somatic Experiencing
(SETM) approach, may rehabilitate functionally dysregulated
autonomic, limbic, motor, and arousal systems. In a detailed
case study, they illustrate the importance of taking into
account the instinctive, bodily based protective reactions to
stress and trauma and of using attention to interoceptive,
proprioceptive, and kinesthetic sensation as a therapeutic
tool.

Quadro Motor Training (QMT) may be viewed as a
radically simplified form of a mindful movement practice.
In a 3-arm randomized controlled trial, Ben-Soussan et al.
investigated the effect of four weeks of daily practice on
cognitive flexibility and ideational fluency as dimensions
of creativity, assessed with the Alternate Uses Task. They
also followed three participants using structural MRIs and
Diffusion Tensor Imaging to examine the relationship
between gray matter volume, fractional anisotropy, and
cognitive flexibility scores.

Anxiety and anxiety sensitivity have been associated
with increased interoceptive accuracy but also with bias
for increased symptom reporting poorly correlated to
physiological function. Petersen et al. attempted to disentangle
interoceptive accuracy from bias by exposing groups of
habitual high and low symptom reporters to a series
of different inspiratory loads and asked participants for
subsequent load classification. Signal detection analyses
for classification accuracy were applied to differentiate
interoceptive respiratory accuracy in symptom detection from
classification bias. This is of clinical importance for asthma
patients in the more ambivalent range of symptom intensity
perceiving respiratory loads as either harmless or threatening.

6) Interoceptive awareness in children

Georgiou et al. studied in children how interindividual
differences in the perception of bodily processes, i.e.,
interoceptive sensibility/accuracy, based on heartbeat
perception, interact with their degree of everyday
physical activity measured by a multi-sensor device. Is
higher interoceptive sensibility associated with stronger
physical performance in children, which would indicate
that interoception is important for the self-regulation of
health-related behavior early in life.

In a large prospective cohort study in Germany, Koch
and Pollatos assessed interoceptive sensibility/accuracy
in 1657 children (6–11 years old) twice 1 year apart and
examined its prospective association with different food
approach behaviors and weight status. They also determined
whether altered interoceptive processes follow or precede
non-adaptive eating behavior patterns in overweight
children.

7) Measuring subjective aspects of interoceptive awareness

Proven validity and reliability of measures for variations
of interoceptive awareness and its multiple aspects are
preconditions for informative research. Studies on objective,
e.g., behavioral performance measures are urgently needed
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to move the research field forward. Regrettably, this topic
issue did not receive any contributions for studies of objective
assessment tools. However, several studies assessed the
psychometric properties of systematically translated versions
of the MAIA self-report measure. Bornemann et al. developed
and studied the German version, Valenzuela-Moguillansky
and Alejandro Reyes-Reyes the Spanish version, and Cali
et al. the Italian version of the MAIA and assessed
their psychometric properties in healthy volunteers. Taken
together, these studies show strengths and weaknesses
of the MAIA and provide suggestions for its further
improvement. Longarzo et al. present the Self-Awareness
Questionnaire (SAQ). Factor analysis of the SAQ showed
two factors, related to visceral and to somatosensory
sensations.

This special issue serves only as a brief introduction to
the growing field of research into interoception, embodiment,
and somatic experience. The varied contributions in this issue
serve to affirm the importance of interoception measurement
and training for well-being and health. The psychometric
studies herein helped to establish the multifaceted nature
of interoception across a variety of cultural contexts and
populations. Regarding quantitative measurements, heartbeat
detection tasks seem to be effective in explaining variance in
physical activity or symptom appraisal. And yet, this family of
measures alone cannot possibly distinguish between the varied

facets of interoception. Novel measures, such as the promising
respiratory load task, are needed.

While the initial returns on interoceptive awareness suggest
that such awareness is likely beneficial in supporting well-
being, it is also important for such inquiry to establish
boundary conditions on the utility of enhancing awareness of
interoceptive signals for particular people and in particular
times. A central example of this problem lies in panic

disorder, where those afflicted tend to demonstrate superior
interoceptive accuracy on heartbeat detection compared to
the general population (Ehlers, 1993). Thus, finding more
nuanced methods to characterize what interoceptive signal is
attended to, whether such attention is wisely timed, whether
it serves to promote adaptive feelings and actions, and how
variations in attention styles interact with interoceptive bias,
all appear to be critical questions in continuing to develop an
evidence-based account of interoception’s role in determining
health and well-being.

Together, we hope these collected papers serve not only to
validate the reader’s belief in the importance of interoception
for well-being across the lifespan, but also to stoke the
imagination as to the unfolding mystery of how we come
to know ourselves through our bodies. As these studies
suggest, it is a rich time to join this field of research, with
a need for new methods in measurement and training, in
the hope of understanding the role of embodied feelings, and
contemplative practices as contributors to well-being.
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Interoception can be broadly defined as the sense of signals originating within the body.
As such, interoception is critical for our sense of embodiment, motivation, and well-
being. And yet, despite its importance, interoception remains poorly understood within
modern science. This paper reviews interdisciplinary perspectives on interoception, with
the goal of presenting a unified perspective from diverse fields such as neuroscience,
clinical practice, and contemplative studies. It is hoped that this integrative effort will
advance our understanding of how interoception determines well-being, and identify
the central challenges to such understanding. To this end, we introduce an expanded
taxonomy of interoceptive processes, arguing that many of these processes can be
understood through an emerging predictive coding model for mind–body integration.
The model, which describes the tension between expected and felt body sensation,
parallels contemplative theories, and implicates interoception in a variety of affective and
psychosomatic disorders. We conclude that maladaptive construal of bodily sensations
may lie at the heart of many contemporary maladies, and that contemplative practices
may attenuate these interpretative biases, restoring a person’s sense of presence and
agency in the world.

Keywords: interoception, contemplative practice, meditation, body awareness, mindfulness, yoga, mind–body
therapies

Introduction

Introducing Interoception
Interoception is the process of receiving, accessing and appraising internal bodily signals.
Maintaining desired physiological states is critical for an organism’s survival, and so
interoception is a powerful motivator of behavior in the pursuit of these states (Craig, 2002,
2009). While interoceptive awareness has been more narrowly defined as the representation
of afferent body sensations (Craig, 2003; Critchley et al., 2004), broader definitions cast
interoception as a multi-dimensional construct that also takes into account how people
attend to, appraise and respond to these sensations (Vaitl, 1996; Cameron, 2001; Verdejo-
Garcia et al., 2012). Interoception is supported by an increasingly well-specified neuro-
anatomical pathway with dedicated representation cortices akin to the five external senses
(Craig, 2002; Critchley et al., 2004; Critchley and Harrison, 2013), although the nature of
such representation is decidedly more mysterious and in need of empirical investigation.

Frontiers in Psychology | www.frontiersin.org June 2015 | Volume 6 | Article 763 | 10

http://www.frontiersin.org/Psychology/
http://www.frontiersin.org/Psychology/editorialboard
http://www.frontiersin.org/Psychology/editorialboard
http://dx.doi.org/10.3389/fpsyg.2015.00763
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.3389/fpsyg.2015.00763
http://journal.frontiersin.org/article/10.3389/fpsyg.2015.00763/abstract
http://community.frontiersin.org/people/u/57857
http://community.frontiersin.org/people/u/205212
http://community.frontiersin.org/people/u/193227
http://community.frontiersin.org/people/u/134399
http://community.frontiersin.org/people/u/42439
http://community.frontiersin.org/people/u/82800
http://community.frontiersin.org/people/u/94062
http://community.frontiersin.org/people/u/352
http://community.frontiersin.org/people/u/93111
http://www.frontiersin.org/Psychology/
http://www.frontiersin.org/
http://www.frontiersin.org/Psychology/archive


Farb et al. Interoception, contemplative practice, and health

Interoception is an iterative process, requiring the interplay
between perception of body states and cognitive appraisal of
these states to inform response selection. Afferent sensory
signals continuously interact with higher order cognitive
representations of goals, history, and environment, informing
emotional experience and motivating regulatory behavior (Craig,
2009). Together, these iterations create a sense of self laden
with motivational context (Damasio, 2003b). Such context may
then inform a person’s approach or avoidance tendencies, and
thus these interactions hold important implications for well-
being (Beck, 2008). Conversely, life experience impinges upon
interoception: the perceived availability and relevance of body
representations are moderated by factors such as attentional cues
(Ainley et al., 2012), contemplative training such as meditation,
yoga, tai chi, etc. (Bornemann et al., 2014), and age (Khalsa et al.,
2009). Understanding how interoceptive processing is shaped by
experience is therefore important for efforts to cultivate well-
being and stress resilience.

Interoception and Well-Being
One reason that interoception, a perceptual capacity, is
introduced in relation to well-being is that it is thought to be
intimately connected to self-regulation, having likely evolved
to help organisms maintain homeostasis (Paulus, 2007; Herbert
and Pollatos, 2012; Craig, 2013; Gu and Fitzgerald, 2014).
In modern life, emotionally valenced body signals are also
thought to contribute to broader mood states that support
emotional balance (Paulus and Stein, 2006; Craig, 2007; Seth,
2013). To the extent that a person is sensitive to interoceptive
signals, such signals guide decision making (Dunn et al., 2010).
And yet, high sensitivity is not without its price: when body
sensation is irregular, as for individuals with joint hypermobility,
greater interoceptive sensation may also contribute to feelings
of anxiety (Mallorquí-Bagué et al., 2014). Thus, interoceptive
sensitivity may either contribute or detract from well-being,
suggesting a need for guidance in regulating salient visceral
signals.

Paralleling the findings of modern secular clinical science,
contemplative science suggests that reflection on interoceptive
processes is important for adaptive behavior (Wallace, 2007),
disrupting overlearned perceptual, and interpretive habits
formed throughout cognitive development and aligning behavior
with higher-order intentions (Vago and Silbersweig, 2012). As
the embodied self is more fully realized through awareness of
ongoing interoceptive interactions, two complimentary senses
emerge: presence, one’s connection to the moment, and agency,
one’s ability to effect change, which are both foundational
in determining a person’s sense of well-being (Seth et al.,
2011). To chart interoception’s salutary relevance, research
must therefore consider the integration of both early sensory
and later affective discriminations into a broader motivational
context.

Motivation for the Present Paper
Over the past decade, the mechanisms of interoceptive
awareness, the importance of interoceptive cues for physical and
psychological health, and the cultivation of healthy interoceptive

habits through contemplative practices have become topics
of active investigation. However, insights from these three
domains are rarely integrated, impeding the progression of
understanding their collective significance. In April 2013,
the authors met to discuss interoception across a variety
of perspectives – including neuroscience, social and clinical
psychology, complementary and alternative care, medicine,
Buddhist and contemplative studies, and a wealth of personal
experiences with contemplative practices. Our goal is to better
explain how interoceptive information can be revealed and
masked from conscious awareness, how our appraisals of a
given level of interoceptive awareness help to determine well-
being, and what role contemplative practices may play in these
processes.

Here, we attempt to integrate contemporary interoceptive
theory from these diverse perspectives, in the hope of better
specifying interoceptive constructs and identifying next steps for
advancing the field. First, we define interoception from scientific
and contemplative perspectives, focusing on a predictive coding
model of interoceptive representation that is growing in
popularity within the scientific community. Second, we discuss
the role of interoception for physical and psychological well-
being, with particular regard for emerging clinical evidence.
Third, we explore how contemplative practices may interact with
interoceptive processes to enhance well-being in oneself and
connection to others. Finally, we summarize outstanding issues in
the study of interoception and offer recommendations for future
research.

Interoception in Psychology,
Neuroscience, and Contemplative
Traditions

Toward a Science of Interoception
The scientific study of brain, mind, and body provides
a framework for objectively modeling interoception.
Neuroanatomical studies have identified pathways that
support and modulate interoceptive representations, and
as such, may be measurably impacted by psychopathology
or contemplative practice. This framework is comprised
of peripheral receptors, C-fiber afferents, spinothalamic
projections, specific thalamic nuclei, posterior and anterior
insula as the limbic sensory cortex, and anterior cingulate cortex
(ACC) as the limbic motor cortex (Vaitl, 1996; Bush et al., 2000;
Vuilleumier, 2005; Critchley and Harrison, 2013). In some cases,
definitions of interoception extend beyond visceral afferents
(Sherrington, 1906) to include afferents from other deep body
receptors, such as C-tactile somatic receptors of the skin that
are associated with internal feelings of warmth or pleasure from
gentle touch (Björnsdotter et al., 2009), circulating chemicals,
proprioceptive inputs, and unexpected or yet unknown sites,
such as recently discovered photoreceptor cells within the eyes
(Lucas, 2013).

The anatomical pathways for interoception are well-specified,
detailing the connections between sensory receptors, spinal
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cord, brainstem, and brain (Craig, 2002). Neurotransmitter
concentrations in the insula and ACC in particular have
been associated with subjective interoceptive awareness and
subjective well-being (Ernst et al., 2014; Wiebking et al., 2014).
However, how such neural representations are constructed
and the mechanisms by which they influence cognition
remain unclear. Most investigations have focused narrowly
on interoceptive awareness, which may only be one aspect of
interoceptive processing. Interrelated but distinct constructs
such as interoceptive attention tendency, sensitivity, coherence
between physiology and subjective experience, accuracy, and
regulatory habits may all emerge as important properties
of information propagation and integration throughout
interoceptive networks (Box 1).

Adding to the complexity, multiple interoceptive sub-systems
operate concurrently, and may each afford different capacities
and tendencies. There is some evidence for general, multimodal
interoceptive capacity: heartbeat detection accuracy is correlated
with gastric sensitivity (Herbert et al., 2012b), and sometimes
with pain sensitivity in some studies (Pollatos et al., 2012), but not

with others (Werner et al., 2009). Furthermore, the relationship
between interoceptive constructs across domains such as the
heartbeat, blood glucose, respiration, temperature and other
modalities is largely unknown. This gap in understanding may
be due to the fact that most interoception studies gage accuracy
within a single modality, and do not measure related constructs
such as attention habits, regulation ability, or sensitivity to signal
change, all of which converge to support interoceptive awareness
(Ceunen et al., 2013).

Acknowledgment of interoception’s multimodal and
multifaceted nature is important, because consideration of these
factors in isolation can lead to spurious inferences. For example,
knowledge that meditators have strong interoceptive attention
tendencies might lead one to expect them also to possess superior
accuracy in heartbeat detection, an idea contradicted by recent
research on this topic (Khalsa et al., 2008; Parkin et al., 2013). The
benefits of interoceptive attention in a particular domain such
as breath or body monitoring therefore seem to be independent
from a domain-general enhancement of interoceptive accuracy.
Instead, meditation practices appears to promote changes in a

BOX 1 | A taxonomy of interoception terms.

Interoception has been generally construed as the representation of the individual’s body at a particular point in time (Craig, 2002), but accounts differ on how
interoceptive capacity should be measured. Similar to a recently proposed model (Garfinkel and Critchley, 2013), we suggest several criteria to supplement the
measurement of interoception:
• Interoceptive awareness, such as the sense of one’s heart beating, is the most common measure of interoception, and is usually operationalized in terms of the
reportability of interoceptive signals. However, awareness may be a limited criterion, as interoceptive processes may operate implicitly, such as thermoregulation
promoting shivering even when one is asleep (Craig, 2003).
• Coherence between physiological and subjective states measures the degree to which objectively observable interoceptive signals manifest in reportable experience.
For example, low blood sugar (hypoglycemia) is characterized both by interoceptive signals (Herbert et al., 2012a) and irritability (Matthew et al., 1997). However,
awareness of low blood sugar is not necessary for it to promote irritability (Taylor and Rachman, 1988; Matthew et al., 1997). Coherence appears to vary widely
among individuals, even though both are impacted by environmental stressors (Sze et al., 2010).
• Attention tendency refers to whether a person habitually attends to particular interoceptive signals, potentially inhibiting or ignoring others (Pollatos et al., 2005). It
can also be expressed as whether a person attends more to interoceptive than exteroceptive sources of information.
• Sensitivity refers to the minimum threshold for detecting interoceptive signal change (Holzl et al., 1996); sensitivity may operate at multiple levels of the
representational system, culminating in access to conscious awareness. Although not often used in interoception research, specificity is the common counterpart to
sensitivity in signal detection theory (Abdi, 2007), the ability to reject competing signals from being classified as interoceptive afferent signals.
• Accuracy is perhaps the most commonly investigated measure of interoception, and refers to the ability to reliably discriminate interoceptive signals from noise or
competing signals (Vaitl, 1996), and between different levels of signal intensity (Daubenmier et al., 2013). It appears that accuracy varies widely between individuals
(Critchley et al., 2004; Ceunen et al., 2013), but may improve with focused training (Brener, 1977; Daubenmier et al., 2013; Mirams et al., 2013). Accuracy is usually
thought to be a function of sensitivity and specificity.
• Sensibility refers to an individual’s personal account of how they experience internal sensations, including a confidence estimate of one’s own interoceptive ability
and feelings of engagement during interoception (Garfinkel et al., 2015). Sensibility is often gaged using interviews and/or questionnaires, frequently the Porges Body
Perception Questionnaire (Porges, 1993) is applied. The usefulness of this instrument for interoception, however, has been questioned as it appears to primarily
serve as a proxy measure for anxiety-related symptoms (Mehling et al., 2009). The Scale of Body Connection (Price and Thompson, 2007) and the Multidimensional
Assessment of Interoceptive Awareness (MAIA; Mehling et al., 2012) were created in part to help extend interoceptive assessment.
• Regulation refers to how well a person can match an interoceptive signal to his or her desired state. Regulation can involve shaping either the signal or the desire.
For example, regulation could shape interoceptive signals to meet goals through reappraisal, suppression, or distraction, techniques often cited in modern scientific
models of emotion regulation (Gross, 2002). However, regulation could also follow more contemplative traditions, intentionally accepting and examining such signals
with curiosity, a strategy that encourages shifts in interoceptive experience without attempting to control unexpected interoceptive signals or create desirable ones.
Concurrent measurement of these constructs may inform a more complete model of interoception, its relationship to well-being, and the effects of contemplative
training
It is important to note that these constructs have varied definitions across the literature. Sensitivity and accuracy are combined as interoceptive accuracy in a
recent interoception model (Garfinkel et al., 2015), measured as the performance on objective behavioral tests such as the heartbeat detection task, and clearly
distinguished from interoceptive awareness and interoceptive sensibility. In the Garfinkel et al. (2015, p. 65) model, interoceptive awareness has been operationalized
as “metacognitive awareness of interoceptive accuracy, e.g. confidence-accuracy correspondence.” However, the term metacognitive awareness is also a term
commonly used in contemplative practice pointing to the possibility of taking awareness itself and the process of thinking as an object of attention and has been
defined elsewhere as the ability to reflect or be aware of ongoing thought or mental states (Smallwood and Schooler, 2006; Epel et al., 2009). There, it has been
defined as the ability to experience negative thoughts and feelings as mental events that pass through the mind, rather than as a part of the self (Herbert and Forman,
2011). We would therefore avoid using the term “metacognitive awareness” to mean confidence–accuracy correspondence, preferring the term coherence instead.
Thus, the terms listed above represent an attempt to bring a common taxonomy to our discussion, but should not be read as universally definitive in this developing
field of inquiry.
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more specific subset of interoceptive capacities and tendencies,
accompanied by non-interoceptive factors such as changes in
intentions or goal-orientations unique to each system of practice
(Bornemann et al., 2014).

Just as capacity may vary across interoceptive modalities,
interoceptive constructs may also vary independently within a
given modality. For example, sensitivity may be high without
commensurate accuracy or regulation ability, such as with
uncontrollable interoceptive ‘false alarms’ often observed in
anxiety disorders (Paulus and Stein, 2006; Domschke et al., 2010).
For this reason, rather than arguing for the primacy of any
of one interoceptive construct, the present discussion uses the
term interoception to describe general processes of perceiving
body states, while also acknowledging that a variety of contextual
factors influence specific interoceptive capacities. A huge amount
of research is needed to begin to catalog the relationships between
specific capacities and modalities, let alone their plasticity and
effects on well-being.

Integrating Contemplative Insights
If we could establish a working model of interoception that
accounts for differences in how interoceptive signals are
represented and managed, it is likely that some sub-systems
would be more relevant for well-being than others. It is at this
point that contemplative science and paradigms of cognitive
processing may be extremely helpful, implicating particular
interoceptive processes, addressing how interoception ideally
functions, and how such function is shaped by experience. In
particular, contemplative accounts have much to say on the
distinction between maladaptive interoceptive conditioning that
may lead to disorders, and adaptive learning that is purportedly
engendered by contemplative practices.

Here, we refer to contemplative practice in the broadest
sense, i.e., traditions of first-person reflection upon or cultivation
of specific modes of experience, and focus on those practices
that explicitly involve interoceptive awareness, including types
of meditation and mindfulness-based approaches that allocate
attention to body sensations (e.g., the breath), or to specific
areas of the body (e.g., the center of the abdomen; Kabat-
Zinn, 1982), and yoga, tai chi, and other mind-body practices
performed in or outside of an explicit spiritual context
(Baer, 2003). A wealth of other body-oriented healing and
psychotherapy methods may also fall into this classification,
such as Dialectical–Behavioral Therapy (Linehan et al., 1999),
Acceptance and Commitment Therapy (Hayes et al., 1999),
and also body-mind approaches such as Feldenkrais (Buchanan
and Ulrich, 2001), Alexander method (Woodman and Moore,
2012), Focusing (Gendlin, 2012), Rosen work (Fogel, 2009),
Hakomi (Kurtz, 1997), Sensory Awareness (Selver et al., 2007),
Somatic Experiencing (Payne et al., 2015), Breath Therapy
(Mehling, 2001), Holotropic Breathwork (Grof and Grof, 2010),
and Mindful Awareness in Body-oriented Therapy (MABT;
Price, 2005). We discuss primarily practices derived from
Asian contemplative traditions, as these have undergone the
most research and been the focus for the largest effort to
translate contemplative concepts into modern scientific terms.
This is not meant to exclude other contemplative traditions,

and we hope future research will be extended into other such
areas.

Classical contemplative practices such as mindfulness and
equanimity seem to speak to the issues of how interoceptive
signals are integrated into a complex representation of self
and the world beyond, and have models of how they affect
health and well-being. There are, however, several outstanding
challenges to realizing the potential benefits of these classical
traditions in secular modern society. The first issue is the
lack of equivalence between traditional contemplative and
modern secular practices: although mindfulness has found a
strong representation in secular clinical therapies and sciences,
it is disputed whether this translation remains faithful to
its classical sources (Christopher et al., 2009; Grossman,
2011), and little attention has been given to the diversity of
interpretations of mindfulness within the Buddhist tradition
itself (Williams and Kabat-Zinn, 2011), which may present
competing models for interoceptive representation and function.
Second, while both clinical science and contemplative traditions
share the goal of reducing human suffering, they differ
in scope. In modern secular contexts, practice goals are
largely pragmatic, aimed at reducing affective symptoms and
improving daily function. By contrast, classical traditions
tend to orient toward more extensive change, seeking to
generate insight into the fundamental nature of reality, with
the intention of liberating individuals from their conditioned
states (Grossman and Van Dam, 2011). It is uncertain
whether current appropriations of classical contemplative
practices are sufficient to promote their historically lauded
benefits. Given emerging evidence of contemplative practices’
efficacies in secular contexts, there is reason for optimism
that at least some beneficial elements have been successfully
translated (Farb, 2014). However, our understanding of these
practices’ true mechanisms of action has lagged behind the
scientific validation of their efficacies. There may be central
constructs in classical contemplative theory that have yet to
be operationalized in scientific discourse, let alone empirically
studied.

Despite the great heterogeneity among contemplative
traditions, we may begin by selecting a common concept that
may contribute to scientific discourse: that of the ‘subtle body’.
Contemplative practices such as mindfulness are traditionally
grounded in traditions, epistemologies, and medical treatises
that articulate holistic rather than dualistic models of body and
mind (Mehling et al., 2011). Such traditional sources each have
their own distinct theories of the psycho-physical complex and
invoke concepts of subtle body structures and ‘currents’ flowing
through those structures (Samuel, 2008; Klein, 2013). These
structures and ‘flows’ are amenable to influencing and being
influenced by the mind, emotions, posture, and the condition of
the grosser (physical) body. Their presence is indicated through
awareness of a rich array of internal body sensations and a
long phenomenological history of sensate processes that relate
events occurring in the outside world to the experience within
an individual. Exploring these somatic sensations, their sources,
and their modulation has been an important focus of Tibetan,
Chinese, and Indian medicine, represented in anatomical maps
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of channels, meridians, and ‘energy centers’ (chakras: Sanskrit)
through which ‘subtle energies’ pass known as lung/ch’i/pran. a,
respectively (Loizzo et al., 2009; Klein, 2014). Every mental
event – that is, all states of consciousness- are said to ride the
‘steed of wind’ or ‘energy’ currents. It is currently unclear how
these conceptualizations map onto scientific approaches of
interoception. However, these concepts do suggest that attention
to embodied experience is significant for self-representation
and well-being, and therefore supports the more general
hypothesis that over-dependence on top–down, or merely
conceptual (in contrast to sensory) awareness significantly limits
a human being’s potential for relating to self, others, and the
world.

Integration Challenges
Asian classical traditions have a rich history of describing
the integration of varied interoceptive signals into a common
representation, a phenomenon often referred to as the ‘subtle
body’ (Samuel, 2008; Klein, 2013). The subtlety of this body
has to do with its typically functioning outside the horizon
of ordinary consciousness. However, as already indicated, as
the ‘steed’ or support of consciousness, it impacts perception
significantly. We suggest that scientific discourse is just
beginning to address this question of integrated representation,
creating new possibilities for understanding what differentiates
wholesome from maladaptive integration states. And yet, there
are few empirical accounts of such integration, and so the
potential to operationalize fundamental constructs from these
traditions and practices is largely unknown. For example,
many contemplative traditions, and many practitioners, speak
of changes in the ‘flow of energy,’ resulting in feelings of
lightness or heat, but it is largely unknown whether modern
psychophysiological research methods can detect such changes
(Loizzo et al., 2009; Kozhevnikov et al., 2013). Physiological
arousal itself is inherently ambiguous and highly constrained
by cognitive appraisal (Blascovich and Tomaka, 1996), and
the science of how interoceptive appraisals translate into
distinct emotional experiences is inexact at best (Wilson-
Mendenhall et al., 2013). Given this uncertainty, we might
begin by searching for the training-related changes described
in classical contemplative theories of interoceptive integration.
Such descriptions offer a rich set of testable hypotheses
for filling this explanatory gap between physiology and
experience. Inclusion of first-person experiences, particularly
from people with extensive training in directing and reporting on
interoceptive attention, may be an important step in developing
more comprehensive models of interoception (Gallagher, 1997;
Lutz and Thompson, 2003).

As an example of such hypothesis testing, we might consider
a classical description of the first steps in mindfulness training.
Classical Buddhist texts, such as the fifth century Path of
Purification, describe the primary goal of early mindfulness
training is to develop stable awareness of momentary sensation,
distinguishing it from awareness of conceptual thought
(Buddhaghosa, 2010). Recent scientific investigation suggests
that the conceptualization of an experience, which may
include detailed description and analysis of events that are

associated with the experience and shaped by our collective
cultural socialization, and the actual felt, immediate experience
itself, which may arise in the body spontaneously, activate
dissociable neural networks, and that the strength of this
dissociation is indeed sensitive to mindfulness training (Farb
et al., 2007). In this way, contemplative traditions provide a
ground for distinction that is ripe for translation into objective,
neuroscientific terms. Representation of the momentary,
sensory self is relevant to practices of compassion and insight,
as well to the classic mindfulness practices that undergird
them.

Learning to attend to visceral, momentary sensation is
only one step of many in the path to well-being, and
likewise a neural distinction between immediate interoceptive
and conceptual processing is only an initial step in the
development of a scientific model. As will be discussed, access
to visceral sensations may be helpful or harmful to a person
depending on how such awareness is understood. Under the
right conditions, contemplative practices may have therapeutic
impact on health and well-being (Farb et al., 2012a), as has
been shown in experiential psychotherapy research for some
time (for a review, see Hendricks, 2001). On the other hand,
interoceptive signals may also be catastrophized in panic and
related disorders. Understanding how to skillfully relate to
interoceptive sensations, and under what circumstances they
should be attended to, is therefore a central question for
the study of interoceptive training for well-being. To progress
from a general description of interoceptive processing toward
characterizing the wholesomeness of such processing requires a
greater level of theoretical complexity, the beginnings to which
we will attempt to address.

Regulation through Simulation
A scientific model of interoception requires some description
of how diffuse sensory signals become integrated into a holistic
representation of the body, one that is amenable to integration
with higher-order cognition. The concept of a simulation map
provides one way to characterize such integration. An analog
of the contemplative subtle body, the simulation map is also
known as an “as–if” representation, a neural representation of
the body, a relatively stable abstraction of rapidly fluctuating
sensory events (Damasio, 2003a; Seth and Critchley, 2013).
From a computational perspective, the simulation map is the
ongoing selection of encoded body states into a working
memory buffer that serves as the best approximation of the
body’s current state as predicted by these prior states. The
simulation map is layered, with lowest layers being closest
to raw sensory afferents from the body, and higher layers
representing the aggregation of information at these lower layers
into representations that may be accessible to consciousness.
As such, the simulation map affords executive brain areas with
relatively stable sensory representations from which to interpret
experience and coordinate responses. The concept of a simulation
map provides a rich canvas on which to observe the nuances
and variability in the cognitive representation of interoceptive
signals, and furthermore suggests how such representations may
be altered, both through the voluntary deployment of attention,
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and through the relatively involuntary processes of attentional
conditioning across the lifespan, such as sensory degradation in
aging (Baltes and Lindenberger, 1997).

It is important to stress that the simulation map is not identical
to current sensation, but is rather an abstraction from recent
sensory experience. Current sensation refers to the current set of
sensory inputs arriving at primary interoceptive representation
areas of the brain, most likely including the nucleus of the solitary
tract, thalamus, posterior insula, and somatosensory cortices
(Craig, 2002; Critchley and Harrison, 2013). The simulation map
on the other hand is a filtered and integrated representation
of these sensory afferents- it is, in effect, an interpreted signal.
When considering regulatorymotivation, a central question is the
degree to which unexpected sensations are viewed as acceptable,
as opposed to problematic, deviations from one’s expected body
state.

Like many neural representations, the contents of the
simulation map may not be fully accessible to consciousness.
Of the many simulation layers, only a subset will be accessible
to conscious experience. Thus, the conscious, phenomenal map
may not be the same as the broader simulation map, although
we view the simulation map as necessary for phenomenal
bodily experience. Furthermore, there is large inter-individual
variability among phenomenal maps as a function of goals,
culture, personal experience, and possibly genetics and other
contributing factors (Ferron, 1997; Altabe, 1998; Ma-Kellams
et al., 2012; Maister and Tsakiris, 2014). These factors may
combine to limit how the simulation map is consciously accessed,
and a history of biased simulation map access may override
momentary introspective efforts. Given that the simulation map
may only be partially accessible to conscious introspection, it
may be impractical to rely entirely on subjective reports to gage
individual or cultural differences in simulation map composition.
However, the simulation map may be tractably examined
at the level of neural representation, serving as a substrate
for a person’s sense of embodiment in the world. Through
investigation of the simulation map, the visceral source of our
sense of presence and our motivations toward action may be
understood.

Neuroscience techniques have helped to move beyond
subjective reports in modeling interoceptive simulation maps.
By tracking changes in interoceptive signals and subjective body
experiences during recordings of brain activity, researchers have
begun to create rich models that distinguish between bottom–
up sensory signals and top–down sensory predictions. For
example, neuroimaging research suggests that attention to the
body increases activity at the corresponding level of the spinal
cord (Nejad, 2014), suggesting that interoceptive attention may
operate even upon relatively distal aspects of the central nervous
system. Within the brain, it appears that the middle insula
integrates afferent interoceptive information with exteroceptive
context into broader motivational space, but individuals differ
in the degree to which such information propagates to the
prefrontal cortex, and presumably conscious awareness, as a
function of interoceptive practice (Singer et al., 2009; Farb
et al., 2012b). In addition to neuroimaging, it should be noted
that many other psychophysiological indicators of interoceptive

processing show promise for revealing interoceptive processing
in the absence of participant report, such as heartbeat-evoked
potentials (Leopold and Schandry, 2001), respiratory-related
potentials (Von Leupoldt et al., 2010), cardiac modulation of
startle (Schulz et al., 2009), or EEG-ECG single trial covariation
(Mueller et al., 2013). For example, Von Leupoldt et al. (2010)
demonstrated that respiratory occlusion produced a reliable
respiratory-related evoked potential measurable by EEG, which
serves as an index of cortical tracking of interoceptive signals.
Mueller et al. (2013) indexed interoceptive processing by the
degree to which EEG responses to task feedback predicted
subsequent heartbeat acceleration. While it is not our intention
to describe all of such techniques in depth, such methods may
provide objective indices of the impact of interoceptive signals at
different levels of neural representation, such as the brainstem or
cortex.

Perhaps the most important application of the simulation
map is in explaining how visceral feeling promotes action.
This explanatory construct is needed in both scientific and
contemplative accounts of bodily health: analogous to the
simulation map, contemplative traditions posit the existence
of a subtle body, including various quasi-physical and delicate
elements of the body that integrate and organize visceral
feelings to provide a sense of well-being (Samuel, 2008).
Across both scientific and contemplative traditions, motivational
salience is afforded to simulation maps or subtle bodies in the
form of emotional valence, with aversive or negative valence
signaling a need to return to certain adaptive homeostatic
ranges. The motivated process of achieving homeostasis, through
physiological or behavioral change, has been dubbed allostasis
(Sterling and Eyer, 1988).

In mammals, allostasis comprises many integrated functions
and includes autonomic, neuroendocrine, and behavioral
mechanisms. Much of allostasis occurs through autonomic self-
regulatory physiology- it occurs internally and automatically.
For example, we do not choose nor directly sense the dilation
of blood vessels or pupils in response to changing luminance or
emotional relevance, and yet such physiological accommodations
occur continuously to promote homeostatic ends. A complete
understanding of interoception doubtlessly requires the
modeling of these allostatic reflexes, especially when their
dysregulation acts as a source of suffering. Theories of early
contemplative practice are agnostic to the ultimate accessibility
of such responses; although direct experience of one’s visceral
stress response and its triggering conditions are essential for the
types of insights that will promote the liberation frommotivation
driven by conditioned expectations (Goleman, 2008; Hart, 2011).
At some point, simulation map theories must account for how
even subtle representations can lead to conscious insight that
promotes behavior change.

The relationship of the simulation map to Asian (especially
Indian and Tibetan) mappings of the ‘energy circuits’ within the
body bears further investigation. At this stage, we note that, like
the contents of the simulation map, many ‘energy flows’ within
the body are not available to consciousness. However, these
‘energy flows’ are always, in traditional theorizing, intimately
associated with consciousness. These ‘flows’ are capable of
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being brought to consciousness through training. As with the
simulation map, these ‘energies’ seem formative of a person’s
sense of embodiment, emotional orientation, agency, purpose,
and sense of self-worth. Unlike the simulation model, perhaps,
the mind-energy interaction is less dualistic than the visceral-
cognitive dyad that so far seems central to characterization of the
simulation map.

Leaving aside the question of how very subtle interoceptive
afferents can be shaped to yield conscious insight, interoceptive
signals motivate a wealth of unsubtle, overt behavior to
satisfy allostatic concerns. Interoceptive dynamics are critical
to understanding why identical stimuli can promote divergent
behaviors. For example, a person will approach a heat source in
a cold environment but avoid it when the ambient temperature
is high. Conversely, an ice cube in one’s hand can feel pleasant
during a hot summer day but aversive in winter. The meaning of
the ice cube cannot be modeled based on the sense-perception
of the ice cube alone, but rather the coolness of the ice is
situated within a broader interoceptive milieu, one that reward
or punishes cold sensation in response to thermoregulatory
imperatives. Furthermore, allostatic cues can inform cognition
and behavior at higher levels of representation- our trust in
others is exaggerated by warm sensations and attenuated by cold
sensations (Kang et al., 2011).

If an ice cube’s value is deeply influenced by allostatic
concerns, a complete model of interoception must describe
how such influence comes about. While acknowledging that
many physiological perturbations are addressed unconsciously,
through autonomic control of the internal milieu, conscious
regulatory acts seem structured to resolve interactions between
the body and its external environment (Gu and Fitzgerald, 2014).
In this way, interoceptive signals motivate overt behavior that
feeds back upon our physiology. It is also important to note that
not all motivated behavior is allostatic: hedonic and pragmatic
goals also have a large role to play, such as sensation-seeking
to distract or regulate low mood (Taylor and Hamilton, 1997),
or self-caffeinating in the face of fatigue (Lorist and Tops,
2003). Thus while homeostatic demands provide a convenient
heuristic for predicting regulatory motivation, we must consider
that many of our dominant drives sacrifice balance in the body
to achieve other goals: riding roller-coasters, watching horror
movies, and consuming spicy or sugary foods all fall into this
category, in which extremes of arousal are intentionally provoked
and enjoyed. Interoceptive regulation thus includes more than
allostatic goals, but indeed any action intended to reshape
the sensory signals that constitute the interoceptive simulation
map. Rather than basing motivation on homeostasis, it may
be represented more flexibly by how closely sensations match
predicted or desired states.

The Predictive Coding Model of Interoception
In recognition of the complexity of interoceptive processing,
the “predictive coding” model of interoception has recently
been introduced to the discourse on interoception (Seth et al.,
2011; Limanowski and Blankenburg, 2013; Seth, 2013; Apps
and Tsakiris, 2014). This model makes use of a final critical
attribute of interoception, in that interoceptive processing

regularly involves a comparison between immediate sensation
and simulated past and future states. Comparison between
observed and expected or desired states may then motivate
behavior to resolve the discrepancy (Paulus and Stein, 2010;
Seth, 2013). From an evolutionary perspective, awareness
of interoceptive processes may promote adaptive behavior
(Damasio and Carvalho, 2013), and body-focused contemplative
practices may support such awareness (Mehling et al., 2011; Price
et al., 2012b). We shall argue that the predictive coding model
helps to operationalize many of the claims around the role of
interoception in contemplative practice, particularly surrounding
the deconditioning of maladaptive regulatory habits.

The idea that the simulation map can represent states distinct
from one’s current interoceptive milieu suggests that comparisons
are continuously being made within a given layer of the map,
between the current sensation of the body, and the body as
it is expected to be based upon past experience (the prior).
The simulation is constructed through the consideration of
both ongoing sensation and priors which contextualize these
sensations. Each layer of the simulation map has its own set
of priors, based on that layer’s experience with past sensory
inputs and adjustments to these priors influenced by top–
down expectancy signals. When a prior diverges from incoming
sensation, it may update the simulation at that layer, creating
a posterior probability that serves as a descending input for
lower layers of the simulation map. For example, a person
may go outside and be surprised by unexpectedly hot weather.
Such surprise may begin at lower layers of the simulation map,
promoting a response that is largely unconscious and automatic,
targeting local physiology, such as the dilation of blood vessels in
response to a rise in temperature. If rapid, automatic regulatory
responses fail to reduce prediction error (PE), a prior is updated,
forming a posterior probability that updates a lower sensory
layer in the map hierarchy to ‘expect’ hotter temperatures. It
is likely that updating of priors at lower layers of the map
is therefore itself involuntary and automatic, and not subject
to conscious deliberation or intentionality. On the other hand,
at higher levels of the simulation map, conscious deliberation
may select among several regulatory alternatives for minimizing
PE. In the hot weather example, one might choose to seek
shelter from the heat, or appraise the heat as welcome and
attempt to enjoy the warm air. Whether one selects to regulate
sensation to fit the prior, or allows the prior to be updated,
is an important regulatory distinction that will be discussed
at length below. For now, the critical point is that the ability
for sensations to motivate regulatory responses is driven by
the magnitude of the PE, the deviation from the priors at a
given layer of simulation. The involvement of higher order
cognition in this resolution process is determined by how high
an error signal processes up through layers of the simulation
map before it is resolved, with larger discrepancies being more
likely to make their way up through the layers to reach conscious
awareness.

The comparison between sensed and expected states,
reminiscent of Higgins’ self-discrepancy theory (Higgins,
1987), serves two major functions: (i) to orient us to surprising
physiological changes that require immediate attention, and
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(ii) to allow comparison between current and potential future
states as a cue to action. In the face of a mismatch between
sensed and expected states, active inference promotes responses
intended to shape the interoceptive milieu to match expected
states. For example, given an unexpected headache, one may
feel an urge to take a pain-killer, in order to restore one’s
desired, habitual pain-free state. Not all active inference requires
overt behavioral intervention, or even awareness of a PE:
some forms of active inference are physiological, wherein the
autonomic nervous system regulates physiologically largely
automatically and unconsciously to return the body to its
expected state (Gu and Fitzgerald, 2014). On the other hand,
when exposed to stressors that exceed one’s autonomic regulatory
capacity, cascading PEs may reach levels of the simulation map
that are accessible to conscious awareness. Such awareness
prompts overt active inference, by which one interacts with
the environment to approach an expected state (Seth, 2013).
Critical to our definition, both physiological and overt forms
of active inference seek to reduce PE by changing sensation to
approach prior expectations rather than updating the priors
themselves.

However, active inference is not the only way to reduce the
disparity between current and desired states. One may also adjust
one’s expected state to match the internal milieu. The process
of updating the expected simulation map to more accurately
reflect immediate sensation is known as perceptual inference

(Seth, 2013). A person’s goals and attitudes toward interoceptive
sensation may powerfully influence the form of inference made
(Box 2).

While active and perceptual inference both seek to minimize
the disparity between sensed and expected states, they differ in
their means of reducing this disparity. Overt active inference
is a process by which an organisms acts to confirm/disconfirm
attributed causes of unexpected interoceptive sensation, whereas
perceptual inference acts to reduce the surprising nature of
the sensation by broadening sensory expectations, reducing
their inferential weight on the simulation layer. In many ways,
this distinction is analogous to the difference between modern
psychological and contemplative accounts of emotion regulation.
While modern psychological models often discuss suppression,
distraction, or reappraisal to alter the characteristics of the
interoceptive signal (Gross, 2002), contemplative traditions make
use of terms such as acceptance and equanimity, or simply
continuous non-interfering observation, as ways of changing
ones attitude toward sensation rather than attempting to change
sensation itself (Mikulas, 2011). More recent secular adaptations
of contemplative traditions almost universally feature integration
of these perceptual inference strategies.

We note that this conceptualization of acceptance or
equanimity as a ‘bottom–up’ perceptual rather than ‘top–
down’ cognitive strategy may be controversial, but believe
that this distinction is critical for understanding contemplative

BOX 2 | How motivation shapes interoceptive inference.

Given the power of interoceptive signals to alternately capture attention and provoke regulatory behavior, achieving an optimal balance between active and
perceptual inference seems central to successful self-regulation. The tension between interrogating perception and formulating a response has been addressed
in recent models of interoception processing (Hankin, 2012; Paulus et al., 2012; Seth, 2013), and we elaborate on it here to discuss the role of contemplative
practice in addressing the relatively underspecified process of perceptual inference. At the level of perception, interoception requires a mental representation of body
state as well as tactile or other related sensory information within the simulation map, which is constrained both by bottom-up sensory inputs, and by top–down
expectations based on the stored knowledge of prior interoceptive states and knowledge of one’s current context. Neither sensory afferents nor prior representations
are necessarily accessible to conscious awareness, although particular layers of the simulation map may become the objects of awareness. Motivation within the
model is generated as a response to discrepancies between the simulated and incoming interoceptive signal, which is also referred to as the prediction error or
‘surprise’ signal (Figure 1A). Incoming sensory signals are contrasted against prior information at a given level of the simulation layer. Discrepancies between the
sensation and prior feed up through simulation layers, and generally trigger regulatory activities to maintain a homeostatic state. Ultimately, prediction errors are
resolved by attributing causes to the unexpected signal, resulting in the creation of a posterior probability that cascades down simulation layers to update priors and
reduce prediction error. The posterior probability determines the meaning of the signal and consequently the nature of the regulatory response.

Interoceptive sensitivity to unexpected, afferent interoceptive signals describes how readily a prediction error propagates up through simulation layers, serving as
a basis for motivation in dynamic interoceptive representation. However, sensitivity alone does not speak to differences in how a person responds to the motivating
discrepancy signal. Top–down cognitive factors in the forms of goals, causal appraisals, and contextual cues help to shape the motivated response. The tension
between active and perceptual inference is often resolved by how one responds to the surprising mismatch between simulation and sensation. If current goals lead
one to value regulation over accuracy of the interoceptive signal, priors at lower layers will be updated with an inferred explanatory cause (the posterior probability)
from the discrepant layer that suggests overt active inference to address this cause. In this situation, surprise is minimized by down-weighting discrepant sensory
information in favor of acting to restore a previously expected state (Figure 1B). In active inference, the simulation is closely aligned with the prior, and the individual
attempts to shape incoming sensation to match the prior, thereby reducing prediction error. Conversely, if a person values accuracy over regulation, he or she will
place high weight on sensory relative to prior information, updating the posterior to create a simulation that matches the unexpected afferent sensory information
without attempting to restore a prior state (Figure 1C). In perceptual inference, the updated simulation departs from the prior and aligns with incoming sensory
information; the posterior probability updates the prior rather than prompting efforts to change the sensory input, thereby reducing prediction error. In either situation,
the discrepancy is minimized; the concept of sensory precision weighting allows the model to predict how such minimization occurs.

It is unknown how the different forms of inference will affect the distribution of priors in calculating prediction error. If perceptual inference allows for greater
updating of priors, then it will likely promote greater variability of priors than active inference, which attempts to constrain the simulation to fit an existing set of priors.
For perceptual inference, the distribution of sensory information is rendered more precise instead of the priors. These precise sensory distributions will have greater
impact on higher level posterior probabilities, which feed back upon the simulation, making it more accurate while being agnostic to its effects on the prior distribution.
If the body shows greater variation in sensation than in prior experience, then the priors will become less precise; if, however, it turns out that the body is displaying a
sensory input that is more consistent than in prior experience, then one should expect to see more precise priors following updating. It is our yet untested hypothesis
that for most people there is greater variation in the body than we tend to expect, and so the effect of contemplative practice will be to expand the range of anticipated
experiences rather than hone in on any one experience, leading to a broadening of the prior distribution. The consequence of such broadening is that the simulation
map will more accurately reflect sensory experience as it is less influenced by a rigid prior and more so by incoming sensation.
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FIGURE 1 | A prediction error (PE) model of interoceptive inference,
adapted from (Seth, 2013), in which interoceptive knowledge is
represented by three terms: priors (blue lines), i.e., the probable body
state as informed by prior events; sensation (black lines), the current
sensory input from the body; and simulation (green lines), the current
predicted body state based upon integration of current bodily feedback
and prior learned contextual influences. Critically, our model suggests that
simulation rather than raw sensation is the closest construct to interoceptive
awareness. (A) Unexpected interoceptive events, such as a stomach ache, are
represented as a PE signal that motivates a regulatory response to minimize the
error signal. The simulation distribution is displayed as equidistant from the
sensation and prior distributions to indicate the potential for updating from both

of these information sources. (B) Active inference reduces PE by weighting
priors over current sensation. A high-specificity range of expected body states
leads to large PEs from unexpected sensations, motivating attempts to modify
internal states indirectly through cognition or behavior. Successful inference
reduces PE by aligning incoming sensation to match the prior. (C) Perceptual
inference reduces simulation error by weighting current sensation over priors,
updating the simulation to fit sensation. A low-specificity range of expected
body states lessens immediate PEs from unexpected sensations, lending
interoceptive simulations (i.e., future priors) greater sensory accuracy.
Successful perceptual inference reduces PE by updating the prior to match
incoming sensation. Active and perceptual inference may co-occur dynamically
over time, shifting attention between sensory updating and regulatory response.

therapies’ intended mechanisms of action. Indeed, contemplative
therapies may be valuable precisely because they challenge
existing models of ‘top–down’ emotion regulation by introducing
the idea that sometimes attempting to control or regulate

emotional experience is itself the problem. In a system where
perception and appraisal are seemingly obligatory, iterating steps
in human experience, perceptual inference may facilitate emotion
regulation by reducing overlearned and seemingly obligatory
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perception–appraisal associations. Appraisals will still follow
perceptions, but they need not be so stereotyped and rigidly
constrained.

The distinction between active and perceptual inference
matters in everyday life: for example, consider a person
experiencing a sense of restlessness, who infers that her
unexpected restlessness stems from hunger. In this case, active
inference rapidly pairs an unexpected interoceptive signal with
an externally directed behavioral response intended to restore the
interoceptive milieu to its expected, homeostatic state. In doing
so, active inference shifts attention away from interoception itself,
at least temporarily. If it turns out that the restlessness stems from
some other source, such as workplace stress, active inference’s
promotion of a shift from interoception to regulation reduces
the opportunity to explore unfolding interoceptive signals. By
contrast, perceptual inference involves reducing reliance on prior
expectations in the face of an unexpected sensation. Through
perceptual inference, the state of restlessness becomes the new
expected state. From this perspective, the dynamic time course
of arousal may be explored, including attention to conditions
associated with changing interoceptive states. With time and
reflection, perceptual inference might allow the individual to
realize that her arousal was greatest when thinking about the
workplace, and that the arousal was not actually a hunger
signal. Over repeated applications of perceptual inference, prior
expectations for arousal may change so that arousal following
reflection on the workplace is no longer unexpected, but is
instead a familiar consequence of such reflection. Knowledge of
such conditioning may then afford new regulatory opportunities,
a more adaptive set of priors for anticipating and explaining
physiological arousal.

If perceptual inference provides grounds for personal insight,
moving directly from an unexpected sensation to regulation
(overt active inference) may reduce the opportunity for such
insight. It is thought that such ‘knee-jerk’ regulatory responses
to emotional arousal may be a factor that drives emotional
eating behavior (Ouwens et al., 2009). In such cases, active
inference does not lead to improved interoceptive accuracy, but
instead maintains an error state. Indeed, overt active inference
may require a masking or abstraction of nuanced and rich
interoceptive signals for the purpose of promoting a rapid
behavioral response.

It is not the authors’ goal to denigrate the importance
of active inference in allowing human beings to flexibly and
dynamically adapt to the world in which they are inextricably
embodied. Many unexpected sensations do require ‘doing,’ an
active regulatory response, rather than simply ‘being’ with
unexpected sensation (Williams, 2008). Indeed the most adaptive
behaviormay come from iterative cycling between perceptual and
active inferences. However, the use of active inference should
come with an oft-unappreciated caveat: it seems inevitable that
sensory granularity will be lost when one redirects attention
away from the body toward response formulation. Sensory
granularity here is understood as the ability to notice specific
details of internal sensory experience such as subtle changes in
sensation. We posit that granularity requires the capacity for
sustained attention to sensation, or least the ability to flexibly

shift back and forth between sensory monitoring and conceptual
inference.

Degradation of sensory granularity is an important tradeoff
in shifting to a problem-solving, active inference mode of
processing. In many cases, the ability to notice changes in
hunger and satiety levels as one eats is adaptive, empowering
feelings of satiety to terminate the eating response and maintain
homeostatic energy balance. Conversely, in our example above,
realization that a sense of restlessness was not alleviated by
food consumption is likewise important for ruling out eating
as an appropriate regulatory strategy. A failure to return to
interoceptive sensation following active inference can be seen
as a fixation with a mode of ‘doing’ rather than ‘being.’ Such
fixation may promote continuation of food intake and potentially
disrupt homeostatic energy balances if hedonic eating drives
are chronic (Lowe and Butryn, 2007). If one is able to respond
to unexpected sensation through perceptual rather than overt
active inference, the motivational importance of even powerful
interoceptive signals may be mitigated, allowing for deeper
inquiry and reflection into the conditioning underlying the
interoceptive signal. In modern secular culture, it has been
argued that the balance between ‘being’ and ‘doing’ has been
skewed toward the ‘doing’ mode; it may therefore take work
to rebalance regulatory dynamics to optimize one’s regulatory
potential (Williams, 2008). Affording a transition from ‘doing’
to ‘being is consequently a primary aim of interventions such a
Mindfulness-Based Cognitive Therapy (Segal et al., 2012).

In summary, the integration of active and perceptual inference
in the predictive coding model allows for the shared influence
of secular and contemplative traditions in accounting for how
body sensation are regulated. The idea of overt active inference
fits well with the existing scientific literature- the idea that we
are the curators of our bodies, needing to regulate interoceptive
perturbation. Active inference can serve a variety of ends, be
they allostatic, aiming to restore the body to its homeostatic
baseline (Craig, 2009; Gu and Fitzgerald, 2014), hedonic, aiming
to achieve some desired pleasurable, energetic or tranquil state
(Kringelbach, 2005; Paulus et al., 2009; Naqvi and Bechara,
2010), or even nihilistic, aiming for freedom from sensation
altogether, as is found in placebo-based analgesia (Büchel et al.,
2014). Perceptual inference, by contrast is often less specified in
discussions of adaptive self-regulation.

A greater understanding of the mechanisms underlying
perceptual inference is important, because high sensory
precision weighting may be one avenue by which to effect
change in habitual regulatory behavior. Indeed, high levels of
sensory granularity may be critical in challenging interpretive
biases during the translation of concrete, granular levels of
the simulation map into more gross or abstract levels of
representation. Through attention to unelaborated emotional
or physical sensation, a person may discover significant levels
of tension and/or psychological distress associated with the
body that were not previously in awareness, revealing a need
for greater self-care (Price, 2005; Price et al., 2012a, 2013).
Conversely, interoceptive attention may reveal that an allostatic
habit such as self-medication is not always necessary in the face of
noxious interoceptive sensation (Kabat-Zinn et al., 1985). Recent
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research suggests that the brains of experienced meditators
demonstrate reduced PEs to passively viewed reward (Kirk
and Montague, 2015), indicative of less clinging or attachment
to positive outcomes that may serve as a basis for addictive
behavior. Constructively, perceptual inference may also make
people aware of inner resources, affording access to previously
hidden capacities for calm, contentment, and appraisals that
things are going well just as they are. In this way, every moment
requires a choice between perceptual and active inference. And
yet, how does a person know which information to use or
whether he or she has enough information to act adaptively in
response to their goals? When should one switch from perceptual
to active inference? The ability to respond appropriately to
interoceptive perturbation is a challenging problem that can
serve to determine a person’s sense of well-being across the
lifespan.

With respect to the relevance of contemplative practice, a final
point warrants mention surrounding the accessibility of active
and perceptual inference. While ideally we are presented with a
choice between the two error-minimizing responses, often this is
not the case. While active inference appears to be a ubiquitous,
evolutionarily conserved regulatory strategy (McBride, 2012),
reframing unexpected sensations as a perceptual problem may
require the cultivation of attentional capacities, intentions, and
attitudes that are less intuitive. Our bodies perform physiological
active inference even before we are born (Moor, 1968), and
learning to apply overt active inference in the form of clothing,
feeding, and otherwise caring for ourselves is a complex but
near-universal feature of childhood development. Perceptual
inference at these early stages may not be possible given limited
cognitive resources or maturity of perspective, and indeed it
may be counter-productive to an individual’s mastery of overt
active inference responses. As we mature, however, we realize
that not all unexpected sensations can be corrected, or that
our habitual, reflexive corrective habits are actually maladaptive.
While behavioral therapies address this problem by working to
bring such overt active inference habits to awareness so that
they may be fruitfully restructured, perceptual inference may
require development of a qualitatively different skill set. Thus
it is important to consider that active and perceptual inferences
are not equally available, and that perceptual inference tends to
be the less available of the two without specific types of learning
experiences.

Interoception in Health, Disease, and
Well-Being

It has been proposed that mental representations of selfhood
are based fundamentally on embodied sensory experience,
supporting a sense of the self in the world that is crucial for
interacting with the environment (Seth, 2013). From this
perspective, greater accuracy of interoceptive self-representation
promotes greater moment-by-moment adaptation, whereas
dissociation from accurate representation can lead to
dysregulation. Accordingly, many contemporary health problems
involve dysregulated interoceptive processes, including affective

disorders (Paulus and Stein, 2010), addiction (Naqvi and Bechara,
2010), eating disorders (Garner et al., 1983; Pollatos et al., 2008;
Herbert and Pollatos, 2014), chronic pain (Schmidt et al.,
1989), dissociative disorders (Hankin, 2012; Michal et al., 2014;
Sedeño et al., 2014), post-traumatic stress disorder (PTSD; Wald
and Taylor, 2008), and somatoform disorders (Mirams et al.,
2012; Schaefer et al., 2012). Understanding how interoceptive
processes influence representations of the self in the world and
self-regulation may lead to improved disease and treatment
models (Pollatos et al., 2005).

Presence and Agency
One approach to understanding dysfunctions in interoceptive
awareness is to apply the predictive coding framework as an
explanatory model distinguishing adaptive and maladaptive
processing. Toward this end, two extensions of the model
have been proposed, describing how inference processes
outlined above operate to minimize PE (Seth et al., 2011).
The first of these concepts is presence: presence is thought to
arise when interoceptive and/or exteroceptive PE signals are
successfully minimized. In Seth et al.’s (2011) account, such error
minimization has been attributed to either overt or physiological
active inference; as one successfully resolves unexpected
sensation through autonomic or behavioral responses, a feeling
of engagement and connection with one’s body and environment
ensues. However, we propose that, from a contemplative
perspective, presence is accessible through perceptual inference
as well.

There are several ways that PEs may be reduced to give rise to
presence: in a virtual reality environment, interoceptive signals
may be successfully masked by salient external signals, such as
seeing oneself walking in the absence of proprioceptive motion
signals, leading to a sense of presence through acceptance of the
external signal as one’s own embodied state. Given predictable
and salient external cues in a virtual reality environment, a
sense of presence may come more easily than trying to detect
and match faint and chaotic interoceptive cues within the
noisy internal milieu. By contrast, in contemplative practice the
sense of presence through a variety of visceral experiences may
broaden the distribution of interoceptive expectations (priors),
reducing the precision of those priors, and thereby minimizing
the potential for PE. In other words, in a simulation map that
allows for great variation in sensory inputs, relatively few visceral
sensations are extreme enough to create a PE demanding a
regulatory response.

We suggest that with successful iterations of perceptual
inference, the influence of prior expectations is thereby
weakened, leading to feelings of automatic simulation map
updating: effortless presence (Sjölie, 2014). While healthy
individuals likely experience such effortless presence as a matter
of course, it is likely that such experiences operate across
a continuum of effort, with extreme difficulties in achieving
presence manifesting as depersonalization and derealization
disorders (Seth et al., 2011). However, even within the healthy
population, the degree to which presence is experienced and
maintained may be dependent upon regulatory strategies and
habits. A person whose regulatory habit is overt active inference
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may spend a great deal of time pursuing idealized interoceptive
states, rather than learning to allow autonomic regulation to
more subtly achieve and maintain such states. Such a person
would require greater effort to achieve feelings of presence.
Furthermore, a reliance on active inference in general may
reduce the possibility for presence when a sensation cannot be
easily mapped to an active regulatory pathway, be it through
overt behavior or autonomic regulation. In such situations,
effortless presence may seem like an important but unachievable
state, similar to the ideal of accepting one’s negative thoughts
and feelings for individuals with a history of depression or
anxiety (Pauley and McPherson, 2010). For such individuals,
learning to reduce PE through perceptual rather than active
inference may constitute a radical shift in self-processing, the
introduction of a new regulation strategy based on acceptance
rather than control. It is unknown how variable feelings of
presence are in the general population; but we would hypothesize
that effortless experiences of presence are fleeting at best in
the frenetic, “what’s next”-paced endemic of modern Western
culture.

As an example of presence functioning adaptively, one
might imagine the perception and then acceptance of an
unexpected, transient increase in heart rate. Following the
initial upset, a person may engage in perceptual inference,
exploring the interoceptive signal, which we operationalize
as an attempt to update the simulation map to match this
signal. Acceptance would then occur when perceptual inference
successfully simulates the elevated heart rate as the normal,
expected state. By accepting the internal change, the motivational
force of the physiological change is minimized without requiring
the suppression of either expectations or interoceptive signals. By
contrast, the use of overt active inference to resolve unexpected
events has been associated with the sense of agency (Seth et al.,
2011), a feeling of control over one’s actions in the world,
that one can act to produce particular results. Agency can be
inspired both by direct regulation of bodily sensation, as well as
through changes in behavioral patterns that indirectly contribute
to one’s interoceptive state. In the context of our discussion of
interoception and well-being, the sense of agency is important
for supporting a sense of responsibility for self-regulation. This
applies both to conventional forms of overt active inference, such
as quitting a stressful job and going for a less paid but more livable
employment, but also to contemplative practices such as learning
that one can reduce feelings of anxious arousal through breath
monitoring or other regulatory activities.

Presence and agency are important in that they establish
norms for experience and control that guide behavior and
ultimately determine one’s sense of well-being. In anxiety
disorders, for instance, agency is achieved through withdrawal
from stressful situations, a form of active inference that is
effective in the short term but ultimately maladaptive, as
that person never learns that the feared outcome is unlikely
to be true. In anxiety, PEs are augmented- a person may
experience a strongly aversive response to a previously neutral
stimulus (Paulus and Stein, 2006). This aversive response is
then augmented rather than extinguished when the anxious
individual makes catastrophic appraisals of the aversive sensation

that are paired with active inferences to manage these perceived
catastrophes. For example, if a racing heartbeat during exercise
is appraised as a heart attack; active inference requires a trip
to the hospital. If rapid breathing prior to public speaking is
appraised as lack of ability that will lead to embarrassment,
active inference requires social withdrawal. Faced with threats to
agency, maladaptive behaviors are reinforced, which ultimately
interferes with exploration and modification of one’s relationship
to stressful events. From a predictive coding model, chronic
stress may lead to a reduction in the precision of PE coding
in favor of strong priors around the recognition of aversive
sensation and confirmatory active inference behaviors to alleviate
that sensation. While it is unpleasant to experience unexpected
aversive arousal, it is this secondary appraisal around agency,
the threat to control over the situation that is the cause of deep
distress. The idea that higher order constructs such as agency
are at the heart of subjective well-being is a central theme of
modern appraisal theory (Scherer et al., 2001), just as presence
lies at the heart of contemplative accounts of well-being (Brown
and Ryan, 2003). These theories serve to reinforce the point
that subjective mental health stems from our inferences about
coping capacity, for which each attempt at perceptual or active
inference serves as a momentary test. If imprecise PEs prompt
inefficient or maladaptive active inference behaviors, inferences
of coping failure are likely, exacerbating feelings of powerless
and inefficacy and contributing to the deleterious impact of the
stressor.

In its ability to link higher order appraisals of self-worth
to momentary regulatory acts, the predictive coding framework
is helpful in understanding many other disorders, because
it suggests that well-being requires active sustenance, i.e.,
that presence and agency must be continuously constructed
through successful reduction of PE (Paulus, 2007), regardless
of the balance between active or perceptual inference. This
perspective stands in contrast to notions that isolation from our
bodies and the world is preferential except to alert us about
negative events. Instead, it is the lack of integration of accurate
interoceptive simulations into higher order representations that
is hypothesized to underlie dysregulated cognition and behavior.
In this observation there is considerable convergence with
contemplative perspectives. For example, following trauma,
some individuals may experience dissociation from bodily
experience, as is found in some forms of severe depression
and PTSD (Feeny et al., 2000). In such cases, the priors
associated with body error signals may have been linked to
traumatic experiences, which are too powerful to be actively
controlled (active inference), and too aversive to be accepted
or, as in many contemplative orientations, altered simply
by being observed (both instances of perceptual inference).
Since the error signals cannot be minimized, the simulation
map itself may be suppressed in the form of experiential
avoidance, a form of protective habituation to powerful and
uncontrollable interoceptive signals, or behavioral avoidance of
provocative situations altogether. Such inhibition may amount
to a reduction of the precision of priors in the map, so that
only very powerful sensory signals are able to trigger an upward
flow of PEs toward higher simulation layers. While avoidance
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provides momentary relief from the attentional pull of PE
signals, inhibition of interoceptive awareness may also create its
own host of psychosocial issues, both through the obfuscation
of important interoceptive cues, the absence of desirable
interoceptive sensations, and the maintenance of dysfunctional
beliefs about the world and their relation to it (Paulus and
Stein, 2010). Indeed, the severity of somatic dissociation has
been linked to greater susceptibility to experimentally induced
somatic illusions, suggesting an over-reliance on prior knowledge
that interferes with current sensory input (McKenzie and
Newport, 2015). Many contemplative traditions begin from the
assumption that a suffering individual’s interoceptive integration
may be dysfunctional or deficient; to rectify this situation,
attention to the body may delay cognitive appraisal, creating
space to restructure the integration process (Shapiro et al.,
2008).

Interoceptive Training in Clinical Practice
Specific examples of dysfunctional interoceptive integration
are myriad in psychological disorders. For instance, when an
individual with severe attachment disturbances considers close
social interaction, there is often an immediate discrepancy
between expected and actual feelings of connectedness, providing
a new source of interoceptive surprise that may be anxiously
appraised (Rector et al., 2006; Gilbert et al., 2012). Similarly, it
is not uncommon for a person with a severe history of trauma
to be so anxious that it is not possible to experience the positive
sensations of close interactions (Fogel, 2009; Frewen et al., 2012).
In the absence of new interoceptive information, such fears and
concerns may take on the quality of rumination, perseverative
thinking that is associated with affective disorder vulnerability
(Nolen-Hoeksema, 2000). The predictive coding framework
provides an explanation for how rumination can dominate
attention: when simulation maps operate with low perceptual
weighting, attention is more often drawn to active regulation,
leaving little opportunity for experiences of interoceptive
presence, a feeling that a sensation is acceptable and tolerable,
that may challenge sustained bleak and dysphoric expectations.
Contemplative training is largely oriented to increasing one’s
capacity to de-habituate such coding. Commonly, such cognitive
distortions of reality may continue unfettered, leading to a
downward spiral that characterizes the chronic and recurrent
nature of affective disorders (Raes et al., 2008).

And yet, despite the importance of perceptual inference
for well-being, we should stress that such inference alone is
not a panacea. Perceptual experience is not easily divorced
from subsequent appraisal, and so even accurate and precise
interoception may activate powerfully conditioned negative
associations and appraisals (Treleaven, 2009). For example, in
anorexia nervosa, patients may possess powerful associations
between awareness of bodily states associated with starvation
and a ‘doing’ mode that focuses on the control of eating, shape
and weight, ultimately culminating in interoceptive suppression
once more (Watts et al., 2007; Park et al., 2011). In anorexia,
bringing awareness to the body will initially be met with an
increase rather than decrease inmaladaptive behavior. Thus there
is a reason that interoception becomes disrupted, and skillful

guidance is particularly important in restoring interoceptive
access.

If a regulatory framework is not in place, such as the
capacity for acceptance of ambiguous or challenging sensations,
restoring interoceptive access- or advocating contemplative
intervention- could introduce new trauma. For example,
enhancing interoceptive awareness without compensatory
regulation may be maladaptive to a severely depressed and
suicidal individual or someone with acute pain from a severe
burn. In many cases, however, it seems that specifically trained,
skillful clinical or contemplative guidance can successfully
address the challenges inherent to interoceptive re-engagement.
For example, research with women in treatment for substance use
disorder suggests that when they are encouraged to discover the
connection between physiological and emotional distress, they
often learn that they have the capacity and skills to attend and
negotiate emotional stress. Enhanced interoceptive awareness
provides nuanced cues for self-care that facilitate emotion
regulation, reducing conditioned substance-use responses to
stress, and allowing such patients to maintain sobriety (Bowen
et al., 2007; Price et al., 2012b).

The need for a skillful interpretive framework is apparent in
psychometric research on mindfulness of body sensation, such
as the ‘observe’ facet of the five-factor mindfulness questionnaire
(Baer et al., 2008). This research on the questionnaire suggests
that high levels of this ‘observe’ facet are associated with
mixed health outcomes in the general population, but with
more uniformly positive outcomes in those who are relatively
trauma-free and have received a background in contemplative
training. A recently published report pointed out that the
commonly assessed ‘observe’ facet, becoming aware of bodily
changes, may change with these approaches to a much smaller
degree than the regulatory aspects of interoceptive awareness,
that is, how the body is used for self-regulation in daily life
(Bornemann et al., 2014). In this case, a multidimensional self-
report measure was sufficient for distinguishing between aspects
of interoceptive change, and serves as an important precedent
for further clinical research. It should be noted, however, that
the bulk of the clinical research discussed in the following
section has employed only more global qualitative reports of
interoceptive change, a finding which may in fact be driven
by training effects on only a subset of interoception’s many
facets.

Clinical Examples in Patients with PTSD or
Chronic Pain
To clarify the relevance of interoception in the promotion
of well-being, it may be useful to consider examples where
the cultivation of adaptive interoception has yielded clinical
success. Emerging research suggests that contemplative practices
may powerfully support the process of interoceptive re-
discovery. In the treatment of women with a history of
interpersonal sexual violence, participants learn to engage
in perceptual inference, recognizing when sensory cues of
dissociation are triggered emotionally, allowing them to
maintain awareness of their bodies instead of dissociating from
those sensations into habitual, active regulatory responses.
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Over time, participants discover that their bodies can be a
helpful informative resource rather than a source of threat
signals that should be avoided. Thus, body sensations not
previously incorporated into awareness can be allowed into
phenomenological experience, and can be more appropriately
integrated into self-schemas. These experiences can lead
to a greater sense of safety in the world, greater ability to
engage in intimate interactions with spouse/partner without
dissociating, greater ability to negotiate stressful environments
and interactions, and lastly a greater sense of wholeness and
empowerment (Price, 2005, 2007). It remains to be determined
whether these contemplative practices increase interoceptive
accuracy directly, or instead support other elements of our
interoceptive taxonomy, such as increasing sensitivity to
interoceptive events and moderating subsequent regulatory
habits.

A further example of contemplative practices’ potential
lies in the psychological management of chronic pain, in
which the most commonly applied approach is currently a
combination of cognitive reframing by cognitive behavioral
therapy and attentional distraction (Hoffman et al., 2007).
Recently, however, it has been questioned whether distraction
works for chronic pain as well as it does for acute experimental
pain (Goubert et al., 2004). One reason for reconsidering
distraction techniques is that part of chronic pain pathology
may actually revolve around maladaptive fear associations
that impoverish interoceptive processing and exacerbate
pain syndromes, conditioned withdrawal associations which
distraction would only serve to reinforce rather than challenge
(Zaman et al., 2015). Instead, “interoceptive exposure” may
be an alternative (Craske et al., 1997; Boswell et al., 2013).
Yoga includes interoceptive training, is associated with
decreased prefrontal brain activity and has shown benefits
for pain management (Villemure et al., 2013). Keeping in
mind concerns that interoceptive awareness is not always
beneficial, helpful, or tolerable, it would seem that these and
other examples suggest that in many cases, careful guidance
of attention, informed by contemplative theory, and with
case-sensitive guidance, may allow people to reconnect
with their bodies with great therapeutic potential. With
appropriate support, patients may learn to tolerate negatively
conditioned experiences of the body, eventually accepting
their prepotent aversive response, which frees cognitive
resources for reconstruction of the appraisal process (Park et al.,
2012).

In summary, interoception is important for well-being, at a
pragmatic level of maintaining desired physiological states within
the body, but also at an epistemic level for its contributions to
perceptions of presence and agency. Indeed, many psychological
disorders are characterized by disruptions to presence and
agency in the form of dissociation or hopelessness, or by
maladaptive solutions to agency violations, as is found in
anxious withdrawal. Contemplative training may be effective
to restore adaptive interoceptive dynamics that address these
violations, keeping in mind the caveat that the reframing of
interoceptive signals must be carried out with care and support
to increase tolerance for aversively conditioned sensation. How

such practices may accomplish this restorative feat is the topic of
the next section.

Contemplative Practices for Revitalizing
Interoception: The Example of
Mindfulness

Given compelling evidence that interoceptive processes are
integral to many forms of affective and related disorders, we
might ask how interoception can be restored to an optimal
state. Clinical experience suggests that trusting in body signals
as potentially decision-guiding information and valuing the
body as an important resource in directing one’s behavior may
be key conditional precursors for this change (Mehling et al.,
2011). In the predictive coding framework, trust or acceptance of
interoceptive signals fits with our discussion of increased sensory
weighting, perceptual inference, and the cultivation of feelings
of presence. While modern scientific traditions have much to say
about the mechanics of the body, how such mechanics can be
used to cultivate a more embodied phenomenological state has
not historically been a focus of these traditions. It is in this effort
to understand the cultivation and sustenance of presence and
agency that contemplative science may be of value.

Many body-based contemplative practices involve explicit
direction of attention to interoceptive sensations. The exploration
of interoceptive awareness under many other names is central
to Asian contemplative, medical, and philosophical traditions.
Importantly, these are presented in a philosophical context of
exploring errors about the self and individual subjectivity that
result in part from ignoring, misinterpreting, or missing more
subtle levels of an individual’s interoceptive experience. Such
contemplative practices, although they may have numerous
other goals in addition to training interoceptive awareness, offer
a method for training in such awareness and, in many cases,
for reorienting experience from, for example, distraction to
attentional control, effort to ease, separateness to connection.
All these shifts are deemed beneficial. In this section, we
will focus on mindfulness meditation traditions as they
contribute to a sense of presence through largely stationary
interoceptive attention practices. It is however important to
note that other, movement-based traditions such as yoga or
tai chi may be especially well-suited toward the cultivation
of agency. A great deal of research is needed to explore the
effects of particular practices on the predictive coding of bodily
awareness.

Among contemplative traditions, mindfulness has recently
received a particularly strong representation in modern sciences.
There is an extensive literature on the health benefits of
mindfulness approaches- for overviews see (Grossman et al.,
2004; Chiesa and Serretti, 2009; Hofmann et al., 2010),
particularly in the area of preventing relapse in those vulnerable
to depression (Goyal et al., 2014). It should be noted that
interoceptive training is only one aspect of mindfulness
interventions, which also emphasize changing one’s relationship
to thought content. Nonetheless, such interventions may
represent the most prominent introduction of interoceptive
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training in theWest. Mindfulness approaches may be particularly
efficacious in reducing somatic dissociation from chronic pain
and sexual trauma (Price, 2007) but also in other mental health
disorders such as substance use (Price et al., 2012b) depression
(Williams et al., 2013), anxiety (Hoge et al., 2013) and eating
dysregulation (Daubenmier et al., 2011). There are suggestions
that interoceptive mindfulness practices yield changes across a
variety of cognitive domains, including self-reference (Brown and
Ryan, 2003; Farb et al., 2007; Ingram et al., 2011), attention (Jha
et al., 2007; De Raedt and Koster, 2010), emotion regulation
(Ortner et al., 2007; Jha et al., 2010), pain perception (Zeidan
et al., 2010a; Gard et al., 2012), agency (Allen et al., 2009), and
feelings of social connectedness (Hutcherson et al., 2008; Neff
and Germer, 2013); see (Hölzel et al., 2011) for an integrative
review.

Modern scientific definitions conceptualize mindfulness as
an open, engaged, and non-judgmental awareness of the
ongoing flux of present moment experience, including internal
experiences of sensations, thoughts, and feelings, as well as
exteroceptive sensations. It has been argued that one of the
primary and early means by which mindfulness benefits its
practitioners is by anchoring attention to interoceptive signals
such as the breath or body sensation (Mehling et al., 2011; Kerr
et al., 2013; Farb et al., 2014), an idea supported by training-
related reports of both increased subjective body awareness
(Mehling, 2001) and increased strength of brain networks
dedicated to interoceptive processing (Farb et al., 2013). Focal
attention to bodily sensations is at least one method by which
mindfulness training shapes cognition (Hölzel et al., 2011); with
stability of interoceptive anchoring, practitioners also engage in
open monitoring of experience, which, from the modern secular
perspective of using contemplative practice for therapeutic
effects, reveals and weakens maladaptive reactive patterns so
that they may be adaptively modified (Lutz et al., 2008; van
den Hurk et al., 2010). From a predictive coding framework,
body-focused contemplative practices may alter interoceptive
processing by shifting regulatory habits from active to perceptual
inference, increasing bottom–up integration of what is happening
in the body rather than attempting to alter body sensation to
fit top–down expectations of what should happen in the body
(Pagnoni and Porro, 2014). Since even low level perceptions
of interoceptive sensations commonly rely on the integration
of both sensory and expectation processes, engaging in a
contemplative interoceptive practice may reduce the precision
of prior expectations, reducing the ability of priors to trigger
PEs in response to incoming sensations. The consequence of this
widening of acceptable sensory inputs may therefore allow for
more accurate and dynamic representations of sensation, yielding
more nuanced, and adaptive behavioral responses.

The wealth of empirical studies on mindfulness training
mechanisms makes it a useful starting point in discussing
how contemplative practices may impact interoceptive
processing. Below, we describe several domains in which
contemplative traditions such as mindfulness may positively
impact interoceptive processing, acknowledging that these
domains likely interact and support each other in an iterative
and dynamic (rather than linear) manner.

Enhanced Sensitivity
Contrary to the perceptions of even experienced meditators,
mindfulness does not appear to generally increase interoceptive
sensitivity when assessed in laboratory settings, at least where
the most popular metrics of interoceptive accuracy, heartbeat
perception, is concerned (Khalsa et al., 2008; Parkin et al., 2013).
Mindfulness may, however, increase interoceptive sensitivity
in domains that are the foci of meditative practice, such
as sensation of the breath (Daubenmier et al., 2013), or
interoceptive cues indicating the presence of subtle reactive
patterns. Even brief body-scan meditations reduce errors in
a subtle somatic signal detection task (Mirams et al., 2013),
similar to the enhanced tactile acuity related to movement-based
tai chi practices (Kerr et al., 2008). Furthermore, mindfulness
training appears to alter interoceptive attention tendencies,
focusing attention on interoceptive sensations rather than
cognitive appraisals of such sensations (Garland et al., 2012),
in keeping with a model in which contemplative practices shift
regulatory strategy from active to perceptual inference. As such,
sensitivity enhancements following mindfulness training may
constitute a kind of ‘embodied ethic’ that promotes interoceptive
attention deployment, a daily commitment to perceptual
inference rather than an enhancement of sensitivity itself
(Grossman, 2015).

One consequence of increased perceptual inference is
increased granularity of interoceptive experience, reducing the
self-appraised emotional impact of experience in favor of
enhanced clarity and sensitivity to subtle emotion provocation
(Nielsen and Kaszniak, 2006). Such sensitivity may manifest at
multiple levels of the simulation map, allowing practitioners to
recognize subtle, temporally extended dynamics of physiological
arousal, dynamics that would ordinarily be obfuscated by
definitive cognitive appraisals in response to early perturbations.
The benefit of enhanced granularity is an opportunity to learn
more about one’s body and its conditioning in the world. Indeed,
mindfulness practitioners show increased accuracy between
subjective and objective measures of body sensitivity, an index
of the relative sensitivity to different body regions (Fox et al.,
2012), and increased coherence between physiological and
subjective states (Sze et al., 2010). Such coherence allows for
greater appreciation of how stressful situations impact both
mind and body, increasing the chances of adaptive regulatory
action. Furthermore, because interoception engages the same
neural pathways supporting pro-social emotions such as empathy
(Singer et al., 2009), increased interoceptive sensitivity may also
lead to improved social function, although direct evidence for this
relationship is still needed.

Enhanced Non-Reactivity
The deeper benefits of contemplative practices lie in leveraging
non-reactivity to generate adaptive regulatory insights. The
predictive-coding model can account for the availability of
such insights through the idea of precision weighting, i.e.,
how much a person divides finite metabolic and attentional
resources between (i) representing, exploring, and accepting
unexpected sensory signals, i.e., PEs, and (ii) maintaining prior
expectations. As discussed, attention can lead to greater precision
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weighting of sensation over priors, which in turn promotes
perceptual as opposed to overt active inference (Figure 1).
Both perceptual and overt active inferences require the use of
metabolic resources, as evidenced by the feelings of effort when
one first engages in either process. However, only overt active
inference engages cognitive elaboration, requiring cognitive
appraisal of the many action affordances available in response
to interoceptive perturbations. Given that overt active inference
is likely to consume considerably greater metabolic resources,
individuals must attempt to optimize the precision of incoming
sensory data and priors to minimize wasted regulatory effort
(Fotopoulou, 2013). Unfortunately, for individuals with strongly
conditioned regulatory tendencies, i.e., highly precise tuning
of priors, this minimization may prove difficult in the face
of seemingly automatic and obligatory regulatory responses.
Resolving the disconnection between the ideal of regulatory
efficiency and the reality of conditioned active inference is a
non-trivial problem.

We hypothesize that one major benefit of contemplative
interoceptive practice is that it provides a pathway toward
perceptual inference in the face of such conditioning, effectively
relaxing appraisal tendencies. While still demanding attention,
perceptual inference frees higher order cognition to arise and
pass without particular attachment to a given appraisal of the
simulated state. In other words, perceptual inference frees higher
order resources to allow metacognition, representation of the
mind’s current state. The simple act of observation itself, as
mentioned, can create a shift, possibly even without setting in
motion higher-order resources. The idea that one’s thoughts
can be viewed as transient mental events rather than as cues
to immediate action is often referred to as decentering or
reperceiving in the mindfulness literature (Shapiro et al., 2006;
Fresco et al., 2007), and may be an adaptive consequence
of responding to arousing experiences using perceptual rather
than active inference. Decentering may also be related to the
intentional arc, which sets mindfulness practice in motion
and sustains it. Mindfulness training seems particularly well-
suited for promoting decentering relative to progressive muscle
relaxation or loving kindness interventions (Feldman et al.,
2010), perhaps due to the explicit enhancement of sensory
precision weighting at the expense of active inference. Such
decentering may not be an end unto itself, but also afford flexible
‘re-centering’ on habitually ignored sensations that constitute
meaningful, constructive, and positive experiences. Accordingly,
mindfulness experience has been associated with increased
cognitive flexibility (Moore and Malinowski, 2009). In this way,
dedicated perceptual processing of interoceptive signals may
serve to enhance conceptual non-reactivity to experience that in
turn promotes well-being.

Enhanced Regulation
In the metacognitive space that is afforded by enhanced non-
reactivity, multiple interoceptive appraisals may be observed as
arising and passing. From a decentered perspective, a person may
become aware both of her most prepotent, i.e., frequently and
powerfully occurring, appraisal tendencies, but also of alternative
appraisal options. From awareness of multiple options, flexibility

of choice can be directly experienced, thereby allowing for
novel, creative, and potentially more adaptive appraisals and
actions over time. As an example, a person in a stressful
public speaking situation may use mindful attention to notice
her elevated physiological response. From this perspective,
appraisals of threat and incompetence may rapidly arise, but with
continued attention toward sensory perception, such appraisals
may also pass, interspersed with weaker, and less frequent
appraisals of potential failure, support from loved ones, and
feelings of determination. With this greater tableau of appraisals
before her, the speaker may elect to appraise her arousal as
a surmountable challenge rather than an imminent threat that
requires withdrawal from the situation. It is through this process
of forming insight that interoceptive attention may iteratively
shift engagement away from habitual appraisals to promote
experiences of insight and choice.

With practice, iterations of weighting attention toward
perceptual inference may allow an individual to more
permanently decondition and eventually replace appraisals
of environmental stressors as threat with exploration of
such stressors, appraising them instead as challenges to
be explored, a distinction with important consequences
for reducing physiological stress (Tomaka et al., 1993).
Over time, this process of overcoming habitual dysphoric
or catastrophic appraisals in favor of a less rigidly deterministic
simulation map may result in positive trajectories for
transformation, upward spirals in the promotion of well-being
(Garland et al., 2010, 2011).

One example of adaptive sensory precision weighting in
mindfulness can be found in a study of pain perception. Pain
perception is theorized to have both a sensory component,
representing the intensity and location of the interoceptive
signal, and an affective component, representing the signal’s
motivational relevance in term of pleasantness or unpleasantness
(Melzack, 1975), a distinction supported by neuroimaging
research (Tölle et al., 1999). In one recent study (Farb et al., 2013),
mindful attention in experienced meditators was associated with
increased attention to bottom-up signals as reflected in increased
posterior insula activation, a region of primary interoceptive
representation (Craig, 2002; Farb et al., 2012b), but decreased
top–down processing as reflected in decreased lateral prefrontal
cortical activity, a region involved in cognitive appraisal (Ochsner
et al., 2004). These neural changes were linked to a change in
the pain experience, such that pain was perceived as similarly
intense but less unpleasant during a state of mindful attention.
In the absence of cognitive judgment, cognition may be freed
to consider alternative interpretations of sensory states. From
a regulatory perspective, such freedom allows an individual to
explore different forms of active inference, and may perhaps even
reveal that active regulation of interoceptive signals is no longer
necessary.

Enhanced Insight
While perceptual inference, by definition, precludes immediate
cognitive elaboration on sensation, in the long term, a greater
corpus of interoceptive information provides a richer set of
data from which to investigate habitual sources of interoceptive
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perturbation, to identify the relationship between inner somatic
experience and cognitive experience, and one’s internal responses
to outside events and stimuli. This meta-cognitive awareness may
lead to insight, recognition of how events, emotions, thoughts,
and bodily sensations relate to each other (Lavie et al., 2003; Sze
et al., 2010). For example, recent studies in body ownership show
that a sense of one’s body can be manipulated by experimentally
induced visual and tactile feedback (Ainley et al., 2013; Suzuki
et al., 2013) but those with greater interoceptive accuracy (as
assessed by heartbeat detection) are less susceptible to illusions
of body-ownership (Tsakiris et al., 2011). This ‘rubber hand
illusion’ is a good example of prioritizing attention toward
priors for the interpretation of visual input over attention
toward PEs stemming from afferent interoceptive signals from
the hand. For insight to occur one need not have perfect
accuracy in such interoceptive signal representation; however,
insight could emerge as a process of weighting sensory PEs
over priors, leading to a higher-fidelity simulation of body state.
In theory, contemplative practices could similarly reduce false
inferences about the relationship between one’s body and the
world.

As interoceptive signals inform emotional experience,
contemplative practice may promote a cycle of awareness of the
contingencies between environmental triggers, bodily responses,
cognitive appraisals, and emotional experiences, knowledge
which can then be leveraged to regulate cognition and behavior
in the service of emotional well-being. We argue that this process
optimally occurs when interoception is viewed as foundational to
emotional experience, and thus interoceptive attention becomes a
basis for engaging in emotional processing, enhancing awareness,
and regulation of rapidly escalating emotional responses to stress.
For example, in a study for women in substance use disorder
treatment, those taught interoceptive awareness and related skills
for self-care perceived such awareness as facilitating their ability
to identify, accept, and process their emotions, key regulating
factors that they attributed to successfully preventing relapse to
substance use (Price et al., 2012a). Through these introspective
cycles, insight is fostered that radically modifies inference of
interoceptive signals, toward perceptual over active inference,
exploring causal factors rather than requiring an immediate
inference and response to interoceptive causality. Despite such
enticing claims, more research is needed to substantiate the
idea that mindfulness practice helps to alter the extent to which
particular interoceptive signals are attended to and received with
finer granularity in daily life.

Enhanced Presence and Agency
If the link between perceptual inference and insight can be
empirically validated, there are many downstream benefits
that may ensue. For example, mindfulness’ ability to curtail
habitual reactive tendencies may enhance one’s sense of
presence and agency, and indeed mindfulness training has been
associated with increased motor control during perceptual-
motor conflicts (Teper and Inzlicht, 2013). Enhanced perceptual-
motor integration reflecting increased agency may impact
self-representations related to one’s ability to control the
environment, which may have important consequences for

one’s sense of well-being. Minimally, the increased weighting
of interoceptive signal may increase interoceptive accuracy,
decreasing the impact of dysfunctional simulations and self-
representations on cognitive and behavior, as previously
proposed (Farb et al., 2012a). For example, depression is
characterized by external locus of control, learned helplessness,
and low self-efficacy, and some evidence suggests depressed
people have poorer interoceptive accuracy (Ehlers and Breuer,
1992; Pessoa and Ungerleider, 2004; Dunn et al., 2007; Pollatos
et al., 2009), whereas mindfulness training appears to bolster
self-efficacy (Chang et al., 2004). Furthermore, mindfulness
training has been associated with normalization of the gait
pattern of depressed individuals, suggesting concurrent changes
in proprioceptive and emotional responses (Michalak et al.,
2011). Presence and agency appears to matter for physiological
self-regulation: the rubber hand illusion, in which visual-tactile
illusions decrease a sense of ownership over one’s arm, results
in decreased skin perfusion and temperature (Moseley et al.,
2008), and increased stress hormone release in that arm (Barnsley
et al., 2011), without providing commensurate pain relief in
that arm (Mohan et al., 2012). These findings suggest that a
strategy for minimizing interoceptive PEs through substitution
of interoceptive inputs with exteroceptive inputs leads to
dysfunctional, and, in the long run, unhealthy physiological
changes in the respective bodily region. Conversely, we would
hypothesize that minimization of interoceptive PE by increased
precision weighting of sensation over priors may create a sense
of embodied presence and be able to reverse such dysfunctional
physiological changes.

Over time, an increased sense of presence and agency may
also begin to enhance higher order self-representations such as
self-esteem. Through this process, a person may hold greater
confidence in his engagement with interoceptive inference, which
may in turn reinforce the exploratory cycling between perceptual
and active inference, again promoting upward spirals in the
promotion of well-being (Garland et al., 2010, 2011). It remains
to be tested whether enhanced interoceptive attention may
produce differential cognitive-emotional-physiological effects
when placed in different parts of the body and contemplative
theories may guide the formulation of such hypotheses. Future
research could examine to what extent contemplative practices
enhance a sense of presence or agency that can account for
improvements in self-efficacy and related aspects of mental
health. In particular, movement practices such as yoga and tai
chi may more readily promote an increased sense of agency in
which the opportunity to explore sensorimotor signals in slow,
controlled movements is readily apparent.

Increased Positive Experiences
Another downstream consequence of enhanced interoceptive
capacity may be the ability to engage with and appreciate
pleasant sensations. In the case of mindful eating interventions,
for example, practices involve bringing greater attention to the
pleasure of seeing, smelling, tasting, and eating of palatable foods
and noticing when the satisfaction subsides, as taste-specific
satiety mechanisms become apparent (Kristeller and Wolever,
2010; Daubenmier et al., 2011). Indeed, many mindfulness
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training programs involve a raisin-eating exercise (Kabat-
Zinn, 1990), in which increased sensory precision weighting
is encouraged to decenter habitual interpretations of the
consumptive act, replaced with re-centering on unexpected
positive aspects of the experience. The ability to enter into such
sensory states and appreciate positive sensations is important,
because reduced response in the brain’s reward regions to
consumption of palatable foods such as milkshakes is associated
with increased, unwanted weight gain (Stice et al., 2010). Such
reduced activation may account for the subjective experience
of “chasing the flavor” and continued eating. It remains to be
determined whether increased awareness of the pleasurable taste
of palatable foods increases reward activation and ultimately
reduces food consumption, in particular among those who are
overweight. Similarly, mindfulness-based interventions during
recovery from drug addiction appear to increase interoceptive
responsiveness to natural reward while decreasing responsiveness
to drug cues, an effect correlated with reductions in drug craving
(Garland et al., 2014). As interoceptive attention broadens to
allow reactions to less conditioned cues, it appears that freedom
from maladaptive cycles of craving may follow (Khanna and
Greeson, 2013). Furthermore, classical accounts of mindfulness
training suggest that the continued exploration of experience,
including interoceptive conditioning, can itself lead to feelings
of joy and rapture (Brewer et al., 2013); the importance of such
feelings is made concrete in consideration of mindfulness’ impact
in these and other clinical disorders.

Embodied Effects
Finally, it is important to note that because mindfulness
practice itself takes place in an embodied context, engagement
with interoceptive processes may promote further physiological
effects. One example common to all Buddhist traditions is the
importance of sitting posture in cultivating attentional stability
and emotional equipoise. As traditionally stated in the Tibetan
Buddhist tradition: “When the body is straight, the channels
are straight, when the channels are straight, the energies are
straight, when the energies are straight the mind is straight”
(Rinpoche, 1998). An upright sitting posture is thought to
affect the movement of energy through the channels thereby
enhancing the effectiveness of the meditation practice. One could
hypothesize that just sitting in this posture without engaging
in a meditative practice may have beneficial effects. Upright
postures are associated with enhanced physiological outcomes in
hospital patients (Convertino, 2003). And indeed, sitting in an
upright posture without actually engaging in meditation practice,
referred to as “sham meditation,” is associated with slowed
respiration rate which predicts decreased pain unpleasantness
ratings (Zeidan et al., 2010b). Another example is mindfulness
meditation’s association with increased heart rate variability
(HRV; Ditto et al., 2006), particularly in the high frequency
band, an indicator of parasympathetic activation (Wu and Lo,
2008; Krygier et al., 2013). Greater resting HRV is associated
with a host of cognitive benefits; including greater sustained
attention, working memory, andmotor-response control (Thayer
et al., 2009). Thus, as the mindfulness practice itself unfolds,
mindful attention impacts physiological systems, which in turn

may feed back to influence cognitive processes in a self-
reinforcing cycle. In other words, the process of attending to
interoceptive sensations provides time for autonomic processes
to restore homeostasis, rather than perpetuating inefficient or
maladaptive regulatory habits that rely on overt behavioral
intervention. Awareness of homeostasis may generate feelings
of calm, peace, and satisfaction, greater connection to others,
and a decreased desire to seek out externally rewarding stimuli
to maintain a hedonic set point. Unlike external reward, the
reward of increasingly accurate perceptual predictions may
be continuous. However, this is not to say that mindfulness
meditation predisposes one to passivemonitoring states, but such
training may increase the ability to respond more adaptively
to environmental challenges and return to homeostasis more
quickly.

Taken together, an interoceptive consequence of
contemplative practice is the decoupling of hedonic stimulus
response arcs, i.e., an increased capacity to refrain from
automatically responding to aversion with avoidance and to
pleasure with approach. This relative freedom from interoceptive
appraisal habits that drive behavior may optimize homeostasis
that becomes a self-reinforcing process. Thus, this model
may serve as a working hypothesis for the mechanisms of
action underlying how changes in interoceptive awareness
resulting from contemplative practice may enhance health
and well-being including affective and dissociative disorders,
pain, and addiction. Research is needed to better understand
what difference variations in the particular foci of interoceptive
attention make toward promoting salutary effects.

A Caveat on the Primacy of Interoceptive
Processing
Admittedly, it seems unlikely that contemplative training can or
should aim to engender continual and total awareness of the
panoply of interoceptive sensations present in each moment.
Instead, skillful attention to interoceptive sensation may improve
self-regulation (Bornemann et al., 2014), allowing an individual
to operate more closely to his or her optimal homeostatic state.
We have argued that increased interoceptive attention represents
one way to return to ‘being’ in a world that prioritizes ‘doing,’
restoring balance between the two. This balance may then serve
to promote regulatory flexibility, with the ideal of bringing ‘flow’
to experience, the alignment of being with doing in living a
meaningful and satisfying life. It may be that one reason focusing
on the body has such positive potential is that rumination, already
shown to be largely a negative factor in experience, operates, by
and large, by shifting attention to past or future (Killingsworth
and Gilbert, 2010). By contrast, the body is always in the present.
Attending to the body therefore anchors the mind in the present
and away from rumination. Admittedly, there are other forms of
present-centered foci that would distract from rumination such
as watching television, and the research literature supports many
short-term regulatory benefits of distraction strategies (Sheppes
and Meiran, 2007; Denson et al., 2012). However, distraction
may lead to later ‘rebound effects’ when a person is faced with
an unresolved stressor compared to conditions in which that
stressor was directly attended to (Thiruchselvam et al., 2011).
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While more work is needed to properly distinguish the effects
of attention-based regulatory strategies such as mindful attention
and distraction, skillfully attending to the stressor itself may be
the more adaptive strategy (Kross and Ayduk, 2008), and in any
case an improvement over rumination.

The Road Ahead

Other Elements of Traditional Contemplative
Approaches to Interoception
Continued dialog with representatives of traditional
contemplative practices may further explore how they
understand and modulate the flow of sensations through
the body to enhance health and healing. From many Asian
medical/contemplative perspectives, disturbances or blockages
in the ‘flow’ of lung/ch’i/pran. a sensations are related to disease,
and free movement of chi is related to health, as well as to
insight, kindheartedness, and other positive qualities, a central
principle of Tibetan medical literature (Loizzo et al., 2009). Their
understanding of the body is not only a matter of interoceptive
awareness; it is most explicitly a pathway for exploring and
deeply revising the sense of self, agency, and substantiality that
bears on virtually every activity in life. The import of these issues,
and their potential significance for mental and physical health
outcomes could be a fruitful endeavor for future research.

In these Asian traditions, the interior of the body, deep in the
belly, or the heart, or deep inside the head, are all significant
areas for focusing the mind. The mapping of channels and
the “steeds of wind” moving through them further illustrate
the body’s interiority as characterized in traditional Asian or
Buddhist perspectives. We also see that varying the locus of
attention, for example shifting one’s focus from breath to sound,
or to a particular area of the body, may produce different results.

Contemplative traditions may have theoretical insights on
how placement of attention in certain parts of the body
affects perception, cognitive, and emotional responses. Practices
vary according to whether the body is alone or in a group,
with or without direct eye contact, whether the scope of
attention includes others, whether one sits in silence or performs
movement, whether one attends to sound or focuses on other
sensory stimuli. There is also variation in the types of intentional
and cognitive framework surrounding the practice. How these
variations in interoceptive training may influence cognitive,
emotional, and behavioral processes could be tested in empirical
research.

While the focus of this discussion has largely been on the
use of contemplative practices in general, and mindfulness in
particular, to increase awareness of interoceptive processes as a
means to enhance self-regulation, other practices, such as those
found in the Tibetan Buddhist tradition, involve the use of
interoceptive awareness, sometimes in combination with mental
imagery or somatic manipulations, to intentionally modulate
the ‘flow’ of sensations through the channels. Importantly,
these practices take place within specific philosophical and
ethical understandings, such as believing the nature of self
and all of existence to be impermanent and interdependent.

From an integrated mind–body perspective, in which ‘currents
flowing through the body’ are conceived as the energetic
support for consciousness, such “body-oriented” practices can
be a direct means to impact psychological functioning and
achieve meditative states of realization. One example is the
practice of tummo, which has been studied by scientists showing
dramatic increases in core body temperature (Kozhevnikov
et al., 2013). While the short-term physiological outcomes
of this practice have been studied for years (Benson et al.,
1982), further attention could be devoted to understanding
traditional theories of how these practices work and how
conscious modulation of interoceptive sensations, especially
when supported by accompanying intentional body-imagery,
may impact physiological and psychological functioning more
generally by promoting autonomic control of physiological
processes. Equally interesting in this regard would be a
consideration of shifts in ‘energetic flows’ and related sensations
that accompany the cultivation of love or compassion, or the
use of simple sounds and their impact on mind and body. First-
person descriptions can be useful here as well, since they typically
will describe both physical andmental responses to such training.

Future Research Directions
Although we have rich contemplative traditions to draw from, as
well as new interoceptive awareness-enhancing approaches and
emerging theory from a psychology perspective, we are facing
a shortage of tools, paradigms, and appropriate measures to
rigorously interrogate and integrate them. With this challenge in
mind, we derive the following topics for further research from our
considerations:

(1) Qualitative exploration of body-based practices from
traditional contemplative traditions, and greater
understanding of Asian (and eventually other)
contemplative and medical models of the body that
involve the ‘flow’ of ‘energetic currents’ through the body.

(2) Further refinement of scientific conceptualizations of
mindfulness, including exploration of first-person accounts,
to see how these match the conceptual framework for
interoceptive awareness provided here. Concurrently, we
must continue to explore traditional contemplative texts
and practice traditions for new perspectives, and to deepen
our understanding of constructs already appropriated into
scientific models of interoception.

(3) Developing and/or refining appropriate quantitative
measures, objective and self-report, able to capture
cognitive, behavioral, and physiological changes occurring
with interoceptive awareness training, moving beyond
measures of interoceptive accuracy to include attention
habits, sensitivity to interoceptive cues, coherence of
physiological and subjective changes, and regulatory
strategies.

(4) Developing research designs that integrate first, second and
third-person perspectives, such as neurofeedback, in which
third-person objective measures of physiological or neural
change provide second-person reports to the participant
in real time, potentially modulating the quality of first
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person experience during interoceptive attention (Lutz and
Thompson, 2003).

(5) Finding appropriate ways to operationalize behavioral
interventions representing mindful interoceptive
awareness, e.g., to the breath.

(6) Defining clear criteria for when or under which conditions
interoceptive awareness is beneficial in treating patients
with psychiatric, psychosomatic, and pain conditions.

(7) Using neuroscience tools and technique to follow the
process/flow of interoceptive information through the
brain, e.g., by EEG oscillations or with fMRI with its top–
down modulations. For example, interoceptive cultivation
should be apparent in terms of increased correspondence
between feedback-evoked EEG potentials and subsequent
physiological change. Conversely manipulation of
interoceptive signals such as respiratory occlusion following
enhanced interoception should provoke stronger and more
reliable evoked potentials.

(8) Develop longitudinal studies applying interoceptive
awareness training to patients with clinical conditions.

(9) Consider testing effects of mindfulness training and other
contemplative practices on existing measures of presence
and agency (rubber hand illusion, virtual environment
experiments) to see if they mediate improvements in health
outcomes.

By improving the measurement of interoception at subjective
and physiological levels, and seeking to better understand
the coherence (and lack thereof) between these levels of
representation, it may be possible to broaden our understanding
of interoception and its connection to motivation and well-being.
Furthermore, such paradigms will help to test basic properties of
information processing in the brain, investigating how we both
predict and adjust to changing sensory stimuli, and how such
stimuli are incorporated into a broader motivational milieu.

Concluding Remarks
Interoception has in many ways been a hidden sense, perhaps
due to the challenges involved in measuring and manipulating
interoceptive signals. And yet, interoception is arguably at
least as important as the external senses, providing a sense

of embodiment in the world that is foundational to a
person’s subjective sense of well-being. Contemporary scientific
frameworks largely lack the ability to articulate contemplative
models of how energy within the body helps to determine
well-being, but, concepts such as the simulation map offer an
avenue for bridging this cultural divide. Indeed, the idea of
energy or prana may one day be expressed as the allocation of
metabolic and cognitive resources to afford neural representation
of body states. While genetic, social, and environmental factors
clearly have great impact on a person’s quality of life, our
goal in writing this paper is to bring to light the process by
which health and suffering are revealed to us in the moment,
in the hope of providing a more integrated psychological
account.

Fortunately, interest in interoception appears to be growing,
and its researchers are privileged to have access to a rich
repository of conceptual models from neuroscience, clinical, and
contemplative research traditions. The challenge for the field will
be to pay careful attention to the claims made in each of these
traditions, to better characterize their predictions, and in doing
so to more even-handedly advance modern secular interoceptive
science while respecting the validity of all of these perspectives.
While perhaps no single researcher will hold sufficient expertise
in all of these domains, through collaboration such integration
is possible- we hope that the current paper and other articles
contained in the special issue is testament to that lofty but
achievable goal. It is our hope that we may all benefit from
the continued study of interoception, in paralleling the advances
modern science has already made in understanding the external
world.
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Over the course of a century, the meaning of interoception has changed from the
restrictive to the inclusive. In its inclusive sense, it bears relevance to every individual
via its link to emotion, decision making, time-perception, health, pain, and various other
areas of life. While the label for the perception of the body state changes over time,
the need for an overarching concept remains. Many aspects can make any particular
interoceptive sensation unique and distinct from any other interoceptive sensation.
This can range from the sense of agency, to the physical cause of a sensation, the
ontogenetic origin, the efferent innervation, and afferent pathways of the tissue involved
amongst others. In its overarching meaning, interoception primarily is a product of the
central nervous system, a construct based on an integration of various sources, not
per se including afferent information. This paper proposes a definition of interoception
as based on subjective experience, and pleas for the use of specific vocabulary in
addressing the many aspects that contribute to it.

Keywords: interoception conceptualization, body state perception, phenomenological experience, cross-modal
integration, subjective experience

INTRODUCTION

While interoception is a term that has gained and still is gaining popularity in the academic
literature since the start of the millennium, consensus on its meaning is as yet not fully established.
What is generally agreed upon by most current scholars is that interoception is the perception
of the state of the body. The exact interpretation of this definition ranges from the original
restrictive meaning which is still adhered to by some (e.g., Dworkin, 2007) to the now more
commonly used very inclusive meaning (e.g., Craig, 2002; Wiens, 2005). The restrictive meaning
holds that only sensations stemming from viscera are interoceptive. However, throughout this
review interoception is used in the inclusive sense; as an umbrella term for the phenomenological
experience of the body state, an experience which is ultimately a product of the central nervous
system (CNS), regardless of what information the brain uses and does not use to construct
this experience. Arguments supporting this choice will be addressed and elaborated upon later
throughout different parts of this review.

The relevance of interoception in its inclusive meaning will be illustrated by briefly highlighting
its range of involvement across a spectrum of different areas of psychology and health. Next, the
importance of proper communication on interoception will be stressed, regardless of the definition
one has. The original meaning of interoception will be examined and a short overview of the
linguistic development of interoception and related concepts over time will be provided. Finally, an
impetus will be given for applying a clear vocabulary that allows to distinguish between the various
aspects which can contribute to interoception, while retaining the use of an overarching term. This
review will end with some concluding remarks.
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Scope of Relevance
While not yet common parlance in medical circles,
“interoception” is a concept which relates to a very wide
range of health related and psychological aspects of human
life, playing a role in every individual. As a consequence,
interoception is of pivotal importance to a wide range of
research, theory and translational applications of research
findings. A cursory glance at the literature is sufficient to see
that interoception relates to a vast range of subjects. These
subjects include pain (Craig, 2003), medically unexplained
symptoms (MUSs; Bogaerts et al., 2010; Schaefer et al., 2012)
as well as medically identifiable symptoms (Julius et al., 2002;
Mandelzweig et al., 2006; Janssens, 2011), negative emotions
(Pollatos et al., 2007); anxiety, anxiety disorders, and affective
disorders (Barlow et al., 2004; Domschke et al., 2010; Dunn et al.,
2010b; Paulus and Stein, 2010; Stern, 2014), emotions in general
(James, 1884; Lange, 1885; Schachter and Singer, 1962; Damasio,
1994; Wiens, 2005; Craig, 2008; Zaki et al., 2012; Damasio
and Carvalho, 2013), emotion regulation (Füstös et al., 2012),
decision making (Damasio, 1994; Bechara et al., 1997; Paulus,
2007; Clark et al., 2008; Dunn et al., 2010a, 2012; Paulus, 2011),
subjective time perception (Craig, 2009; Pollatos et al., 2014),
subjective (self)awareness and consciousness (Craig, 2004; Seth
et al., 2011), food and water intake (Berthoud, 2006; Herbert
et al., 2012a; Brannigan et al., 2014), eating disorders (Pollatos
et al., 2008; Herbert and Pollatos, 2014), addiction (Paulus et al.,
2009; Naqvi and Bechara, 2010; Verdejo-Garcia et al., 2012),
sexual functioning (Everaerd et al., 2006; Gerbarg and Brown,
2011), empathy (Singer et al., 2009; Fukushima et al., 2011),
meditation (Farb et al., 2012), hypnosis (Woody and Szechtman,
2007), and of course interoceptive conditioning (Razran, 1961;
Pappens et al., 2013).

Although this list is unlikely to be exhaustive, and though it
is beyond the scope of this review to specify for each of these
subjects how they relate to interoception, it should be clear that
interoception is not to be considered a minor field of study
within psychology and health, and that its study has widespread
relevance. The focus of this review is to address the semantics of
interoception.

Interoceptive Conditioning
Classical and operant conditioning are worth further elaboration,
as this spearheaded research on interoception. Ivan Pavlov is
most known for first describing conditioning on dogs who
learned to salivate in response to the sound of a bell [conditioned
stimulus (CS)], after they had learned that the bell predicted
food [unconditioned stimulus (US)] would come. It is also Pavlov
who emphasized that not only exogenous stimuli such as the
bell, but also endogenous events, i.e., changes in the ‘milieu
interieur,’ could serve as CS (Pavlov, 1927). This idea formed the
basis for what is termed interoceptive conditioning: conditioning
where either the CS, the US, or both are subjectively perceived
as informative of the body state (Razran, 1961). Interoceptive
conditioning has been hypothesized to be of importance in
the etiology, maintenance and treatment of chronic pain (De
Peuter et al., 2011), functional disorders, cancer related fatigue
(Meagher, 2010), hypertension (Koroboki et al., 2010), eating

disorders (Davidson, 1993; Oldershaw et al., 2011), mood and
anxiety disorders (Paulus and Stein, 2010; Deacon et al., 2013),
and drug addiction (Wise et al., 2008; Bevins and Murray, 2011;
Bevins and Besheer, 2014; Troisi, 2014).

Studies on the role of interoceptive conditioning in drug
addiction provide a useful paradigm for evaluating interoceptive
conditioning. Moreover, they provide a paradigm for assessing
subjective perception of changes in body state, i.e., interoception.
For example, Lubinski and Thompson (1987) describe how two
pigeons were conditioned to effectively communicate to each
other and three other pigeons whether they were experiencing
the effects of a stimulant (cocaine), a depressant (pentobarbital),
or no drug (saline). Learning to recognize and communicate
these different drug induced body states, generalized to the
ability to effectively communicate states induced by another
stimulant (d-amphetamine) and depressant (chlordiazepoxide)
without need for further training. Likewise, rats can be trained to
discriminate drug effects of nicotine from a non-drug state. This
learned discrimination can serve to alter their behavior (lever
pressing), help to establish the median effective dose necessary
for receptor signals to become perceptible, and provides a
model for drug use and drug craving. The aforementioned drug
discrimination paradigms have demonstrated that it is possible
to qualitatively and quantitatively manipulate the subjective
body state, and that this altered subjective state due to drugs
can serve as CS (Bevins and Besheer, 2014), or rather as
an operant discriminative stimulus (Troisi, 2014). Thus, drug
discrimination and state dependent learning are forms of
interoceptive conditioning. The importance of interoceptive
conditioning for a variety of widespread conditions mentioned
in the previous paragraph, as well as a useful paradigm for
researching interoception, further underscores there is a demand
for a clear definition of interoception and related terminology
that allows for subtle, but critical distinctions within this larger
function based concept.

Pain and Interoception
Also among the list of subjects related to interoception (see
Scope of Relevance), the subject of pain deserves special mention.
The International Association for the Study of Pain (IASP)
defines pain as “an unpleasant sensory and emotional experience
associated with actual or potential tissue damage, or described
in terms of such damage” (Merskey, 1986). While those with a
narrow definition of interoception would only consider visceral
pain interoceptive, those with more inclusive definitions of
interoception such as the one used throughout this review –
consider all forms of pain as a form of interoception. This
inclusive approach is supported by functional neuroimaging
studies which find that the neural network activated during pain
and during other forms of interoception are very much the same
(Legrain et al., 2011; Moseley et al., 2012). It is also indirectly
supported by the well-validated finding that emotion plays a
significant role in pain; a role which it also plays in all other
forms of interoception. For example, negative emotions impact
the affective component of pain negatively and decrease pain
tolerance (Carter et al., 2002), while positive emotion increases
pain tolerance (Zweyer et al., 2004). In dyspnea one can observe
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something remarkably similar. In a negative affective context,
dyspnea elicits more respiratory symptom report than in a
positive affective context (von Leupoldt and Dahme, 2013). This
parallel between pain and dyspnea can be taken as an additional
indication that pain really is nothing more than a specific form
of interoception, but interoception nevertheless. Regardless of
which definition of interoception one applies, the inclusion of
pain in the definition of interoception -even if merely including
visceral pain- has its merit. It provides a fertile soil for cross-
fertilization of ideas from the vast area of pain research on the one
hand, and that of research on non-painful types of interoception
on the other.

Communicating on Interoception
It is surprising that communication around the concept
interoception often stumbles over definitional differences
between authors. While both an overarching concept of body
perception as well as more specific concepts deserve their
own place, the exclusive focus on one approach could lead
to undervalue the importance of the other. For example, an
overarching concept has as one advantage that it crosses the
bridges between different types of research findings. How this
overarching concept is labeled, changes over time as do so
many aspects of language. In the 19th century this overarching
concept was referred to as “coenaesthesis,” in the early 20th
century “coenesthesia,” in the second half of the 20th century
“somesthesis,” and now in the 21st century it is most frequently
referred to as “interoception” (see Semantic Evolution).
Regardless of its label, an exclusive focus on an umbrella term
may lead to premature overgeneralization of findings.

For example, the accuracy with which to detect heartbeats
has long been referred to as a general measure of overall
interoceptive accuracy. It is true that interoception includes the
ability to perceive heartbeats. However, prior to having tested
how accuracy with which to detect heartbeats correlates with
accuracy of perception of the heterogeneous plethora of other
types of interoceptive sensations, it would be premature to say
that all forms of interoceptive accuracy are poor in those who
have poor accuracy in perceiving their own heartbeat – even
if this hunch later appears to be correct. Such a conclusion
would remain premature until the point where there are
actual findings which support the conclusion that heartbeat
accuracy can be generalized to reflect accuracy of perception
of other interoceptive sensations. This caution has also been
emphasized by the authors previously (Ceunen et al., 2013a).
After submission of the letter to the editor cautioning against
premature generalization, Herbert et al. (2012b) published a
research article which does suggest that accurate cardioceptive
perceivers also have more accurate perception of sensations that
aid in the regulation of water intake. Findings like these allow
to gradually make evidence-based extrapolations, and stimulate
speculations on how generalizable findings are. At the same time,
we need to remain careful not to overgeneralize beyond what has
been investigated, nor to blindly accept extrapolations suggested
by others as facts.

Arguments referring to neuroanatomy are sometimes used to
justify generalizations such as cautioned against in the previous

paragraph. One example of such a generalization is referring
to the convergence of sensory information from distinct bodily
organs and of distinct types of visceroceptors in the nucleus
of the solitary tract (NTS). Though processed in very close
proximity to each other within the NTS and sometimes in
overlapping areas, the respective loci in the NTS necessary
for each of these sensations are still somewhat distinct (Paton
et al., 1999). Also, convergence at one site of processing does
not necessarily mean that at all other levels of processing
there is not a single distinction between any of these distinct
body state sensations. Therefore, to prevent oneself from being
tempted into premature generalization, it is useful to keep in
mind that different sensations not only overlap in some aspects
(e.g., all being interoceptive and activating a largely common
neural network), but are also unique in their own ways. This
uniqueness of sensations holds true even if all these sensations
have in common that they refer to the body state and have
at least one or more common processing sites in the brain.
Examples of levels at which sensations can be considered as
being distinct from one another can be: whether sensations
are entoperipheral or epiperipheral in origin; whether they
are exogenous or endogenous; whether the individual does
or does not experience a sense of agency over what causes
these sensations; whether the sensations stem from tissues with
efferent autonomic nervous system (ANS) and enteric nervous
system (ENS) or from somatic nervous system (SNS) innervation;
whether the concerned organs are identical or different in their
ontogenetic origin as coming from ectoderm, endoderm, or
mesoderm; and which afferent homeostatic pathways and basal
processing structures are involved in the early processing. I
will go into more detail on a number of these in separate
sections later on (see Exogenous versus Endogenous Origins;
Visceroceptor, Visceroceptive, Visceroception – A Reference to
Efferent Innervation; The Homeostatic Afferent Pathways and
Early CNS Processing of Homeostasis). The main point is that,
even though there may be commonalities between different body
state sensations, there are also always differences. Interoceptive
sensations are characterized by both specificity and convergence.
Though an overarching term can be beneficial, this all goes
to emphasize that we should always keep in mind to avoid
premature generalization that has not first been specifically
addressed in research.

On the other end of the spectrum, as opposed to the exclusive
focus on an overarching concept and an exclusive focus on
similarities, there can be an exclusive restrictive focus on one
of the subcomponents of interoception; on what makes this
subcomponent different from other sensations. Just as the broad
focus on similarities, so too does the narrow focus on differences
have its own advantages and disadvantages. An advantage of
research with a narrow focus is that this will provide specific
information on a subcomponent of interoception, which can
then be contrasted to other subcomponents of interoception,
which allows us to make statements on the generalizability or
specificity of these and other findings. A disadvantage of a more
narrow focus is that at times, findings from certain research
areas do not provide, nor receive input from distinct yet related
research areas. As a result the information from different types of
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studies is less likely to be put together to form a more complete
picture.

To allow for better communication of not only findings,
but also for cross-fertilization in the sharing and forming of
ideas and insights on interoception, and on its relation to
human psychological faculties and health related issues, there
needs to be a common understanding amongst researchers. To
achieve this, it is imperative that the various components of
the concept interoception are outlined so they become more
generally acknowledged as distinct, individual aspects which each
deserve their own specific labels, while at the same time there
remains a concept which integrates all of these aspects. That labels
are prone to change over time, that they differ between certain
research areas, and that there are individual differences in the use
of these labels only makes an outline of this topic more relevant.
Although this review is not written on the pretense of being able
to create a universally accepted consensus on which labels to
use, it does intend to at least provide an impetus for the use of
distinct labels for the distinct aspects of interoception that will be
covered here. Moreover, this review emphasizes that it is every
author’s duty to introduce their own however short definition of
interoception for each individual publication, and to make sure it
matches with how they use the word throughout that publication.

HISTORY OF A CONCEPT

Etymology
To come to a deeper understanding of the meaning of a
word, or concept, it is customary to refer to its origins
and then address whether, and if so, how its meaning has
changed over time. Interoception is a relatively recent concept
which arose together with the concepts proprioception and
exteroception during the early 20th century. The first known
usage of the concept interoception in publication dates to
Sherrington (1906) in his book “The Integrative Action of
the Nervous System,” which is a collection of lectures he
had given at an unknown date prior to publication. In the
book, Sherrington talks of “interoceptors,” “interoceptive
receptor fields,” “interoceptive reflex arcs,” “interoceptive
surface,” and “interoceptive segments.” Interestingly, at this
point in time, the noun “interoception” itself was not yet
introduced in publication. In fact, it is only in the 1940s that
the word “interoception” first appears in scientific journals
(Freeman and Sharp, 1941; Mogendovich, 1941; Airapetyantz
and Bykov, 1945). Regardless, we do need to refer back to
Sherrington to understand the original meaning of the concept
interoception.

Sherrington referred to the internal surface of the body as
interoceptive, as opposed to exteroceptive which he defined as
the external surface in direct contact with the environment.
In this meaning interoceptive then can be considered a
synonym for things entoperipheral, while exteroceptive is
a synonym for things epiperipheral. Thus, according to
this definition, cutaneous sensations would be considered
exteroceptive sensations, but subcutaneous not. In the vast
entoperiphery, Sherrington further distinguished between deep

somatic tissue, i.e., skeletal muscle, as a site specific to
proprioceptors, and the viscera as site specific to interoceptors.
Furthermore, he considered not only perception of light, sound,
odor, and mechanical touch as exteroceptive, but also perception
of temperature and nociception. The inclusion of temperature
and nociception in the definition of exteroception, contrasts to
these sensations being included in more recent definitions of
interoception, such as the one put forward by Craig (2002). In
Sherrington’s (1906) definition, what distinguished interoception
(and proprioception) from exteroception is that only the latter
possesses the quality of projicience. Projicience is a term which
he used to refer to two aspects: (1) the perception of something at
a distance outside of our body (exogenous), and (2) projection
in the sense of estimating the future (precurrent) based on
what is happening now. In other words, Sherrington labeled
perception of precurrent exogenous stimuli as exteroceptive,
while sensations of endogenous origin as either proprioceptive
or interoceptive, depending on whether they arise in respectively
skeletal muscles or viscera.

While the linguistic contraction of “interior receptor” was
the basis for “interoceptor” and by extension the adjective
“interoceptive,” in contrast the noun “interoception” was first
introduced more than a third of a century later, and can either be
taken to be a variation of the contraction of “interior receptor,”
or to be a new contraction, namely “interior perception.”
Whatever, interoception’s original meaning, modern day use of
“interoception,” and to some extent “interoceptive” have generally
come to refer to the broader phenomenological perception, rather
than to refer merely to location and stimulation of receptors. In
other words the focus of the concept has shifted from referring
solely to the afferent relay of receptors of the ANS, to becoming a
word which is now most frequently used as an umbrella concept
for a multi-sensory, multimodal integrated percept of the body
state.

Semantic Evolution
In order to identify the frequency and evolution of usage
of specific interoception related labels, an extensive search
in Google Scholar was performed. The inclusion of selected
terms for which a frequency of occurrence was obtained,
was motivated by the idea that at some point in time all of
these included terms have had a nearly synonymous meaning
to one of our primary three search entries: interoceptor,
interoceptive, interoception. In addition to these three words,
the search entries included the following: visceroceptor,
visceroceptive, visceroception, somesthesis, somesthetic,
somesthesia, coenesthesis, coenesthetic, and coenesthesia. The
frequency of each of these words was established by identifying
the number of search results from 1800 up to and including
2010, with the “include patents” and “include citations” boxes
unchecked. The number of hits per word was assessed per
period of 5 years (1901 up to and including 1905, 1906–1910,
1911–1915, etc.), excepted the period from 1800 up to and
including 1900, a period which was taken as a whole.

Moreover, the same search procedure was conducted for
variations of each of these words to allow for identifying
possible changes in spelling preference over time and to
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identify the first introduction of alternate spellings. The authors
identified and conducted a separate search for alternate spellings,
which were: interoreceptor; interoreceptive, interoperceptive;
interoreception, interoperception; visceroreceptor; viscero-
receptive, visceroperceptive; visceroreception, visceroperception;
somaesthesis, somataesthesis, somatesthesis; somaesthetic,
somataesthetic, somatesthetic, somathestetic; someaesthesia,
somataesthesia, somatesthesia; caenesthesis, caenaesthesis,
coenaesthesis, coenoesthesis, cenesthesis, cenoesthesis; caen-
esthetic, caenaesthetic, coenaesthetic, coenoesthetic, cenesthetic,
cenoesthetic; caenesthesia, caenaesthesia, coenaesthesia, coeno-
esthesia, cenesthesia, cenoesthesia.

Because Google Scholar identifies and includes some alternate
spellings or concepts automatically in the search results it
produces, this could potentially create the problem of getting
wrong estimates. This problem was bypassed by entering
each individual search entry between brackets so only hits
for the specified spelling resulted. Another aspect taken into
consideration is that in Google Scholar, when the number of
results is higher than 10, the total number of hits as indicated
at the first page of search results is usually merely an initial
approximation by the Google Scholar search engine, but does
not always correspond exactly to the total number of hits.
The correct number of hits is indicated on the last page
of results (if the total is less than approximately 950 hits).
Therefore, in order to get a more accurate approximation of
the exact amount of hits, the total number of hits as indicated
on the last accessible page of results was used. For those
hits ranging over 1000 with 10 hits per page, Google Scholar

does not display pages beyond approximately the 95th page,
so approximations of the total number of hits when there
are more than approximately 950 results in total may be less
accurate.

Although it is beyond the scope of this review to present the
collected data in extensive detail, a selection has been made of
aspects which stand out and provide an interesting perspective
on the development of word preferences (see Table 1). During
the entire span of the 19th century, interoception was not yet
an existent word. Instead, with a total of 220 results for its
various spellings in that period, ‘coenesthesis’ was by far the most
popular word which comes closest to the inclusive meaning of
interoception, followed in popularity by ‘coenesthesia,’ which in
its various spellings totals only 11 results for that same period.
While ‘somesthesis’ and ‘somesthesia’ appear to be non-existent
in publication during the 19th century, the adjective ‘somesthetic’
did exist in publication starting around the late 1800s (totaling
five results up until 1900). Bailey (1906) was responsible for
introducing the word ‘somesthesis’ into the English language,
in the same year that Sherrington (1906) published the first
work to use the words ‘interoceptor’ and ‘interoceptive.’ Two
years later, it was again Bailey (1908) who first introduced the
word ‘somesthesia.’ About a century later, in the period from
2006 up to and including 2010, ‘somesthesis’ and ‘coenesthesia’
are still relatively popular nouns, with respectively 284 and 263
publications in which these words appear, but both are very much
overshadowed by the popularity of the noun ‘interoception’ with
mention in 1745 sources. It is true that in that 5 years period
from 2006 up to and including 2010, the adjective ‘somesthetic’

TABLE 1 | Word preferences over the centuries.

Year of first mention (author) Most popular time relative to
‘equivalent’ words

Publications from 2006–2010

Interoceptor Sherrington, 1906 1906–2010 202

Visceroceptor Strong and Elwyn, 1948 / 18

Interoceptive Sherrington, 1906 1981–2010 7471

Visceroceptive MacLean et al., 1952 / 170

Somesthetic
∗Somaesthetic∗

Taylor and Haughton, 1900
∗Barker, 1897∗

1897–1900;
1906–1910;
1916–1920;
1931–1980

1579

Coenesthetic
∗Caenaesthetic∗

Kellogg, 1901
∗Noble, 1858∗

1858;
1901–1915

194

Interoception Freeman and Sharp, 1941;
Mogendovich, 1941

2001–2010 1745

Visceroception
∗Visceroreception∗

Dutov, 1974
∗Merkulova and Popova, 1967∗

/ 103

Somesthesis Bailey, 1906 1936–1940;
1946–2000

284

Somesthesia Bailey, 1908 / 205

Coenesthesis
∗Caenesthesis∗

De Hájnik, 1816
∗Hübner, 1794∗

1794–1910 53

Coenesthesia de Nyir, 1817 1911–1935;
1941–1945

263

Time during which words were most popular is derived by the number of mention relative to ‘equivalent’ words. Such ‘equivalent’ words are grouped together between
two horizontal lines. For those words where the now most widely used spelling arose only later, alternative spellings are included and marked with an asterisk.
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also occurs in a large number of sources (1579 sources to be
precise), but this seems to be largely due to the use of the adjective
as a synonym for ‘somatosensory’ when referring to the CNS
areas SI and SII. Regardless of the reason for its popular use, the
occurrence of the adjective ‘somesthetic’ in recent years is still
by far outdone by the adjective ‘interoceptive,’ the latter which
occurred almost five times as much as the former, in a total of
7471 sources.

While it is obvious how this data set can provide insights
on the development of word usage, it may be unclear how it
can shed light on the development of word meaning over the
years, hence a clarification for the latter is in order. It has
already been pointed out that in their initial existence, the words
‘interoceptive’ and ‘interoception’ were more narrowly defined
concepts (Sherrington, 1906; see Etymology). Craig (2002) made
a plea to consider interoception as a more overarching term. Since
then that particular publication has been cited in well over 2000
other publications, and the usage of the word interoception has
spiked in popularity. If we then reconsider the collected word
prevalence data, it appears as if interoception is most frequently
used from the point in time onward when a broader meaning was
first attributed to it. The increase in popularity after this point
onward is in part due to at least two important factors. First, an
initial suggestion toward a conceptual shift likely leads to a lack
of consensus and thus increased mention and use of the word
in attempts to reach consensus, or in attempts to think through,
clarify and solidify its meaning. Secondly and most importantly,
concepts with broad meanings have broader relevance to a variety
of research lines, whereas concepts with narrow meanings have
relevance to a more limited number of research areas. Following
this logic, we can assume that words increase in popularity at
least in part because their meanings shift to refer to a broader
concept. (However, we cannot conclude the reverse: that when
words decline in popularity, it is because their meanings have
narrowed down. It is possible for words to decline in popularity
simply because other words are attributed a similar meaning and
have become more popular.)

The arguments outlined here justify two choices made in this
review. First and most important, is that a choice has been made
to adopt and extend on the use of the word interoception in its
broad, overarching meaning, rather than try to revert back to
its originally restrictive meaning. I.e., this review builds on the
already existing conceptual change that has occurred after the
original inception of the words ‘interoceptive’ and ‘interoception’
last century. Secondly, given that currently interoception is the
most widely used word from all previously indexed, related
concepts, it justifies the choice for the title and focus of this
review to be on the words interoception and interoceptive to refer
to the broader perception of the body state, and to use related
definitions to more specifically classify sensations.

ASPECTS OF INTEROCEPTION

This review argues in favor of using the word interoception as an
overarching concept. We make a plea that anything which falls
within this larger concept, or which is related but different, ought

to be labeled differently and more specifically. Doing so helps to
avoid confusion and allows for more effective communication.
Whether there is consensus on the labels is only of secondary
importance, as meaning attributed to labels will naturally evolve
over time. Of primary importance is to establish a consensus that
each of the concepts listed below deserve their own labels and are
not to be confused with one another, even though they may be
related to one another.

Exogenous versus Endogenous Origins
If something has an exogenous origin, this means that the source
originates or is attributable to an agent outside the organism.
If something is endogenous, it means it comes from within the
organism and is not attributable to an external agent. It is clear
that ‘exogenous’ and ‘endogenous’ are antonyms of one another.
Likewise, exteroception is commonly accepted to be the antonym
of interoception. Therefore, how exteroception is defined, to
some extent affects the meaning attributed to interoception. This
can be somewhat problematic, as there has been a conceptual
shift in the meaning of interoception, while the meaning of
exteroception has hardly changed for most who use it. The
resulting problem this poses for the definition of interoception
is twofold.

The first problem relates to the meaning attributed to
exteroception, namely that it is the sensory perception of
exogenous stimuli. This meaning is often interpreted to mean
that all sensations elicited by exogenous stimuli are exteroceptive,
and considers the actual stimulus origin of primary importance
and not the subjective perception arising in the CNS. This
approach implies that any experimental set-up that intends to
study interoception, would only be able to do so if sensations
would have an endogenous origin. This would largely preclude
the study of interoception and would have to discard many
of the published studies on the topic, as nearly every stimulus
applied in lab set-ups has an exogenous origin. In other
words, confounding exogenous and endogenous origins with the
phenomenological experience of something as relating to the
surrounding environment or to the body state, would seriously
set back the study of interoception, and conclusions made on the
topic of interoception. Furthermore, many naturally occurring
body state sensations are very frequently elicited by exogenous
stimuli. For example, gastro-intestinal sensations can follow the
ingestion of exogenous substances. Likewise, the sensation of
feeling cold is not necessarily of endogenous origin as in illness,
but can just as well have an actual exogenous cause such as a
cold ambient temperature. As the human body does not act in
isolation of its surroundings, it is necessary to keep concepts that
make a distinction between the origins of a stimulus (exogenous
versus endogenous) distinct from broader concepts that make a
distinction between different types of experiential perception as
arising in the CNS (interoception versus exteroception).

The second problem posed by referring to exteroception
as an antonym of interoception is that this often leads to
the assumption that the receptor systems and pathways for
both must by definition be mutually exclusive. However, that
is not necessarily the case when using the inclusive definition
of interoception. For example, seeing and feeling snow in the
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absence of cold sensations, can lead to the perception that the
perceived snow, although not imaginary, is not genuine snow.
This exteroceptive percept is the result from an integration of
various sensory modalities including body state sensations (as
well as past experience and other factors). If we imagine a
nearly identical scenario but accompanied by sensations typical
of physical illness, this can give a whole new phenomenological
feel to the absence of cold sensations, where this absence can
then be integrated in the interoceptive perception of the body
state rather than the exteroceptive perception of the surrounding
environment. This example, though hypothetical, illustrates that
exteroception and interoception can rely on identical sensory
receptors and afferent pathways, and that they need not be
mutually exclusive on any of the levels preceding the higher order
processing of interoception and exteroception.

The main point of this section is that sensory origin or
stimulus properties (exogenous versus endogenous) are not of
relevance to determining whether a percept is interoceptive
or exteroceptive when using the inclusive definition of
interoception. What matters in the inclusive definition is
whether a sensation is experienced as informative about the body
state or about the surroundings (see Interoception as Integrated
Percept). In those cases where the actual origin of a sensation is
considered of relevance for research purposes or conclusions,
rather than the phenomenological experience, it is preferable
to refer to the eliciting stimuli as exogenous or endogenous
(whichever is applicable), and give preference to the use of these
terms over ambiguous terminology.

Visceroceptor, Visceroceptive,
Visceroception – A Reference to Efferent
Innervation
Although not in popular usage yet (see Table 1), in this review
it is argued that there is a place for the words visceroceptor,
visceroceptive, and visceroception. These labels have become
more suitable to refer to the once restrictive concepts that
“interoceptor,” “interoceptive,” and “interoception” originally
referred to, i.e., things specifically and solely pertaining to the
viscera and nothing else (Sherrington, 1906). Such a distinction
is necessary as interoception has come to adopt a more
broad meaning, which refers to the integrated cross-modal
CNS perception of the body state (Craig, 2008; Critchley and
Harrison, 2013). Distinguishing between the broad concepts
“interoceptive,” and “interoception” on the one hand, and
the narrow concepts “visceroceptive” and “visceroception” on
the other, helps to avoid all possible confusion between the
broad and the specific. Moreover, given the broad meaning of
interoception, it can be argued that any receptor that can provide
information to create a CNS representation of the body state
can be considered an interoceptor, and not just those receptors
in the viscera. This makes the word interoceptor so inclusive
it becomes redundant (“receptor” would be sufficient). At the
same time this necessitates the use of a more specific label
for referring to only those receptors located in visceral tissue.
Hence, it is proposed here to refer to these visceral receptors
as “visceroceptors” rather than “interoceptors.” In the same

vein the adjective “interoceptive” and the noun “interoception”
should be solely reserved for more broad meanings pertaining
to perception of the body state when further details are not
necessary or when the focus is on generalities. In contrast,
the adjective “visceroceptive” and the noun “visceroception” are
encouraged to be used when referring specifically to visceral
tissue origins, distinct from and not including somatic tissue
origins.

Of course, it is crucial then that there is understanding of what
viscera are, because, as is the case with the word interoception,
there is more than one definition. We can recognize at least
three types of definition: (1) one arbitrarily grouping certain
anatomical structures under the label viscera, (2) another based
on efferent innervation, and (3) a final one focusing on perceptual
differences.

The Dictionary Definition
One definition used for distinguishing viscera from somatic
tissue creates this divide as based on anatomical location, and
is commonly found in dictionaries; it either labels (a) only
the intestines, or either (b) all intra-thoracic, intra-abdominal,
and intra-pelvic organs as viscera (Berube et al., 2008). The
problem with considering only the intestines, i.e., the part
below the stomach as viscera, is that the stomach and organs
located in the thorax can then neither be considered visceral,
nor somatic – yet no other label is provided for these “gray
zone” body tissues. As for the anatomy based definition which
considers all intra-abdominal and intra-thoracic organs to be
viscera, it simply classifies the remainder of the body as somatic
tissue. That is: not only skin and skeletal muscles, but also
joints and bones (Lewis, 1938). This is usually accompanied by
a further arbitrary subdivision of somatic tissue distinguishing
the skin from the remaining “deep” somatic tissue. Whether,
the circulatory system is visceral or somatic according to any
such anatomical definition usually remains unmentioned, as
the circulatory system branches out into all areas of the body,
making it difficult to classify based on its location. Also, if viscera
are strictly those organs located in the trunk, then the female
reproductive system should be considered to be entirely visceral,
whereas at least part of the male equivalent (in addition to the
dermis) should be considered somatic. As no such claims are
made by anyone, this implies that the anatomy based definition
as given is not strictly adhered to even by its proponents, and
that the dictionary definition is not sufficient by itself to classify
tissues. For better communication, it is considered preferable
to use definitions which do not leave any room for subjective
interpretation and which do not require additional, implicit,
unmentioned criteria.

Definition as Based on Efferent Innervation
In contrast to the aforementioned dictionary definition, there
exists a very straightforward, clear-cut physiology based
definition that makes the distinction between visceral and
somatic tissue as based on actual efferent innervation (Wolfsohn,
1914). Relying on existing knowledge of efferent SNS innervation
and ANS innervation to determine which tissues are respectively
somatic and which ones visceral, deserves preference for two
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reasons.1 First, it does not leave a single tissue of the entire
body unmentioned, and would classify the circulatory system
as visceral (Livingston, 1935). Second, it does not leave room
for arbitrary individual choices on which organic tissues to
include under the label viscera, and which ones not, because
physiologically verifiable, existent efferent innervation cannot be
contested.

Note should be taken that making the distinction as based
on efferent innervation differs on some important aspects from
those who simply label all organs in the trunk as viscera and
consider the remainder of the body as somatic. First, when
basing ourselves on efferent innervation, we can determine that
the skeletal system is in fact to be labeled as visceral, and not
somatic (Kini and Nandeesh, 2012). One implication of this is
that bone pain thus is to be considered a visceral, and not a
somatic pain according to innervation. Another implication is
that, in so far that sensory feedback from the skeletal system
(including periosteum) contributes at all to proprioception, this
would then be a visceral component contributing to the CNS
representation of the body in space (proprioception), which
is perfectly possible if we adhere to inclusive definitions of
proprioception, interoception and exteroception, where all that
matters is the phenomenological experience and not which type
of receptors are involved in creating that experience.

Other differences between the dictionary definition and the
efferent based definition for distinguishing somatic from visceral
tissue relates to the classification of the skin, the esophagus,
and the respiratory system. If we consult known information
on efferent innervation, we can conclude the skin is in fact
not a purely somatic tissue in contrast to what is often stated
(Oaklander and Siegel, 2005; Gibbins, 2013). The skin actually
contains both SNS as well as ANS innervation, making it a
partially somatic, partially visceral organ. In psychophysiology
this visceral aspect is well-recognized, where dermal autonomous
changes such as changes in pilo-erection and sweat secretion
can be and are used to assess physiological aspects of emotion
(Dawson et al., 2007; Benedek and Kaernbach, 2011).

Like the skin, the esophagus is a single functional unit, yet
its proximal section has SNS innervation, whereas the distal
section has ANS innervation, also making the esophagus an
organ which is partially somatic, and partially visceral. Unlike
the skin, the esophagus has a clear division between the visceral
and somatic parts. Also included in this list of mixed SNS and
ANS innervation, although not strictly speaking an organ, is the
respiratory system (Kuntz, 1944).

All three of the aforementioned – the skin, the esophagus,
and the respiratory system – have a prominent role in the
interoception literature and related research. Craig was the first
to argue that some tactile sensations, such as sensual touch,
are distinct from other touch sensations and are relayed to the
brain together with other homeostatic sensations (Craig, 2002).
While Craig based his argument on afferent innervation (see
The Homeostatic Afferent Pathways and Early CNS Processing of

1Although, the authors of this review recognize that the enteric nervous system
(ENS) has its own reflex activity independent from the ANS, both ANS and
ENS innervated tissue are classified here under the label “visceral” as opposed to
“somatic.”

Homeostasis), this review makes the distinction between visceral
and somatic based on efferent innervation, and uses another
label for afferent based differences. The esophagus too is gaining
increased attention in interoception research, as it allows to
distinguish between visceroception (if stimulated distally, i.e., the
lower part) and somatoception (if stimulated proximally, i.e., the
upper part; Aziz et al., 2000; Ceunen et al., 2015). As for the
respiratory system, since early human experience it has been the
gateway to altering and gaining control over ANS function and
thus control over the viscera (Sovik, 1999). In fact, one of the
first written records where breathing is considered to be able to
affect the viscera, is in a book by Tao Hongjing, written sometime
around the end of the 5th or start of the 6th century, where
six different methods of breathing are considered beneficial to
the health and functioning of six different viscera (Zhang et al.,
2007). Because respiration can be used to increase the inotropic
output of heart rate (Shannahoff-Khalsa and Kennedy, 1993),
which in turn increases heartbeat perception accuracy (Herbert
et al., 2012a), respiration may even be considered to be a gateway
for altering heartbeat perception and perhaps also for altering
other forms of visceroception.

Definition as Based on “Typical” Sensory Properties
A final note on methods for distinguishing between somatic
and visceral tissues concerns sensory properties. The viscera are
often attributed three typical sensory properties that are thought
to distinguish them from somatic tissue. These three visceral
properties are said to be (1) the inability to volitionally bring
visceral sensations into awareness, (2) poor discrimination of
sensations, and (3) poor localization (Ray and Neill, 1947; Aziz
et al., 2000; Dunckley et al., 2005; Dworkin, 2007). Each of these
points will be addressed here.

As to the first point, although visceral sensations generally
only enter awareness bottom–up (e.g., when homeostasis is
disrupted, or in mental disorders), it is actually possible to
volitionally attend in a top–down method to visceral sensations
as is done in meditative practices. Even though such increased
awareness does not necessarily imply increased accuracy (Khalsa
et al., 2008; Ceunen et al., 2013a), nevertheless it is possible to
volitionally attend to visceral sensations, which underscores that
the first property associated with visceral sensations is not correct.

The second sensory property often associated with viscera,
namely poor discrimination, i.e., poor perceptual accuracy, is
indeed very common to most ANS innervated organs, yet not
universally applicable to all. For example, there are subgroups
of individuals who can very accurately perceive their heartbeat.
One may argue such accurate heartbeat perception is possible
due to heartbeats resonating in somatic muscle tissue overlying
the heart region, thus implying there is not sufficient evidence
for the existence of accurate visceroception. However, even when
sensations from overlying somatic tissues are absent, accurate
heartbeat detection is still possible (Khalsa et al., 2009), which
indicates that good discrimination is possible even for at least one
type of visceroception, and perhaps also for other types.

As for poor localization, it is true that the majority of visceral
sensations are phenomenologically experienced as vague, diffuse,
or pertaining to a general area, rather than to a precise spot.
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However, from an experience level, pain stemming from kidneys,
appendix, genitalia, and anus all have known instances where
these were subjectively experienced as sharp, and/or in a clearly
localized way (Boyle, 1997; Bajwa et al., 2001; Kafkia et al., 2011;
Sejdinovic et al., 2011; Sandella et al., 2012; Fauconnier et al.,
2013), although none of these pains stem from tissues innervated
by SNS efferents. Moreover, tactile sensations including itch,
sensual touch and temperature can be fairly accurately localized.
Taking into consideration that the skin is partly ANS innervated,
this is yet another example which questions whether all visceral
sensations are indeed poorly localized. Furthermore, note should
be taken that not all somatic tissue sensations are characterized by
accurate localization either (Lewis, 1938; Feinstein et al., 1954).

Implications
One practical implication is that, when classifying body tissues
as either somatic or visceral, it is suggested here not to combine
classification as based on sensory properties with classification
as based on efferents: this is simply not completely accurate and
is confusing to the critical reader. An example of one such to
be avoided, confusing statement would be: “we consider this
organ as visceral BECAUSE it is ANS innervated and BECAUSE
its sensations are poorly localized.” Instead, it would be better
to say: “We consider this organ as visceral because it is ANS
innervated. Sensations from most, but not all ANS innervated
organs, including/excepted this one, are poorly localized.” When
sensory properties are considered truly relevant to specific
research conclusions or predictions, distinguishing viscera with
sensory properties typical to most viscera, from other viscera
with anomalous sensory properties may definitely have its value.
E.g., one could make the distinction between those typical ANS
innervated organs that are always poorly discriminated and/or
poorly localized, as opposed to those few ANS innervated organs
which can at times be accurately discriminated and/or accurately
localized. (Accurate discrimination refers to heartbeat detection
through visceral afferents only; accurate localization, albeit not
always, refers to kidneys, appendix, genitals, anus, and the tactile
sensations – the latter being included because the skin is partly
ANS innervated.)

In practical, research oriented terms, this section clarifies how
to classify stimuli as either visceral or somatic in such a way
that if others apply the same method of classification, they will
make exactly the same conclusions as to which body tissues
are visceral and which are somatic. Moreover, this section also
implies that stimulation of certain organs or systems can elicit
sensations which are a combination of both visceral and somatic
components. For example, respiratory stimuli such as loaded
breathing (i.e., breathing against a resistance) and CO2 inhalation
have as visceral component the sensory feedback from the lungs
and the CO2 levels in the circulatory system, while the somatic
component is the sensory feedback from the respiratory muscles
(Epstein et al., 1995). Likewise, cold pain as induced by the
cold pressor test (a test where subjects are required to submerge
their hand in cold water), is not a purely somatic stimulus as is
often suggested by those who interchange the terms “somatic,”
“exteroceptive,” and “exogenous” as synonyms. Immerging the
hand in cold water in fact affects visceral tissue in addition to

somatic tissue. It does so through the baroreflex which involves
the (visceral) circulatory system, but also because the skin is an
organ with both visceral and somatic components, rather than
being purely somatic. Moreover the cold penetrates beyond the
skin, not only into the somatic muscle tissue beneath the skin,
but potentially penetrating as deep as into the bones, for which
there even is an English expression, namely “being cold/chilled
to the bone.” Even without being literally cold to the bone, cold
pain as induced by the cold pressor test has been known to
have been subjectively perceived as radiating from the submerged
hand all along the veins across the entire lower arm, as reported
by participants in an earlier study of the authors (Ceunen et al.,
2013b). Such subjective experience of ‘spreading’ cold suggests
that pain induced by the cold pressor is at least partly dependent
on visceral sensory feedback stemming from the circulatory
system, as described by Livingston (1935).

The most important implication of this section for research
purposes, is that under natural circumstances visceral sensations
are frequently accompanied by somatic sensations as is the case
for heartbeats, and possibly also for ingestion of large amounts
of food. Therefore, it is imperative that before designing an
experiment, the researcher determines whether it is absolutely
crucial to elicit visceral sensations without eliciting any somatic
sensations whatsoever, or whether ecological validity is more
important. If the aim is merely to elicit a sensation that
resembles a real life sensation as close as possible, it may not be
necessary to come up with elaborate, time consuming or other
effortful investments intended to annihilate any possible somatic
sensation from co-occurring with a visceral sensation. Moreover,
these contraptions intended to block out somatic sensations can
create other (albeit constant) variables into an experimental set-
up, affecting the outcomes of a study just as much, but merely in a
different way than when such ‘precautions’ would not have been
taken.

Overview of “Visceroceptor, Visceroceptive,
Visceroception – A Reference to Efferent Innervation”
In summary, this section argues in favor of labeling visceral
and somatic sensations specifically when needed, rather
than invariably lumping them under the more generalized
terms interoception and exteroception, and it also argues
that interoception and exteroception are not synonyms for
respectively visceral and somatic. Although, it is true that
sensations arising from viscera are most often contributing
to the phenomenological interoceptive percept, in certain
instances visceral sensations can potentially contribute to the
phenomenological exteroceptive percept of what is going on in
the environment around us. It was further argued that viscera
are preferentially to be defined as those organs with efferent
ANS innervation, while somatic tissues are to be defined as
body tissues with efferent SNS innervation. It has been brought
to the reader’s attention that some organs such as skin and
esophagus, or functional units such as the respiratory system
have a combination of both types of innervation. Furthermore,
although poor discrimination and poor localization are common
to most ANS innervated organs, it is inaccurate to conclude that
an organ must be somatic simply because sensations thereof
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can be accurately perceived and/or well-localized. In other
words, it is incorrect to state that poor localization and poor
discrimination are a universally defining characteristic that allow
to determine whether an organ is to be considered ANS or SNS
innervated. Using efferent innervation to guide our definition
allows for physiologically based conformity across researchers
in determining which kind of sensations are to be considered
visceral, which ones somatic, and which ones a combination
of both. Also of note is that in designing experiments where
ecological validity is the aim, attempts at creating ‘purely’ visceral
sensations may not even be necessary, although these may be
informative.

The Homeostatic Afferent Pathways and
Early CNS Processing of Homeostasis
When Bud Craig redefined interoception as the sense of
physiological status of all tissues of the body, he specified this
“sense” as being a CNS representation, while at the same time
arguing that this representation starts at the receptor site and is
relayed via what he labeled as the homeostatic pathway (Craig,
2002). While Craig labels both the relay of the homeostatic
state of the body (from receptor site up to primary levels of
processing) and higher order levels of processing as interoceptive,
we prefer to use two different labels to distinguish these two
aspects. Specifically, we would reserve interoception to refer
to the higher order processing, which occurs once the mid-
insula gets involved (see Interoception as Integrated Percept).
The process from receptor site up to primary areas of processing
are labeled here as homeostatic pathways (see The Homeostatic
Afferent Pathways and Early CNS Processing of Homeostasis).
Take note that there is not just one homeostatic pathway, but
instead there are at least three to five (Critchley and Harrison,
2013) depending on how one counts, as will be outlined in the
paragraphs immediately hereafter.

The spinal homeostatic pathway refers to all processes as
illustrated in Figure 1, prior to mid insula involvement (Craig,
2010). It starts with stimulation of Aδδ and/or C-fiber receptors,

FIGURE 1 | Schematic representation of spinal homeostatic and
non-homeostatic afferent pathways as based on (Craig, 2010). PAG,
periaqueductal gray; PB, parabrachial nucleus; NTS, nucleus tractus solitarii
a.k.a. nucleus of the solitary tract; dpIns, dorsal posterior insula; SI, primary
somatosensory cortex.

is relayed via the first (and also the second and fifth) lamina of the
dorsal horn of the spinal cord, on to the brainstem homeostatic
regions which form a pre-cortical homeostatic representation,
and then to the posterior, basal and medial thalamic nuclei.
Finally there is activation of the primary sensory processing area
for homeostatic sensory input, namely the dorsal posterior insula.
This spinal homeostatic pathway is distinct from the spinal relay
of non-homeostatic sensory information, which is schematically
depicted on the right hand side of Figure 1, and of which
discussion in further detail is beyond the purpose of this review.

Other than (1) the spinal homeostatic pathway, there are
also other routes via which primary homeostatic processing can
occur (Critchley and Harrison, 2013). There is the (2) cranial
homeostatic pathway. It is that of the cranial nerves, such as
vagus and glossopharyngeal nerves carrying information from
the receptor sites to the brainstem – first to the NTS, and then
on to the parabrachial nucleus (PB) and periaqueductal gray
matter (PAG) – and from there on to thalamus, hypothalamus,
amygdala, and ultimately to the anterior cingulate cortex (ACC)
and the insula. It may be of interest to note here that taste – often
categorized as one of the distinctly non-interoceptive sensations –
is in fact relayed via cranial nerve afferents (Craig, 2005).

Then there is also (3) the humoral homeostatic pathway,
which reaches the CNS via circulating substances. The humoral
pathway refers in fact to at least three different pathways of
information transduction, which all share the commonality that
they are in first instance activated via circulating substances. The
(a) ventricular (or classical) humoral pathway detects changes
in substances present in the third and fourth ventricles, and
first engages the circumventricular organs which are located
adjacent to these ventricles; these include the area postrema
(AP), the organum vasculosum of lamina terminalea (OVLT),
and the subfornical organ (SFO). The humoral info processed
here in turn projects to the NTS, the hypothalamus, the PB,
sympathetic medullary nuclei, the dorsal motor nucleus, the
nucleus ambiguous, midline thalamic nuclei, and again the
insula and ACC. The (b) blood–brain (or non-classical) humoral
pathway is that which detects changes in those substances passing
the blood–brain barrier. It involves the NTS, hypothalamic
nuclei, the medial amygdala nucleus, and monoamine systems,
and can influence the information relay between ventral striatum,
insula, and cingulate. The (c) microglial (or extraneuronal)
humoral pathway is that in which the microglia in the
circumventricular organs, leptomeninges and choroid plexus
respond to peripheral presence of pathogens and inflammation.
The changes taking place in these microglia in response to
these signs of infection and tissue damage activate a cascade of
microglial activation across the CNS.

Interoception as Integrated Percept
Although, the spinal, cranial, and humoral homeostatic pathways
are the most direct routes of sensory feedback concerning the
status of all tissues and the state of the body, they are not
exclusive contributors to the highest order percept of the body
status. In constructing a central, higher order representation
of the body status (i.e., interoception) the CNS relies on all
available information, which it integrates in the mid insula
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FIGURE 2 | The neurophysiology of interoception. Schematic simplification of the neurophysiology behind the cross-modal integrated (re)representation of the
body status, otherwise known as interoception. Adapted from Craig (2008).

(Craig, 2008). Other than homeostatic feedback relayed from
the dorsal posterior insula (or primary interoceptive cortex) to
the mid insula, the mid insula also receives input from the
secondary somatosensory cortex, thus effectively allowing for
the integration of spinal non-homeostatic afferent information
(see Figure 1) in the interoceptive percept. In addition, also
visual, auditory and vestibular feedback are integrated at the
mid insula (Craig, 2008). The mid insula further communicates
with and integrates information from the amygdala regarding
stimulus salience and emotional memories, as well as with the
hypothalamus regarding current state of the ANS and of ongoing
metabolic processes (see Figure 2, adapted from Craig, 2008).
Thus, the mid insula is considered to be the locus responsible
for the integrated re-representation, feature extraction and cross-
modality integration, i.e., the core structure needed for what can
be considered interoception (Craig, 2010). When this integrated
re-representation is relayed to the right anterior insula where also
subjective time perception is processed, interoception enters the
realm of apperception, i.e., conscious interoception. As can be
seen in Figure 2 from the presence of reciprocal connections
represented by two-way arrows, as well as is indirectly evident
from section 2.2.3, arriving at this higher order integrated percept
involving the mid insula and the anterior insula, is in fact
not an entirely sequential hierarchical process (Critchley and
Harrison, 2013). Although there is a posterior-to-mid-to-anterior
processing in the insula, there is also a lot of cross-talk between
many of the “lower” areas with one another as well as cross-talk
from these areas from and to the mid insula and the anterior
insula. As such, interoception is in fact the sum total of all
structures involved in addition to activation of mid and anterior
insula – it is the product of a neural matrix for body state
perception (Craig, 2005; Legrain et al., 2011; Moseley et al., 2012;
Critchley and Harrison, 2013).

Examples from the subjective perception of body state will
be given here and in paragraphs immediately following this
one, to illustrate the part that each of the sensory inputs as

illustrated in Figure 2, contribute to interoception. In Figure 2,
we can see that somatic sensations relayed via the secondary
somatosensory cortex can potentially contribute to interoception.
Although, the ability to accurately perceive heartbeats does not
necessarily require afferent feedback from somatic tissue (Khalsa
et al., 2009), in cases were such afferents are involved, there is
activation of somatosensory areas, which results from sensations
relayed via the spinal non-homeostatic pathway (see Figure 1). It
is likely that such clear somatic sensations are most common with
inotropic activation of the heart, as manipulations that increase
inotropic output, also increase cardioceptive accuracy (Herbert
et al., 2012a).

As seen in Figure 2, vision can play a significant role in
interoception. This contrasts to popular views, wherein vision
is generally considered to be a sensory faculty which solely
contributes to the perception of the surrounding environment.
An example where a visual experience is part of interoception
is the gray-out that often occurs shortly before the onset of
syncope. For the individual, subjectively this gray-out is part
of the cascade of sensations of the fainting experience and of
the percept that the homeostatic status of the body is disrupted
(Kamiya et al., 2005; Shukla and Zimetbaum, 2006). Another
well-accepted finding that supports and illustrates the notion that
vision can in fact contribute to the perception of the body status
comes from satiety research, in which visual feedback has long
been recognized as one of the factors affecting food intake, a
basic homeostatic function crucial for survival (Berthoud, 2006;
Morton et al., 2006; Cornier et al., 2007). Moreover, visual
feedback also affects the experience of acute pain and phantom
limb pain (Ramachandran and Rogers-Ramachandran, 1996;
Chan et al., 2007; Mancini et al., 2011), which further underscores
that vision has the potential to contribute to the perception of the
own body state. Even the sight of facial expressions of others can
affect processing of information about the own body state – at
least for pain (Mailhot et al., 2012; Khatibi et al., 2014; Wieser
et al., 2014).
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Not only vision has the potential to contribute to
interoception. Auditory information or the disruption or absence
thereof can just as much contribute to the phenomenological
interoceptive percept. The most obvious example is tinnitus,
which can indicate either the onset of syncope, inner ear damage,
or which can be part of a set of symptoms which indicate some
sort of homeostatic disruption (McGuinness and Harris, 1961;
Bitterman, 2004; König et al., 2006; Shukla and Zimetbaum, 2006;
Nam et al., 2010). Tinnitus also includes instances of actually
hearing one’s own heartbeat, which is referred to as pulsatile
tinnitus and which can go together with high blood pressure or
other circulatory abnormalities (Mattox and Hudgins, 2008).
Of course not all forms of pulsatile tinnitus correspond to the
heart-rate, e.g., when pulsing is caused by spasms of ear muscles,
but even then the pulsatile tinnitus reflects a physiological
abnormality, i.e., deviation from the homeostatic state of the
body. Moreover, verbal information can also alter perception of
the body state and affect it, for example under social stress or
during hypnosis (Darwin, 1872; Drummond et al., 2003; Tan
et al., 2005). All these are mere examples which indicate auditory
feedback can and does at times contribute to the perception of
the body state.

As for the potential of vestibular sensory information adding
to interoception, many may have experienced it as the feeling
of dizziness or vertigo which sometimes accompanies physical
illness and therefore can be indicative of it. From all these
examples, it should be clear that really any type of sensory
information, and not merely that from homeostatic pathways can
get integrated into the overall body percept. It is only because of
this integration of sensory input that biofeedback is possible in
the first place and can help in the treatment of many psychiatric
disorders in which interoception plays a major role (Schoenberg
and David, 2014). Of course the selection of examples listed here
are by no means exhaustive of how non-homeostatic sensory
information can contribute to interoception: they merely serve
as illustrations of how multisensory interoception truly is.

Note also that interoception is defined as a cross-modal
integrated representation of the body status, rather than merely
a multisensory representation. It is cross-modal because this
phenomenological experience of the body status not only
integrates input from a variety of peripheral sensory channels, but
also integrates information from, and cross-talks with different
structures within the CNS as can be seen in Figure 2. Much of the
information relayed via the sense organs which gets integrated
in the interoceptive percept, can only be integrated because
learning provides the opportunity to identify these percepts as
informative on the body state. This learned integration can be
effected via conditioning or other forms of learning (e.g., Pappens
et al., 2013; Bevins and Besheer, 2014). Seth (2013) proposes
that interoception, or interoceptive inference as he labels it, is
not just passive, bottom–up processing, but is something which
also involves active top–down activation to make predictions
of the causes of sensory input. His view is based on the
central idea of predictive coding, which is that perception is a
process of not only afferent feedback, but also of predictions,
and ultimately the integration of both, resulting in prediction
errors. Predictive coding models also consider MUS as arising

from not only peripheral sensory feedback, but also from prior
beliefs, where attention, attributed agency, expectation, prior
experience and even cultural beliefs all play a role in perception of
symptoms (Edwards et al., 2012). This is clear for example from
the effect of instruction in decreasing (placebo) or increasing
(nocebo) visceral pain intensity (Schmid et al., 2013). More
support for the argument made here, is that interoception can be
manipulated by something as simple as categorizing interoceptive
sensations versus rating those same sensations on a continuous
dimension (Petersen et al., 2014). The change in interoception
with this sort of experimental manipulation is likely effected via
a mechanism of biasing perceptual decision making, as shown
extensively in categorization research involving exteroception.
Further supporting the argument of CNS involvement in body
state perception are corollary discharge models of effort, which
hold that the perception of physical exertion is entirely centrally
generated, rather than resultant from somatic afferents (Marcora,
2009). Taken together, we should at least consider the possibility
that body state perception other than perception of effort may
also be in part centrally generated.

It has been suggested by Paulus and Stein (2010) that
with increased ambiguous or noisy sensory input from the
homeostatic pathways and decreased accuracy of perception,
the brain relies especially on itself (as well as on alternative
sensory channels) enhancing top–down modulation and creating
a self-referential biased percept of what is going on with the
body. Whether, individuals with somatoform disorders, mood
disorders and anxiety disorders are less or more visceroceptively
accurate is hard to conclude given opposing research findings.
That people with these disorders are not entirely homogenous
with regard to their ability for heartbeat detection, can be
related to findings from McGrath et al. (2013). Their findings
suggest that at least for major depression, and perhaps for
mood and other disorders, there are two subgroups of patients:
one group consists of individuals with an overactive anterior
insula, and the other of individuals with an underactive
anterior insula. These two distinct neurological biomarker
patterns of these two subgroups are suggestive respectively of
accurate and inaccurate perceivers. This would explain why
findings regarding cardioceptive accuracy in the aforementioned
disorders are contradictory. Regardless of the accuracy with
which individuals with mood and anxiety disorders can perceive
sensory homeostatic afferent feedback, individuals with such
disorders excessively rely on sources other than actual bottom–
up homeostatic pathways, giving more weight to maladaptive
cognitive-emotional schemes of interpretation (Paulus and Stein,
2010). All of the aforementioned further contributes to the view
that the perception of the body state, i.e., interoception, is a truly
multimodal percept.

CONCLUSION

Although, Sherrington (1906) originally came up with and used
the label interoceptive as a synonym for things visceral, over
the course of time, interoception has come to mean much more
than just that. While interoception is sometimes referred to
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as viscerosensory integration (Critchley and Harrison, 2013),
interoception is more than the central sensory integration of
afferents stemming from only the viscera. Interoception has in
fact come to refer to a multimodal integration not restricted to
any sensory channel, not restricted to mere sensations, but also
relying on learned associations, memories, and emotions and
integrating these in the total experience which is the subjective
representation of the body state. Interoception defined as such
includes any form of pain, not just visceral pain, but somatic pain
as well.

This inclusive definition of interoception is not new. Rather,
this review expands on this view and the formerly made
association with the inclusion of pain in this definition. It is
guided by the most commonly accepted definition of pain to
serve as inspiration for the definition of interoception. Pain
is defined as based on its phenomenological experience rather
than referring to the physical origin of the pain sensation or
any physiologically objectively quantifiable aspect (Merskey and
Bogduk, 1994). The IASP considers pain to be a psychological
state, and although it recognizes that pain often has a proximate
physical cause such as a noxious agent activating nociceptors and
nociceptive pathways, it emphasizes that this need not always be
the case, and that therefore the presence or absence of a noxious
stimulus is not relevantin determining whether there is pain or
not, and neither is the activation of nociceptors or nociceptive
pathways.

Like this definition of pain then, so too has “interoception”
become such a broad concept that it has been argued here that
interoception should be defined as a subjective experience of
the body state. Although in many instances, this experience
may well be elicited by a peripheral change in homeostasis,
this need not necessarily always be so. Independent of the
phenomenological experience which is interoception, aspects
potentially contributing to interoception can be classified in
myriad ways. One way is to consider whether sensations
have an endogenous or exogenous origin. Whatever, the
actual source of a sensation, endogenous or exogenous, it
does not determine whether a perceived sensation is to be
considered interoceptive or not. The only thing determining
whether something is interoceptive is whether it contributes
to the subjective perception of body state. The same can be
said of the distinction between somatic tissue and viscera.
Although it is often relevant to distinguish visceral from somatic
tissue, it does not mean sensations stemming from somatic
tissue cannot contribute to the phenomenological percept of
the status of the body. To avoid confusion between visceral
sensations on the one hand, and the subjective feeling state
that is interoception on the other, it is suggested in this
review to not use these two related but distinct concepts
as synonyms. In particular, it is preferable to keep words

which contain a direct linguistic reference to viscera (e.g.,
viscerosensory, visceroceptive, visceroceptor, visceroception)
reserved for instances where the distinction between ANS/ENS
efferent innervated tissue on the one hand and SNS innervated
tissue on the other is of equal or more relevance than the
sum phenomenological experience of the general state of the
body.

Homeostatic pathways (including early CNS homeostatic
processing) have also been discussed in this review, and are
considered to provide the most direct sensory feedback on
the state of the body. The authors prefers to label these as
homeostatic rather than interoceptive pathways, and only speak
of interoception from the point in processing onward where
there is a higher order integration of information, sensory
and neural, taking place to form a body state representation
in the CNS. Thus, the “-ception” in “interoception” is
taken to no longer refer to “reception” (i.e., receiving) of
stimulation, but rather the CNS “perception” of the body state.
Perception itself is always an inherently flawed and subjective
reconstruction of reality by the CNS, never an accurate one-
to-one representation. Hence, the core of the definition of
interoception is on the subjective experience above all else; thus
we can say the brain is the true source, i.e., the real origin of
interoception.

In summary, in this review we have critically examined the
origin of interoception in two major ways, and conclude with
a statement on that which we argues is the true origin of
interoception. In first instance, (1) the etymological origin of
the word interoception has been investigated, and in extension
thereof its semantic development too. This approach, apart
from clarifying why there is a lack of consensus, has provided
the ground from which we were able to logically distill the
various components related to and contributing to interoception.
Each of these various components has at one point been
considered to be (2) the physical origin of interoception: some
considered the stimulus the origin of interoception (endogenous
versus exogenous), other the organs involved (viscera versus
somatic tissue), still others the homeostatic pathways through
which the signals are transmitted. Although these may all
contribute to interoception and affect our experience, none
of these are essential to interoception, because it is in fact
the CNS, where perception is created, and so it is inside our
heads that we may find the very origin of our interoceptive
experience.
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Afferent neural signals are continuously transmitted from visceral organs to the brain.
Interoception refers to the processing of visceral-afferent neural signals by the central
nervous system, which can finally result in the conscious perception of bodily processes.
Interoception can, therefore, be described as a prominent example of information
processing on the ascending branch of the brain–body axis. Stress responses involve a
complex neuro-behavioral cascade, which is elicited when the organism is confronted
with a potentially harmful stimulus. As this stress cascade comprises a range of
neural and endocrine pathways, stress can be conceptualized as a communication
process on the descending branch of the brain–body axis. Interoception and stress
are, therefore, associated via the bi-directional transmission of information on the brain–
body axis. It could be argued that excessive and/or enduring activation (e.g., by acute
or chronic stress) of neural circuits, which are responsible for successful communication
on the brain–body axis, induces malfunction and dysregulation of these information
processes. As a consequence, interoceptive signal processing may be altered, resulting
in physical symptoms contributing to the development and/or maintenance of body-
related mental disorders, which are associated with stress. In the current paper, we
summarize findings on psychobiological processes underlying acute and chronic stress
and their interaction with interoception. While focusing on the role of the physiological
stress axes (hypothalamic-pituitary-adrenocortical axis and autonomic nervous system),
psychological factors in acute and chronic stress are also discussed. We propose a
positive feedback model involving stress (in particular early life or chronic stress, as
well as major adverse events), the dysregulation of physiological stress axes, altered
perception of bodily sensations, and the generation of physical symptoms, which may
in turn facilitate stress.

Keywords: chronic stress, HPA axis, interoception, SAM axis, somatization, stress disorders, sympathetic
nervous system, symptom perception

Introduction

Interoception, i.e., the perception of bodily processes, plays an important role for symptom
generation in body-related mental disorders, such as panic disorder (PD; Ehlers and Breuer, 1996),
somatoform disorders (SDs; Bogaerts et al., 2010; Pollatos et al., 2011b), dissociative disorders
(Michal et al., 2014; Sedeno et al., 2014; Schulz et al., 2015b), or eating disorders (Pollatos
et al., 2008; Herbert and Pollatos, 2014). Stress responses involve a complex neuro-behavioral
cascade, which is elicited when the organism is confronted with a potentially harmful stimulus,
and includes cognitive (e.g., facilitation of selective attention; Chajut and Algom, 2003), affective
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(e.g., anxiety or fear; McEwen, 2000), and physiological changes
[e.g., activation of the autonomic nervous system (ANS) and
the hypothalamic-pituitary-adrenocortical (HPA) axis; Chrousos
andGold, 1992]. Exposure to an acute stressor of limited duration
does not normally affect an organism’s health. Nevertheless,
the experience of early life stress, chronic stress or major
adverse events may represent one of the most important risk
factors for mental disorders, cardiovascular diseases, and auto-
immune disorders. Previously, it has been proposed that stress
alters the central representation of bodily processes (Craig,
2002). Although interoception may be affected differentially
across disorders, it is likely that the role of stress in the
etiology of these disorders is mediated by interoception. As
the knowledge on the interaction of interoception, stress and
mental disorders associated with physical symptoms is only
fragmentary (e.g., limited to a single interoceptive indicator, to
one stress test or one physiological stress axis, or to one mental
disorder), the objective of the current review is to summarize
and synthesize existing knowledge from both ‘normal’ and
‘dysregulated’ interoception in mental disorders. This review
of the existing literature may help to identify yet unanswered
questions in this field and our synthesized framework model as
developed in this review may stipulate further research in the
area.

Structure of this Review
In the current paper we describe the psychobiology of
interoception and stress, as well as a framework to demonstrate
why both concepts are interconnected and of immediate
relevance for health and disease (see The Ascending and the
Descending Branch of the Brain-Body Axis). First, we briefly
describe both physiological stress axes with specific attention
on processes, which may be relevant for the interaction of
interoception and stress (see Physiological Stress Axes). We then
review the literature on the relationship between interoception
and stress, as well as on the role of interoception in mental
disorders, which are associated with both dysregulations of
physiological stress axes and physical symptoms (see Method
and Results). Before we present the results of our literature
search, we summarize methodological approaches to assess
facets of interoception, which have been used in the relevant
literature (see Methodology to Assess Interoception). The
summary of findings on interoception and stress (see Synthesis
of Findings on Interoception and Stress) is separated into
effects of acute and chronic stress on interoception, and into
effects of both physiological stress axes on interoception. The
synthesis of findings results in a postulation of a framework
model incorporating a positive feedback loop that describes
the relationship of (chronic) stress, dysregulation of stress axes,
altered perception of bodily sensations and physical symptom.
Further, we integrate findings on interoception and stress into
existing knowledge on the neurobiology of interoception and
speculate on the possibly underlying neuro-endocrine signal
circuitry (see Neuroendocrine Pathways). Finally, we identify a
number of psychological mechanisms (e.g., attention, learning,
intuitive decision making), which are known to be affected by
interoception and stress and which may play an additional role in

the proposed framework model (Psychobiological Mechanisms
Involved in Interoception and Stress).

Physiological Stress Axes
Physiological systems to provide resources to cope with the
confrontation with a potentially harmful stimulus (e.g., elicitation
of a fight-or-flight response) can be sub-divided into two partially
independent stress axes: (1) The sympatho-adreno-medullary
(SAM) axis, including components of the ANS and (2) the
HPA axis (for a detailed review: see Chrousos and Gold, 1992;
Chrousos, 2009).

The SAM axis represents a heterogeneous network of
neural and endocrine functions, which are interconnected to
activate sympathetic processes. The release of corticotropin
releasing factor (CRF) as neurotransmitter in the locus coeruleus
(LC) leads to the activation of medullary centers, which
control the sympathetic nervous system. When activated,
sympathetic processes may stimulate two mechanisms with
different pathways: (a) a neural pathway via ganglia, which
innervate effector organs over mainly noradrenergic synapses
and (b) an endocrine pathway that elicits the release of
catecholamines (e.g., epinephrine and norepinephrine) into the
circulation by the adrenal glands. Circulating catecholamines
stimulate effector organs via specific adrenergic receptors (e.g.,
β1-adrenergic receptors at the myocardium). The LC is part of
the central noradrenergic system and connected with structures
in the limbic system (e.g., amygdalae) and the frontal cortex.
Central α2-adrenergic receptors in the noradrenergic system,
mainly located in the LC and the nucleus tractus solitarius (NTS),
may down-regulate sympathetic activation and thus represent a
negative feedback mechanism in the SAM axis (Isaac, 1980).

The HPA axis involves three consecutive stages: when
encountering a stressor, (a) CRF is released from the
hypothalamus into the blood circuit, which elicits (b) a release
of adrenocorticotropic hormone (ACTH) from the pituitary.
Circulating ACTH is registered by (c) the adrenal cortex that
releases cortisol in humans, or corticosterone in rodents. Cortisol
(or corticosterone) may inhibit the production of both CRF and
ACTH and thus constitute a negative feedback loop. Receptors
for glucocorticoids, such as cortisol, are distributed over all cells
in the entire body. Nuclear mineralocorticoid and glucocorticoid
receptors may slowly induce changes in gene transcription over
a time frame of hours (De Kloet et al., 1998). Furthermore,
glucocorticoids may also elicit rapid, non-genomic effects on
cells (mediated via membrane receptors) within several minutes
(de Kloet et al., 2008; Groeneweg et al., 2011). As every cell is
potentially affected by circulating cortisol, it is a challenge for
stress research to understand signaling pathways. Cortisol, for
example, has been shown to affect metabolism, immune function
and various CNS processes, such as sleep and activity, learning
and memory, and attention. Nevertheless, CRF and ACTH may
also affect CNS processes, as is evident from their role in anxiety
and depression (Arborelius et al., 1999; Strohle et al., 2000).
Given the interdependence between CRF, ACTH and cortisol via
negative feedback mechanisms, all in vivo relationships between
cortisol and psychological processes cannot be solely attributed
to cortisol. However, since the majority of findings on HPA axis
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activity focuses on cortisol effects, the current review will focus
on the latter.

It should be noted that the two axes are not fully independent
from each other. For instance, circulating CRF may inhibit
central noradrenergic processes, while noradrenergic activity
inhibits CRF production in the hypothalamus (Chrousos and
Gold, 1992). There is evidence for between-individual specificity
in stress response patterns (Fahrenberg and Foerster, 1982),
which is assumed to play a role for individuals’ vulnerability
for certain disorders (Cohen and Hamrick, 2003). This partial
independence of the two stress axes may also imply that a
response in one stress axis may not necessarily be associated with
the other, depending on individual and environmental factors.

The Ascending and the Descending Branch of
the Brain–Body Axis
The strong relationship between stress and interoception
is illustrated by the fact that both processes reflect the
communication between the CNS (i.e., the brain) and the
periphery (i.e., the body). On the one hand, interoception
describes the processing and perception of internal bodily states,
which are transmitted from peripheral organs, presumably via
afferent nerve fibers, to the brain. Interoception can, therefore,
be seen as an example for ascending information on the brain–
body axis. On the other hand, stress, can be seen as a prominent
example of communication on the brain–body axis in descending
direction (Schulz, 2015), as physiological stress responses affect
the activity of peripheral organs, and metabolic and immune
functions via neural and endocrine pathways.

It is important to note that ascending and descending
information between the brain and the body is continuously
exchanged, and not only during interoception and stress.
Homeostatic regulation of peripheral physiological processes via
neural and endocrine feedback loops typically work without the
involvement of higher CNS functions, unless they are working
beyond a ‘normal’ range of functioning. If they exceed a certain
threshold, they may be pushed into awareness of the organism.
A physiological stress response elicits the activation of the
SAM and HPA axes, which is far above the ‘normal’ range of
homeostatic regulation, a process that has been named ‘allostasis’
(McEwen, 2004). Stress can, therefore, be conceptualized as
descending information on the brain–body axis of increased
amplitude as compared to a state of homeostasis, which may shift
into focus of awareness. Interoception implicates that awareness
is focused on bodily functions, even if they work in a normal,
homeostatic range.

In summary, the relationship between interoception and stress
involves a bi-directional communication on the brain–body axes.
The aims of this review are to elucidate (1) the bi-directional
communication between the brain and the body and (2) its role
in the etiology of mental disorders. Using a systematic literature
review we investigated the relationship between descending
(stress) and ascending (interoception) transmission on the
brain–body axis. We further address the question whether the
dysregulation of bi-directional communication on the brain–
body axis facilitates the generation of physical sensations.
Furthermore, we defined psycholological processes (anxiety,

attention, learning, decision making) that have previously been
shown to be associated with stress.

Method

A systematic literature review was performed on the relationship
between interoception and stress, and between interoception and
mental disorders, which are associated with stress and physical
symptoms (i.e., depression, PD, SDs, dissociative disorders) using
Pubmed/Medline, PsycInfo and PSYNDEX. Primary keywords
used were “interoception,” “heartbeat perception/detection,”
“visceral perception” and “symptom perception.” To address
research objective (1), primary keywords were combined with
secondary keywords “stress,” “anxiety,” “autonomic/sympathetic
nervous system,” “nor/epinephrine,” “HPA axis” and “cortisol.”
To address objective (2), primary keywords were combined
with keywords “depression/depressive,” “panic/agoraphobia,”
“somatoform,” “fucntional disorder/syndrome/complaint,”
“medically unexplained symptoms,” “dissociation/dissociative”
and “depersonalization/derealization.” On abstract-based search,
studies were identified to contain at least one interoceptive
indicator and either an experimental task that is considered
inducing stress in a laboratory environment, and/or a player
in physiological stress axes, and/or self-reported stress, and/or
the inclusion of at least one of the respective mental disorders.
Secondary literature as provided by the identified papers was
also screened according to these criteria. For supplementary
sections addressing the relationship between interoception
psychological processes, which are affected by stress (anxiety,
attention, learning, decision making), non-exhaustive literature
searches were performed. Therefore, primary keywords were
combined with secondary keywords dependent on the topic
of the respective section. Based on the identified literature,
interoceptive research methods are summarized and discussed
in Section “Terminology and Definition,” which precedes the
integration of the main results. Extraction of literature was
performed independently by both authors.

Results

The search on the relationship between interoception and
stress resulted in 24 studies, which are exhaustively reported
below (see Table 1). Furthermore, we identified nine studies
on interoception in depression (one review), 14 studies on
interoception in PD (three reviews), 12 studies on interoception
and somatoform/functional disorders, and five studies on
interoception in depersonalization disorder (DPD; one
hypothesis paper). Due to space limitations the search was
restricted to studies investigating the relationship between
interoception and stress or stress-related processes.

Terminology and Definition

Sensory information from the body can originate from different
sources, i.e., (1) from exteroceptors, e.g., located in the
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TABLE 1 | Summary on empirical research papers addressing acute or chronic stress and interoception.

Reference Stress intervention Interoceptive indicator Study type Sample size Main findings on stress
and interoception

Durlik et al. (2014) Anticipation of public
speakting (10 min)

Schandry-based heartbeat
perception task

Control-/stress group
(between design)

62 (42 f) Increase of IA during anticipation

Eichler and Katkin
(1994)

Mental arithmetic task
(1 min; 3 min rest)

Whitehead-/Katkin-based
heartbeat perception tasks

Baseline-/stress period
(within factor); fixed order;
good vs. poor heartbeat
perceivers
(quasi-experimental factor)

48 m; 23 good vs.
25 poor perceivers

Good perceivers show higher
PEP and HI, and marginally
higher CO stress response

Elsenbruch et al.
(2010a)

Public speaking
paradigm (5 min prep.,
5 min speaking), fMRI
compatible

BOLD response to painful
and non-painful rectal
stimulation

Stress-/relaxation period
(within design)

15 (f) IBS patients,
12 (f) healthy
controls

During stress increased
activation of insula, midcingulate
cortex, and ventrolateral
prefrontal cortex in IBS

Fairclough and
Goodwin (2007)

4 × mental arithmetic
task (3 min each)

Whitehead-based heartbeat
perception task

Stress-/relaxation session
(within design);
counterbalanced order

40 (20 f) Decrease of IA after stress in
females

Gupta et al. (2014) No intervention; early
life stress assessed via
Early Trauma Inventory

Functional connectivity in six
resting state networks
(BOLD)

IBS/healthy control group
(between design);
correlative design (early life
stress and brain network
activity)

58 (28 f) IBS
patients, 110 (72 f)
healthy controls

Correlation between early life
stress and activation of
salience/executive control
network in IBS patients

Gray et al. (2007) Mental arithmetic task Heartbeat-evoked potentials
(arithmetic/control task)

Baseline-/stress period
(within design)

10 m with cardiac
dysfunction

Change of cardiac output
correlated with HEP changes
during stress; no effect of stress
on HEPs

Herbert et al. (2010) Mental arithmetic task
(first 5 min)

Schandry-based heartbeat
perception task

Baseline-/stress period
(within factor); fixed order;
good vs. poor heartbeat
perceivers
(quasi-experimental factor)

38 (19 f); 19 good
vs. 19 poor
perceivers

Stress-induced increase of HR,
PEP and HI correlated to IA;
good perceivers show higher HR
and PEP stress response

Jones and
Hollandsworth
(1981)

Physical exercise
(bicycle; to achieve
75% increase in heart
rate)

Identification of correct or
false heart rate feedback

Baseline-/exercise period
(within factor); exercise:
tennis players, distance
runners, control
(quasi-experimental)

36 (18 f) Distance runners had highest IA
during baseline; IA in tennis and
control group after exercise

Kindermann and
Werner (2014)

3 × 3 min mental
arithmetic test (PASAT)

Schandry-based heartbeat
perception task

Good vs. poor heartbeat
perceivers
(quasi-experimental factor)

20 good vs. 20
poor perceivers

Good perceivers show higher
negative affect during stress; no
difference in heart rate response

Moor et al. (2005) Epinephrine; esmolol;
norepinephrine;
sodium-nitroprusside
(dose-response)

Whitehead-based heartbeat
perception task

Placebo-controlled study
(within design); fixed order

24 m Nitroprussid and epinephrine
increased, esmolol decreased IA

Pohl et al. (1998) Preparation for public
speech

Report of hypoglycemia
symptoms after insulin bolus

Placebo-controlled study
(2 × 2 between design:
insulin vs. placebo; stress
vs. control intervention)

40 m Less accurate detection of
insulin adminstration and
recudes hypoglycemia
symptoms after stress

Pollatos et al.
(2007b)

Isometric handgrip
exercise

Schandry-based heartbeat
perception task

Baseline-/exercise period
(within factor); high vs. low
cardiovascular responders
(quasi-experimental factor)

18 m; 9 high vs. 9
low cardiovascular
responders

Higher IA in high than low
responders; IA correlated with
response in HR, SBP, CO and
PEP

Richards et al.
(1996)

Physical exercise
(stepping machine; 1
min)

Correlation between actual
and perceived changes in
heart rate

Relaxation-/exercise
condition (within); panic
vs. control individuals
(group); intra-correlation
design

26 panic patients
(14 f); 14 healthy
controls (9 f)

Higher IA (intra-correlation) after
exercise, no interaction with
group factor

Rosenberger et al.
(2009)

Public speaking
paradigm, fMRI
compatible

BOLD response to painful
and non-painful rectal
stimulation

baseline-/stress period
(within design);
randomized order

14 f Stress induces differences in
activity of right posterior
cingulate and S1, and left
thamalus during painful
stimulations

Schandry and
Specht (1981)

Public speaking test Schandry-based heartbeat
perception task

Baseline-/stress period
(within design)

41 Increase of IA after stress

(Continued)
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TABLE 1 | Continued

Reference Stress intervention Interoceptive indicator Study type Sample size Main findings on stress
and interoception

Schandry et al.
(1993)

0–90◦ tilt; ergometric
bicycle exercise (0, 25,
50, 75 W)

Schandry-based heartbeat
perception task

0, 25, 50, 75 W; fixed
order conditions (within
design)

25 (14 f) IA correlated with HR, SV, HI and
momentum over all conditions

Schmitz et al.
(2012)

Public speaking test
(3 min)

Schandry-based heartbeat
perception task

Low vs. high social anxiety
(quasi-experimental factor)

40 (21 f) children;
20 high vs. 20 low
socially anxious

After stress high socially anxious
show higher IA than low socially
anxious children

Schulz et al. (2011) 3-min
socially-evaluated cold
pressor test (0–3◦C)

Cardiac modulation of startle Control-/stress group
(between design)

38 (24 f) Earlier CMS effect after stress

Schulz et al.
(2013a)

3-min
socially-evaluated cold
pressor test (0–3◦C)

Schandry-/Whitehead-based
heartbeat perception task

Control-/stress group
(between design)

42 (29 f) Higher Schandry-, lower
Whitehead-based IA after stress

Schulz et al.
(2013b)

4 mg of intraveneous
cortisol

Heartbeat-evoked potentials
(rest)

Placebo-controlled study
(within design),
counterbalanced order

16 m Higher HEPs after cortisol in
open than in closed eyes

Shao et al. (2011) 10-min cold pressor
test (10◦C)

Heartbeat-evoked potentials
(rest/control task/CP)

Baseline-/stress period
(within design);
randomized order

21 (9 f) Decrease of HEPs during CP

Steptoe and Vogele
(1992)

5-min mental
arithmetic, 3-min cold
pressor test

Correlation between actual
and perceived physiology

Baseline-/arithmetic/cold
pressor condition
(intra-correlation design)

30 f No effect of stress on IA
reported; IA correlated with
information-seeking coping style

Stevens et al.
(2011)

Anticipation of public
speaking

Schandry-based heartbeat
perception task

Resting-/anticipation
period (within factor); low
vs. high social anxiety
(quasi-experimental factor)

48 (25 f); 24 high
vs. 24 low socially
anxious

Marginal increase of IA after
stress; no interaction between
stress and anxiety groups

Sturges and
Goetsch (1996)

7-min mental arithmetic
task

Schandry-based heartbeat
perception task

Baseline-/stress period
(within factor); low vs. high
anxiety sensitivity
(between factor)

59 f; 29 high vs. 30
low anxiety
sensitive

Higher IA after stress in high than
in low anxiety sensitivity

skin, which transmit somatosensory information, (2) from
proprioceptors, e.g., receptors in the spindles of skeletal muscles,
and (3) from interoceptors, e.g., mechano-, chemo-, thermo-, or
metabo-receptors within visceral organs (Schulz, 2015). In fact,
signals from interoceptive and somatosensory sources are likely
to be integrated in CNS structures to construct a representation
of bodily processes (Craig, 2002, 2009; Wiens, 2005). This could
explain, for instance, why patients with damaged or degenerated
afferent autonomic nerves show impaired perception of visceral
sensations (Pauli et al., 1991; Leopold and Schandry, 2001;
Schulz et al., 2009a), while largely maintaining their affective
experience (Cobos et al., 2004; Heims et al., 2004), which
is assumed to be associated with interoception. However, the
current review makes the pre-assumption that visceral-afferent
signal transmission plays an important, yet not an exclusive role
in the central representation of bodily signals.

There has been a debate in the literature on the taxonomy
of facets of interoception. Garfinkel and Critchley (2013) have
suggested separating the subjective tendency to be focused on
interoceptive sensations from the actual accuracy in interoceptive
tasks. They call the former ‘interoceptive sensibility’ and the
latter ‘interoceptive sensitivity.’ In between, a third level was
proposed, which was hypothesized to represent the degree of
predictive value between interoceptive sensibility and sensitivity,
which was named ‘interoceptive awareness.’ This taxonomy is in

partial disagreementwith earlier studies, which consider accuracy
in heartbeat perception tasks to be an index of ‘interoceptive
awareness.’ It is undisputed that awareness is required to
perform in heartbeat perception tasks, but empirical evidence
clearly shows that ‘awareness’ to interoceptive sensations and
performance in heartbeat perception are partially unrelated
(Khalsa et al., 2008; Ceunen et al., 2013). Although the
differentiation between ‘sensibility’ and ‘sensitivity’ is plausible,
in our opinion the measure indexed by interoceptive tasks should
be called ‘interoceptive accuracy’ (IA) instead. ‘Interoceptive
sensitivity’ originates from signal detection theory and implies
the minimum threshold to detect an interoceptive signal from
background noise (Farb et al., 2015). In contrast, ‘IA’ refers to
the objective performance in counting interoceptive sensations
or in discriminating and interoceptive from an exteroceptive
sensation (see below; Ceunen et al., 2013). ‘IA’ does not suggest
that a specific score reflects ‘sensitivity’ or ‘awareness,’ as some
individuals may be hyper-sensitive or show extreme awareness
to interoceptive sensations, which leads to misinterpretation of
signals and thus to lower accuracy, while others may rarely
focus awareness toward interoceptive stimuli, but may be highly
accurate in performing heartbeat perception tasks (Schulz, 2015).
In a revised version of the theory, performance in heartbeat
perception tasks was now called ‘IA’ (Garfinkel et al., 2015), which
is also reflected in this review.
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The perception of bodily processes involves at least three
consecutive stages: (1) afferent neural signals from the body,
such as visceral organs, (2) the direction of attention toward
bodily sensations, and (3) the evaluation of these signals and
their integration into psychological processes. As suggested by
Vaitl (1996) these three stages can be further differentiated.
For instance, visceral-afferent signals involve the stimulation of
interoceptors at the peripheral organ, the neural transmission of
these signals from interoceptors to CNS structures, and finally
the CNS representation of these signals. The evaluation of bodily
sensations and their integration into psychological processes are
associated with subjective reports of physical sensations, and an
individual learning history concerning these sensations.

Methodology to Assess Interoception

Interoceptive Sensibility
The meta-cognitive tendency (i.e., interoceptive sensibility)
to focus on interoceptive sensations is commonly assessed
via questionnaires. The majority of existing questionnaires
is designed to assess physical symptoms and clinically
altered interoception in mental disorders, such as eating
disorders (Eating Disorder Inventory-2: Garner, 1991) or
SDs (Somatosensory Amplification Scale: Barsky et al., 1990).
Instruments for the assessment of ‘normal’ interoception are
scarce. Several existing studies have focused on the Body
Perception Questionnaire by Porges (1993). However, there are
no sufficient estimations for psychometric properties available
for this questionnaire. The recently developed Multidimensional
Assessment of Interoceptive Awareness (MAIA; Mehling et al.,
2012) incorporates a number of interoceptive aspects (noticing,
non-distracting, not-worrying, attention regulation, emotional
awareness, self-regulation, body-listening, trusting) and is
thus designed to study ‘normal’ and clinically dysregulated
interoception.

Interoceptive Accuracy
The majority of empirical data on interoception is based on ‘IA’
as assessed by experimental paradigms that require subjective
reports of physical sensations. Regarding the cardiovascular
system, there are two main categories of tasks: (1) heartbeat
counting tasks and (2) heartbeat discrimination tasks, as
summarized elsewhere (Schulz, 2015). Heartbeat counting tasks
were developed by Schandry (1981), who named the task ‘mental
tracking test.’ The task consists of time intervals of different
duration (original version: 35, 45, and 55 s), during which
participants are instructed to silently count the number of their
heartbeats. This number is later compared to the actual number
of heartbeats in this interval. The absolute value of the difference
between both is divided by the actual number of heartbeats and
this ‘inaccuracy’ index is then subtracted from 1, which results
in the accuracy score of the heartbeat counting task. It has been
repeatedly demonstrated that the accuracy score depends on the
wording of the instruction given. The comparison between a
standard instruction (“count all heartbeats you feel in the body”)
and a strict instruction (“count only those heartbeats about which

you are sure of”) suggests that an individual’s knowledge on
their heart rate and capacity to accurately estimate the duration
of time intervals may be important factors for the accuracy in
heartbeat counting tasks (Ehlers et al., 1995; Ehlers and Breuer,
1996). Heartbeat discrimination tasks were originally developed
by Brener and Jones (1974) and further elaborated by others
(Whitehead et al., 1977; Katkin et al., 1981; Brener and Kluvitse,
1988). In these tasks participants are asked to judge whether
a set of consecutive exteroceptive stimuli (e.g., lights, tones,
tactile stimuli) appear simultaneously with their own heartbeats
(S+ trials) or not (S− trials). The available variants of this
task mainly differ in the setup of S− trials, since some present
exteroceptive stimuli with a fixed delay to heartbeats, while others
simulate a set of artificial stimuli without any relation to the
actual heartbeats. Previous research has yielded mixed findings
regarding the question whether IA assessed by both tasks families
are correlated: some report amoderate positive correlation (Knoll
and Hodapp, 1992; Schaefer et al., 2012; Hart et al., 2013), while
others did not find any association (Phillips et al., 1999; Schulz
et al., 2013a; Michal et al., 2014).

Beyond heartbeat perception tasks, subjective reports are
also required for paradigms incorporating the perception of
respiratory resistances (Pappens et al., 2013; Tsai et al., 2013;
Petersen et al., 2014), of gastric distensions (Rosenberger et al.,
2009; Elsenbruch et al., 2010b), and of non-specific skin
conductance fluctuations (Andor et al., 2008). In our view,
the outcomes of these tasks reflect all stages of interoception
at any given point in time (i.e., learning, report, awareness,
CNS representation, visceral-afferent signal transmission, and
stimulation of interoceptors). We would argue, therefore, that
in addition to these measures, methods are required that enable
the differentiation of interoception stages, e.g., between those at
lower and higher levels of awareness.

Psychophysiological Methods
To date, at least three psychophysiological indicators are available
to assess interoceptive signal transmission below the threshold
of consciousness: (1) Baroreflex-sensitivity (BRS) quantifies the
changes in heart period in responses to changes in arterial blood
pressure (Robbe et al., 1987). As this brainstem reflex requires
intact baro-afferent signals transmission, BRS is considered
an indicator of the integrity of afferent autonomic nerves
(Frattola et al., 1997). The disadvantage of this indicator is
the fact that it reflects both the afferent and efferent branch
of the baroreflex at a time. (2) Using the ‘cardiac modulation
of startle’ (CMS) paradigm we could show that visceral-
afferent neural signals from the cardiovascular system may
affect acoustic startle responses (Schulz et al., 2009a,b,c, 2011).
This modulation is largely diminished in individuals with
degeneration of afferent autonomic nerves (Schulz et al., 2009a)
and may also involve afferent signals from other organ systems
(Schachinger et al., 2009; Schulz et al., 2013b, 2015c). The CMS
effect can be interpreted as an indicator of visceral-afferent
neural signal processing at brainstem level, as it probably only
involves brainstem mechanisms and occurs below the threshold
of consciousness, (3) viscerally evoked brain potentials are
considered indicators for the cortical representation of afferent
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signals from visceral organs. They can be further differentiated
into heartbeat-evoked potentials (HEPs), which are related to
the processing of heartbeats (Schandry et al., 1986; Leopold
and Schandry, 2001), and respiratory-related potentials that
are observed when an inspiratory or expiratory occlusion is
presented (Davenport et al., 1986; Chan and Davenport, 2010;
von Leupoldt et al., 2010).

Another psychophysiological indicator of interoception is the
single trial covariance between event-related brain potentials
(N300) and changes in heart period (∼3–4 s after stimulus)
in response to feedback in decision making tasks (Mueller
et al., 2010a, 2012, 2013). This indicator is limited, however,
to the use with decision making paradigms involving feedback.
The theoretical background for this effect is provided by
Damasio’s (1994) “somatic marker hypothesis” positing that
afferent information from visceral organs is integrated in the
evaluation of alternatives in decision making. It is plausible
that the covariation between cortical and cardiac responses
is specifically relevant for decision making paradigms tasks,
although it is for future research to show whether this effect also
extends to other embodied cognitions.

Synthesis of Findings on Interoception
and Stress

Based on the findings from the current review, we propose a
conceptual framework that allows for the explanation of the
role of the dysregulated association between interoception and
stress for the generation of physical symptoms (see Figure 1).
In this model we postulate that stress is the initial point of a
positive feedback cascade. In case of an acute stressor, the cascade

will follow the pathway b–d–e. In particular, acute stress will
activate physiological stress axes, such as the release of cortisol
and activation of peripheral organs by sympathetic mechanisms.
The altered stimulation of peripheral interoceptors and central
effects of cortisol and noradrenergic structures will affect the
perception of bodily sensations (e.g., perception of tachycardia or
positive cardiac inotropy). Alterations in the perception of bodily
sensations may temporarily feed into the experience of physical
symptom during acute stress, for instance, palpitations, nausea or
breathlessness. The perception of these symptoms could then be
perceived as stressful and thus contribute to the maintenance of a
stress response. However, due to the limited duration of an acute
stress response, the cascade will be disrupted after the stress-
eliciting stimulus has disappeared. In case of the confrontation
with a chronic, early or major life stressor, the dysregulation
of physiological stress axes (e.g., chronic hyper-activation of the
HPA axis or the SAM axis) is implied and the model will follow
the pathway a-c-d-e. Once the manifestation of a stress axis
disorder has occurred, the cascade cannot be easily disrupted
anymore, even if the initial stressor has disappeared. In detail,
if the organism experiences chronic dysregulation of a stress
axis, this state may permanently induce altered perception of
bodily sensations and contribute to the manifestation of physical
symptoms, whose perception consolidates the experience of
stress. This model has an intended similarity to the model of
somatosensory amplification by Barsky et al. (1988) and Barsky
(1992), which emphasizes the importance of positive feedback
mechanisms in activation, stress and physical symptoms. In
contrast to the model by Barsky et al. (1988) however, the current
model makes no assumptions about the role of attention to bodily
sensations, although the latter could be conceived of as one of
several psychobiological mechanisms. The core assumption in

FIGURE 1 | Synthesis of findings on acute and chronic stress, dysregulation of physiological stress axes, altered interoception and the generation of
physical symptoms into model comprising a positive feedback loop.
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the current model concerns the interrelation of ascending and
descending signals on the brain body axis in a positive feedback
fashion. The following paragraphs will summarize empirical
findings supporting this model.

Chronic Stress and Dysregulation of
Physiological Stress Axes (Path a)
It is well documented in the literature that prolonged exposure
to psychosocial stress, early life adversity and/or major adverse
events represent major risk factors for the dysregulation of the
physiological stress axes. The regulation of the HPA axis can be
differentiated into three different mechanisms (Li-Tempel et al.,
submited): (1) baseline activity and circadian rhythmicity, such
as morning or daily profiles in cortisol level, (2) reactivity of
CRF, ACTH, and cortisol in response to acute stress, and (3)
(negative) feedback sensitivity, such as the suppression of cortisol
release by dexamethasone. In general, similar mechanisms also
exist for the SAM axis. In particular, baseline concentrations of
catecholamines can be assessed from blood or urine, indirectly
from salivary samples via alpha-amylase, or psychophysiological
indicators, such as pre-ejection period. The investigation of
circadian rhythmicity is limited due to the very short plasma
half-life of catecholamines (∼1–3 min.). Furthermore, the same
indicators can be investigated in response to an acute stressor.
Negative feedback mechanisms in the SAM axis are, for instance,
central α2-adrenergic receptors. These receptors are critically
involved in brainstem-relayed reflex circuits that regulate the
homeostasis of sympathetic and parasympathetic output, e.g., the
arterial baroreflex (Sved et al., 1992). As the players involved
in SAM axis regulation involve complex neural and endocrine
pathways and are, therefore, more heterogeneous, the same is
true for their indicators. For example, some parameters, such as
low frequency heart rate and blood pressure variability are more
sensitive to central sympathetic activation, while others, such
as pre-ejection period are indicative of peripheral sympathetic
activation (e.g., circulating catecholamines; Schachinger et al.,
2001).

Early life and chronic stress, as well as major adverse life
events, are consequently associated with dysregulation in all
three types of mechanisms and in both stress axes (McEwen,
2000). Regarding HPA axis baseline and circadian rhythmicity,
for instance, chronic stress, resulting from caregiving to family
members, is reflected in altered cortisol awakening response
(CAR; de Vugt et al., 2005), reduced cortisol release during
daytime (Bella et al., 2011), and elevated hair cortisol levels
(Stalder et al., 2014). In chronic stress associated with peer
bullying and victimization reduced CAR was observed (Knack
et al., 2011). Aberrant cortisol responses to acute stressors
have been also found in family caregivers (De Andres-Garcia
et al., 2012) and those exposed to peer victimization (Knack
et al., 2011). Feedback sensitivity by dexamethasone suppression
is altered in individuals exposed to high work stress, as
indicated by self-reported burnout symptomatology (Pruessner
et al., 1999), and after major traumatic experiences (Yehuda
et al., 1993). Regarding the SAM axis, chronic stress by
caregiving is associated with baseline indices of peripheral
sympathetic activation (Cacioppo et al., 2000). Work stress

as indicated by over-commitment to work is related to
lower baseline norepinephrine levels (Wirtz et al., 2008), but
increased activity in psychophysiological indicators of peripheral
epinephrine circulation (Vrijkotte et al., 2004) and lower central
parasympathetic output (Chandola et al., 2010). Furthermore,
lower norepinephrine responses to acute stress have been found
in individuals high in over-commitment, suggesting high work-
related stress (Wirtz et al., 2008). Individuals exposed to early
life stress show blunted reactivity to acute stress in indicators
reflecting peripheral sympathetic activation (i.e., pre-ejection
period; McLaughlin et al., 2014). Finally, there is evidence from
animal models of reductions in the expression of α2-adrenergic
receptors (which are involved in SNS-down-regulation) in
response to chronic psychosocial stress (Flugge et al., 2003).
The arterial baroreflex circuit, which is partially mediated by
α2-adrenoceptors (Sved et al., 1992), shows reduced functioning
under conditions of chronic work stress (Thomas et al., 2004).

Chronic stress and the associated dysregulation of
physiological stress responses represent important factors for the
development and maintenance of mental disorders, in particular
those, which are associated with symptoms of altered perception
of bodily sensations (e.g., depression, PD, SDs, dissociative
disorders). Nevertheless, the current literature lacks a discussion
of the mechanisms underlying the relationship between
stress, interoception and physical symptoms. For example, it
has been repeatedly suggested that somatic syndromes, e.g.,
chronic fatigue syndrome (CFS) or fibromyalgia (FMS), are
associated with lower cortisol responsiveness or increased
feedback sensitivity (Cleare, 2004; Tanriverdi et al., 2007;
Wingenfeld et al., 2008; Tak et al., 2011), but only few hypotheses
addressing the mechanisms of how cortisol may contribute to the
generation of physical symptoms. One such hypothesis addresses
immunological changes that are associated with dysregulation of
the HPA axis (Fries et al., 2005). It is possible that the modulation
of pro- and anti-inflammatory cytokines may contribute to
somatic syndromes, such as FMS. Another explanation focuses
on the importance of hypocortisolism in CFS and argues that
cortisol mobilizes energy resources to overcome daily demands,
which are insufficiently available in CFS (Tak and Rosmalen,
2010). However, both explanations are focused on peripheral
bodily processes and do not incorporate possible effects of stress
on cortical representation and perception of bodily sensations.
The possibility that cortisol could also modulate the perception
of bodily sensations was first raised by Rief et al. (1998b).

Acute Stress and Interoception (Path b)
Laboratory Stress Tests
A broad variety of methods has been used to induce acute stress in
laboratory settings (Steptoe and Vogele, 1991). Mental arithmetic
tasks elicit ‘psychological’ stress generally by inducing mental
load and specifically by involving central control mechanisms
over autonomic processes (Moriguchi et al., 1992; Sloan et al.,
1995). Psychosocial stressors that emphasize public speaking
challenges, such as the Trier Social Stress Test (TSST), are known
to provoke an intense response of the HPA axis (indexed e.g.,
by an increase of salivary cortisol; (Kirschbaum et al., 1993;
Kudielka et al., 2004) and activation of the cardiovascular system
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by sympathetic mechanisms. Given the TSST’s comparatively
long duration of ∼15 min on the one hand, and the very fast
acting release and effects of catecholamines (i.e., seconds) on
the other hand, specific sympathetic processes involved in the
TSST are difficult to disentangle. As the cold pressor test induces
stress associated with the experience of ischemic pain, these
results in specific cardiovascular response patterns, which can
partially be attributed to the experience of pain, but also to
the vaso-constricting effect of cold water (Streff et al., 2010).
The socially-evaluated cold pressor task (SECPT) attempts to
integrate psychosocial and physical stressors, and has been
demonstrated to elicit significant increases in saliva cortisol
(Schwabe et al., 2008; Lass-Hennemann et al., 2010, 2011; Larra
et al., 2014), as well as sympathetic activation, as indicated by an
increase of heart rate, and systolic and diastolic blood pressure
(Schwabe et al., 2008; Schulz et al., 2011, 2013a) and a decrease of
pulse-transit time and BRS (Schulz et al., 2011). To understand
possibly diverging results on the impact of acute stressors on
indicators of interoceptive signal processing and IA, differences
in the methods used to induce stress and to assess interoception
have to be taken into account (Steptoe and Vogele, 1992).

Interoceptive Accuracy Assessed with Heartbeat
Perception Tasks
Interoceptive accuracy as estimated by Schandry-based heartbeat
tracking tasks typically increase under acute stress. While this
effect has been observed in anticipation of (Durlik et al., 2014)
and after a public speaking test (Schandry and Specht, 1981), one
study only found a marginal increase in IA during anticipation
(Stevens et al., 2011). The importance of the amplitude of
cardiovascular responsiveness during stress for the enhancement
of IA is underlined by the positive correlation between IA and
responsiveness in heart rate, pre-ejection period and the Heather
index in a mental arithmetic task (Herbert et al., 2010). A similar
association between cardiovascular responsiveness and IA could
also be shown for the heartbeat discrimination task (Eichler
and Katkin, 1994). Acute responses to stress include sympathetic
effects on the cardiovascular system, and a delayed increase
in cortisol secretion, if a psychosocial challenge (e.g., public
speaking) is involved. There are also attentional and affective
changes in response to stress (see Psychobiological Mechanisms
Involved in Interoception and Stress), which may interact
with interoception. For instance, individuals with high IA in
heartbeat perception show higher negative affect during stress
than individuals with low IA (Kindermann and Werner, 2014).
Furthermore, it has been shown that IA increases after physical
exercise (Jones and Hollandsworth, 1981; Richards et al., 1996),
and that the same correlation between cardiovascular reactivity
measures (cardiac output, heart rate, systolic blood pressure,
Heather index, momentum, stroke volume) to exercise and IA
exists (Schandry et al., 1993; Pollatos et al., 2007b). It could be
argued, therefore, that peripheral sympathetic activation during
stress represents the core factor of this relationship. In contrast
to these results using Schandry-based heartbeat tracking tasks,
IA as assessed with heartbeat discrimination tasks, is reduced
in women performing a mental arithmetic task (Fairclough and
Goodwin, 2007). Using the SECPT we could replicate these

seemingly contradictory findings, i.e., an increase in IA after
stress as assessed by the Schandry-heart beat tracking task and
a decrease in IA when using a visual heartbeat discrimination
task (Schulz et al., 2013a). As the results obtained in these studies
seems to be IA-paradigm dependent the observed differences
are most likely associated with task specific characteristics: while
heartbeat tracking tasks require participants to only focus their
attention on visceral sensations, the heartbeat discrimination task
involves the concurrent monitoring of visceral sensations and
external signals. According to the competition-of-cues model by
Pennebaker and Lightner (1980), interoceptive and exteroceptive
signals compete for a limited resource, i.e., attention. As acute
stress may narrow attentional resources and favor attention
to task-relevant stimuli (Chajut and Algom, 2003; Plessow
et al., 2011), the multisensory integration of information as
required by the heartbeat discrimination task may be impaired
by stress exposure. This assumption is further supported by
the observation that after the preparation for public speech,
individuals exhibited reduced accuracy in detecting an insulin-
induced hypoglycemic state (Pohl et al., 1998), which also
requires attention focused on multiple symptoms. In summary,
there is evidence for two mechanisms relevant for IA in response
to acute stress: (1) peripheral sympathetic activation, which
induces an increased stimulation of cardiac interoceptors (e.g.,
arterial baroreceptors) and intensifies afferent signal transmission
from the cardiovascular system, and (2) attention focus on
visceral sensations, which may improve the detection of visceral
signals, but diminish the integration of signals from other
sensory modalities. When both effects are opposed, as e.g., in the
heartbeat discrimination task, it appears that attention represents
the more important determinant of IA. This dissociation
emphasizes the need for the separate assessment of visceral-
afferent signal transmission and representation on the one hand,
and attention to visceral signals on the other hand.

Psychophysiological Indicators of Interoceptive
Signal Processing
While HEPs and CMSmay serve as indicators of visceral-afferent
signal transmission independent of attention to these signals,
empirical data on stress effects on these indicators is scarce. In
one study we investigated the impact of the SECPT on CMS
(Schulz et al., 2011). After stress exposure we observed CMS
to occur earlier within the cardiac cycle (0–200 ms instead of
200–300 ms after the R-wave); yet, contrary to our expectations,
there was no amplification of the CMS effect. Nevertheless,
as the CMS reflects the intact transmission of afferent neural
signals from the cardiovascular system at brainstem level (Schulz
et al., 2009a), these findings suggest that the amplitude of
representation of afferent signals may be unchanged by stress.
Similar findings have also been reported for HEPs, with reduced
amplitudes during a long-term, but mild cold pressor test
(10-min, 10◦C) and a return to baseline levels after the cold
pressor test (Shao et al., 2011). This response pattern may be
explained by participants focusing their attention during the
cold pressor primarily on the pain experience, and thus away
from cardiovascular sensations. Nevertheless, after termination
of stress exposure, the expected sympathetic response did not
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affect HEP amplitudes. Gray et al. (2007) investigated the impact
of a mental arithmetic task on HEPs in 12 men with cardiac
dysfunction, and found a positive relationship between changes
in cardiac output and HEPs, but no effect of the stress task
on HEP amplitudes. To the best of our knowledge, there
is only one study reporting an effect of acute stress on a
psychophysiological indicator of interoception: after an MRT-
compatible public speaking test, the BOLD response to painful
rectal distensions was different in the right posterior cingulate
and right somatosensory area, as well as the left thalamus
(Rosenberger et al., 2009). Despite the large methodological
differences across these studies in terms of laboratory stress
tasks employed, organ systems investigated and derivation of
interoceptive indicators, it may be speculated that acute stress
specifically changes the processing of visceral-afferent signals
from the gastrointestinal system. As the majority of studies
demonstrate no quantitative change of raw representations of
visceral-afferent signals by stress, it is still plausible that stress
induces a qualitative change in interoception, as suggested by
our findings (Schulz et al., 2011). It can be summarized that,
contrary to expectations, current results implicate that there is
no main effect of acute laboratory stress on the amplitude of
psychophysiological indicators of interoception after the stressor.
Possible reasons for the null findings in these studies could
involve the limited effectiveness of mental arithmetic and 10◦C
cold pressor tasks, as well as the limited time frame after stress
during which responses were monitored. Given the heterogeneity
of mechanisms induced by acute laboratory stress, it seems
necessary to determine the differential role of the physiological
stress axes on interoception. Table 1 provides an overview of
studies addressing the relationship of stress and indicators of
interoception.

The Sympatho-Adreno-Medullary Axis and
Interoception
As described earlier, reactivity in pre-ejection period or Heather
index to laboratory stress, (which may reflect peripheral
sympathetic activation) is positively related to heartbeat
perception (Eichler and Katkin, 1994; Herbert et al., 2010).
However, as neither study derived heartbeat perception
scores from a post-stress period, it can only be concluded
that individuals with a general tendency for responding
with peripheral sympathetic activation show higher IA in
heartbeat perception tasks. To elucidate the contribution of
both the central and peripheral sympathetic branch to heartbeat
perception, the impact of different adrenergic agents on accuracy
in a heartbeat discrimination task has been investigated by
(Moor et al., 2005). In particular, sodium nitroprusside as
α1-adrenergic antagonist, and norepinephrine as α1-agonist,
as well as the β1-agonist epinephrine and the β1-antagonist
esmolol were employed. Since β1-adrenoreceptors are located in
the myocardium and are sensitive to circulating catecholamines,
especially epinephrine, selective stimulation or de-stimulation
represents a pharmacological model for peripheral sympathetic
activity (Schachinger et al., 2001). Epinephrine increased and
esmolol decreased IA as assessed by a heartbeat discrimination
task as compared to placebo (Moor et al., 2005). This finding

suggests that peripheral sympathetic activation enhances IA.
Since epinephrine cannot cross the blood–brain barrier, two
alternative ways of signal transmission are possible: first,
β-adrenergic receptors localized at vagal nerve endings may
directly be stimulated by circulating epinephrine (Mravec, 2011).
Second, increased cardiac contractility may cause increased
stimulation of cardiac interoceptors (e.g., baroreceptors), whose
neural signals are transmitted over the nervus glossopharyngeus
(Jänig, 2006). α1-adrenoreceptors are primarily located in the
vascular musculature. Their stimulation induces an increase
in vascular resistance and, therefore, in blood pressure. This
information is relayed via the arterial baroreflex circuit in
order to decrease heart rate accordingly for the maintenance of
blood pressure level. The dis-stimulation of α1-adrenoreceptors
causes the opposite effect. This pharmacological design is thus
suitable to investigate the selective loading and unloading of
arterial baroreceptors and the subsequent central sympathetic
activation induced by this baroreceptor stimulation (Schachinger
et al., 2001). Baroreceptor unloading by sodium nitroprusside
resulted in an increase in IA as compared to placebo, while
norepinephrine had no effect on heartbeat perception (Moor
et al., 2005), which could be explained by increased central
sympathetic output due to baroreceptor unloading. Central
α2-adrenoreceptors, which are mainly located in the LC and NTS
act as negative feedback mechanism in the central noradrenergic
system (Rockhold and Caldwell, 1980). Hence, administration
of a α2-adrenergic antagonist causes a concurrent activation
of central and peripheral sympathetic mechanisms (Isaac,
1980; Philippsen et al., 2007). In a pilot study we found the
α2-antagonist yohimbine to suppress the CMS effect (Schulz
et al., 2007). This finding implies that concurrent central and
peripheral sympathetic activation combined with increased
arousal and vigilance as caused by noradrenergic activation
may diminish the central processing of visceral-afferent signals
at a low, presumably brainstem-associated level. Our own
observations on α2-antagonism and IA suggest reduced IA after
the administration of yohimbine. This observation may implicate
that central noradrenergic activation, including increased
alertness and vigilance, may also impair the cortical processing
of visceral-afferent signals. Taken together, it can be concluded
that there is a strong positive relationship between peripheral
sympathetic activation and cardiac IA, but only a limited
association between central sympathetic tone and IA. A strong
activation of central noradrenergic mechanisms may even inhibit
interoception, although concurrent peripheral activation would
suggest a more intense stimulation of interoceptors.

The HPA Axis and Interoception
Cortisol has been found to modulate HEP amplitudes within
a timeframe of 1–17 min after infusion (Schulz et al., 2013c).
More specifically, 4 mg of cortisol resulted in higher HEPs
under open- compared with closed-eyes conditions, i.e., states
of high vs. low alertness. This effect could eventually feed
into a vicious circle of increased attention focus on physical
symptoms, increased anxiety and higher levels of cortisol, and
represent a psychobiological mechanism underlying positive
feedback models of somatosensory amplification (Barsky et al.,
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1988). In this study HEPs were assessed during rest, without
the conscious perception of heartbeats. The effect of cortisol
administration on resting HEPs suggests that cortisol may affect
the raw representation of visceral-afferent signals, independent
of the conscious perception of heartbeats. Moreover, we did
not observe any effect of cortisol on cardiovascular activation.
This finding suggests that cortisol may selectively modulate the
central, presumably cortical, representation of visceral-afferent
signals, while the peripheral origination of these signals remain
unaffected. Interestingly, in a complementary study no effect
of 1.5 mg cortisol on the CMS was observed within the same
time frame (Schulz et al., 2010). Since the CMS is assumed to
reflect visceral-afferent signal transmission at brainstem level,
one could speculate that the effects of cortisol on visceral-afferent
signal relaying are restricted to the cortex. However, it needs
to be acknowledged that the dosages of administered cortisol
were not identical. Furthermore, the first study covered a time
frame of up to 37 min and therefore includes possible genomic
effects, while the second study focused on non-genomic effects
only. The importance of cortisol for the cortical representation
of visceral-afferent signals is further emphasized by the negative
relationship between basal cortisol level and HEP amplitudes of
r = −0.29 (Schulz et al., 2015b). Despite the fact that this result
was based on a mixed sample of healthy individuals and patients
with DPD, the correlation was unaffected by the diagnosis, or
depression and anxiety scores. It can be summarized that acute
cortisol administration tends to increase HEP amplitudes (when
eyes are open), presumably via a non-genomic mechanism,
while basal cortisol level shows a negative relationship with
HEPs. One may speculate that the effect of cortisol on the
cortical representation of visceral-afferent signals reverses into
long-term cortisol elevations. Interestingly, these opposite effects
contrast with findings in pain research: in experimental short-
term manipulation of cortisol, an oral administration of 40 mg
of cortisol reduces pain sensitivity (Michaux et al., 2012), while
cortisol blockade by metyrapone intensifies pain perception
(Kuehl et al., 2010). Meanwhile, in chronic pain syndromes,
such as FMS, also reduced cortisol baseline levels and hyper-
suppression by dexamethasone were observed (Wingenfeld et al.,
2007, 2008). This possible dissociation in cortisol relationships
between ‘normal’ visceral-afferent neural transmission and pain
has to be acknowledged, since interoception and pain processing
only partially share neural structures (Craig, 2002). Future
research should clarify whether acute cortisol release may
selectively favor the representation of ‘normal’ visceral-afferent
transmission, which may reverse in long-term increases of
cortisol levels. The majority of the existing literature on processes
of body, symptom and pain perception concentrates on the role
of cortisol, the final product of HPA axis activation. However, it
needs to be taken into account that the role of CRF and ACTH on
interoceptive processes remains unclear and possible differences
in acute and chronic cortisol levels may also be attributed to
feedback-induced changes in CRF or ACTH.

Taken together, there is considerable evidence to show that
acute stress and players of physiological stress axes may alter the
perception of bodily sensations. Based on our model, we propose
that acute stress may induce an acute alteration of physical

sensations and transient symptoms specific to the stress, which
constitute the subjective experience of the stress response (e.g.,
tachycardia, palpitations, nausea, etc.). However, these symptoms
disappear when the stress is of limited duration.

Dysregulation of Physiological Stress Axes and
Interoception (Path c)
So far there is only partial and indirect evidence for a direct
effect of dysregulated stress axes on altered perception of bodily
sensations. Earlier findings suggest that chronic stress in healthy
individuals is not related to heartbeat perception accuracy (Schulz
et al., 2013a) or sensitivity for gastric stimulations (Rosenberger
et al., 2009). The direct pathway between chronic stress and
altered perception of bodily sensations was, therefore, omitted in
our model. It should be noted, however, that moderately elevated
levels of self-reported chronic stress in healthy individuals, as
reported in the former studies, are unlikely to be accompanied
by a dysregulation of the physiological stress axes.

Our assumption that the dysregulation of the physiological
stress axes may induce altered perception of bodily sensations is
mainly based on the following observations:

(1) In numerous mental disorders that are accompanied by
physical symptoms, altered interoception and dysregulation
of physiological stress axes are reported. In detail, (a)
individuals with major depression (MD) and depressive
symptoms exhibit reduced IA and HEP amplitudes (Dunn
et al., 2007; Terhaar et al., 2012). Concerning the activity
of the HPA axis, previous research has shown differences
between the melancholic and the atypical sub-type (Gold
and Chrousos, 2002; O’Keane et al., 2012; Gold, 2015):
on the one hand, the atypical sub-type exhibited normal
basal cortisol levels and increased dexamethasone-induced
feedback sensitivity (Levitan et al., 2002; O’Keane et al., 2005;
O’Keane et al., 2012). On the other hand, the more frequent
melancholic sub-type is characterized by hypersecretion
of CRF (Nemeroff et al., 1984; Wong et al., 2000), and
reduced concentration and sensitivity of CRF neurons,
resulting in a blunted ACTH response to CRF administration
(Gold et al., 1988; Lesch et al., 1988; Ehlert et al., 2001),
elevated basal cortisol levels (Gold et al., 1988; Ehlert et al.,
2001; Gold, 2015), blunted cortisol responsiveness to acute
stressors and reduced feedback sensitivity as provoked by
dexamethasone (Gold et al., 1995; Pariante and Lightman,
2008). (b) Patients with PD show increased IA compared to
healthy individuals (Ehlers and Breuer, 1992, 1996; Ehlers
et al., 1995), whereas a meta-analysis has pointed out
that this difference may be due to a minority within the
PD group (Willem Van der Does et al., 2000). However,
PD patients exhibit an increased coupling of feedback-
evoked EEG amplitude and heart rate changes than healthy
individuals (Mueller et al., 2014), which has previously been
shown to be an indicator of neuro-visceral connectivity
(Mueller et al., 2010a). Regarding the physiological stress
axes, PD patients do not differ from healthy individuals
in baseline morning or diurnal cortisol release or negative
feedback sensitivity (Ising et al., 2012), but they show blunted
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cortisol responses to psychosocial stress (Petrowski et al.,
2010, 2013). In terms of SAM axis activity existing studies
have yielded mixed findings. While some failed to find
differences in indicators of central (e.g., low frequency heart
rate variability/HRV) or peripheral sympathetic activation
(α-amylase) between PD and healthy controls (Tanaka et al.,
2012), others observed reduced central (McCraty et al., 2001),
but increased peripheral activation (Marshall et al., 2002).
However, it has been proposed that dysfunction in α2-
adrenergic regulation of the ANS represents an important
neurophysiological correlate of PD (Bremner et al., 1996).
(c) In SDs previous studies have yielded mixed findings,
which may be partially explained by the heterogeneity of
symptomatology collapsed in this diagnostic category. Some
studies have failed to find differences in IA between patients
with SD and healthy individuals (Barsky et al., 1995; Mussgay
et al., 1999; Schaefer et al., 2012), while others observed
exaggerated report of bodily sensations (Bogaerts et al.,
2010), resulting in an overall decrease of IA (Pollatos et al.,
2011a; Weiss et al., 2014). SD patients show both alterations
in baseline cortisol levels, such as the CAR (Rief et al.,
1998b) or daily profile (Tak et al., 2009; Tak and Rosmalen,
2010), and aberrant cortisol responses to psychosocial stress
(Janssens et al., 2012). The question, therefore, is not
whether dysregulation of physiological stress axes, altered
interoception and physical symptoms are associated, but how
they are related and which direction these relationships have.

(2) In pharmacological studies, the acute administration of
catecholamines (Moor et al., 2005) or cortisol (Schulz
et al., 2013c) affects interoception and interoceptive signal
transmission. Despite the fact that chronically altered
levels of adrenergic stress hormones or cortisol are not
fully comparable to an acute administration, it is unlikely
that chronic alterations of these hormones do not affect
interoception at all.We interpret these findings as support for
the assumed direction of physiological stress axes affecting
interoception in our model.

Previous studies have addressed mental disorders with
physical symptoms, interoception, and indicators of only one
physiological stress axis in the same sample. Pollatos et al. (2011a)
found lower IA in patients with SD to be accompanied with
decreased autonomic balance, as indicated by low/high frequency
HRV ratio. In a study by Ehlers et al. (1995) higher heart rates
were observed in panic patients than in healthy individuals,
suggesting increased sympathetic tone in patients with PD. As
both stress axes may differentially affect interoceptive processes,
however, future studies are needed that include indicators of
both stress axes at a time. Currently, there is only one study
using multiple indicators of both physiological stress axes in
the investigation of physical symptoms associated with a mental
disorder (Schulz et al., 2015b). Results show an insensitivity of
HEPs for attention focused on heartbeats in patients with DPD,
but not in healthy individuals. This difference was associated
with higher basal level of salivary α-amylase, an indicator for
peripheral sympathetic activation (Chatterton et al., 1996; Nater
et al., 2005). Furthermore, across DPD patients and healthy

individuals there was a negative correlation between basal cortisol
level and HEP amplitude (Schulz et al., 2015b). In the same
sample IA did not differ between DPD and healthy control
individuals (Michal et al., 2014), although differences between
DPD and healthy individuals have been reported in another study
(Sedeno et al., 2014).

To elucidate the direction of the relationship between
dysregulated stress responses and interoception, prospective
long-term observations may be required. There is a notable lack
of reports on interoception in chronically stressed individuals,
who already show a dysregulation of both physiological stress
axes, but do not yet fulfill the diagnostic criteria for a mental
disorder associated with physical symptoms. To date, there is
only one study investigating the relationship of early life stress
and brain activity in healthy individuals and patients with
irritable bowel syndrome (IBS): Gupta et al. (2014) report altered
activation of brain networks associated with pain processing and
early life stress in IBS patients. The importance of chronic stress
for altered interoception in IBS is further underlined by the fact
that IBS patients also show altered activation of brain regions
associated with interoception during stress (Elsenbruch et al.,
2010a).

The question remains whether there is a direct relationship
between the dysregulation of physiological stress axes and the
generation of physical symptoms without the mediating effect
of interoception. Based on the currently available evidence this
question cannot be unequivocally answered. We do not assume
a direct pathway for the following reasons: (1) There is currently
no model to explain the psychobiological processes connecting
the dysregulation of physiological stress axes and the generation
of physical symptoms, despite a broad empirical basis showing
stress axes dysregulation inmental disorders to be associated with
bodily symptoms, e.g., in depression (Holsboer, 2000; Ehlert et al.,
2001; Gold and Chrousos, 2002; Pariante and Lightman, 2008),
FMS (Tanriverdi et al., 2007; Wingenfeld et al., 2007, 2008); IBS
(Chang et al., 2009; Suarez-Hitz et al., 2012), or CFS (Cleare, 2004;
Nater et al., 2008). (2) Some direct relationships between stress
axes and physical symptoms are even more heterogeneous than
those observed between interoception and physical symptoms,
e.g., in SD. Previous studies addressing interoception in SD have
either produced null findings or shown reduced IA. Meanwhile,
studies investigating indicators of stress axes in SD find directly
opposing findings, ranging from higher (Rief et al., 1998a; Rief
and Barsky, 2005), identical (Rief and Auer, 2000) to reduced
cortisol output in SD patients compared to healthy controls
(Heim et al., 2000; Tak and Rosmalen, 2010; Janssens et al., 2012).
A popular way of explaining these potentially conflicting findings
is to emphasize the heterogeneity of symptoms collapsed into
SD classification. However, an alternative explanation would be
a mediating factor between stress axes and physical symptoms,
i.e., altered interoceptive processes.

Interoception and the Generation of Physical
Symptoms (Path d)
Many mental disorders that are associated with physical
symptoms are characterized by altered interoception, as discussed
earlier in this paper. Among those, PD is a prominent example,
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where the experience of (frightening) physical symptoms is
a defining diagnostic criterion. It is, therefore, not surprising
that PD has had perhaps the longest standing history in the
investigation of interoceptive processes, however, with very
mixed results. There are reports of increased IA in panic patients
(Ehlers and Breuer, 1992; Ehlers et al., 1995), but also those
failing to find any differences in IA between panic patients and
healthy individuals (Antony et al., 1995; Van der Does et al.,
1997; Wolk et al., 2014). This mixed picture of results gave
rise to the assumption that methodological differences (e.g., the
precise wording of instructions for the most often employed
heart-beat tracking task) between studies may account for these
inconsistent findings (Ehlers et al., 1995; Ehlers and Breuer,
1996). Alternatively, the possibility of differences in IA between
PD patients has been discussed (i.e., a PD subgroup high in
IA; (Ehlers et al., 1995; Ehlers and Breuer, 1996; Van der Does
et al., 1997; Willem Van der Does et al., 2000). Furthermore, the
question arose whether IA may represent a risk factor for the
development of PD symptoms. Supporting this assumption, IA
was found to be higher in patients with maintained or relapsed
PD and infrequent panic attacks, than in remitted patients
(Ehlers, 1995). Moreover, exposure treatment did not change IA
(Ehlers et al., 1995).

In contrast to PD, IA has been shown to be lower in SD
(Bogaerts et al., 2010; Pollatos et al., 2011a;Weiss et al., 2014), and
there also seems to be a positive association between symptom
severity and IA impairment (Schaefer et al., 2012). Accordingly,
reduced IA could be a risk factor for the development of SD.
This hypothesis is supported in a recent study by Schaefer et al.
(2014), showing that state symptom perception is reduced after
cardiac IA training. Although the course of symptom severity
in dependence of IA may suggest the direction of the assumed
pathway, the quasi-experimental design of these studies prevents
from causal inferences to be drawn. In fact, all of these studies
included individuals who had already been diagnosed with a
mental disorder at the time of the investigation and, therefore, a
pre-morbid indicator of IA was not available. Again, to address
this potential shortcoming, prospective studies in the general
population or in specific high-risk groups (e.g., exposed to
chronic stress) are required.

In addition to SD, reduced IA has also been observed
in patients with anorexia nervosa (Pollatos et al., 2008) and
obesity (Herbert and Pollatos, 2014), whereas intuitive eating is
positively associated with IA (Herbert et al., 2013). The direction
of the pathway between interoception and the generation
of physical symptoms may depend on the type of mental
disorder. As almost all studies in this field are cross-sectional
and quasi-experimental in design, it is difficult to come to
any conclusions on the direction of this relationship. Beyond
clinically relevant eating behavior, the experimental manipulation
of eating behavior using short-term food deprivation induces
an increase in IA as assessed by heartbeat perception (Herbert
et al., 2012) and HEP amplitudes (Schulz et al., 2015a). As some
neuroendocrinological parameters, such as sympathetic tone or
peptide YY output reverse from hyper- to hypo-activation in
long-term fasting, one may argue that eating behavior could
serve as a coping mechanism to regulate the perception of

bodily sensations. The direction of the relationship between
interoception and physical symptoms in eating disorders may,
therefore, be reversed in disordered eating (path d) or even bi-
directional. It needs to be acknowledged that this interpretation
is based on experimentally manipulated eating behavior and its
translation to pathological eating behavior (i.e., eating disorders)
should be done with caution. In the interest of greater simplicity
of our suggested model, we have refrained, however, from
including this reversed path d, and acknowledge, therefore,
that the current model is limited to physical symptoms and
disorders that imply the passive experience of altered bodily
sensations (e.g., MD, PD, SD, DPD), and does not apply to
physical symptoms that are partially induced by disordered eating
behavior.

Physical Symptoms and Stress (Path e)
It is widely accepted that the repeated and enduring experience
of physical symptoms is (probably causally) related to the
experience of stress, as denoted by the term ‘symptom distress.’
The majority of reported physical ‘somatization’ symptoms
involve the experience of pain (Rief et al., 2001). Chronic pain is
described in the literature as severe ‘inescapable stress.’ In animal
models chronic pain has been shown to induce depressive-like
symptoms, which may provide a model for the co-occurrence
of chronic stress, pain and depression in humans (Blackburn-
Munro and Blackburn-Munro, 2001). In support of this notion,
individuals with chronic pain exhibit higher perceived chronic
stress and higher cortisol as assessed from hair (Van Uum et al.,
2008), an indicator sensitive to chronic stress (Russell et al., 2012).
Symptom distress may not necessarily have sufficient quality and
intensity to be comparable to severe chronic psychosocial stress,
such as caregiving to family members or harassment at working
place. Nevertheless, the current model posits that the repeated
exposure to physical symptoms may induce stress, thereby
increasing and adding to the experience of already existing
stress. In SD, symptom distress is largely affected by SD-typical
forms of behavior, such as inadequate reassurance or negative
interactions between patient and doctor (Rief and Broadbent,
2007). As symptom distress is associated with the automatic
negative evaluation of afferent somatosensory signals (Witthoft
et al., 2012), it could be hypothesized that specific cognitive styles
may contribute to the positive feedbackmechanism relating stress
and physical symptoms. The correlational design of this study,
however, does not allow for any such causal interpretations, i.e.,
whether automatic negative evaluation is a cause or consequence
of symptom distress. In the current model, negative evaluation
style may be seen as a moderator of the pathway between physical
symptoms and stress. In summary, we propose that via the
impact of physical symptoms on stress, the vicious circle between
stress and symptoms are completed, which is characteristic of a
self-maintaining positive feedback mechanism.

Neuroendocrine Pathways

Comprehensive reviews on neural structures supporting
interoceptive signal processing, and original research papers
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including neuroimaging data are available elsewhere (Cameron,
2001; Craig, 2002; Critchley et al., 2004; Pollatos et al., 2007a,c).
In the following we provide a summary of neural pathways that
are important for transmitting and processing afferent signals
from the body to the brain, and which may also be involved in
the experience of stress. The majority of the available literature
focuses on interoception of cardiac sensations. As previously
described (Schulz et al., 2013c), visceral-afferent neural signals
from the cardiovascular system are relayed over the NTS, the
major sensory center for visceral-afferent neural signals in the
brainstem (Jänig, 2006). The NTS projects onto the parabrachial
nucleus and the LC, from where hypothalamic and thalamic
nuclei are reached (Cameron, 2001). Cortical structures that
process visceral-afferent neural signals include the anterior
cingulate cortex (ACC), the frontal cortex, the somatosensory
cortex and the right insula (Cameron, 2001; Critchley et al.,
2004; Pollatos et al., 2007a,c). In a dipole localization study
it was demonstrated that HEPs originate from exactly these
four brain areas (Pollatos et al., 2005). When focusing on brain
regions that are involved in the elicitation of a stress response,
specific attention is paid to the ACC and the right insula. Blood
perfusion in both areas is increased after a mental arithmetic
task in individuals with high self-reported stress (Wang et al.,
2005). The replication of these results suggests that these areas
are specifically sensitive to psychological stress in women
(Wang et al., 2007). The importance of the ACC in mediating
stress responses has been demonstrated in numerous studies:
functional connectivity in the ACC is related to cortisol release in
response to a combined dexamethasone/CRF administration in
healthy individuals (Kiem et al., 2013), while ACC connectivity
may be reduced in traumatic stress experience (Kennis et al.,
2014). Altered insular activity can be observed in early life
(Mueller et al., 2010b) and traumatic stress (Bruce et al., 2012).
However, these studies may not disentangle whether the ACC
and the insula are involved in the up-regulation of physiological
stress axes or if their altered activity and connectivity is a
result of altered afferent input from visceral organs due to the
dysregulation of stress responses.

Brain regions that are sensitive to the effects of stress
hormones, and play a role in interoception, involve the
thalamus, and other limbic structures, such as the amygdala and
hippocampus, which are important for learning and memory
(see below). In particular, blood perfusion in the thalamus is
reduced within a time frame of 17 min after cortisol infusion,
implying a rapid, non-genomic effect of cortisol (Strelzyk et al.,
2012). In contrast, when investigating a later time period, in
which genomic and non-genomic mechanisms overlap, cortisol
affects activity in the amygdala and hippocampus, whereas no
effect on the thalamus could be observed (Lovallo et al., 2010).
The thalamus is a major relay center for sensory information
that processes and integrates intero- and exteroceptive signals.
Cortisol may rapidly affect thalamic activity and could eventually
favor the processing of interoceptive signals at the cost of others,
while this effect disappears over time. Future studies should
clarify if thalamic activity may be chronically altered in HPA axis
dysregulation, which may play a role in the perception of physical
symptoms.

At receptor level, special attention has been paid to the
role of α2-adrenoceptors. As repeatedly demonstrated, early
life stress (Caldji et al., 1998; Liu et al., 2000) and chronic
stress (Flugge et al., 2003) may impair the expression of α2-
receptors in the NTS, which plays an important role in the
down-regulation of the sympathetic nervous system (Flugge,
1999) and the sensory relaying of visceral-afferent neural signals
(Jänig, 2006). α2-adrenoceptors are involved in the adequate
processing of visceral-afferent signals from the cardiovascular
(Sved et al., 1992) and the gastrointestinal system (Myers et al.,
2005). It could be argued, therefore, that the reduced density
and functionality of α2-adrenoceptors under chronic stress may
reduce the individual’s capacity for the adequate processing
of visceral-afferent signals, which may eventually result in the
generation of physical symptoms.

In SD patients there is evidence for altered activity in
medullary control mechanisms for the sympathetic nervous
system (Laederach-Hofmann et al., 2008), the ACC (Klug et al.,
2011) and insula (Gundel et al., 2008). PD may be accompanied
by reduced sensitivity of α2-adrenoceptors (Bremner et al., 1996),
while reduced gray matter in the insula (Uchida et al., 2008) and
altered ACC activity (Asami et al., 2008; Shin et al., 2013) could
also be observed. Anorexia nervosa is characterized by changes in
insular activity (Oberndorfer et al., 2013; Strigo et al., 2013). We
propose that alterations in receptor sensitivity, volume, blood-
flow or connectivity of the respective brain regions could be a
result of stress system dysregulation and represent an important
factor in altered interoception in these disorders.

Taken together, acute stress, the release of stress hormones
and chronic stress may affect the processing of visceral-afferent
neural signals at different brain levels, which are important for
interoception, such as the NTS, the thalamus, the ACC and the
insula. It remains for future research to elucidate whether certain
mental disorders, which are associated with physical symptoms,
can be differentiated by specific neurobiological patterns of
dysregulated receptor- and brain area functioning.

Psychobiological Mechanisms Involved
in Interoception and Stress

While the present review and the proposed model focus on the
role of physiological stress responses and their dysregulation
for altered interoception and the generation of physical
symptoms, stress responses include psychological processes that
are constituent factors of the experience of stress. In the following
we, therefore, briefly discuss psychological processes that may be
important for interoception and stress, without making specific
reference to these in the proposed model.

Anxiety and Interoception
Individual stress responses are accompanied by mood changes
that include anxiety or fear. There is indeed such an overlap
of concepts, methodologies (including experimental paradigms)
and physiological correlates of acute stress and anxiety that
it seems all but impossible to differentiate between the two
constructs (Stevens et al., 2011; Schmitz et al., 2012; Durlik et al.,
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2014). At least part of the literature discussed in the Section on
“Acute Stress and Interoception (Path b)” could, therefore, also
be subsumed under the title “Anxiety and Interoception.” To
understand similarities and differences between both concepts,
their theoretical definitions have to be evaluated. On the one
hand, anxiety is a distinct emotion, which is characterized by
a limited duration, an antecedent appraisal of a stimulus, and
multiple components including specific affective, behavioral,
cognitive, and physiological response patterns (Russell, 2003;
Ekkekakis, 2013). Anxiety has a state component, i.e., a
transitory condition of anxiety, and a trait component, which
describes a relative stable disposition to respond to stimuli with
state anxiety (Spielberger and Reheiser, 2004). On the other
hand, psychological (dis-)stress is characterized as core affect
(component of negative affect), which has a long duration,
a variable intensity, it does not require either an antecedent
appraisal or an eliciting stimulus, and is restricted to the
affective component (Russell, 2003; Ekkekakis, 2013). It has to
be acknowledged, however, that this definition may be limited
to affective response patterns as to be expected in enduring
or chronic stress, but it does not include specific physiological
response patterns that are implied by chronic exposure to stress.
In stress research, the definition of acute stress is commonly
based on a neuro-psycho-endocrine perspective. This perspective
emphasizes physiological response patterns, as earlier described,
but also includes behavioral, cognitive and affective components
of stress, such as increased anxiety (McEwen, 2000). In contrast to
the core affect of psychological distress, in research on acute stress
as induced by established laboratory stressors, an antecedent
appraisal of a specific stimulus exists, which may be an additional
overlap with the emotional state of anxiety. Important differences
between state anxiety and acute stress would be the broader range
of distinct emotions that could be elicited during acute stress
(e.g., anxiety, fear, anger, etc.) that imply a more diffuse pattern of
behavioral and physiological responses, and the longer duration
of an acute stress response. Trait anxiety, anxiety sensitivity, and
anxiety disorders are all strongly associated with interoception.
For example, healthy individuals with high social anxiety show
higher IA than those with low social anxiety (Stevens et al.,
2011). Furthermore, anxiety sensitivity may moderate the effects
of acute stress on interoception (Sturges and Goetsch, 1996).
As argued by Domschke et al. (2010), anxiety sensitivity may
increase the vulnerability to anxiety disorders by increasing
the perceptual basis for catastrophic interpretations of physical
symptoms. Although we do not explicate the role of trait anxiety
or anxiety sensitivity for interoception in the current model, it
may be speculated that either aspect of anxiety could potentially
moderate almost all proposed variables (e.g., the probability and
intensity of stress experience, physical symptoms) and pathways,
e.g., between physiological stress axes and interoception (path c),
between interoception and perception of physical symptoms (d)
and between symptoms and stress experience (e).

Attention and Interoception
In models on altered interoception in PD (Ehlers and Breuer,
1996; Willem Van der Does et al., 2000) or SD (Rief and Barsky,
2005; Rief and Broadbent, 2007) attention focused on physical

symptoms plays an essential role.While there is largely agreement
in the literature on attentional bias to body- and health-related
sensations in patients with PD and SD, evidence on the factors
or processes contributing to attentional bias (e.g., acute and
chronic stress) and, therefore, physical symptom generation,
is lacking. Regarding the SAM axis, the central noradrenergic
system, including the LC, is of particular importance. Early life or
chronic stress may decrease the expression of α2-adrenoceptors
in the LC (Caldji et al., 1998; Liu et al., 2000), which are involved
in the regulation of the ‘alertness’ component of attention. As
described above, α2-adrenoceptors are involved in a negative
feedback mechanism that down-regulates sympathetic activation
and associated processes, such as alertness and vigilance.
Consequently, the acute activation of α2-adrenergic receptors
increases vigilance and alertness (Berridge and Foote, 1991),
while their deactivation results in chronic hypervigilance and
alertness (Aston-Jones et al., 1999; Usher et al., 1999). Regarding
the HPA axis, the relationship between stress hormones and
attentional processes may be more complex, since cortisol may
affect all neurons in the entire brain. As summarized by Erickson
et al. (2003), glucocorticoids facilitate focused attention at the
cost of irrelevant stimuli and alter the perceptual threshold of
external stimuli (Fehm-Wolfsdorf and Nagel, 1996). These effects
are probably due to increased availability of norepinephrine, as
caused by glucocorticoids (Irwin et al., 1986; Kvetnansky et al.,
1993). Future research should clarify whether this change in
perceptual threshold may also apply to interoceptive signals.
Mental stress tests that have been shown to affect both stress axes,
also induce increased selective attention on primary tasks at the
expense of cognitive flexibility (Chajut and Algom, 2003; Plessow
et al., 2011). The differential effects of stress on IA as assessed by
the Schandry- and Whitehead-based heartbeat perception tasks
(Schulz et al., 2013a) indicate that different facets of attention
are of relevance for the impact of stress on interoception. It is
plausible, for example, that focused attention on interoceptive
signals is facilitated (Schandry task), while the integration of
intero- and exteroceptive signals is attenuated (Whitehead task)
during stress. With respect to the proposed model, attention may
moderate the relationship between physiological stress axes and
interoception (path c), between interoception and the perception
of physical symptoms (d), and between symptoms and the
experience of stress (e).

The Role of Interoceptive Signal Processing in
Stress Effects on Memory and Learning
Stress affects memory at acquisition, consolidation and recall.
Interoceptive signal processing may contribute to some of
these mechanisms (Schulz, 2015). McGaugh (2000) and
Roozendaal et al. (2006) postulated the requirement of two
physiological processes for the enhancement of memory
consolidation after stress: (1) glucocorticoids that bind on
glucocorticoid receptors within the NTS, the LC and the
basolateral amygdala (BLA) and (2) peripherally circulating
epinephrine, which cannot cross the blood-brain barrier,
but activates visceral organs, whose afferent signals are
transmitted via the vagus nerve to the NTS and LC. From
these structures, via noradrenergic pathways, β-adrenergic
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synapses in the BLA are activated, which induces the release
of cyclic adenosine monophosphate (cAMP) and cAMP-
dependent protein kinase. Both substances can enhance
memory consolidation. Postsynaptic efficacy of β-adrenergic
synapses is increased by glucocorticoids. In animal studies it
could be shown that both processes glucocorticoid secretion
(Quirarte et al., 1997) and afferent signal transmission from
visceral organs (Roozendaal et al., 1999) are necessary for
improvement of memory consolidation. In humans, the increase
of baro-afferent neural feedback induced by norepinephrine-
infusion can improve long-term memory (Moor et al., 2005).
Interoceptive neural signals, therefore, play an important role
for the stress-induced improvement of memory consolidation.
It is plausible that increased visceral-afferent input could also
facilitate dysfunctional learning processes that contribute to the
generation of physical symptoms, such as the formation of pain
memory.

Intuitive Decision Making
The influential somatic marker hypothesis by Damasio (1994)
postulates that interoceptive signals are regularly integrated
into processes of intuitive decision making. It is assumed
that in every context, in which intuitive decisions are made,
the outcomes of possible action alternatives are anticipated.
This anticipation produces a specific visceral response to be
integrated in affective responses to the expected outcome. These
responses, either transmitted over somatosensory or visceral-
afferent circuits, are called ‘somatic markers.’ Dunn et al. (2006)

have provided a comprehensive review of the somatic marker
hypothesis. In support of this theory IA positively correlates
with performance in decision-making tasks (Werner et al., 2009;
Wolk et al., 2014). Stress affects executive functions and thus
decision making: cortisol may reduce performance in intuitive
decision making tasks both in humans and rodents (van den
Bos et al., 2009; Koot et al., 2013). This effect was explained
by rapid, presumably non-genomic glucocorticoid effects in the
orbitofrontal and insular cortex (Koot et al., 2013), which are
also involved in interoceptive signal processing. Furthermore,
a quadratic relationship exists between peripheral SAM axis
activity and performance in decision making tasks, implying a
performance increase in moderate sympathetic activation (Pabst
et al., 2013). Again, since catecholamines do not cross the blood–
brain barrier, afferent neural signals from visceral organs (e.g.,
transmitted over the vagus nerve) due to increased stimulation of
interoceptors, are likely to be involved in this effect. All effects of
peripheral sympathetic activation on brain functions, therefore,
require neural signal transmission from visceral organs, which
can be considered ‘interoceptive’ signals.

Integration and Outlook

In the earlier introduced model of interoception by Vaitl (1996)
different levels of interoception were proposed. The model
implies that interoception is a bottom–up process, whose effects
at a low hierarchical level consecutively affect higher levels.
The current review summarizes the state-of-the-art knowledge

FIGURE 2 | Overview of existing findings on interoception and stress based on the model of interoception by Vaitl (1996).
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on the effects of stress (research objective 1), mainly based on
research investigating afferent signals from the cardiovascular
system. In Figure 2 we integrate the reported findings on
interoception and stress into a model, specifically providing
links to different levels of interoception, as suggested by
Vaitl (1996). In contrast to the existing model, and based on
evidence of dissociations between interoceptive indicators for
cortical (HEP; Schulz et al., 2013c) and brainstem processes
(CMS; Schulz et al., 2010), in the current model we separated
‘CNS representation’ into cortical and sub-cortical processes.
Furthermore, we focus on visceral-afferent signals and do not
address the possible contribution of somatosensory information
to interoception. As some conditions are associated with
selective degeneration of afferent autonomic nerves (e.g., diabetes
mellitus), the level ‘afferent neurotransmission’ was newly
introduced into the model. Although the same mechanisms (e.g.,
stress axes) are involved in mediating acute stress responses
and chronic stress conditions, the complex interplay between
stress hormones, binding sites and feedback regulation requires
their independent consideration. Acute peripheral sympathetic
activation clearly increases stimulation of cardiac interoceptors
(Moor et al., 2005). Given the clear physiological relationship
between circulating catecholamines and stimulation of cardiac
interoceptors (e.g., arterial baroreceptors), we assume that this
relationship persists also in chronic elevations of catecholamine
output. To our knowledge, selective effects of stress on
afferent neurotransmission or sub-cortical CNS representation
concerning interoception are unknown, as of to date. A first
study by our group suggests that there is no effect of cortisol
on the CMS (Schulz et al., 2010), possibly reflecting brainstem
processing of visceral-afferent neural signals (Schulz et al.,
2009a). On the one hand, acute administration of cortisol affects
the cortical representation of visceral-afferent signals (Schulz
et al., 2013c) as indicated by larger HEP amplitudes (when
eyes are open). On the other hand, basal cortisol levels are
negatively associated with HEPs (Schulz et al., 2015b). The
additional finding that HEP sensitivity for attention focused
on heartbeats is negatively associated with α-amylase may
implicate that repeated stimulation of interoceptors could reduce

sensitivity of CNS representation at a cortical level. Central
sympathetic activation has particularly strong effects on attention
and awareness. The overall activation of the central noradrenergic
system (via α2-adrengergic antagonists) facilitates arousal and
alertness, which may impair the adequate processing of visceral-
afferent signals. This relationship may eventually be translated
to chronic states of central sympathetic activation. It has
repeatedly been demonstrated that chronic stress (Flugge, 1999)
and mental disorders associated with physical symptoms are
related to the dysregulation of α2-adrenoceptors (Nutt, 1989;
Bremner et al., 1996). We thus assume that the chronically
inadequate processing of visceral-afferent signals may reverse
in increased awareness of physical sensations, which may
facilitate the generation of physical symptoms. The collective
effect of sympathetic activation and cortisol on learning and
memory is conceptualized as ‘proposed’ effect in this model,
since it has so far only been demonstrated for declarative
memory (Roozendaal et al., 2004; McGaugh, 2006), although
it may also play a role in the formation of memory for
physical symptoms. With this model, we hope to stimulate
future research on the yet unknown relationships between
physiological stress systems and levels of interoceptive signal
processing.
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This review examines cross-cultural differences in interoception and the role of culturally
bound epistemologies, historical traditions, and contemplative practices to assess four
aspects of culture and interoception: (1) the extent to which members from Western
and non-Western cultural groups exhibit differential levels of interoceptive accuracy and
somatic awareness; (2) the mechanistic origins that can explain these cultural differences,
(3) culturally bound behavioral practices that have been empirically shown to affect
interoception, and (4) consequences for culturally bound psychopathologies.The following
outlines the scope of the scientific review. Part 1 reviews studies on cultural variation
in spontaneous somatic word use, linguistic expressions, traditional medical practices,
and empirical laboratory studies to assess the evidence for cultural differences in somatic
processes. Integration of these findings suggests a startling paradox: on the one hand, non-
Western cultures consistently exhibit heightened somatic focus and awareness across a
variety of contexts; on the other hand, non-Western cultures also exhibit less interoceptive
accuracy in laboratory studies. Part 2 discusses the various mechanistic explanations
that have been proposed to explain these cultural differences in somatic awareness
and interoceptive accuracy, focusing on cultural schemas and epistemologies. Part 3
addresses the behavioral and contemplative practices that have been proposed as possible
“interventions,” or methods of cultivating bodily awareness and perceptual accuracy.
Finally, Part 4 reviews the consequences of interoception for psychopathology, including
somatization, body dysmorphia, eating disorders, and anxiety disorders.

Keywords: culture, somatic awareness, interoception, somatization, meditation

How does culture shape interoception? A growing body of psy-
chological research has compellingly demonstrated that humans
are a uniquely cultural species insofar as the extent to which
we are able to learn from our social groups and the extent to
which such learning can radically change a broad spectrum of our
thoughts, feelings, and behaviors (Tomasello, 1999; Richerson and
Boyd, 2005; Heine and Norenzayan, 2006). As a result of these
advances, many of the most foundational psychological processes
previously assumed to be universal have been shown to be pro-
foundly culturally bound (for review, see Heine and Norenzayan,
2006).

Although this notion that culture shapes our most basic features
of our psyche has been applied to a host of processes, there has
been few attempts to systematically understand how cultural forces
shape awareness of the body. Thus, the purpose of this review is
to elucidate the role of culturally bound epistemologies, historical
traditions, and contemplative practices in shaping somatic aware-
ness and interoceptive accuracy. Given the multitude of ways that
a process as complex as interoception and culture can be stud-
ied, the approach here will be interdisciplinary—bringing together
evidence from anthropology, clinical science, and psychology.

Specifically, the review will focus on four key features of cul-
ture and interoception. First, I will review both empirical and

ethnographic evidence that examines the extent to which members
from Western and non-Western cultural groups exhibit differen-
tial levels of somatic awareness and interoceptive accuracy (Part
1). From there, I will discuss the proposed mechanistic origins that
can explain these cultural differences (Part 2). I will then review
culturally bound behavioral practices that have been empirically
shown to affect interception (Part 3), and end with a discussion
for how culturally bound interoception many have consequences
for culturally bound psychopathologies (Part 4).

PART 1: CROSS-CULTURAL DIFFERENCES IN SOMATIC
AWARENESS AND INTEROCEPTIVE ACCURACY
As with virtually all scientific inquiry, the first step to understand-
ing a complex phenomena is to predict and discover interesting
features of the process at hand (see Cronbach, 1986; Rozin, 2001,
for review). In the context of cultural processes and interocep-
tion, this first stage involves identifying key cultural differences in
the way individuals perceive and understand their own bodies. To
what extent do people from different cultural backgrounds vary in
their somatic awareness and interoceptive accuracy?

The question of how cultures differ in somatic awareness and
interoceptive accuracy is a challenge because the two process, albeit
related, may not align insofar as whether or not cultural differences
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in the one also entails (the same) cultural differences in the other.
Somatic or interoceptive awareness centers on the extent to which
individuals find bodily cues salient, whereas interoceptive accuracy
centers on individuals’ abilities to accurately infer the cause and
magnitude of their bodily changes. While interoceptive awareness
is typically operationalized as the frequency of reporting bodily
sensation and beliefs about the importance of such bodily states,
interoceptive accuracy is typically operationalized as the degree of
precision in reporting actual bodily states (e.g., heart rate). This
distinction is also reflected on the neural level, as somatic aware-
ness and interoceptive accuracy rely on different brain mechanisms
(Critchley et al., 2004). Somatic awareness stands as a firmly top–
down process that is driven by attention, beliefs and expectations
(Rimé et al., 1990; Philippot and Rimé, 1997). In contrast, inte-
roceptive accuracy depends on both bottom–up processes (e.g.,
the detection of bodily cues and the presence of physiological fea-
tures that facilitate such detection, such as fitness level—Jones
et al., 1987), as well as top–down ones (e.g., attention, cultural
schemas—Pennebaker and Hoover, 1984; Van den Bergh et al.,
1998; Wiens, 2005). Thus, the former does not serve as simply
a proxy for the latter. Indeed, outside the cultural literature, a
number of studies have found that awareness and accuracy can be
dissociated (Pennebaker and Hoover, 1984; Gardner et al., 1990;
Pennebaker, 1995; Critchley et al., 2004), or even inversely related
(Fairclough and Goodwin, 2007). Given their qualitative differ-
ences, evidence for cultural differences in each process will be
reviewed separately, and their implications will subsequently be
discussed.

These challenges in disentangling somatic awareness from inte-
roceptive accuracy are further complicated by the fact that somatic
awareness is, in itself, a multi-faceted construct that have been
construed in different ways across different disciplines (for review,
see Mehling et al., 2012). On the one hand, somatic awareness
can be defined by the outcome achieved by focusing direct atten-
tion on in-the-moment bodily changes and affective responses;
training aimed at increasing this type of awareness (e.g., con-
crete somatic monitoring; sensory discrimination) suggests that
it can be adaptive (Flor et al., 2001; Watkins and Moulds, 2005).
In contrast, ruminating on the body for the purpose of vigilance
appears to be a less adaptive form of somatic awareness (Cioffi,
1991; Cioffi and Holloway, 1993; Watkins and Moulds, 2005).
Additionally, a further distinction can be made between proprio-
ceptive versus interoceptive awareness. While the former centers
on perception of muscles, joints, movements, posture, and balance
(Laskowski, 2000), the later centers on perception of internal bod-
ily sensation—including, but not limited to: heart rate, breathing,
and hunger (Vaitl, 1996; Cameron, 2001; Craig, 2002; Barrett et al.,
2004).

Given this multi-dimensional nature of somatic awareness,
it is difficult to draw conclusive inferences about the nature of
cross-cultural variation in how people perceive bodily states. Nev-
ertheless, convergent evidence from both empirical studies and
ethnographic work is suggestive that members of a number of
non-Western cultures may exhibit higher levels of somatic aware-
ness than members of Western cultures. In their seminal work
on culture, emotion, and language, Tsai et al. (2004) found that
Chinese–Americans respondents consistently used more somatic

words than European–Americans when discussing a variety of
events, including their relationships, early childhood experiences,
and conversations with their romantic partners; furthermore,
even among Chinese–Americans, those who were less accultur-
ated to North-American culture exhibited this greater reliance
on somatic words relative to those who were more accultur-
ated. This finding is consistent with a broad body of work that
has suggested that Chinese culture perceives bodily and psycho-
logical states to be closely intertwined (Kleinman, 1986; Ots,
1990). Likewise, close examination of the findings on culture
and the self from Kanagawa et al. (2001) study on spontaneous
self-description among college students highlights the dispro-
portionately higher use of somatic descriptors among Japanese
compared to North Americans. Taken together, these findings sug-
gest that East-Asians appear to demonstrate a greater emphasis on
their bodily states when describing themselves and their emotional
experiences.

Additional evidence from linguistics suggests that this greater
emphasis on somatic cues in everyday life among East-Asians may
be traced back to historic traditions steeped within Asian lan-
guage and medicine. In the Chinese language, for example, many
idiomatic emotional expressions use the body parts (specifically,
visceral organs) as metaphors: xuan-xin diao dan (to have one’s
heart in one’s mouth), ti xin diao dan (lift the heart, hang the gall-
bladder), dan-zhan xin jib (gall trembling, heart startled), dan-po
xin jin (gall breaking, heart startled), jing-xin diao-dan (shock the
heart, drop the gallbladder), xin-dan ju lie (heart and gallbladder,
both split), all refer to states of fear, where the heart and the gall-
bladder are described as lifted, hanging in the air, jolted, broken,
dropped, or torn. We find the same pattern of somatic focus in
Chinese holistic medicine, which model the body as a powerful
psychological force. According to traditional holistic models of
the human body, decision-making and thought reside primarily
not in the mind, but in the liver, the site of contemplation; the
gallbladder, the place where judgments are made; and the heart,
the executive center (Ye, 2002).

Similar cultural patterns also emerge in other East-Asian cul-
tures. In Japanese, anger starts off by being contained the belly
(hara), then progresses to the chest (mune), and finally reaches
the head (atama; Matsuki, 1995). Given that cultural ideas and
language have long been argued to be inseparable—after all,
language stands as the primary mechanism for transmitting cul-
tural ideas (Wierzbicka, 1993, 1995; Tomasello, 1999; Slobin,
2003)—these provide convergent evidence of cross-cultural vari-
ation in the degree to which individuals emphasize somatic
experiences.

East-Asians cultures are not the only non-Western cultural
groups that exhibit this pattern. A growing number of recent
studies has found that many cultural groups, including those
from Papua New Guinea (Lindström, 2002), aboriginal Australia
(Turpin, 2002), and West Africa (Geurts, 2003) display a similar
emphasis on the body. In the West African case, anthropolo-
gists have observed that cultural terms exist that refer exclusively
to bodily sensations for which there is no English translation
(e.g., “seselelame,” which can be roughly translated as “feel-feel-
inside-the-body”—Geurts, 2003). Likewise, many West-African
languages use the body as a basis for their emotional terms
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(Ameka, 2001; Dzokoto and Okazaki, 2006), much like the way
they are used in Chinese and Japanese. Likewise, African tradi-
tional medicine also focuses on harmony and holism, treating
the body and mind as fundamentally integrated rather than
separate (Mbiti, 1970). In line with these cultural practices, it
is not surprising that recent research by Dzokoto (2010) and
Chentsova-Dutton and Dzokoto (2014) found that West-Africans
also self-reported greater sensitivity to bodily changes relative to
European–Americans.

Taken together, these findings offer suggestive—but not
definitive—evidence for cultural variation in somatic awareness.
At best, the majority of the aforementioned work has yielded
indirect evidence for a greater cultural emphasis on bodily parts
and processes among members of non-Western cultural groups—
namely, East-Asians and West-Africans. Given the indirect nature
of this evidence, it remains unclear the precise nature and form of
these cross-cultural differences, and whether they extend to pro-
prioception or interoception, mindful awareness of bodily states
or vigilant monitoring of bodily cues.

These limitations notwithstanding, to what extent does this
potential cultural difference in somatic awareness translate into
interoceptive accuracy? As a construct, interoceptive accu-
racy stands as a crucial feature of numerous emotion theories
(e.g., James, 1884; Schachter and Singer, 1962; Damasio, 1994)
with a wide range of consequences for a variety of psycho-
logical processes, including self-regulation (e.g., Barrett et al.,
2004), decision-making (e.g., Werner et al., 2009) and atten-
tion (e.g., Matthias et al., 2009). Although the majority of
studies to date on interoceptive accuracy have focused on indi-
viduals’ abilities to accurately detect cardiac signals given its
non-invasive nature, more recent findings suggest that cardiac
accuracy predicts other forms of accuracy—namely, sensitiv-
ity for gastric functions, and thus may reliably stand as a
more general indicator of interoceptive accuracy (Herbert et al.,
2012b). Furthermore, a number of individual differences, situa-
tional forces and practices can influence interoceptive accuracy,
including: food deprivation (e.g., Herbert et al., 2011), gender
(e.g., Koch and Pollatos, 2014a); obesity (e.g., Herbert and Pol-
latos, 2014), and disordered eating (e.g., Koch and Pollatos,
2014b).

A striking paradox emerges in the literature on culture, somatic
awareness, and interoceptive accuracy. Until now, few studies have
dealt specifically with the relationship between culture and internal
bodily states. The bulk of the existing literature has focused exclu-
sively on actual (rather than perceived) bodily changes and has
found few, if any, cultural differences (Tsai et al., 2002; Soto et al.,
2005). Thus, it appears that there is little evidence for consistent
cross-cultural variation in actual bodily events.

Nevertheless, recent work by Ma-Kellams et al. (2012) found
that when it comes to perceiving bodily changes, East-Asians are
less accurate than European–Americans. Across four studies, East-
Asians consistently demonstrated less interoceptive accuracy: they
were more likely to misattribute the cause of their bodily changes
and displayed greater discrepancies between their perceived and
actual bodily states (in this case, heart rate).

Chentsova-Dutton and Dzokoto (2014) found a similar pattern
of results with West-Africans. Despite the fact that West-Africans

reported higher levels of interoceptive awareness, they nevertheless
displayed less interoceptive accuracy—as in the previous case,
they were less able to accurately report their heart rate relative
to European–Americans. Taken together, these two studies offer
limited and tentative evidence for an interesting paradox: both
East-Asians and West-Africans are simultaneously more aware of
their own bodies (“aware” insofar as they find bodily features more
salient in everyday life and report higher levels of somatic sensi-
tivity), and yet they display a relative inability to accurately infer
bodily changes. How can this be?

PART 2: EXPLAINING CROSS-CULTURAL VARIATION IN
SOMATIC AWARENESS AND INTEROCEPTIVE ACCURACY
Part 1 of this review, in identifying the key differences in
somatic focus and interoceptive accuracy between Western and
non-Western cultural groups, highlighted an important puz-
zle: members of East-Asian and West-African cultures appear
to be both more somatically focused and more inaccurate in
their somatic inferences. This raises the deeper issue of how the
previously observed cultural differences in interoception can by
explained. In the following sections, I articulate the divergent pro-
posed explanations for these cultural differences in somatic focus
and interoceptive accuracy.

Given that culture, at its core, consists of collectively shared
meaning systems that involve beliefs, values, language, and rituals
that serve to both produce behavior in culturally consistent way
and reinforce such behavior (Kroeber and Kluckhohn, 1952), it
is not surprisingly that the long-standing explanation put forth
for why cultures vary in the degree of somatic focus is differ-
ences in these culturally specific meaning systems. However, there
lacks a consensus as to which feature of culture is the critical
one that can explain differences in bodily focus. Some scholars
argue that differences in cultural conceptualizations of the body
and how it relates to other key features of the self is the pri-
mary process at hand; namely, Eastern cultural models of the self
and emotion portray the body as fundamentally entwined with
the body (Kleinman, 1986; Ots, 1990). Other scholars, in con-
trast, contend that differences in language is the critical driving
force, and that for members of a Chinese-speaking culture, for
example, somatic and emotion words are less differentiated (i.e.,
bodily words are oftentimes embedded in other words—Tung,
1994).

Work by Tsai et al. (2004) addresses this question of mechanism
by dissociating cultural conceptions from language. In comparing
European–Americans, less-acculturated Chinese–Americans, and
more-acculturated Chinese–Americans speaking the same lan-
guage (i.e., English), they were able to directly contrast the effects
of cultural beliefs while holding language constant. If differences in
somatic focus between members of Eastern and Western cultures
were the product of language differences, then their experimental
design would have yielded no differences between the three cul-
tural groups given that all spoke the same (English) language. If
somatic focus differences were the product of culturally specific
conceptions about the psychological meaning afforded to bodily
processes, then differences between the three groups would appear,
despite the use of shared language. Their findings provide sup-
port for the latter model, as less-acculturated Chinese–Americans
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displayed more somatic word use relative to more acculturated
Chinese–Americans and European–Americans.

Similar arguments have been made to explain West-Africans’
greater somatic awareness. Chentsova-Dutton and Dzokoto
(2014) argued that top–down factors like cultural schemata sur-
rounding the role of the body, their accompanying culturally
specific terms (e.g., “seselelame”), and their use of emotional
expressions that integrate body parts (e.g., fear as “heart-fly”) can
explain West-African’s self-reported sensitivity to bodily cues.

In contrast to this focus on cultural conceptions of the body
used to explain cross-cultural variation in somatic focus, a differ-
ent set of mechanisms have been used to explain differences in
interoceptive accuracy. Given that cultural differences in these two
processes diverge (i.e., with non-Westerners being more likely to
display the former but less likely to display the latter), it is not sur-
prising that attempts to explain East-Asians and West-Africans’
relative inaccuracy in interoceptive perception have focused not
on cultural models of the body, but a different set of processes that
are more cognitive in nature.

Attempts to explain cultural variation in interoceptive accu-
racy between East-Asians and European–Americans have focused
on analyses of East–West epistemologies, and have suggested that
despite the heightened focus on bodily processes, cultural dif-
ferences in cognitive styles may nevertheless render those from
Eastern cultures less able to accurately attend to internal cues.
Specifically, Ma-Kellams et al. (2012) proposed that Asians and
European–Americans differ in interoceptive abilities due to dif-
ferences in context dependency. Past research on culture and
cognition has consistently demonstrated that Easterners attend
more to contextual cues when evaluating both the self (e.g., Kana-
gawa et al., 2001) and others and external events (e.g., Morris
and Peng, 1994). Furthermore, such an attentional difference
appears to be more than a matter of voluntary control: even
when asked to ignore contextual cues, Asians exhibit greater dif-
ficulty (compared with European–Americans) on such tasks (Ji
et al., 2000; Masuda and Nisbett, 2001; Kitayama and Ishii, 2002;
Ishii et al., 2003; Kitayama et al., 2003). This focus on contextual
cues should render Asians less attentive to their internal states
(relative to the external cues stemming from the external world)
because if the individual self is not the central object of focus
or primary unit of analysis compared to the surrounding con-
text, then bodily changes should be relatively less attended to. In
other words, Asians tend to disproportionately focus on exter-
nal contextual entities outside of themselves—both in terms of
other individuals (as part of the interdependent self—Markus and
Kitayama, 1991) as well as other factors in their environment
(e.g., field-dependence—Ji et al., 2000)—and yet accurate inte-
roception requires one to ignore such external factors in order
to focus on one’s internal state. Thus, the argument is that
contextual dependency explains East Asians’ lower interoceptive
accuracy. Consistent with this argument, Ma-Kellams et al. (2012)
found that individual differences in the ability to ignore contex-
tual cues mediated performance differences between Easterners
and Westerners on an interoceptive task—in this case, heartbeat
detection.

In the West-African cultural context, Chentsova-Dutton and
Dzokoto (2014) proposed that the higher levels of somatic

awareness reported by members of this cultural group may be the
precise mechanisms that hinders their interoceptive accuracy. That
is, West-African culture holds a particular schema that links fear
with a racing heart. Although this schema may accurately portray
the link between emotion and physiological change in general, it
may not serve to accurately describe online (i.e., in-the-moment)
bodily changes. Thus, in the context of their study, in which they
had West-Africans estimate their own heart rates while watching
a fear-inducing film, it might have been possible that the saliency
of the emotional content led these participants to expect increases
in heart rate (in line with the schema) but ignore the actual, more
subtle cues from their body. Thus, another possible explanation
for cultural differences in interoceptive accuracy is that cultures
that exhibit high levels of somatic focus may ironically be worse
at detecting actual somatic change because highly salient somatic
schema are chronically accessible and renders individuals less likely
to attend to actual somatic cues.

PART 3: CULTURAL PRACTICES AND INTEROCEPTION
Culture is not known of its timeless, unchanging nature; if any-
thing, culture changes as social life changes, and a fundamental
component of culture is the practices, rituals, and traditions indi-
viduals of any given cultural group rely on that promotes culturally
consistent ways of thinking, feeling, and behaving. Thus, this
section focuses on the behavioral and contemplative practices
from different cultural origins that have been proposed as pos-
sible “interventions,” or methods of cultivating bodily awareness
and perceptual accuracy.

Meditation, mindfulness, and yoga are ancient Eastern prac-
tices, but in recent years they have received increasing empirical
attention in the context of psychological well-being and health. At
the core, yoga and its related practices takes a holistic approach
to the mind and body, assuming that exercises with a mental
focus will have bodily effects, and bodily exercises will have men-
tal effects. Together, they share a variety of common features,
including prolonged physical stillness and/or some kind of men-
tal control characterized by stability and focus, a perceptual style
in which there is little active effort to interpret sensory informa-
tion. From a scientific standpoint, they have conceptualized these
practices as a complex set of emotional and attentional training
regimens (Lutz et al., 2007). Although these techniques are tra-
ditionally used in spiritual contexts, there is a growing trend in
using them as a form of alternative therapy (Astin et al., 2003;
Barnes et al., 2004; Arias et al., 2006).

Meditation, yoga, and mindfulness techniques typically incor-
porate somatic awareness and use the body as an object of focus
(Kabat-Zinn, 1990; Selby, 1992; Kornfield, 1996; Nairn, 2000).
It is important to note that in this context, somatic awareness
is defined primarily by adaptively focusing direct attention on
in-the-moment bodily changes (Flor et al., 2001; Watkins and
Moulds, 2005) rather than engaging in emotionally driven vig-
ilance (Cioffi, 1991; Cioffi and Holloway, 1993; Watkins and
Moulds, 2005).

Beyond focusing on the body, bodily sensations are also mod-
ulated through breathing and posture (Bhajan and Khalsa, 2000;
Arambula et al., 2001; Peng et al., 2004). Theorists have posited
that the benefits observed from practicing any or all of these actions
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are derived from these common elements (for review, see Watts,
2000), and followers of these practices attest that engaging in this
kind of intentional attunement leads to improved awareness of a
variety of internal states, including bodily awareness (Kabat-Zinn,
1990; Kornfield, 1996; Nairn, 2000).

Khalsa et al. (2008) empirically tested this assertion by exam-
ining interoceptive accuracy among two groups of experienced
meditators, Tibetan Buddhists and Kundalini monks, and compar-
ing them to a group of non-meditators. The authors assessed both
self-perceived interoceptive awareness (i.e., participants’ reports
of their interoceptive performance) and actual interoceptive accu-
racy (i.e., on a heartbeat detection task). Contrary to prediction,
experienced meditators displayed comparable levels of accuracy
relative to non-meditators, but self-reported higher levels of inte-
roceptive awareness. Similar findings have also been reported by
Nielsen and Kaszniak (2006), albeit with a smaller sample size
and no control group. Taken together, these findings suggest that
contrary to lay assumptions, chronic engagement in meditative
practices only appears to heighten somatic awareness but does not
appear to improve actual interoceptive accuracy.

Despite the lack of evidence for a direct link between medita-
tive practices and interoceptive accuracy, these practices are not
without other physiological and psychological benefits. Empiri-
cal studies comparing yoga with relaxation exercises, for example,
have found that both practices yielded similar physical and psycho-
logical benefits (e.g., decreases in heart rate and blood pressure,
increases in self-esteem—Jaggi, 1979; Cusumano and Robinson,
1992). Other studies have found additional physiological ben-
efits of yoga, including asthma and hyperventilation (Chandra,
1994) and hypertension (Steptoe, 1981). Similar arguments have
been made about mindfulness techniques, which have been shown
to prevent depressive rumination (e.g., Teasdale et al., 1995).
Recently, Shannahoff-Khalsa proposed that combining medita-
tion with breathing and somatic exercises based on the Hindu
Tantric practice of Kundalini Yoga can be used as an interven-
tion for a wide range of psychiatric disorders. Thus, a review
of the empirical studies on meditation, mindfulness, and yoga
reveals mixed evidence for the effects of such contemplative
practices on bodily awareness and interoceptive accuracy—these
meditative practices appear to facilitate the former, but not the
latter; these limitations notwithstanding, they may offer physi-
ological and psychological benefits in other contexts apart from
interoception.

PART 4: CULTURE, INTEROCEPTION, AND
PSYCHOPATHOLOGY
A substantive body of work demonstrates that members of dif-
ferent cultural backgrounds exhibit differential levels of somatic
symptoms in response to both physical and mental illness. In the
context of physical illness, African–Americans are more likely to
report bodily symptoms after exercise, surgery, and in response
to a variety of diseases (Faucett et al., 1994; Sheffield et al., 1999;
Edwards et al., 2001). In the context of psychological distress,
members of non-Western cultures are more likely to report bod-
ily symptoms rather than purely affective ones; this pattern has
been demonstrated with African (Chowdhury, 1996; Dzokoto
and Adams, 2005); African–American (Friedman and Paradis,

2002); Cambodian (Hinton et al., 2006, 2007); and Chinese sam-
ples (Park and Hinton, 2002; Ryder et al., 2008; Ryder and
Chentsova-Dutton, 2012).

The heightened rates of somatization of psychological distress
in Asian culture is perhaps the most widely studied example of
cultural variation in the cultural psychopathology literature (see
Ryder et al., 2002). Compared to individuals of European descent,
those from Asian countries are allegedly more likely to manifest
bodily symptoms when experiencing psychological distress. In one
of the initial studies on culture and epidemiology, Kleinman and
Good (1985) found that depression was rarely reported in Chi-
nese cultures, but neurasthenia—a similar illness characterized by
somatic symptoms—was much more prevalent; he subsequently
concluded the neurasthenia emerged as a culturally specific man-
ifestation of depression. Subsequent studies have similarly found
a greater tendency among Chinese to report somatic symptoms
(Tsoi, 1985; Chan, 1990; Simon et al., 1999; Yen et al., 2000; Parker
et al., 2001). In the attempt to explain these cultural differences,
numerous theoretical arguments have been put forth, including
linguistic features of the Chinese language (e.g., Leff, 1981); stigma
associated with psychiatric conditions (e.g., Goffman, 1963), and
differences in emotional expression norms (Sayar et al., 2003).

More recent research has challenged both theoretically and
empirically. Theoretically speaking, Cheung (1995) posited that
most of the explanations put forth for cultural variation in soma-
tization were formed on a post hoc basis rather than built as part
of the study designs. Empirically, Ryder et al. (2008) contended
that many of the existing studies that have found cultural differ-
ences in somatic symptom reporting lacked a Western comparison
sample and thus could not rule out the alternative explanation
that somatic symptoms is a general feature of depression; fur-
thermore, most studies relied on a single assessment mode, thus
leaving the influence of modality on the finding an open question.
Thus, in their study, Ryder et al. (2008) used three different assess-
ment modalities (self-report, clinical interview, questionnaire)
to assess symptom presentation among Chinese and European–
Canadians; they found that although Chinese patients reported
more somatic symptoms than European–Canadians, European–
Canadians reported more psychological symptoms, and the latter
effects was larger and more consistent than the former. The
authors concluded that in the context of depression, cultural dif-
ferences may center more on Western “psychologization” rather
than Eastern somatization.

Zaroff et al. (2012) also challenged the long-standing view of
somatization as a culture-specific pathology in their review of the
literature, which found that rates of somatic symptom report-
ing are comparable across cultures when ascertainment methods
are controlled for. They suggest that cultural variation in stigma
associated with psychological illness and service provision, along
with cultural socialization patterns, can explain what appears to be
cultural differences in symptom reporting; however, when assess-
ment techniques include direct questioning of mood and consider
response patterns on self-report, much of the aforementioned
cultural differences are attenuated.

Beyond depression, limited work has examined cultural differ-
ences in somatization with other psychopathologies. For example,
Viernes et al. (2007) examined the link between somatization of
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distress, food restriction and fat phobia among Filipino and West-
ern teenagers. They found that Western teenagers displayed more
food restriction practices and fat phobia, and lower levels of
somatization of distress. Fear of fatness was correlated with soma-
tization, and the authors raised the question of whether fat phobia
and somatization stand as culturally specific forms of expressing
psychological distress (see also Helman, 1990). Nevertheless, it
remained unclear based on their data whether such a link was
causal or epiphenomenal. However, given that past studies have
reliably shown interoceptive accuracy to relate to food deprivation
(Herbert et al., 2011, 2012a), obesity (Herbert and Pollatos, 2014)
and disordered eating (Koch and Pollatos, 2014b), it is likely that
cultural differences in accuracy may also lead to related differences
in food and eating disorders.

Likewise, somatization has been linked to other disorders in
cultural contexts, including a variety of anxiety-based disorders
(e.g., ataque de nervios, or “attack of nerves,” an unexplained
distress syndrome found in parts of Latin-America—Lopez et al.,
2011; Dhat syndrome, a culturally bound preoccupation with
perceived semen loss found in India—Ranjith and Mohan, 2006;
“Ode Ori,” a disorder characterized by a perceived crawling sen-
sation in the body found in Nigeria—Makanjuola, 1987). Beyond
these culture-specific disorders, somatic symptoms has also been
linked to more generalized reports of anxiety and depression (e.g.,
in Pakistan—Minhas and Nizami, 2006; Israel—Al-Krenawi and
Graham, 2004; Egypt— Abdel-Khalek and Lester, 2009; Mexico—
Varela et al., 2004), as well as specific reports of post-traumatic
stress and panic disorder (e.g., in Cambodia—Boehnlein, 2001).
Though suggestive, the limited number of studies done on the
role of culture and somatization in these disorders make it dif-
ficult to draw firm conclusions about how and why somatic
symptoms feature so prominently in a variety of both gener-
alized and culture-specific anxiety-based and depression-based
disorders. Nevertheless, the prevalence of somatization in non-
Western cultures is largely consistent with the finding that many
non-Western cultural group members exhibit lower levels of inte-
roceptive accuracy, given that somatization may reflect an inability
to accurately perceive one’s bodily states. Indeed, a growing body
of research supports this notion that somatization is a reflection
of poor interoceptive abilities (Gardner et al., 1990; Bogaerts et al.,
2008).

CONCLUSION
In summary, a review of the existing literature suggests that cross-
cultural differences in interoception can be summarized as follows:
(1) members of non-Western cultures tend to exhibit higher levels
of somatic awareness but lower levels of interoceptive accuracy; (2)
variation in cultural conceptualizations and epistemic traditions
can, in part, explain these differences, (3) cultural practices related
to meditation, yoga, and mindfulness, in line with the aforemen-
tioned evidence, appear to facilitate bodily awareness but fail to
improve actual accuracy, and (4) the heightened somatic aware-
ness among non-Western cultures is linked to a greater emphasis
on somatic symptoms in a wide array of psychopathologies—most
notably, depression and anxiety.

These findings notwithstanding, there remains several areas
that warrant further research in the context of culture and

interoception. First and most broadly, the overwhelming majority
of research in culture and interoception in particular and cul-
tural psychology in general has been focused on the East–West
comparison. Although this reliance on comparing members of
East–Asian and European–American cultures has been fruitful and
telling, there remains a substantive gap in our knowledge about
how Western models of embodiment and related psychological
processes emerge—or fail to emerge—in other cultural contexts.
A small but growing body of work has begun to tackle this ques-
tion in West Africa and Latin-America, but there remains much to
be explored in other cultural contexts.

A related need is greater precision in defining the nature of
observed cross-cultural differences. Few studies, if any, have
attempted to take a multidimensional view of somatic aware-
ness when assessing for cross-cultural differences. However, given
recent developments in our understanding of the complex nature
of body awareness (Mehling et al., 2012), future research can
more systematically use multidimensional measures of somatic
awareness (e.g., the MAIA—Mehling et al., 2012) in cross-cultural
contexts. Similarly, more work is needed to assess the robustness
of cross-cultural differences in interoceptive accuracy given the
relative paucity of empirical studies to date that have investigated
this construct.

Second, little is known about the role of somatic awareness
and interoceptive accuracy in cross-cultural, psychopathological
contexts apart from those relating to depression and/or anxiety.
An example of one pathology that warrants further research is the
role of culture and interoception in eating disorders. Although
there is some initial evidence that interoception is a key process in
anorexia nervosa (e.g., Arnold, 2012) and rates of anorexia nervosa
varies across cultures (e.g., see Simpson, 2002, for review), few
studies, if any, have examined whether interoceptive differences
can explain cultural variation in this disorder. The case of anorexia
nervosa serves as just one example of a psychopathology that may
be moderated by culture and interoception, but for which there is
limited research.

Third, more research is needed to elucidate how and when
culture-specific practices—including, but not limited to mindful-
ness, meditation, and yoga—can assist in or hinder interoceptive
accuracy. Despite the fact that existing empirical studies have
failed to find a reliable relationship between experienced medi-
tators and interoceptive accuracy, various alternative explanations
remain. Subsequent studies can aim to manipulate the practice
of meditation rather than rely on a self-selected sample of exist-
ing meditators to more directly assess the causal link between
meditation and interoceptive accuracy. Furthermore, additional
studies can assess interoceptive abilities in a wider array of forms
(e.g., in modalities other than heartbeat detection) and bodily
states (e.g., in states other than resting state). Doing so can help
further elucidate the precise mechanisms and boundary condi-
tions underlying the relationship between cultural practices and
interoception.
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Reason for addendum:
In the original version of this paper, parts of the text inadvertently contained notes and overlooked
important contributions from the literature, resulting in statements that were improperly worded
or insufficiently cited. Below are the corrections, with apologies to the authors.

In the original text in Part 1: Cross-Cultural Differences describing the differences between
somatic or interoceptive awareness versus accuracy (i.e., the text starting with “Somatic or
interoceptive awareness centers on. . . ” to the end of the paragraph), it should state that Chentsova-
Dutton and Dzokoto (2014) were the ones who contended that awareness and accuracy are
differentially driven by a distinct constellation of processes, citing evidence that awareness is driven
by cultural schemas (e.g., Rimé et al., 1990) whereas accuracy is driven more by bodily cues
(e.g., Jones et al., 1987); they also cite additional evidence (e.g., from Pennebaker and Hoover,
1984; Critchley et al., 2004; Fairclough and Goodwin, 2007) that the two forces do not always
go hand-in-hand. It should also state that although previous studies have used performance on
a heartbeat detection task (i.e., assessment of the difference between a participants’ reported
heartbeats and actual heartbeats) as a measure of interoceptive awareness (e.g., Pollatos et al.,
2007; Herbert et al., 2012), there is now a general consensus among interception researchers that
awareness and accuracy are not the same (Bornemann et al., 2015; Farb et al., 2015; Garfinkel et al.,
2015), and that while awareness is about being cognitively mindful of one’s bodily states, accuracy is
about whether perception of one’s bodily states aligns with reality; as such, people who are high on
awareness are not necessarily also high on accuracy (for review, see Ceunen et al., 2013). However,
variation still exists when it comes to the definition of interoceptive awareness, and what usage of
that term refers to Mehling et al. (2012) and Garfinkel et al. (2015).

The original text from the same paragraph in Part 1 stated that traditional models of African
medicine emphasized the holistic, harmonious integration of mind and body (Mbiti, 1970) but
should state that this was a feature of traditional African religions, correct the year of the publication
to 1969, and specify that according toMbiti, traditional African religion takes a holistic approach to
“occupy[ing] the whole person” (Mbiti, 1969, p. 3); as such “no line is drawn between the spiritual
and physical” (Mbiti, 1969; p. 4).
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In the original text, also in Part 1, that distinguished
between two forms of bodily awareness (i.e., “Additionally,
a further distinction can be made between proprioceptive
versus interoceptive awareness. . . ” and the following sentence),
it should state that three distinctions can be made for
sensory awareness more broadly (including, but not limited
to, forms of bodily awareness): between: (1) exteroception or
mechanoreception—i.e., of eyes, ears, skin; (2) prioprioception—
i.e., of muscles, joints, and (3) interoception—i.e., of internal
organs (for review, see Cacioppo et al., 2007; see also Chentsova-
Dutton and Dzokoto, 2014 and Garfinkel and Critchley,
2013). Although bodily awareness more appropriately describes
prioprioception and interoception (but not exteroception), it
can still include mental processes that follow from perceiving
and judging external features of the body (Daubenmier, 2005;
Mehling et al., 2009; Daubenmier et al., 2016).

In the original text that described cultural groups who
emphasized their body in language and illness (i.e., the paragraph
texts that state “A growing number of recent studies has
found that many cultural groups. . . ” from Part 1 and “In
the context of physical illness. . . ” from Part 4: Interoception
and Psychopathology), it should state that Chentsova-Dutton
and Dzokoto (2014) observed these trends in non-European-
American contexts (i.e., among the cited studies from Papua New
Guinea, aboriginal Australia, West Africa, China, and Cambodia,
and among African-Americans in the U.S.). It should also be
noted that in addition to these cases, many cultural groups
also emphasize the body in their use of language terms. To
illustrate, the Ifaluk ofMicronesia do not appear to have a specific

word for “emotion” but rather, related words that refer more to

physical, internal experiences—for example, “niferash” refers to
“the most general terms used to describe internal functioning”
(Lutz, 1988, p. 92). This phenomenon that has also been observed
in other languages (for review, see Pavlenko, 2008). In terms
of illness, numerous studies suggest that African–Americans are
more likely to experience somatic symptoms in response to
depression (Brown et al., 1996; Das et al., 2006). Outside the
U.S., a large-scale international study across 14 countries in five
continents found similar evidence for somatic symptoms as a
common feature of depression (Simon et al., 1999). Similarly
elevated reports of physical symptoms like pain have also been
shown in physical health contexts (for example, ethnic minorities
in this country report higher levels of unrelieved pain relative to
European-Americans—for review, see Shavers et al., 2010).

The original text from Part 4 that stated that Cheung (1995)
argued that explanations for somatization in other cultures were
made post-hoc, but should be corrected to state that the Cheung
finding and reference was put forth and cited by Ryder et al.
(2008).
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Objective: Alexithymia relates to difficulties recognizing and describing emotions. It has

been linked to subjectively increased interoceptive awareness (IA) and to psychiatric

illnesses such as major depressive disorder (MDD) and somatization. MDD in turn is

characterized by aberrant emotion processing and IA on the subjective as well as on the

neural level. However, a link between neural activity in response to IA and alexithymic

traits in health and depression remains unclear.

Methods: A well-established fMRI task was used to investigate neural activity during

IA (heartbeat counting) and exteroceptive awareness (tone counting) in non-psychiatric

controls (NC) and MDD. Firstly, comparing MDD and NC, a linear relationship between

IA-related activity and scores of the Toronto Alexithymia Scale (TAS) was investigated

through whole-brain regression. Secondly, NC were divided by median-split of TAS

scores into groups showing low (NC-low) or high (NC-high) alexithymia. MDD and

NC-high showed equally high TAS scores. Subsequently, IA-related neural activity was

compared on a whole-brain level between the three independent samples (MDD, NC-low,

NC-high).

Results: Whole-brain regressions between MDD and NC revealed neural differences

during IA as a function of TAS-DD (subscale difficulty describing feelings) in the

supragenual anterior cingulate cortex (sACC; BA 24/32), which were due to negative

associations between TAS-DD and IA-related activity in NC. Contrasting NC subgroups

after median-split on a whole-brain level, high TAS scores were associated with

decreased neural activity during IA in the sACC and increased insula activity. Though

having equally high alexithymia scores, NC-high showed increased insula activity

during IA compared to MDD, whilst both groups showed decreased activity in

the sACC.
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Conclusions: Within the context of decreased sACC activity during IA in alexithymia

(NC-high and MDD), increased insula activity might mirror a compensatory mechanism

in NC-high, which is disrupted in MDD.

Keywords: major depressive disorder, alexithymia, interoceptive awareness, insula, sACC, interoception, fMRI,

neuroimaging

Introduction

Alexithymia is a multifaceted personality construct characterized
by individuals having difficulties identifying or describing
feelings. The term literally means “no words for feelings” and
was introduced by Sifneos (1973) based on observations of
psychosomatic disorder patients. Subsequent investigations have
identified a link between alexithymic traits and other mental
illnesses, including affective disorders like major depression
(Bankier et al., 2001; Honkalampi et al., 2001; Saarijärvi et al.,
2001; Leweke et al., 2012) and somatoform disorder (Karvonen
et al., 2005; Burba et al., 2006). The 20-item Toronto Alexithymia
Scale (TAS-20, Bagby et al., 1994a,b; see De Gucht and Heiser,
2003 for review) is the most commonly used self-report
measurement of alexithymia. In line with Sifneos’ observations,
TAS scores were found to be associated with increased levels
of subjective body awareness (Nakao et al., 2002; Kano et al.,
2007; Ernst et al., 2014) and depressive symptoms (Honkalampi
et al., 2001; Saarijärvi et al., 2001). The described triangular
interconnection between alexithymia, bodily awareness and
depressive symptoms (see Harshaw, 2015 for review) is also
evident in the general population (see Honkalampi et al.,
2000 on depression and alexithymia; see Mattila et al., 2008
on alexithymia and somatization). This supports the view of
alexithymia being a relatively stable personality trait (Luminet
et al., 2001; Saarijarvi et al., 2006; Stingl et al., 2008) and
emphasizes the need for more investigations in non-psychiatric
participants. Despite these strong relationships between
alexithymic traits and major depression, both of which include
aberrant emotional and body awareness, the association between
neural activity in response to body awareness and alexithymic
traits in health and depression remains to be described.

A growing body of research in the field of neuroimaging has
investigated body-related processes in the form of interoceptive
stimuli. Neural activity during interoceptive awareness (IA)–the
awareness of stimuli, such as the heartbeat, that originate within
the body–is considered an important factor in the processing of
emotions (Damasio, 1999; Lamm and Decety, 2008; Lamm and
Singer, 2010; Gu et al., 2013). Alexithymia and IA are therefore
linked by a similar feature, namely the perception of body-
related and emotional stimuli. As proposed previously (e.g., by
Gu et al., 2013; Kano and Fukudo, 2013), alexithymia might
show differential associations with IA-related neural activity
in brain regions implicated in subjective interoceptive and
emotional experience. However, few neuroimaging studies have
investigated neural activity during IA in affective disorders like
major depressive disorder (MDD). These have shown aberrant
neural activity during IA in MDD, particularly decreased neural
activity in the insula (Wiebking et al., 2010, 2015; Avery et al.,

2014). Although no investigations have directly targeted neural
processes during IA in alexithymia, neuroimaging studies have
shown altered neural activity in response to emotional stimuli
in brain structures associated with IA such as the insula and
the anterior cingulate cortex (ACC) (see Wingbermühle et al.,
2012 for review). For example, Karlsson et al. (2008) used
visual emotional stimuli in H2

15O-PET (positron emission
tomography) to investigate regional cerebral blood flow changes
in healthy participants, which were recruited on the basis of
their high and low TAS scores. During emotional processing,
high-alexithymic individuals showed increased cerebral blood
flow in, amongst other brain regions, the insula. Less activation
was reported in the anterior cingulate when comparing high vs.
low alexithymic individuals. In another PET study comparing
high and low non-psychiatric TAS scorers, Kano et al. (2007)
investigated the effects of visceral stimulation. Alexithymic
participants showed increased activity during colonic distension
in the insula, but increased activity in the anterior cingulate
during physical stimulation. In addition to PET, a growing
number of functional magnetic resonance imaging (fMRI)
studies have found that alexithymia is associated with aberrant
task-evoked neural activity in response to emotional stimuli in
the insula and ACC. In this context, increased neural activity
in the insula, particularly in response to bodily stimuli, might
be associated with hyperawareness of somatosensory signals in
alexithymia, which has been described on the level of subjective
emotional experience and behavior (e.g., De Gucht and Heiser,
2003; Nakao and Barsky, 2007; Wingbermühle et al., 2012; Kano
and Fukudo, 2013).

The observation of enhanced insula activity seems to be a
more consistent characteristic in alexithymia research compared
to decreased ACC activity. Increased insula activity is frequently
observed in response to awareness of interoceptive stimuli such
as the heartbeat, breathing or bladder state (Simmons et al., 2006;
Pollatos et al., 2007; Farb et al., 2013; Wiebking et al., 2014, 2015).
In alexithymia, increased insula activation was shown in response
to a variety of emotional tasks, such as viewing emotional
pictures (negative or positive) (Deng et al., 2013), viewing facial
expressions (happy or sad) (Lemche et al., 2013), viewing painful
pictures (human hands and feet) (Moriguchi et al., 2007), a
trauma script imagery task (Frewen et al., 2008) (posterior
insula), or in response to an empathy for pain paradigm (Bird
et al., 2010). However, simultaneously observed neural activity
in regions of the ACC showed inconsistent patterns across these
fMRI studies, ranging from increased activity (Deng et al., 2013;
Lemche et al., 2013; see also Heinzel et al., 2010) to decreased
responses (Moriguchi et al., 2007; Frewen et al., 2008; see also
Berthoz et al., 2002; Leweke et al., 2004). Combining self-reported
measures of body awareness and alexithymia with biochemical
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measurements, a recent MRS (magnetic resonance spectroscopy)
study investigated the association between alexithymia (TAS),
body awareness (Porges, 1993) and metabolite concentrations
of GABA (gamma-aminobutyric acid) and glutamate in the
insula and ACC (Ernst et al., 2014). Levels of glutamate, the
primary excitatory neurotransmitter in the brain, were positively
related to alexithymia and body awareness in the insula. The
finding of increased glutamate-mediated excitatory transmission
within the insula of alexithymic individuals supports the
aforementioned studies of increased insula activity, although
no direct neuro-biochemical relationship was demonstrated.
Considering the methodological and interpretative shortcomings
of MRS (Duncan et al., 2013), the results are further suggestive
of an aberrant interoceptive signal-to-noise ratio in the insula
in alexithymia. On the other hand, levels of GABA, the primary
inhibitory neurotransmitter in the brain, were positively related
to alexithymia in the ACC. Mediating a reduction of neural
responses, an enhanced GABAergic transmission in the ACC
may account for the decreased neural activity in alexithymia in
this region (Ernst et al., 2014).

Despite the fact that certain brain regions (insula, ACC) and
stimuli types (body-related interoceptive and emotional stimuli)
play a role in alexithymia (see for reviews Wingbermühle et al.,
2012; Moriguchi and Komaki, 2013; van der Velde et al., 2013),
direct associations between alexithymic traits and neural activity
during IA remain unclear. To clarify these questions, a well-
established paradigm was used in the current fMRI study to
investigate neural activity during internal (heartbeat counting)
and external awareness (tone counting) in MDD and non-
psychiatric controls (NC) (Wiebking et al., 2014, 2010, 2015).
The 20-item TAS was used to objectify alexithymia. It is the
most widely used self-report instrument to measure the degree of
alexithymia and consist of three subscales: difficulties identifying
feelings (DI), difficulties describing feelings (DD) and external
oriented thinking (EO) (Bagby et al., 1994a,b). In the first step,
a linear relationship between IA-related neural activity and TAS
scores comparing MDD and NC was investigated on a whole-
brain level, where TAS-DD showed significant effects. In the
second step, the self-reported scores of alexithymia in the NC
group, as assessed by TAS-DD, were dichotomized using a
median-split. This led to two NC subgroups, those with high
and those with low alexithymia scores. MDD and NC having
high TAS-DD scores showed equally high alexithymia scores.
Differences in fMRI response to IA between the three groups–
high alexithymic NC, low alexithymic NC, and MDD–were then
examined on the whole-brain level.

Based on previous neuroimaging findings in studies
investigating neural activation of alexithymia or IA, it was
hypothesized that differences would occur specifically during
IA in the insula and medial-frontal cortex depending on
alexithymia status. Though the literature depicts less consistent
findings regarding medial prefrontal activity compared to
insula responses in alexithymia, non-psychiatric alexithymic
individuals were expected to show reduced neural activity during
IA in the medial prefrontal regions, such as the ACC. This
assumption was based on decreased task-evoked activity in
the ACC in association with alexithymia (e.g., Berthoz et al.,

2002; Leweke et al., 2004; Moriguchi et al., 2007; Frewen et al.,
2008; Karlsson et al., 2008). Moreover, lower connectivity
within medial frontal areas of the default mode network in
alexithymia (Liemburg et al., 2012), lower ACC gray matter
volumes in alexithymia (Borsci et al., 2009; Grabe et al., 2014)
and a positive connection between alexithymia and GABA in the
ACC (Ernst et al., 2014) support the assumption of decreased
neural responses in alexithymia. According to consistent
findings of increased insula activity in response to emotional
and bodily stimuli in alexithymia (e.g., Moriguchi et al., 2007;
Frewen et al., 2008; Deng et al., 2013; Lemche et al., 2013; see
Wingbermühle et al., 2012; Kano and Fukudo, 2013 for reviews),
increased neural activity during IA was expected in the insula in
non-psychiatric alexithymic participants. In line with previous
neuroimaging studies investigating neural activity during IA
in MDD (Wiebking et al., 2010, 2015; Avery et al., 2014), the
alexithymic MDD group was hypothesized to show reduced
neural activity in the insula.

Methods

Participants
A group of 22 patients suffering from MDD and a group of 30
non-psychiatric controls (NC) underwent fMRI scanning. All
NC completed self-report measurements of the TAS as well as
fMRI scanning, but TAS scores for 6MDD patients were missing.
Hence, 30 NC (mean age 33.73± 11.62 years, range 22–60 years;
mean years of education: 16.05 ± 2.42; 15 female participants)
and 16 MDD patients (mean age 41.19 ± 11.78 years, range
23–58 years; mean years of education: 15.72 ± 2.88; 11 female
participants) completed both study parts and were included in
further analysis.

Patients with MDD were recruited in an acute state from
the Department of Psychiatry (University of Magdeburg) or
from the state hospital of Uchtspringe. Eligibility screening
procedures included the 21-item Beck Depression Inventory
(BDI, Beck et al., 1961) (n = 14 MDD: 30.57 ± 7.00; NC:
n.a.) and the 20-item Beck Hopelessness Scale (BHS, Beck
et al., 1974) (n = 14 MDD: 12.29 ± 4.60; NC: 4.60 ±

3.91) (please also refer to Supplementary Table 1). Diagnosis
of MDD was made by the participants’ treating psychiatrists
according to DSM-IV standards (Diagnostic and Statistical
Manual of Mental Disorders, 4th edition; American Psychiatric
Association, 1994). Exclusion criteria included major medical
illnesses, histories of seizures, metallic implants, a history of
substance dependence, head trauma with loss of consciousness,
pregnancy, and criteria for any psychiatric disorder other than
MDD. NC were recruited from the local community and were
questioned about psychiatric, neurological, or medical diseases
using a custom-made semistructured clinical questionnaire. All
participating individuals gave their written informed consent
before participating in this study. The study was approved by the
local ethics committee.

Psychometric Measures
The 20-item Toronto Alexithymia Scale (TAS-20, Bagby et al.,
1994a) is the most widely used and validated self-report measure
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of alexithymia. The factors of the TAS-20 are replicable across
cultures (Taylor et al., 2003) and the current study used the
validated German version of the TAS-20 (Bach et al., 1996). Items
are rated using a 5-point Likert scale, ranging from 1 (strongly
disagree) to 5 (strongly agree). The 20-items are categorized
in three dimensions: difficulties identifying feelings (TAS-DI,
example item: “I am often confused about what emotion I am
feeling”), difficulties describing feelings (TAS-DD, example item:
“It is difficult for me to find the right words for my feelings”) and
externally oriented thinking (TAS-EO, example item: “I prefer
talking to people about their daily activities rather than their
feelings.”). High TAS scores indicate high alexithymic traits, i.e.,
more difficulties describing or identifying feelings.

fMRI Paradigm
A well-established fMRI design for investigating interoceptive
and exteroceptive awareness was used in this study
(Supplementary Figure 2B). The basic concept of the paradigm
was introduced by Critchley and Pollatos (Critchley et al.,
2004; Pollatos et al., 2007) and further modified and applied in
fMRI studies of non-psychiatric and depressed participants by
Wiebking et al. (2010, 2014, 2015). Briefly, the paradigm consists
of three independent conditions (Supplementary Figure 2B).
Each condition was presented 48 times in total in a pseudo-
randomized order for 9–13 s each. Participants were instructed to
direct their awareness to the external or the internal environment
and count corresponding stimuli such as externally applied tones
or the own heartbeat. Alternatively, a condition without an active
task required no counting and served as baseline activity.

In more detail, participants were made familiar with the
fMRI task before the scanning session. All participants were
instructed by the same researcher (CW) following a standardized
protocol. Each participant received the same instructions and
all had the possibility to practice the paradigm on a computer
outside the MRI room. For practice and scanning sessions the
software Presentation (Neurobehavioral Systems) was used. The
fMRI paradigm used simple visual stimuli to indicate one of
the three condition types. All visual stimuli were dark colored
pictures centralized on the same light background and had the
same picture dimensions. In the scanner, an LCD projector was
used to project the visual stimuli onto a screen visible through
a mirror mounted on the headcoil. To indicate an IA condition,
the task type indicator–a dark colored picture of a stylized heart–
was presented on the same screen (jittered between 9–13 s).
During these conditions individuals were asked to concentrate
on their body and silently count their own heartbeat. Any kind
of manipulation, such as holding their breath or evaluating their
pulse at the radial artery, was not allowed.

During exteroceptive awareness (EA), participants were asked
to focus on externally applied tones. As long as the task-
type indicator–a dark colored picture of a musical note–was
visible (jittered between 9–13 s) on the screen, study participants
counted the number of externally applied tones. Afterwards,
the number of counted heartbeats or tones was indicated on a
rating scale (4 s). The indicator on the scale was moved by the
subject to the labeled position representing the number of beats
that they counted. Left and right button presses were used to

move the indicator to the left and right side on the scale. This
feedback component allowed the monitoring of the participant’s
attendance to the task.

Auditory stimuli were presented via the scanner loudspeaker.
Tones were presented throughout the scanning sessions at an
individually adapted volume to match the difficulty of both
counting tasks. To ensure equivalent difficulty of both tasks,
participants were instructed to adjust the volume of the tone to
the same level of perception difficulty as that of counting their
own heartbeat. This was done at the beginning of each of the
four scanning sessions, i.e., with the scanner acquiring images to
also account for scanner noise. Similar to the implementation of
the rating scale, participants used right and left button presses to
move an indicator on a rating scale corresponding to increase or
decrease the volume. To illustrate, where the heartbeat counting
was more difficult, an individual would lower the volume of
the external tone in order to make this aspect of the task
equally difficult to the heartbeat counting. This was explained
to the participants before the scan. Being a standard part of
each scanning session, participants also practiced this procedure
outside the MRI room on a computer including speakers. In
addition, the presentation frequency of the tones was adapted
to correspond to each participant’s heart-rate. The heart-rate
was recorded using the Siemens Physiological Monitoring Unit
(PMU) as described previously (Wiebking et al., 2014). In order
to control for habituation effects, the individual onset time of
each tone was jittered by 200ms. Conditions with no particular
task (Shulman et al., 2009) were indicated by a dark cross
(9–13 s). Participants were instructed to disengage, reduce any
cognitive work during these periods and maintain an undirected
awareness, i.e., focusing neither on internal nor external stimuli.
The total experiment consisted of four scanning sessions of
9.6min each.

MRI Data Acquisition and Pre-Processing
Functional echo planar images (EPI) were acquired using a
3-Tesla whole body MRI system (Siemens Trio, Erlangen,
Germany). EPI with BOLD contrast were acquired using a body
coil transmit and 8-channel receive headcoil. Thirty slices aligned
at the AC-PC plane and covering the whole brain were acquired
per volume. A total of 1160 volumes were collected over four
scanning sessions per participant (FoV= 224× 224mm2; spatial
resolution = 3.5 × 3.5 × 4mm3; TE = 30ms; TR = 2000ms;
flip angle = 80◦). High resolution T1-weighted structural images
were also acquired, using the following settings: MPRAGE; FoV
= 256×256mm2; spatial resolution= 1×1× 2mm3; TE = 5ms;
TR= 1650ms.

Functional data were processed using FSL (http://www.
fmrib.ox.ac.uk/fsl/) (Smith et al., 2004; Woolrich et al.,
2009). Functional images were corrected for head movement
(MCFLIRT) (Jenkinson et al., 2002) and motion outliers,
brain-extracted (BET) (Smith, 2002), high-pass filtered with a
100 s cut-off, and smoothed with a 5mm FWHM Gaussian
kernel. Structural data were processed according to the FSL-
VBM pipeline (Douaud et al., 2007) (http://fsl.fmrib.ox.ac.uk/fsl/
fslwiki/FSLVBM). First, structural images were brain-extracted
and gray matter-segmented before being registered to the
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MNI standard space using non-linear registration (Andersson
et al., 2007). The resulting images were averaged and flipped
along the x-axis to create a left-right symmetric, study-specific
gray matter template. Next, all native gray matter images
were non-linearly registered to this study-specific template and
modulated to correct for local expansion (or contraction) due
to the non-linear component of the spatial transformation.
The modulated gray matter images were used to quantify
the proportion of GM located in the regions of interest (see
below).

Since structured noise still remains in the fMRI data
after typical pre-processing steps, an independent component
analysis (ICA) was applied to denoise the data and hence
improve the sensitivity and specificity of the results. Using
Probabilistic Independent Component Analysis (Beckmann and
Smith, 2004) implemented in the MELODIC toolbox in FSL,
a group ICA was performed on the pre-processed fMRI data.
Components were visually inspected and classified as noise
or signals of interest, according to a detailed description of
an operationalized denoising procedure (Kelly et al., 2010). In
particular, components were considered as noise when they
showed a ring-like pattern in the periphery of the brain and
tightly clustered areas in the frontal regions (McKeown et al.,
1998), clusters with a location in the WM/cerebrospinal fluid
or an association with blood vessels (Sui et al., 2009; Zou et al.,
2009), spotted patterns diffusely spread over the brain, and
time courses showing a saw-tooth pattern or spikes (McKeown
et al., 1998). Individual timeseries from components that were
identified as noise were removed from the original fMRI data
through linear regression.

The statistical model for each participant involved the trial
onsets and durations for the two conditions of interest (IA, EA)
as well as parameters for motion outliers (FSL motion outliers)
and movement (MCFLIRT). These were obtained during pre-
processing steps and included as regressors to further minimize
the effects of head movement. Specific condition effects for
IA and EA (vs. implicit baseline) were tested by employing
linear contrasts for each subject and different conditions using
FEAT, Version 6.0 (Jenkinson et al., 2012). The resulting images
were submitted to a second level random-effects analysis and
subsequently two-sample unpaired t-tests were calculated on
images obtained for each participant’s volume set and different
conditions using FLAME (details below).

Higher-Level Statistical Analyses (Regression,
MANOVA, Group Comparisons)
In the first step, the inference of interest was whether a
linear relationship between neural activity (IA vs. implicit
baseline or EA vs. implicit baseline) and TAS scores differed
between groups (n = 16 MDD and n = 30 NC). The
result indicated that the group difference significantly varied
during IA in medial frontal regions as a function of TAS-DD
(Supplementary Figure 1A). In order to obtain more information
about the underlying factors, the calculation of individual group
slopes was required (see results for NC in Figure 1A and for
MDD in Supplementary Figure 1B). Whole-brain results were
corrected using Z (Gaussianized T/F) statistic images. These were

thresholded using clusters determined by Z > 2.3 and a cluster
significance threshold of P < 0.01 in case of NC (Worsley,
2001). In case of MDD patients, a less conservative threshold
of P < 0.05 was used, as the higher threshold was without any
result.

Next, three functional regions of interest (ROIs, Figure 1B)
were defined according to significant correlations as a function
of TAS-DD scores seen in Figure 1A. Mean BOLD responses
within these regions were calculated for each participant and
each condition using Featquery. Values were entered into
SPSS 17 (SPSS inc., Chicago, IL). For visualization purposes
only, mean IA-related activity within significant voxels of
activation was plotted against TAS-DD scores in NC and MDD
(Figure 1B, colors in correspondence to color of each ROI, values
depicting residuals since corrected for the amount of GM in
each ROI).

The NC group was then divided into two subgroups according
to TAS-DD scores using a median-split (boxplots in Figure 1C).
This resulted in a group with high TAS-DD scorers (NC-
highDD, n = 14) and a group with low TAS-DD scorers
(NC-lowDD, n = 16). Thus, the continuous TAS scores
were turned into a categorical variable. This approach can be
used to investigate differences (or similarities) of neural activity
during IA within the neurotypical participant group (comparing
IA-related neural activity between high and low alexithymic
individuals not suffering from any psychiatric disorder).
Similarly, neural IA-related activity of participants showing
the same range of self-reported TAS scores can be compared
(high alexithymic non-psychiatric participants and depressed
patients). In addition, equal sample sizes across the three groups
ensure stable results independent of possibly skewed subject
numbers.

IA or EA-related BOLD responses within ROIs showed no
extreme outliers (farther than three interquartile ranges away
from the first or third quartile) within the MDD group (n =

16) or the NC subgroups of high (n = 14) and low TAS-DD
scorers (n = 16). To test differences of neural activity between
these groups, a multivariate analysis of variance (MANOVA)
was performed (Figure 1C, right side). The three participant
groups (n = 16 MDD, n = 14 NC-highDD, n = 16 NC-
lowDD) were defined as the between-subjects factor. TAS scores
(DD, difficulties describing feelings; DI, difficulties identifying
feelings; EO, externally oriented thinking), BOLD responses
for each condition (IA and EA) and age were entered as
dependent within-subjects variables. Since gray matter volumes
have been associated with alexithymia (Borsci et al., 2009; Grabe
et al., 2014), the amount of GM within each ROI was also
included. Bonferroni correction was used for post-hoc testing
in order to reduce type I errors (Table 1B and Figure 1C,
colors correspond to color of each ROI). Differences between
BHS scores were assessed by calculating univariate analysis of
variance, as two BHS values were missing in the MDD group,
which would lead to listwise exclusion of these individuals in
the MANOVA. To investigate an effect of region in the three
different ROIs independent of group, IA-related BOLD responses
were pooled together (n = 46). An ANOVA was performed
accordingly (between-subjects factor: three regions, dependent
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FIGURE 1 | (A) Individual group slope for non-psychiatric controls (NC,

n = 30, Z > 2.3, P < 0.01, x-coordinates are given in MNI space) as

a function of TAS-DD scores. Group differences of IA-related activity

between NC and patients with major depressive disorder (MDD) as a

function of TAS-DD scores and individual results investigating MDD

(n = 16, Z > 2.3, P < 0.05) can be seen in Supplementary Figure 1A.

To visualize the negative relationship between IA-related activity and

TAS-DD scores in NC, signal changes of the three medial-frontal

regions (see B) were plotted against TAS-DD scores (values depict

residuals since corrected for the amount of gray matter). (B) Three

regions of interest (blue, yellow, and green ROI) were defined

according to significant results as a function of TAS-DD scores seen

in (A) (n = 30 NC). Z-coordinates are given in MNI space. (C) The

group of NC (n = 30) was divided on the basis of a median-split into

two subgroups, those with high (NC-highDD, n = 14) and those with

low TAS-DD scores (NC-lowDD, n = 16). The three groups (NC-lowDD,

NC-highDD, MDD) were defined as between-subjects factor when

calculating MANOVA. TAS scores, BOLD responses of interoceptive

and exteroceptive awareness (IA, EA), the amount of gray matter

within the ROIs and age were defined as dependent within-subjects

variables. Post-hoc tests (Bonferroni corrected) revealed no differences

of TAS-DD scores between NC-highDD and MDD. Both groups

differed significantly compared to NC-lowDD [see boxplots on the left

hand side of (C) and Table 1B]. IA-related BOLD responses show a

similar pattern. No differences occurred between high-alexithymic

participants (NC-highDD and MDD), whilst both groups differed

significantly to NC-lowDD (see bar diagram on right hand side of (C)

and Table 1B for details; values show mean ± 95% confidence

intervals). Please note that the color code of bars corresponds to the

color of each ROI and to the colors used in Table 1B. The black

line in bar diagram (C) shows mean IA-related BOLD responses of all

participants per region, ranging from the blue to the yellow and green

ROI (independent of group, see also Supplementary Table 2). ANOVA

(Supplementary Table 2) revealed a significant effect of region. ***

indicates P < 0.0001, ** indicates P < 0.001, * indicates P < 0.05, (*)

indicates P < 0.1.

variable: IA-related BOLD responses of n = 46 participants, see
Supplementary Table 2).

The three groups (NC-highDD and NC-lowDD, which were
defined according to self-reported TAS-DD scores, and MDD)
revealed significant neural differences during IA in brain regions
derived from negative correlations between TAS-DD and IA
in a single group (NC). To further investigate the neural
characteristics when directly comparing these three groups with
each other, appropriate whole-brain comparisons were then
performed (Figure 2, F-Test shown in Supplementary Figure
1B). In detail, IA-related activity was compared between non-
psychiatric controls (NC) scoring high (NC-highDD) or low
(NC-lowDD) on the TAS-DD scale (Figure 2A: NC-highDD vs.

NC-lowDD, uncorrected, P < 0.01; NC-lowDD vs. NC-highDD,
Z > 2.8, P < 0.05), between NC-highDD and patients with
MDD (Figure 2B: NC-highDD vs. MDD, Z > 3.4, P < 0.01;
no results for MDD vs. NC-highDD) and between NC-lowDD
and MDD (Figure 2C: NC-lowDD vs. MDD, Z > 3.4, P < 0.01;
no results for MDD vs. NC-lowDD). For visualization purposes,
mean IA-related activity within significant voxels of activation
was calculated and presented as bar diagrams (Figure 2, right
side). Significant clusters of activation in Figures 2B,C that were
located within insula/medial frontal cortex masks (as obtained
from the Harvard-Oxford Cortical Structural Atlas included in
FSL) were used for calculating mean IA and EA-related activity
(see Supplementary Figures 2A,B).

Frontiers in Psychology | www.frontiersin.org May 2015 | Volume 6 | Article 589 | 93

http://www.frontiersin.org/Psychology
http://www.frontiersin.org
http://www.frontiersin.org/Psychology/archive


Wiebking and Northoff fMRI during interoceptive awareness in alexithymia

TABLE 1 | (A) Using MANOVA, BOLD responses within the three regions of interest (defined according to Figures 1A,B) revealed a significant effect for

group [F(hypothesis df: 26, error df: 62) = 3.76, P < 0.0001; Wilk’s Lambda = 0.151, partial eta squared = 0.612]. (B) Significant between-subjects effects

are highlighted by a box. P-values for pair-wise comparisons are based on Bonferroni corrections.

Groups include non-psychiatric controls (NC) with low TAS-DD scores (lowDD, n = 16), NC with high TAS-DD scores (highDD, n = 14) and patients with major depressive disorder

(MDD, n = 16). Dependent variables include TAS scores (DD, difficulties describing feelings; DI, difficulties identifying feelings; EO, externally oriented thinking), BOLD responses during

interoceptive and exteroceptive awareness (IA and EA) in the three different regions of interest (ROIs, according to Figure 1B), the amount of gray matter within each ROI and age.

Please note that the color code corresponds to the color of each ROI seen in Figure 1B. The regions were defined according to significant correlations (n = 30 NC) as a function

of TAS-DD scores (see Figure 1A and Supplementary Figure 1A). Differences between BHS scores were assessed by calculating univariate analysis of variance, as two values were

missing in the MDD group, which would lead to listwise exclusion of these individuals in the MANOVA calculations.
aalpha = 0.05
bUnadjusted one-way ANOVA [F(2, 43) = 6.069, P = 0.005] confirms MANOVA result as well as adjusted by Brown–Forsythe and Welch’s statistics [Brown-Forsythe: F(2, 41.338) = 6.013,

P = 0. 005, Welch: F(2, 28.090) = 6.275, P = 0.006]. For unequal variances the Games-Howell post-hoc results were checked with no differences compared to Bonferroni post-hoc

results: NC-lowDD vs. NC-highDD: < 0.0001, NC-lowDD vs. MDD: < 0.0001, NC-highDD vs. MDD: 0.844.
cUnadjusted One-Way ANOVA shows no differences, Games-Howell post-hoc results reveal less strict results (for BOLD response IA: NC-lowDD vs. NC-highDD: 0.069. NC-lowDD vs.

MDD: 0.010, NC-highDD vs. MDD: 0.915).
†Box’sM is not significant, providing assurance that the assumption of equality of covariance matrices is not violated.
††Two missing values in MDD group. To avoid listwise exclusion of these data points in the MANOVA, the BHS results are based on univariate analysis of variance.

Results

Comparing Patients Suffering from Major
Depressive Disorder (MDD, n = 16) to
Non-Psychiatric Controls (NC, n = 30) (Figure 1)
and Determination of NC Subgroups
Firstly, we investigated whether a linear relationship between
neural activity (IA vs. implicit baseline or EA vs. implicit

baseline) and TAS scores differed between the two groups. 16
MDD patients were compared to the total group of 30 NC,

i.e., this group was not classified according to their alexithymic
state yet. Amongst the different TAS subscales, the relationship

between IA-related activity and scores of the TAS-DD subscale
was significantly different between these groups in medial-
frontal regions (Supplementary Figure 1A). Individual group
slopes were then calculated (see results for NC in Figure 1A
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FIGURE 2 | (A) Comparing IA-related neural activity between

non-psychiatric controls (NC) with low (lowDD) and high TAS-DD scores

(highDD) on a whole-brain level, alexithymic participants (NC-highDD)

show increased activity in the left insula whilst NC-lowDD show increased

activity in the supragenual anterior cingulate cortex (sACC; BA 24/32,

coordinates in MNI space). A closer look at underlying neural activity

during IA (bar diagrams show mean signal change ± SEM)† reveal

positive BOLD responses in both groups in the insula with greater activity

in NC-highDD (dark purple bars). In the sACC, NC-lowDD (light purple

bars) reveal small positive BOLD responses, whilst the alexithymic group

shows negative BOLD responses. (B) IA-related neural activity is

compared between high alexithymic groups, i.e., non-psychiatric controls

scoring high on the TAS-DD scale (NC-highDD) and patients suffering from

major depressive disorder (MDD, coordinates in MNI space.). TAS-DD

scores show no differences between these groups. On the whole-brain

level, NC-highDD show significantly greater neural activity during IA in the

insula compared to MDD. IA-related BOLD responses within the left and

right insula (bar diagrams show mean signal change ± SEM)† illustrate

that NC-highDD show positive BOLD responses (dark purple bars),

whereas MDD show small responses (green bars). (C) When considering

TAS-DD scores and psychiatric status, the comparison between

NC-lowDD and MDD seems the most distinct. On the whole-brain level,

NC-lowDD show significantly greater neural activity during IA in the

left/right insula and the sACC (coordinates given in MNI space.).

Calculating BOLD responses of each region (bar diagrams show mean

signal change ± SEM)†, MDD patients show negative BOLD responses

particularly in the left insula and sACC (green bars). NC-lowDD reveal

positive IA-related activity particularly in the bilateral insula (light purple

bars).† Bar diagrams for illustration purposes only. No additional statistical

tests were performed on these values in order to avoid circularity.

and results for MDD in Supplementary Figure 1B), which
showed negative correlations in those regions between TAS-
DD and IA-related activity in NC, but not in MDD. Hence,
the differences seen comparing MDD and NC were due to
significant negative associations between TAS-DD and IA-related
activity in the NC group. The results underline that alexithymia
is linearly associated with decreasing neural activity during IA
in medial-frontal regions in non-psychiatric control participants.
For visualization purposes, mean IA-related BOLD responses
within correlating clusters (please refer to regions in Figure 1B

and Supplementary Table 1 for mean values) were plotted against
TAS-DD scores (scatterplot in Figure 1B, values controlled for
the amount of gray volume in respective ROIs). Additional
statistical tests were not performed on these values in order to
avoid circularity (e.g., Kriegeskorte et al., 2009).

Secondly, examining the categorical effect of TAS-DD scores
on neural activity, the NC group was divided in a group with high
TAS-DD scores (mean TAS-DD in NC-highDD: 14.57 ± 2.93)
and a group with low TAS-DD scores (mean TAS-DD in NC-
lowDD: 8.25 ± 1.57) using median-split. The MDD group had
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a mean TAS-DD score of 15.25 (± 3.75). Hence, MDD and NC-
highDD were matched according to their TAS score (please refer
to Table 1B for group comparisons and Supplementary Table 1
for mean values of the remaining TAS scales). TAS scores, BOLD
responses during IA and EA within each ROI, gray matter and
age were submitted as within-subjects variables to a MANOVA,
whilst the three subject groups (NC-lowDD, NC-highDD, MDD)
were defined as between-subjects factor. The MANOVA revealed
a significant effect for group [F(hypothesis df: 26, error df: 62) =
3.76, P < 0.00001; Wilk’s Lambda = 0.151, partial eta squared
= 0.612, please refer to Table 1A]. As highlighted in Table 1B

by a box, significant group effects occurred for each of the
TAS subscales. In addition, BOLD responses during IA showed
significant group effects for each of the three ROIs, which were
defined according to significant correlations in NC (n = 30) as
a function of TAS-DD scores seen in Figures 1A,B (please note
that the color of each ROI corresponds to the color code used in
Figure 1C and Table 1). Neural activity during EA or the amount
of graymatter within each ROI showed no significant group effect
(mean values in Supplementary Table 1).

Bonferroni post-hoc tests (Table 1B) revealed no significant
TAS-DD differences between NC-highDD and MDD, whilst
both groups differed significantly to NC-lowDD (as detailed
in boxplots of Figure 1C, left). High alexithymic groups
(i.e., NC-highDD as well as MDD) were therefore matched
for TAS-DD scores. A similar pattern of group differences
was observed in regard to IA-related activity. No differences
occurred between NC-highDD and MDD, whilst both groups
differed significantly to NC-lowDD. This pattern holds true
for each of the three ROIs (see bar diagram in Figure 1C and
Table 1B).

Combining IA-related BOLD responses of all participants
(n = 46) and comparing them between these three ROIs, an
ANOVA showed a significant effect for region (Supplementary
Table 2, P < 0.0001). Each region showed significantly different
IA-related BOLD responses compared to the remaining two
ROIs (Supplementary Table 2). In more detail, the most dorsal
region (blue ROI in Figure 1B, z = 36) exhibited positive BOLD
responses across all three subject groups (Figure 1C: blue bars
represent BOLD responses by group, black line represents mean
value across all n= 46 participants, see also Supplementary Table
2). Compared to these positive BOLD responses seen in the dorsal
ROI in each group, the sACC region (yellow ROI in Figure 1B,
z = 20, closely corresponding to regions in Figures 2A,C)
showed relatively diminished neural activity in each group
(Figure 1C: yellow bars represent BOLD responses by group,
black line represents mean value across all n = 46 participants,
see also Supplementary Table 2). Compared to IA-related BOLD
responses seen in the sACC, the most ventral region (green ROI
in Figure 1B, z = −10) showed negative BOLD responses across
all groups (Figure 1C: green bars represent BOLD responses
by group, black line represents mean value across all n =

46 participants, see also Supplementary Table 2). In summary,
mean IA-related BOLD responses of all study participants differ
significantly between the three ROIs, whilst the most dorsal
region (blue ROI) showed positive IA-related BOLD responses,
the sACC (yellow ROI) showed comparatively lower neural

activity and the most ventral region (green ROI) showed negative
IA-related BOLD responses.

Group Comparisons between NC with
High-Alexithymic Traits (NC-highDD, n = 14),
Low-Alexithymic Traits (NC-lowDD, n = 16) and
MDD (n = 16) (Figure 2)
The MANOVA showed group differences during IA-related
activity depending on TAS-DD scores. IA-related BOLD
responses derived from regions that showed an association
with TAS-DD scores in a group of non-psychiatric control
participants, which was not subdivided according to their
alexithymic trait. To investigate neural activity during IA
between non-psychiatric control participants with high-
alexithymic TAS-DD scores (NC-highDD), low-alexithymic
TAS-DD scores (NC-lowDD) and depressed patients (having
equally high TAS-DD scores), whole-brain comparisons
between these three groups were performed (F-Test shown in
Supplementary Figure 1B).

In a first step, IA-related activity on the whole-brain level
was compared between the two non-psychiatric groups scoring
high or low on the TAS-DD (Figure 2A, Z > 2.8, P < 0.05,
red region). Non-psychiatric controls (NC) with low TAS-DD
scores (NC-lowDD) showed increased IA-related activity in
the supragenual anterior cingulate cortex (sACC; BA 24/32)
when compared to NC with high TAS-DD scores (NC-highDD).
Having a closer look at the underlying BOLD responses, NC-
lowDD (light purple bars) revealed only small positive BOLD
responses (bar diagrams in Figure 2A). The difference seen
in the sACC was attributed to negative BOLD responses in
the alexithymic group (dark purple bars, mean values in
Supplementary Table 1). In contrast, IA-related activity was
increased in NC-highDD in the left insula when compared to
NC-lowDD (Figure 2A, uncorrected, P < 0.01, blue region).
Plotting IA-related BOLD responses of this region depicted
robust positive BOLD responses in both groups; however,
alexithymic individuals showed the highest BOLD response in
the left insula compared to low-alexithymic participants.

In a second step, IA-related activity on the whole-brain
level was compared between high alexithymic groups, i.e., non-
psychiatric controls scoring high on the TAS-DD scale and
patients with MDD (Figure 2B, Z > 3.4, P < 0.01). Although
TAS-DD scores did not differ between these groups (Figure 1C
left, Table 1B), NC-highDD showed increased IA-related activity
in the bilateral insula. Calculating BOLD responses within the left
and right insula (bar diagrams in Figure 2B) showed low neural
activity during IA in MDD (green bars), whereas NC-highDD
showed again robust positive BOLD responses (dark purple bars,
mean values in Supplementary Table 1). High alexithymic groups
showed no differences in the sACC due to comparable negative
BOLD responses in both groups [please compare negative BOLD
response in the sACC inMDD (Figure 2C, green bar) to negative
BOLD response in the sACC in NC-highDD (Figure 2A, dark
purple bar)].

In a final step (Figure 2C), the two most distinct groups
considering both TAS-DD scores and psychiatric status (NC-
lowDD vs. MDD) were compared. On the whole-brain level,
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NC-lowDD showed greater neural activity during IA in the
bilateral insula and the sACC (Z > 3.4, P < 0.01). Again,
IA-related BOLD responses were calculated for each region
and plotted by region (bar diagrams in Figure 2C). Whilst
NC-lowDD showed positive BOLD responses particularly in
the bilateral insula (light purple bars), MDD showed small
and reduced neural activity particularly in the sACC (green
bars, mean values in Supplementary Table 1). Please note that
calculated signal changes seen in bar diagrams in Figures 2 A–C

serve visualization purposes; no additional statistical tests
were performed on these values in order to avoid circularity
(Kriegeskorte et al., 2009).

Discussion

This study forges a link between neural activity during IA
and alexithymia in non-psychiatric controls and depressed
individuals. To investigate IA, a well-established fMRI paradigm
was used. Alexithymia was assessed using the TAS. In non-
psychiatric controls (NC), TAS scores were negatively associated
with IA-related activity in medial-frontal regions such as
the supragenual anterior cingulate cortex (sACC; BA 24/32).
Following a dimensional approach, where alexithymia is seen
on a continuum and individuals may exhibit higher or lower
degrees of alexithymia, high alexithymia in NC was associated
with decreased activity in the sACC and increased activity in the
insula when compared to low-alexithymic NC. Though having
equally high TAS scores, high-alexithymic NC showed increased
activity in the bilateral insula compared to MDD. Neural IA-
activity in the sACC was similar between both high-alexithymic
groups (i.e., MDD and NC-highDD).

sACC: Decreased Neural Activity in Response to
IA in High-Alexithymic Controls and Major
Depressive Disorder
When comparing neural activity during IA as a function of
TAS-DD scores between non-psychiatric controls (NC, group
consisting of n = 30 participants independent of TAS scores)
and depressed participants (MDD, n = 16), group differences
occurred in the medial-frontal cortex and specifically the
sACC. In NC there is a clear negative relationship between
IA-related neural activity and TAS-DD scores (Figure 1A), i.e.,
high alexithymia scores are associated with decreased neural
activity in medial-frontal regions. Depressed patients showed
no associations between TAS scores and neural activity in these
areas.

The finding of decreased neural activity in non-psychiatric
alexithymia is a well-documented neural response seen in many
fMRI-studies (Berthoz et al., 2002; Moriguchi et al., 2007;
Wingbermühle et al., 2012; Terasawa et al., 2013). Prior studies,
however, used affective stimuli, such as emotional pictures
of faces or body parts, to investigate neural correlates of
alexithymia, implicating arousal and valence effects (e.g., van
der Velde et al., 2013). The current study extends the existing
literature by showing similar neural responses in non-psychiatric
participants performing an IA task, i.e., independent of externally
induced (visual-emotional or physical) stimulation. Participants

merely shifted their awareness toward their own body (heartbeat
counting) or toward the external environment (tone counting).
Through this rather natural design of awareness switching it
is possible to investigate the link between alexithymic traits
on the subjective level and body awareness at the neural level.
Both measures are positively associated on the subjective level
of self-reports (e.g., Nyboe Jacobsen et al., 2006; Moriguchi and
Komaki, 2013; Ernst et al., 2014). However, this is the first study
linking alexithymia to neural activity during IA. Our first finding
supports the assumption of decreasing neural activity in medial-
frontal brain areas, as a function of alexithymic traits (see also bar
diagram in Figure 1C).

Further, we investigated BOLD differences/similarities
between groups showing different/similar alexithymic status. For
this, the subjective TAS-DD scores were used to subdivide the
non-psychiatric group into high-alexithymic (NC-highDD) and
low-alexithymic individuals (NC-lowDD). Instead of correlating
self-reported alexithymia scores linearly with neural activity, as
done previously, this step served as a dimensional approach to
study different degrees of alexithymia. Thus, the continuous TAS
scores were transformed into categorical variables (dichotomized
using a median-split) leading to NC subgroups with high or low
alexithymia scores. The advantage of this approach is twofold,
as it can be used to investigate differences (or similarities) of
IA-related neural activity (a) within a non-psychiatric control
group comparing high/low alexithymic individuals (NC-highDD
vs. NC-lowDD) and (b) between MDD and non-psychiatric
individuals having the same range of TAS scores (NC-highDD
vs. MDD). In addition, equal sample sizes across the three
groups ensure stable results independent of potentially skewed
subject numbers. When comparing healthy high and low TAS
scorers on the whole-brain level, the results underline negative
IA-related BOLD responses in the sACC in high-alexithymic
compared to low-alexithymic NC participants (Figure 2A).
This pattern may represent a common association between
alexithymia and IA-related activity in the sACC, given the
fact that both participant groups include individuals without
psychopathological symptoms. This finding is accompanied
by concomitantly increased IA-related BOLD responses in
the insula, when comparing high vs. low-alexithymic NC
participants, suggesting again this pattern (in combination with
decreased sACC activity) may be a characteristic property of IA-
related activity in alexithymia. The described neural differences
in the sACC of healthy participants are in line with findings
on the biochemical level, which show a positive relationship
between levels of the inhibitory neurotransmitter GABA in the
ACC and alexithymia. Though biochemical findings need to
be interpreted with caution (Duncan et al., 2013), the features
of GABA-mediated reductions in neural activity may account
for decreased IA-related neural activity in alexithymia in this
region (Ernst et al., 2014). When comparing IA-related activity
between groups showing no differences in self-reported TAS
scores (MDD and NC-highDD), decreased activity in the sACC
in response to IA is similar between groups (please compare
regional negative BOLD response in the sACC in MDD in
Figure 2C to negative BOLD response in the sACC in NC-
highDD in Figure 2A). This finding is suggestive of decreased
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sACC activity in high-alexithymic individuals independent of
depression. Whole-brain results of neural activity during IA in
the sACC are summarized in Figure 3A.

Furthermore, IA-related activity in the sACC appears to
follow a regional dorsal-to-ventral gradient. As indicated by a
black line in bar diagram Figure 1C (representing IA-related
BOLD responses of all participants per region, ranging from
the dorsal to the ventral ROI, independent of group, see
Supplementary Table 2), IA-related activity decreased linearly
from dorsal to ventral regions. This finding may shed light
on the inconsistencies regarding ACC activity in alexithymia,
since other studies have shown increasing ACC activity in

alexithymia in response to emotional picture stimuli (Kano et al.,
2007; Heinzel et al., 2010; Deng et al., 2013; Lemche et al.,
2013; van der Velde et al., 2013). Besides possible differential
effects of task type, task/arousal-load and valence-dependency
in alexithymia (McRae et al., 2008; van der Velde et al., 2013),
future studies should consider regional-specific activity patterns
of the employed functional tasks. This could be realized by
comparing BOLD responses along a dorsal-ventral gradient (or
posterior-anterior, if applicable).

Briefly, within a sample representing the general population,
high alexithymia was associated with increased insula and
decreased sACC activity in response to IA compared to low

FIGURE 3 | Schematic overview of study-specific results. (A) In the

sACC, both high-alexithymic groups (NC-highDD and MDD) show a

comparable pattern of negative IA-related activity in the supragenual anterior

cingulate cortex (sACC, see also Figures 2A,C). Low TAS-DD scorers,

however, show positive IA-related activity in the sACC (see also Figure 2C).

(B) Comparing NC-highDD and NC-lowDD, participants with high alexithymia

show greater positive BOLD responses in the insula during IA. As both

groups consist of participants without psychopathological symptoms, this

pattern may represent the typical association between alexithymia and

IA-related activity in the insula. When comparing groups that show similar

TAS-DD scores (NC-highDD and MDD), however, depressed patients show

significantly lower IA-related activity in the insula (see also Figure 2B).
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alexithymia. Considering high-alexithymic depressed patients
in comparison to high-alexithymic healthy participants, both
groups showed comparable IA-related deactivation in the
same sACC region. In addition, NC-highDD showed increased
insula activity. Assuming a balance between sACC and insula
activity as exemplified by the low-alexithymic group (low
sACC activity and relatively higher positive insula responses
during IA), the observed pattern in the high-alexithymic healthy
group (decreased sACC and increased insula activity) could be
interpreted as compensatory mechanisms to maintain a balanced
system of IA-related neural activity between insula and sACC.
In MDD, aberrant IA-related insula activity might account for
alexithymic traits rather than sACC activity, as the latter shows
no differentiation between high-alexithymic groups (MDD and
NC-highDD).

Insula: Increased Neural Activity in Response to
IA in High-alexithymic Controls, but Aberrant in
Major Depressive Disorder
In concordance with fMRI studies investigating IA in the insula
using a heartbeat counting task (Critchley et al., 2004; Wiebking
et al., 2014), non-psychiatric participant groups (NC-highDD
and NC-lowDD) showed robust positive IA-related activity
in the insula (Figures 2A–C). Non-psychiatric alexithymic
participants (NC-highDD) showed significantly higher neural
activity in response to IA, when compared to NC-lowDD.
As proposed by Kano and Moriguchi (Kano and Fukudo,
2013; Moriguchi and Komaki, 2013), heightened neural insula
activity suggests amplified neural responses in alexithymic
individuals in response to body-related stimuli. However, the
present study is the first to show this neural pattern holds
true during IA (as asked for by Kano and Fukudo, 2013), i.e.,
without externally applied emotional or physical stimulation.
The current finding of increased IA-related activity in the insula
of alexithymic individuals is supportive of theories suggesting
increased awareness of somatosensory signals in alexithymia
(e.g., De Gucht and Heiser, 2003; Kano et al., 2007; Ernst et al.,
2014). However, heightened awareness of somatosensory signals
in alexithymia does not necessarily correlate with objectified
measures of sensitivity (Kano et al., 2007), specifically when
dealing with psychiatric populations (Wiebking et al., 2010;
Terhaar et al., 2012; Avery et al., 2014). The current study draws
a link between alexithymia (that is typically accompanied by
increased somatic awareness) and increased insula activity (that
is related to somatic and emotional awareness, e.g., Craig, 2002,
2004; Critchley, 2005; Singer et al., 2009) in response to an IA task
in non-psychiatric controls compared toMDD patients (showing
the same degree of alexithymia). A direct link to somatosensory
sensitivity, however, was not investigated in the current study.

Although speculative, increased IA-related insula activity
in non-psychiatric alexithymia (NC-highDD) might mirror a
compensatory mechanism within the scope of decreased sACC
activity. Inmore detail, impaired emotional processing capacities,
inherent in alexithymia (and mirrored by decreased activity in
the sACC in MDD and NC-highDD), require a higher degree
of body-related, interoceptive signals (mirrored by increased
activity in the insula in healthy NC-highDD, but not in MDD) in

order to sufficiently process emotional stimuli. This assumption
is supported by close connections between insula and ACC on
the anatomical level (Mesulam and Mufson, 1982; Nieuwenhuys
et al., 2007; Moisset et al., 2010; in primates), as well as on the
functional level showing connectivity (Taylor et al., 2009; Horn
et al., 2010) and co-activation in response to various emotional
paradigms (e.g., Singer et al., 2004; Bartels and Zeki, 2004). The
insula can be described as a region integratingmultimodal signals
(Kelly et al., 2012; Farb et al., 2013) and both insula and ACC
are crucial nodes of the salience network. Particularly the insula
is seen as the integral hub of this network, which is assumed to
mediate information flow across other neural networks, evaluate
the most homeostatically relevant internal and external stimuli
and, consequentially, guide behavioral responses to salient
stimuli (Seeley et al., 2007; Craig, 2009; Menon and Uddin, 2010).
As decreased sACC activity in response to IA is accompanied
by upregulated insula activity in healthy alexithymics, it could
be interpreted as a compensatory mechanism within the salience
network found within neurotypical brain structures. This process
is disrupted in MDD, which would mirror altered integrity of
the salience network in alexithymia (as demonstrated for medial
frontal areas of the default mode network by Liemburg et al.,
2012). However, whether alterations within the salience network
during IA are predominantly influenced by aberrant insula or
sACC processing in alexithymia needs clarification in future
analyses using additional methods, such as connectivity analyses
or psychophysiological interactions.

In a second comparison, neural activity during IA was
compared between high TAS-DD scorers (NC-highDD and
MDD, Figure 2B). TAS-DD scores between both groups did
not differ, but non-psychiatric controls showed increased IA-
related activity in the bilateral insula compared to the MDD
group. A similar pattern can be seen when comparing NC-
lowDD to MDD (Figure 2C). Again, the non-psychiatric group
(NC-lowDD) showed robust positive BOLD responses, but
depressed participants revealed only low or negative BOLD
responses. In contrast to the sACC, the insula was affected
in both contrasts involving MDD. Research investigating IA-
related neural activity in MDD observed impaired neural
activity in the insula in depressed individuals (Avery et al.,
2014; Wiebking et al., 2015), suggesting that the differences
observed in the current study might be related to overall
reduced insula activity independent of alexithymic traits, and
hence account for general deficits of physiological processing
capacities in MDD. Reduced functional connectivity between
insula and sACC in psychopathology within the salience network
(Menon, 2011) supports this assumption. Whole-brain results
of IA-related neural activity in the insula are summarized in
Figure 3B.

Taken together, the current study is the first investigating
neural activity in the insula during IA (heartbeat awareness)
in non-psychiatric participants scoring high or low on the
TAS-DD subscale and patients suffering from MDD scoring
equally high on the TAS-DD scale. Higher positive BOLD-
responses in response to IA were seen in non-psychiatric
alexithymic individuals (NC-highDD), but not in the MDD
group with equally high TAS-DD scores. This finding suggests
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an upregulated insula activity in response to interoceptive,
body-related awareness in non-psychiatric alexithymia and may
be seen as a compensatory mechanism within the scope of
decreased sACC activity. As depressed patients show similarly
decreased BOLD responses in the sACC, but unbalanced
insula activity, these processes seem to be disrupted in
depression.

Limitations
Patients with MDD participating in the current study were
under medication. Thus, a medication effect in comparison
to the non-psychiatric group cannot be fully excluded. Future
studies should control for these influences more rigorously and
include unmedicated patients as well. Moreover, it must be
pointed out that the investigation of participants’ sensitivity
to internal processes, i.e., the distinction between good and
poor heartbeat perceivers (Pollatos and Schandry, 2004; Herbert
et al., 2011) and subsequent whole-brain comparisons, was not
targeted in this study. Whilst the performance of heartbeat
perception on the behavioral level is inconclusive in depression
(Dunn et al., 2007; Terhaar et al., 2012), possible differences
in accuracy might be related to cognitive impairments and/or
reduced heartbeat evoked potentials in MDD (Terhaar et al.,
2012) and thus resemble confounding factors for such analyses.
Specifically the impaired heartbeat evoked potentials suggest
that the neural activity underlying the interoceptive stimulus
response might be altered in MDD per se (Avery et al., 2014).
The central interest of the current study was to investigate
neural activity during awareness directed toward the internal
(heartbeat) or external environment (tones), independent of
individual task performance or sensitivity (please refer to
Garfinkel et al., 2014 distinguishing interoceptive accuracy from
interoceptive awareness). Further research carefully considering
those factors and including long counting periods without
auditory stimulation is needed to clarify the exact relationship
between heartbeat counting performance/accuracy and neural
activity during heartbeat counting in health and depression.
Finally, methodological concerns could be raised with respect to
the subjective measure used (TAS-20). Results of this self-report
questionnaire may be biased by self-presentation concerns and
social desirability. Controlling for these factors, future studies
investigating alexithymia should additionally use observer-based
scales, such as the Toronto Structured Interview for Alexithymia
(TSIA, Bagby et al., 2006), which show high correlations with
TAS-20.

Conclusions

In contrast to neuroimaging studies on emotional processes
of alexithymia, often done through emotional picture viewing,
the current study focuses on the relationship between neural
activity during awareness of body-related, interoceptive stimuli
(heartbeat) in combination with subjective scores of alexithymia
in depressed and non-psychiatric participants. The results of the
current fMRI study show that alexithymia is associated with
altered IA-related activity in the sACC (significantly decreased
activity in NC-highDD and MDD) and insula (significantly
increased activity in NC-highDD, but not MDD). In the context
of decreased interoceptive activity in the sACC, increased

insula activity in response to interoceptive signals could be a
compensatory mechanism within the salience network in non-
psychiatric alexithymia, which is decoupled in MDD.
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Dyspnea is a prevalent and threatening cardinal symptom in many diseases including
asthma. Whether patients suffering from dyspnea show habituation or sensitization
toward repeated experiences of dyspnea is relevant for both quality of life and treatment
success. Understanding the mechanisms, including the underlying brain activation
patterns, that determine the dynamics of dyspnea perception seems crucial for the
improvement of treatment and rehabilitation. Toward this aim, we investigated the
interplay between short-term changes of dyspnea perception and changes of related
brain activation. Healthy individuals underwent repeated blocks of resistive load induced
dyspnea with parallel acquisition of functional magnetic resonance imaging data. Late
vs. early ratings on dyspnea intensity and unpleasantness were correlated with late vs.
early brain activation for both, dyspnea anticipation and dyspnea perception. Individual
trait and state anxiety were determined using questionnaire data. Our results indicate
an involvement of the orbitofrontal cortex (OFC), midbrain/periaqueductal gray (PAG)
and anterior insular cortex in habituation/sensitization toward dyspnea. Changes in the
anterior insular cortex were particularly linked to changes in dyspnea unpleasantness.
Changes of both dyspnea intensity and unpleasantness were positively correlated
with state and trait anxiety. Our findings are in line with the suggested relationship
between the anterior insular cortex and dyspnea unpleasantness. They further support
the notion that habituation/sensitization toward dyspnea is influenced by anxiety. Our
study extends the known role of the midbrain/PAG in anti-nociception to an additional
involvement in habituation/sensitization toward dyspnea and suggests an interplay with
the OFC.

Keywords: dyspnea, breathlessness, habituation, sensitization, fMRI, unpleasantness, insular cortex

Introduction

The experience of dyspnea (breathlessness) is the cardinal symptom in prevalent diseases such
as asthma and chronic obstructive pulmonary disease (COPD). It is also common in other
pathologies including cardiovascular and neuromuscular diseases, and panic and anxiety disorders
(Parshall et al., 2012; Laviolette et al., 2014). Notably, the perception of dyspnea is not linearly
related to objective lung function or sensory input. Instead, dyspnea perception has been shown
to be modulated by several psychological factors, including attention, expectation, learning,
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categorization and comparison processes, emotional predis-
positions, and current mood (e.g., Janssens et al., 2009; Lansing
et al., 2009; Herigstad et al., 2011; Petersen et al., 2011, 2014).
Via their influence on dyspnea perception these factors also have
a strong impact on coping strategies, disease management and
disease progression (Hayen et al., 2013).

Furthermore repeated exposure to dyspnea can result in either
increasing (sensitization) or decreasing (habituation) dyspnea
perception (Bloch-Salisbury et al., 1996; Carrieri-Kohlman et al.,
2001; Wan et al., 2008, 2009; von Leupoldt et al., 2011a; Hayen
et al., 2015). Habituation toward dyspnea seems favorable in
conditions such as COPD and panic disorder. In both conditions
the experience of dyspnea might result in unfavorable avoidance
behavior and habituation toward dyspnea might reduce this
behavior. In COPD, in particular, avoidance of physical activity
is one potential mechanism that accelerates disease progression
as reduced physical fitness leads to unfavorable systemic
consequences and has a negative effect on dyspnea severity
ending in a spiral of decline (e.g., Troosters et al., 2013). In
asthma patients, however, habituation to dyspnea might result in
delayed treatment and critical under-medication (von Leupoldt
et al., 2009, 2011a,b). Here, sensitization toward dyspnea seems
more favorable as far as it might improve self-management by
supporting the early initiation of actions during the onset of
asthma exacerbations and by heightening the compliance with
prescriptions.

Both habituation and sensitization toward dyspnea have
been shown to interact with psychological factors such as
negative affect. When healthy individuals repeatedly underwent
hypercapnic rebreathing, more anxious individuals showed less
habituation (Li et al., 2006). This reduction in habituation
was more pronounced for the affective dimension of dyspnea
(=unpleasantness) as compared to the sensory dimension of
dyspnea (=intensity) (Wan et al., 2012).

Understanding the interplay of affective traits and -states with
habituation vs. sensitization toward dyspnea seems crucial for the
improvement of disease management and rehabilitation in those
suffering from dyspnea. In this regard, a better knowledge of
the underlying neural mechanisms appears important. However,
the neural mechanisms involved in habituation vs. sensitization
toward dyspnea have rarely been investigated (von Leupoldt
et al., 2011a). In a previous study we observed reduced dyspnea
unpleasantness ratings in patients with asthma to be related
to reduced activations in the insular cortex and increased
activations as well as gray matter volume in the anti-nociceptive
periaqueductal gray (PAG) when compared with healthy controls
(von Leupoldt et al., 2009, 2011b). These neural patterns were
partly correlated with disease duration. Although these findings
were interpreted as habituation toward dyspnea over time,
the study did not directly examine habituation to repeated
experiences of dyspnea.

In the present study, we repeatedly induced dyspnea in a
set of healthy volunteers with parallel acquisition of functional
magnetic resonance imaging (fMRI) data. We hypothesized
that habituation/sensitization toward dyspnea unpleasantness
as compared to dyspnea intensity would be correlated with
activation in brain structures thought to be involved in the

processing of dyspnea unpleasantness, in particular the insular
cortex and the amygdala (von Leupoldt et al., 2008, 2009;
Paulus et al., 2012). The amygdala has also been demonstrated
to be involved in sensitization toward repetitive pain exposure
(Stankewitz et al., 2013). Additional candidate areas were
derived from the anti-nociceptive network involving the anterior
cingulate cortex (ACC), and the midbrain/PAG (e.g., Petrovic
et al., 2002; Bingel et al., 2007). A study investigating habituation
toward aversive visceral stimulation demonstrated changes in the
connectivity between rACC, and amygdala over repeated painful
stimulation (Labus et al., 2009). A more recent study using
repeated presentations of similar stimuli showed either increases
or decreases of brain activation in the insular and cingulate cortex
and the amygdala (Lowén et al., 2015).

We furthermore expected to see habituation/sensitization-
related brain activation already during the anticipation of
dyspnea. Although the anticipation of dyspnea has rarely been
studied, one study on the anticipation of hyperventilation (Holtz
et al., 2012) suggests an involvement of the orbitofrontal cortex
(OFC) and the dorsomedial prefrontal cortex (dmPFC) along
with insula and ACC. These areas also showed expectancy
effects in placebo-studies on the anticipation/perception of pain
(e.g., Hsieh et al., 1999) and were, therefore, of particular
interest. Finally, we expected an interplay between anxiety-
related personality traits and states with the dynamics of dyspnea
ratings over late vs. early trials.

Materials and Methods

Participants
We re-analyzed data from 46 healthy individuals from a previous
study (to be published elsewhere) with a specific focus on
habituation/sensitization toward dyspnea. Normal lung function
of participants (mean age 28.5 years, 18 females) was confirmed
by standard spirometry (Miller et al., 2005). All participants
negated any history of neurological, psychiatric, or respiratory
disease. None of the subjects showed any anatomical anomaly of
the throat. The average body-mass index was 23.4 (range 19.4–
28.7). Trait- and state-anxiety were assessed using the State-Trait-
Anxiety Inventory (STAI-T, STAI-S), Version X (Spielberger
et al., 1983). Questionnaire data were analyzed after completion
of the study. Written informed consent was obtained prior to
the study. The study protocol was approved by the local medical
ethics committee.

Induction of Dyspnea and Measurement of
Respiratory Parameters
Volunteers breathed through a tightly fitted face mask that was
connected to a breathing circuit. Dyspnea was induced by the
introduction of MRI-compatible resistive loads to the inspiratory
end of the breathing circuit. In a pre-test before entering the
scanner, subjects were placed in a supine position and presented
with loads of increasing magnitude. We explained dyspnea to
our participants as a sensation of difficult and uncomfortable
breathing. Then, each load was presented for 24 s and dyspnea
intensity subsequently rated on a Borg-scale (0= “not noticeable”
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to 10 = “maximally imaginable”). Load magnitude was increased
until subjects reliably reported a sensation of “severe” dyspnea
(Borg Score > 5). The respective load was then used to induce
severe dyspnea during scanning (mean/SD = 2.23/1.18 kPa/l/s).
For the baseline condition of mild dyspnea the smallest resistive
load that was reliably rated higher than unloaded breathing was
used (mean/SD = 0.25/0.18 kPa/l/s).

The breathing circuit provided ports for continuous
recordings of end-tidal CO2 pressure (PETCO2) and inspiratory
mouth pressure (PI). Ports were connected with an MRI
compatible pneumotachograph (ZAN 600 unit, ZANMessgeräte
GmbH, Oberhulba, Germany). A Y-valve with open expiratory
port prevented re-breathing of CO2 while a 2.6 m tube attached
to the inspiratory port allowed for the easy introduction and
removal of resistive loads in the scanner environment. PETCO2,
PI, tidal volume (VT), breathing frequency (f), minute ventilation
(VE), and inspiratory time (TI) were continuously measured
with the ZAN unit.

fMRI Data Acquisition
Imaging was performed on a 3-Tesla TRIO-Magnetom Scanner
(Siemens, Medical Solutions, Erlangen, Germany) using a
standard 32-channel head-coil. For each data volume we
acquired 48 continuous axial-slices in descending order with
2 mm × 2 mm in-plane resolution, 2 mm slice thickness
and a 1 mm gap using T2∗-weighted echoplanar imaging
(TR = 2870 ms, TE = 25 ms, flip angle = 80◦, field of
view= 208mm× 208mm). The first five volumeswere discarded
to allow for T1-saturation. Following the experiment we also
acquired a high-resolution T1-weighted structural brain scan
using a standard MP-RAGE sequence (1 mm × 1 mm × 1 mm
spatial resolution, 240 slices). It took subjects 13–18 min to
complete the paradigm, depending on the time subjects required
to complete the ratings. Consequently, the number of volumes
acquired varied between 275 and 374.

Experimental Protocol
Before starting the experiment in the scanner, subjects learned
the association of visual cues and experimental conditions
(see below) using standardized computer based instructions
and practiced navigation through the Borg-scales on dyspnea
intensity and unpleasantness. The subjects then entered the
scanner with the face mask tightly fitted. A mirror attached to the
head coil allowed the subjects to see the cues and scales that were
projected into the bore. Before image acquisition started, subjects
were allowed to familiarize with the scanner environment and
the MRI-compatible button-box response-system. A test-run
ensured the full visibility of all cues and scales and the tight fitting
of the mask.

During the experiment, 10 blocks of mildly loaded breathing
(“baseline”) alternatedwith 10 blocks of severely loaded breathing
(“dyspnea”) using the individually pre-selected loads. Each block
was visually cued for 6 s by a thin cross (red indicating baseline,
green indicating dyspnea). After 6 s the thin cross changed
into a solid cross and the load was introduced for 24 s. Each
block of loaded breathing was followed by ratings on two Borg-
scales, presented in random order: one for the unpleasantness of

dyspnea and one for the intensity of dyspnea as perceived during
the preceding block.

All experimental events were presented and logged using
Presentation software (Neurobehavioral Systems, Inc., Albany,
CA, USA). The ZAN-system, collecting the respiratory data,
received triggers for the beginning of each experimental event.

Data Analysis
Ratings for dyspnea intensity and dyspnea unpleasantness were
averaged across the five early and across the five late blocks
of dyspnea, respectively. The development of the ratings over
time was expressed as delta (�) by subtracting the average
across early ratings from the average across late ratings. Thus,
a positive � indicated increasing ratings over time, interpreted
as “sensitization” while a negative � indicated decreased ratings,
interpreted as “habituation.” � intensity and � unpleasantness
were tested for correlations with questionnaire data. These
statistical analyzes were calculated using SPSS 20.0 software (SPSS
Inc., Chicago, IL, USA).

Preprocessing and statistical analysis of fMRI data were
carried out using SPM8 software1. Data were unwarped and
realigned to the first image using six affine spatial transformation
parameters, then normalized to the SPM standard template and
finally smoothed using a 12 mm× 12 mm× 12 mm full-width at
half-maximum Gaussian filter. Data were further filtered with a
temporal highpass cut-off of 128 s. Statistical analysis on the first
level was carried out within the framework of a general linear
model using separate regressors for cue baseline, baseline, cue
dyspnea, dyspnea, and ratings. The mean BOLD signal intensity
of each volume and PETCO2 time logged to the beginning of
each scan were included as covariates-of-no-interest. On the
first level, we contrasted severe late dyspnea (blocks 6–10) with
severe early dyspnea (blocks 1–5) and late cue dyspnea conditions
with the early cue dyspnea conditions using the respective mild
conditions as baseline. The second level analysis correlated the
beta-values of the two contrast images obtained on the first level
[(� cue dyspnea vs. cue baseline) and (� dyspnea vs. baseline)]
with � intensity and � unpleasantness using separate models.
All models included individual � breathing frequency and �
inspiratory mouth pressure (averaged across cue dyspnea vs. cue
baseline and dyspnea vs. baseline conditions, respectively) as
covariates-of-no-interest as these breathing parameters showed
slight, but statistically significant changes over time (see Results).

Correlations throughout the brain were accepted as
significant if exceeding a family-wise-error (FWE) corrected
threshold of p < 0.05. Given our a priori hypotheses for
habituation/sensitization-related correlations during dyspnea
anticipation und perception we conducted further region-of
interest (ROI) analyses. Masks for the insula, the amygdala, the
ACC, OFC, and dmPFC were generated from the automated
anatomical labeling (AAL) template described by Tzourio-
Mazoyer et al. (2002). A midbrain ROI centered on PAG was
defined using a 10 mm sphere around the average coordinates
for PAG activation reported by Linnman et al. (2012). Activation
within these ROIs was considered significant, if exceeding as

1www.fil.ion.ucl.ac.uk/spm
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threshold of p < 0.05, corrected for multiple comparisons within
each ROI.

An additional ROI covering the visual cortex was included as
control area. Changes in brain activation within this area were
not expected to show any significant correlation with changes
in dyspnea intensity and unpleasantness ratings over time. For
this ROI we employed a more liberal threshold of p < 0.001
uncorrected.

Results

Ratings
In 30.5% of all subjects we observed decreasing ratings over
time indicating habituation for both dyspnea intensity and
dyspnea unpleasantness. In 54.5% we observed increasing ratings
with regard to dyspnea intensity, while 63% showed increasing
dyspnea unpleasantness ratings indicating sensitization. In the
remainder of subjects (seven and three subjects, respectively)
� intensity and � unpleasantness equaled zero (Table 1).
The � for dyspnea intensity ranged from −1.3 to +3 while
� unpleasantness ranged from −1.7 to +3 (Figure 1, see
Supplementary Figure S1 for absolute ratings).

Personality Traits
Both, state and trait anxiety as measured using the STAI-T and
STAI-S questionnaires, showed a significant positive correlation
with � unpleasantness (both r = 0.46, p = 0.001) and �

TABLE 1 | Portion of subjects (%) showing sensitization, habituation, and
no changes for � intensity and � unpleasantness.

Sensitization No change Habituation

� intensity 25 (54.5%) 7 (15%) 14 (30.5%)

� unpleasantness 29 (63%) 3 (6.5%) 14 (30.5%)

FIGURE 1 | Early (mean of block 1–5) and late (mean of block 6–10)
ratings on dyspnea intensity (A) and unpleasantness (B). The figure
shows the change from early ratings (mean set to zero) to late ratings. Red
lines thus indicate increases of ratings over time (“sensitization”) while green
lines indicate decreases (“habituation”).

intensity (r = 0.36 and 0.32, respectively, p = 0.007 and 0.017,
respectively). As higher scores indicate higher anxiety levels,
a positive correlation indicates that individuals with higher
anxiety were more likely to show sensitization while subjects with
low anxiety were more likely to show habituation (Figure 2).
When early and late ratings instead of difference scores were
correlated with anxiety scores, only late dyspnea intensity and
unpleasantness ratings showed a significant relation with anxiety
(Supplementary Figure S2).

Respiratory Parameters
The changes of respiratory parameters between dyspnea and
baseline blocks were comparable for late vs. early blocks with
the exception of �PETCO2, �f, and �PI (Table 2). The relation
between PETCO2 during dyspnea as compared to baseline showed
a slight but significant increase over time, while PI decreased
slightly over time during dyspnea as compared to baseline. The
difference of f between cue dyspnea and cue baseline decreased
from early to late blocks. While fluctuations in PETCO2 were
accounted for on the first level analysis, fluctuations of PI and f
were included into the second level analysis as covariates-of-no-
interest (see Materials and Methods).

fMRI
There were no significant differences of either dyspnea
anticipation or dyspnea perception between the first (blocks
1–5) and second (blocks 6–10) half of the experiment. The

FIGURE 2 | Trait anxiety as measured by the State-Trait-Anxiety
Inventory (STAI-T) correlates significantly with both � intensity
(r = 0.36, p = 0.007) and � unpleasantness (r = 0.46, p = 0.001) of
dyspnea ratings (mean late−mean early).

TABLE 2 | Mean (SD) � of breathing parameters between early and late
experimental blocks (� cue dyspnea vs. cue baseline and � dyspnea vs.
baseline averaged across subjects).

Mean (SD) cue dyspnea vs.
cue baseline

Mean (SD) dyspnea vs.
baseline

� PETCO2 (mmHG) 0.08 (1.34) 0.27 (0.56)∗

� VT (L) 0.004 (0.18) 0.03 (0.16)

� VE (L/min) −0.03 (1.57) 0.09 (1.32)

� TI (s) 0.08 (0.46) 0.1 (0.29)

� f (breaths/min) −0.88 (1.71)∗ −0.31 (0.9)

� PI (mbar) −0.07 (0.38) −0.81 (1.76)∗

∗p < 0.05 for one-sample t-tests, corrected for multiple comparisons.
PETCO2, end-tidal CO2 pressure; VT, tidal volume; VE, minute ventilation; TI,
inspiratory time; f, breathing frequency; PI, peak inspiratory mouth pressure.
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whole-brain analysis based on a FWE-corrected p < 0.05 showed
no significant correlations of � intensity or � unpleasantness
during dyspnea anticipation (� cue dyspnea vs. cue baseline)
or dyspnea perception (� dyspnea vs. baseline). The visual
cortex as a control area showed no significant correlations with
either � intensity or � unpleasantness during either dyspnea
anticipation or dyspnea perception at a liberal threshold of
p uncorr < 0.001.

For dyspnea anticipation, the ROI-based analysis showed a
significant negative correlation of � intensity with the � of
brain activation (� cue dyspnea vs. cue baseline) within the
right OFC, extending into the ACC (Figure 3A, Supplementary
Figure S3A). This indicated that sensitization toward dyspnea
intensity was associated with decreased OFC activation, while
habituation was associated with increasing OFC activation. For
� unpleasantness a significant negative correlation was found
within the midbrain/PAG (Figure 3B, Supplementary Figure
S3B) while positive correlations were found for the anterior
insular cortex bilaterally (Figure 3C, Supplementary Figures
S3C–E). Sensitization toward dyspnea unpleasantness was, thus,
associated with decreasing activation in the midbrain/PAG
and increasing activation in the anterior insula. Conversely,
habituation was associated with increasing midbrain/PAG
activation and decreasing anterior insula activation.

For dyspnea perception (� dyspnea vs. baseline), we
found a significant negative correlation within the right
OFC for both � intensity and � unpleasantness, which
extended into the ACC (Figures 4A,B, Supplementary Figures
S3F,G). Thus, as during dyspnea anticipation, increasing
OFC activation was associated with habituation, while
decreasing OFC activation was associated with sensitization
toward dyspnea, for both, intensity and unpleasantness. The
� of brain activation (� dyspnea vs. baseline) within the
right anterior insular cortex showed a significant positive
correlation with � unpleasantness (Figure 4C, Supplementary
Figure S3H), indicating that increasing activation of the
anterior insular cortex during dyspnea perception was
associated with sensitization and decreasing activation with
habituation. Coordinates, Z-, r-, and p-values are summarized in
Table 3.

FIGURE 3 | Localization of correlations between � intensity (A) and �

unpleasantness (B,C) ratings and changes in fMRI activation over time
for dyspnea anticipation [(cue dyspnea late−cue baseline late)−(cue
dyspnea early−cue baseline early)]. (A) and (B) show negative
correlations, while (C) shows positive correlations. Correlations displayed at p
uncorr < 0.005 are superimposed on a representative single subjects
T1-weighted MR image. Color-bars indicate T-values. OFC, orbitofrontal
cortex; PAG, periaqueductal gray; R, right.

FIGURE 4 | Localization of correlations between � intensity (A) and �

unpleasantness (B,C) ratings and changes in fMRI activation over time
for dyspnea perception [(dyspnea late−baseline late)−(dyspnea
early−baseline early)]. (A) and (B) show negative correlations, while (C)
shows positive correlations. Correlations displayed at p uncorr < 0.005 are
superimposed on a representative single subjects T1-weighted MR image.
Color-bars indicate T-values. OFC, orbitofrontal cortex; R, right.

To investigate whether brain activation changes were rather
related to general anxiety than changes in dyspnea intensity
or unpleasantness perception, we included individual STAI-
T scores as additional covariate-of -no-interest in a post hoc
analysis, correlating extracted beta-values from the brain areas
reported in Table 3 with � intensity and � unpleasantness,
respectively, (Supplementary Table S1). Correlations within all
areas maintained significant in this analysis. When STAI-T
scores were directly correlated with the extracted beta-values,
mainly cue-related beta-values showed significant correlations
with general anxiety. These correlations were attenuated
or disappeared when changes in breathing parameters and
dyspnea ratings were added as control variables (Supplementary
Table S2).

Discussion

In this study we investigated the development of perceived
dyspnea intensity and unpleasantness over repeated blocks of
dyspnea together with parallel changes of brain activation.
We observed significant correlations of late vs. early dyspnea
ratings (� intensity and � unpleasantness) with late vs.
early brain activity during dyspnea anticipation and dyspnea
perception. These correlations were restricted to a subset of
our ROIs, namely the OFC, midbrain/PAG, and the anterior
insular cortex. A control area covering the visual cortex failed
to show any significant rating-related changes indicating the
specificity of our findings. While brain activity changes in the
OFC and the midbrain/PAG were negatively correlated with
� intensity and/or � unpleasantness, respectively, the anterior
insular cortex showed positive correlations. Correlations were
furthermore specific to the dimension of perceived dyspnea:
Only � unpleasantness ratings showed significant positive
correlations with the anterior insular cortex, and a negative
correlation with the midbrain/PAG. While negative correlations
of brain activation changes in the midbrain/PAG with �
unpleasantness were limited to the anticipation period, the
significant correlations of the OFC and the anterior insula
were observed for both, dyspnea anticipation and dyspnea
perception.
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TABLE 3 | MNI-space coordinates, Z-, r-, and small-volume corrected p-values for peak voxels within areas showing a significant correlation with �

intensity and � unpleasantness (partial correlations controlled for changes in breathing parameters PI and f).

x y z Z r p∗

Dyspnea anticipation (� cue dyspnea vs. cue baseline)

with � intensity OFC R 12 42 −20 3.47 −0.5 0.04

with � unpleasantness Midbrain/PAG 2 −20 −8 3.10 −0.45 0.04

Insula R 26 32 4 3.40 0.49 0.05

Insula L −34 22 14 3.87 0.55 0.01

−36 34 8 3.47 0.5 0.04

Dyspnea Perception (� dyspnea vs. baseline)

with � intensity OFC R 14 56 −14 3.34 −0.47 0.05

with � unpleasantness OFC R 16 30 −20 3.32 −0.46 0.05

Insula R 26 30 12 4.01 0.57 0.01

∗Corrected for multiple comparisons in respective ROI.
MNI, Montreal Neurological Institute; OFC, orbitofrontal cortex; PAG, periaqueductal gray; R, right, L, left.

Both, � intensity and � unpleasantness, were significantly
correlated with state and trait anxiety levels. This is in line
with the notion that high anxious as compared to low anxious
individuals are less likely to show short-term habituation toward
dyspnea, which has previously been shown for hypercapnic
rebreathing (Li et al., 2006). In addition, data from Wan et al.
(2008, 2012) suggest that the effect of anxiety on short-term
habituation is more pronounced for dyspnea unpleasantness
as compared to dyspnea intensity. This is partly supported by
our data, as correlations for state and trait anxiety with �
unpleasantness were more pronounced (r = 0.46) compared
to correlations with � intensity (0.32 and 0.36, respectively).
Moreover, while the portion of individuals showing habituation
toward dyspnea was identical for the two dimensions of dyspnea
perception, the portion of subjects showing sensitization was
higher for dyspnea unpleasantness (63%) as compared to dyspnea
intensity (54.5%).

The close relationship of � intensity and � unpleasantness
with anxiety raises the question, whether any correlation of
changes in brain activity might be better explained by individual
anxiety scores rather than rating dynamics. However, post
hoc partial correlation analyses yielded no support for this
notion.

The functional neuroimaging data presented here mirror the
higher impact of trial repetition on dyspnea unpleasantness as
compared to dyspnea intensity. While significant correlations of
� intensity with changes in brain activation were limited to the
OFC, � unpleasantness was significantly correlated with changes
in the midbrain/PAG and the bilateral anterior insular cortex
as well. This observation of short-term habituation/sensitization
in healthy individuals parallels results from a previous study in
patients with asthma, which linked long-term habituation toward
dyspnea unpleasantness with similar brain areas (von Leupoldt
et al., 2009). More specifically, that study observed reduced insula
activation and increased PAG activation to resistive load induced
dyspnea in asthma patients compared to healthy controls, which
were paralleled by reduced dyspnea unpleasantness ratings in the
patient group and correlated with asthma duration (von Leupoldt
et al., 2009). Interestingly, longer asthma duration and reduced
dyspnea unpleasantness in the same patients were also correlated

with structural brain changes in terms of increased gray matter
volume in the PAG, which was interpreted as another potential
mechanism of long-term habituation to dyspnea (von Leupoldt
et al., 2011b).

The PAG, in particular, is thought to be a key area of the so
called anti-nociceptive network as repeatedly shown by studies
on pain modulation (e.g., Fairhurst et al., 2007; for review
see Tracey and Mantyh, 2007). Interestingly, midbrain/PAG
activation during pain anticipation has been demonstrated
to have a significant effect on subsequent pain perception
(Brodersen et al., 2012). This is in line with our results,
showing a significant correlation of � unpleasantness with
midbrain/PAG activation changes for dyspnea anticipation only.
For the OFC, there was a significant effect on pain perception
for both, brain activation during pain anticipation and during
painful simulation (Brodersen et al., 2012). This is also in line
with the data presented here, as a significant correlation of
changes in dyspnea ratings with changes in brain activation was
found during anticipation and perception of dyspnea. Increasing
activation in both areas, midbrain/PAG and OFC, were related
to decreasing ratings of dyspnea unpleasantness indicating
that increased activation in these areas support habituation.
Further studies are required to investigate whether habituation
is effectuated, e.g., by top–down (OFC) and/or bottom–up
(midbrain/PAG) inhibition of other brain areas relevant for
dyspnea perception (von Leupoldt and Dahme, 2005; Davenport
and Vovk, 2009; Evans, 2010). However, one candidate target
area for inhibition is the insular cortex, as this area showed
the reversed correlation pattern: increasing activation in the
insular cortex was related to increasing ratings of dyspnea
unpleasantness. A similar pattern of insular and midbrain/PAG
activation was described for the anticipation of pain by Ploner
et al. (2010).

Changes of anterior insular activation over time were
significantly linked to changes in dyspnea unpleasantness only.
Therefore, the present findings support the notion, that activation
of the anterior insular cortex is particularly relevant for the
perception of the affective dimension of aversive events in general
(Seeley et al., 2007) and dyspnea unpleasantness in particular
(von Leupoldt et al., 2008; Paulus et al., 2012).
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The positive correlations of changes in dyspnea ratings
with brain activation changes during the preceding anticipation
periods suggest an effect of expectancy and/or learning. As
our results are limited to short-term habituation/sensitization
in healthy individuals, future studies on long-term habituation
and sensitization in patients with chronic dyspnea are required
to investigate whether this association between anticipatory
brain activations and subsequent dyspnea experience provides
a potential target to correct for unfavorable learning of
either avoidance behavior (maladaptive sensitization) or under-
medication (maladaptive habituation).

In this study we present a novel approach for the investigation
of habituation and sensitization toward dyspnea by using the
correlation between late vs. early ratings on perceived dyspnea
and late vs. early brain activation patterns. This approach
allowed the inclusion of all participants irrespective of individual
rating patterns as the variance across subjects allowed to
differentiate between habituation and sensitization processes.
However, correlation studies are limited in their ability to
derive causal or directional conclusions. The investigation of
connectivity patterns between the brain areas identified as critical
in this study and by others might be a useful next step to
clarify the way in which relevant areas interact and modulate
each other. The connection between state and trait anxiety and
habituation/sensitization toward dyspnea suggested by others (Li
et al., 2006; Wan et al., 2008, 2012) and confirmed by this study
provides another promising target for future studies on treatment
and rehabilitation optimization.
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This paper presents functional MRI work on emotional processing in depersonalization

disorder (DPD). This relatively neglected disorder is hallmarked by a disturbing change

in the quality of first-person experience, almost invariably encompassing a diminished

sense of self and an alteration in emotional experience such that the sufferer feels

less emotionally reactive, with emotions experienced as decreased or “damped down,”

so that emotional life seems to lack spontaneity and subjective validity. Here we

explored responses to emotive visual stimuli to examine the functional neuroanatomy

of emotional processing in DPD before and after pharmacological treatment. We also

employed concurrent skin conductance measurement as an index of autonomic arousal.

In common with previous studies we demonstrated that in DPD, there is attenuated

psychophysiological response to emotional material, reflected in altered patterns of (i)

regional brain response, (ii) autonomic responses. By scanning participants before and

after treatment we were able to build on previous findings by examining the changes

in functional MRI response in patients whose symptoms had improved at time 2.

The attenuation of emotional experience was associated with reduced activity of the

insula, whereas clinical improvement in DPD symptoms was associated with increased

insula activity. The insula is known to be implicated in interoceptive awareness and the

generation of feeling states. In addition an area of right ventrolateral prefrontal cortex

emerged as particularly implicated in what may be “top-down” inhibition of emotional

responses. The relevance of these findings to the wider study of emotion, self-related

processes, and interoception is discussed.

Keywords: depersonalization, insula, interoception, self-awareness, fMRI

INTRODUCTION

Depersonalization disorder (DPD) is characterized by a persistent and distressing alteration
in the quality of subjective experience, such that the individual experiences both themselves
(depersonalization) and their surroundings (derealization) as oddly estranged and unreal.
Although depersonalization and derealization are separable phenomena, in practice they usually
co-occur (Sierra and David, 2011). In recent years there has been a growing appreciation that
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the phenomenology of DPD entails a sense of alienation
and estrangement from experience in general, and in keeping
with this, DPD patients often describe a reduced capacity for
emotional response and a generalized reduction in the experience
of bodily sensation. In phenomenological literature, the terms
“de-affectualization” and “de-somatization” have been applied
to these aspects of the condition. Two large factor analyses
(Sierra et al., 2005; Simeon et al., 2008) of DPD symptomatology
have confirmed emotional numbing (i.e., “de-affectualization”)
as a key symptom domain in DPD. There are sound theoretical
reasons for believing that this alteration in emotional experience
is central to the condition (Medford, 2012), and it is very rare to
encounter a patient who fulfills criteria for a diagnosis of DPD but
does not describe this deficit of subjective emotional response.

A number of previous fMRI and psychophysiological studies
of DPD have focused specifically on this emotional aspect of
the condition, showing that autonomic response to emotionally
salient visual stimuli is significantly reduced in DPD (Sierra et al.,
2002), and that the changes in regional brain activity seen in
response to emotional stimuli in healthy controls are largely
absent in DPD (Phillips et al., 2001; Medford et al., 2006). These
findings can be seen as plausible biological correlates of the
subjective deficit of emotional experience described by patients
with DPD (Medford, 2012).

In this study, patients with primary DPD were studied using
an emotional vs. neutral block-design fMRI paradigm employed
in an earlier imaging study of DPD (Phillips et al., 2001), utilizing
stimuli drawn from the International Affective Picture System
(IAPS, Bradley and Lang, 1999). The IAPS is a library of images
that have been given normative ratings for emotional salience
and arousal and which are widely used in emotion research.
Patients were scanned before and after receiving pharmacological
treatment (lamotrigine) specifically tailored to DPD (Sierra et al.,
2001, 2006). Thus patients were scanned twice at two different
time points (14 patients scanned at time 1, of whom 10 were re-
scanned at time 2). The idea of this approach is twofold: scanning
at time 1 represents an attempt to replicate previous findings,
in a group of as yet untreated (i.e., medication-free) patients
with DPD. Given the paucity of literature on this condition, it is
important to attempt this kind of replication in order to explore
the robustness of previous findings. Secondly, re-scanning at
time 2 allows an assessment of the effects of pharmacological
treatment on the neural response to emotional stimuli in this
patient group, and how this relates to changes in clinical state.

Specific hypotheses were as follows:

1. That functional MRI results in DPD patients at time 1 would
essentially replicate previous findings using IAPS images in a
DPD patient group (Phillips et al., 2001) in showing a reduced
response to emotionally salient stimuli, and a relative lack of
difference in the response to emotional material compared
to neutral. More specifically, it was predicted that right
ventrolateral prefrontal cortex (Brodmann area 47) would be
significantly activated in the emotional phase in DPD patients
at time 1, but not in the controls, as in the Phillips et al.
study. It was also predicted that healthy controls would show
a response to emotional images characterized by significant

activation in the emotional phase in areas known to be
involved in emotional processing, specifically anterior insula,
and sensory (in this case visual) cortex activation related to
modulation of sensory cortex by affective processing.

2. That at time 2, DPD patients reporting a significant reduction
in their symptoms would show a pattern of neural responses to
emotional stimuli more akin to that seen in healthy controls,
whereas those reporting no such reduction would continue
to show a response pattern similar to that seen at time 1. In
particular, because of prior work implicating underactivity of
the anterior insula in DPD (discussed in detail below), we
hypothesized that DPD patients who had improved clinically
would at time 2 show significantly increased activation,
compared to time 1, of anterior insula in response to
emotional material.

3. That DPD patients would show generally reduced skin
conductance responses (SCRs) to IAPS stimuli compared to
healthy controls, and that at time 2 this effect would be
influenced by response to treatment in a similar manner to the
fMRI findings i.e., that DPD patients who improved clinically
would, at time 2, have an SCR profile resembling that seen
in controls, with significantly more autonomic response to
emotional stimuli than in the same patients at time 1 or
non-improved patients at time 2.

The key hypothesis, in its simplest form, was that patients
who show a significant response to treatment [defined as a
30% or greater reduction in Cambridge Depersonalization
State Scale (CDSS) scores at time 2 relative to time 1 (Sierra
et al., 2001, 2006), accompanied by subjective reported
improvement at clinical follow-up] would also show a
concomitant change in their neural and physiological response
patterns.

PARTICIPANTS AND METHODS

Fourteen adult patients were recruited from the
Depersonalization Clinic at the Maudsley Hospital. Every
patient had a diagnostic assessment performed by a psychiatrist
experienced in the evaluation and treatment of DPD (either
NM or MS). Patients were recruited according to the following
inclusion and exclusion criteria: (1) Meeting diagnostic criteria
for primary DPD. Where other psychopathology (e.g., anxiety)
was present, it was a requirement that this was secondary
to chronic depersonalization, such that the latter was the
predominant presenting symptom, and had been the dominant
symptom for the duration of the condition (Medford et al.,
2005). (2) On no psychotropic medication. Where patients had
previously been on such medication, it was a study requirement
that they had been medication-free for at least 6 months.
However, toward the end of the study period, after four patients
had dropped out of the study for various reasons, a decision
was taken to include two further patients who were already on
conventional antidepressant medication at time 1 (fluoxetine
and venlafaxine, respectively). (3) Suitability for lamotrigine
treatment, and having given informed consent for this treatment.
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(4) No contra-indication to MRI scanning, and willingness to
undergo scanning on two separate occasions. (5) No history of
other psychiatric or neurological illness.

All patients gave informed consent, and were told they were
free to withdraw from the study at any time, without having to
give any reason. Patients were further informed that declining
to participate in, or withdrawing from, the study, would have
no bearing on the nature or duration of their clinical care. The
study had ethical approval from the relevant university and UK
National Health Service review boards.

Fourteen patients with DPD satisfying entry criteria gave
informed consent to participate (11 male, 3 female, age range
23–59, mean 33.7, SD 8.9). Estimated verbal IQ, assessed using
the NART (National Adult Reading Test, Nelson, 1982) ranged
from 103 to 127, mean 115, SD 7.79. Duration of DPD symptoms
ranged from 2 to over 40 years, mean 15 years, SD 11.42. In
other words all cases were highly chronic. Psychiatric symptoms
were quantified using the Cambridge Depersonalization Scale
(CDS, Sierra and Berrios, 2000), the Beck Depression Inventory
(BDI, Beck et al., 1988), and the Spielberger Anxiety Inventory
(SAI; Spielberger, 1983). The CDS is a self-report scale in
which respondents are asked to rate the frequency and duration
of depersonalization-related experiences over the preceding 6
months (Sierra and Berrios, 2000). Because we were interested in
changes between two time points, rather than symptoms over a 6
month period, we used an adapted “state” version of the CDS, i.e.,
CDSS, comprising 22 depersonalization-related statements (e.g.,
Things around me are now looking ’flat’ or ’lifeless’, as if I were
looking at a picture). Each statement is rated on a simple visual
analog scale between 0 and 100, such that the maximum possible
score is (22 × 100) = 2200. The BDI is a widely used instrument
for probing mood state and other mental and behavioral aspects
of relevance to depression, and SAI is another widely used
anxiety scale that has two sections, one probing anxiety-related
experiences over the preceding 6 months (Trait), and one asking
respondents to rate feelings or experiences in the moment (State)
(Spielberger, 1983).

Participants underwent the first fMRI scanning session prior
to commencing treatment with lamotrigine, which was initiated
at the dose of 25 mg per day and then slowly increased in
fortnightly increments (Medford et al., 2005). Provided there
were no adverse events related to treatment, they remained on
this medication for a sufficient period to reach a target dose in
the range 200–400 mg per day. It was not felt realistic or desirable
to specify that all participants should be on the same target dose,
as previous clinical experience with using lamotrigine for DPD
strongly suggests that, when lamotrigine is effective, the dose at
which it exerts optimal therapeutic effect varies widely between
individuals (as is true for many drugs used to treat psychiatric
conditions; Sierra et al., 2006).

Four patients reported that the DPD symptoms had originally
arisen in the immediate aftermath of illicit drug use [cannabis
in three cases, MDMA (“Ecstasy”) in the fourth, see Table 1]. It
was not felt that this represented a significant confound, as those
who described drug use preceding the onset of symptoms were
otherwise inexperienced drug users who had avoided all illicit
drugs since the first appearance of DPD symptoms. Moreover,

in every case the episode of drug use was so far in the past as
to make it very likely that, even if drug effects had played a
role in the initial experience of depersonalization, the ongoing
maintenance of the depersonalized state was due to psychological
and biological processes underpinning DPD in general, rather
than any distinct “drug-induced” variety of the condition. There
is strong empirical evidence to support this assumption, from a
study demonstrating that the course, nature and phenomenology
of DPD is highly consistent irrespective of whether drug use was
involved at onset (Medford et al., 2003).

Of the original clinical sample of 14, four patients did
not return for scans at time 2 (see Table 1). Two of these
four withdrew from the study soon after their time 1 scans,
deciding that they did not wish to take psychotropic medication.
One patient experienced persistent nausea after commencing
lamotrigine and stopped taking it after a week. The fourth patient
took lamotrigine as described and then contacted the clinic to say
she felt her DPD symptoms had been completely abolished by it,
and that she no longer needed to be seen, and did not wish to
attend for the second scan as she lived a considerable distance
from the clinic.

At time 2, the 10 remaining patients were classified either as
“improved” or “not improved” on the basis of clinical assessment
and their scores on the Cambridge Depersonalization Scale,
state version (CDSS, see Table 1). In keeping with previous
work (Sierra et al., 2001, 2006), clinical improvement was
defined as a reduction of at least 30% in CDSS score between
time 1 and time 2, with percentage change calculated by the
formula [(Time 1 CDSS score–Time 2 CDSS score)/Time 1 CDSS
score] × 100. In every case, the categorisation as “improved” or
“not improved” was corroborated by descriptions of symptoms
and general mental state given by patients at clinical interview.
Using this method, five of the 10 patients were classified as
“improved” and five as “non-improved.” This 50% improvement
rate is consistent with previous work examining lamotrigine as
a potential treatment for DPD (Sierra et al., 2001, 2006). At
this point it should be stressed that the current study does not
represent a formal clinical trial of lamotrigine- aside from the
small numbers, the study was not placebo-controlled or blinded,
so the clinical improvement observed in some patients cannot be
confidently ascribed to the effects of lamotrigine. Nevertheless, it
is of note that placebo effects appear to beminimal inDPD (Sierra
et al., 2001; Simeon et al., 2004), something particularly relevant
here, given that patients had been experiencing symptoms for a
prolonged period and in most cases had tried other psychotropic
drug treatments (usually SSRIs) prior to referral to the DPD
clinic, without any significant impact on their DPD symptoms.

In addition to the patient group, 25 healthy control subjects
(14 male, 11 female) were also recruited (age range 23–46, mean
29.8, SD 5.68; estimated verbal IQ 107–127, mean 117.5, SD 5.47).
Mean symptom scale scores for the control group were: CDSS
38.7 (SD 48.0), BDI 2.56 (2.73), SSAI 31.6 (SD 8.61).

Although the patient group contained relatively more males
(11 M, 3 F vs. 14 M, 11 F), the difference in the gender
composition of the two groups was not statistically significant
(chi-square value 1.99, df = 1, p = 0.16). Unpaired t-tests were
performed to check for other differences between the groups.
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TABLE 1 | Patients at time 1 and time 2: rating scale measures, medication at time 2, and improvement status (1 = improved, 2 = not improved).

Time 1 Medication (at time 2, daily dose) Time 2 % change in CDSS score Improved?

BDI SSAI CDSS Timelag (days) BDI SSAI CDS (State)

1 1 26 475 180 Lamotrigine 400 mg 0 26 140 −70.5 1

2 27 58 780 242 Lamotrigine 400 mg 30 66 1175 +50.6 2

3 1 39 985 180 Lamotrigine 300 mg 3 31 615 −37.6 1

4 6 38 295 154 Lamotrigine 200 mg 10 46 285 −3.4 2

5 15 47 700 – – – – – – –

6 14 42 520 – – – – – – –

7 3 32 589 223 Lamotrigine 400 mg 4 37 237 −59.8 1

8 4 44 685 221 Lamotrigine 250 mg 4 55 344 −49.8 1

9 21 54 1355 – – – – – – –

10 10 57 591 – – – – – – –

11 6 29 467 127 Lamotrigine 250 mg 11 27 564 +20.8 2

12 18 50 1007 119 Lamotrigine 400 mg 17 53 1608 +59.7 2

Venlafaxine 75 mg

13 9 47 529 205 Lamotrigine 400 mg 9 46 588 +11.2 2

14 7 37 696 158 Lamotrigine 300 mg 5 22 260 −62.6 1

Fluoxetine 20 mg

Mean 10.14 42.86 691.00 180.9 – 9.3 40.9 581.6 – –

SD 7.86 10.03 272.42 41.74 – 8.77 14.58 467.70 – –

Timelag, number of days between time 1 and time 2; BDI, Beck Depression Inventory; SSAI, Spielberger State Anxiety Inventory; DES, Dissociative Experiences Scale; CDS, Cambridge

Depersonalization Scale (State Version). All 14 patients were scanned at time 1. Time 2 columns indicate which patients were subsequently re-scanned (10 of 14).

TABLE 2 | Group comparisons on SCR variables: controls vs. DPD

patients (at time 1).

SC Measure Group Mean rank Sum of ranks U p

WEflucs NC 22.22 555.5 119.5 0.052

DPDt1 16.04 224.5

WEamp NC 22.62 565.5 109.5 0.027*

DPDt1 15.32 214.5

WEmean NC 22.24 556.0 119.0 0.052

DPDt1 16.00 224.0

E1flucs NC 21.84 546.0 129.0 0.087

DPDt1 16.71 234.0

E1amp NC 22.24 556.0 119.0 0.049*

DPDt1 16.00 224.0

E1mean NC 22.28 557.0 118.0 0.049*

DPDt1 15.93 223.0

N1flucs NC 23.70 592.5 82.5 0.002*

DPDt1 13.39 187.5

N1amp NC 24.40 610.0 65.0 <0.001*

DPDt1 12.14 170.0

N1mean NC 22.12 553.0 122.0 0.062

DPDt1 16.21 227.0

P-values corrected for exactness within SPSS. P-values marked *represent findings

significant at a threshold of p = 0.05.

There were no significant differences between groups for age
(t= 1.66, df= 37, p= 0.11) or estimated verbal IQ (t =−1.18, df
= 37, p= 0.24). There were highly significant differences between

TABLE 3 | Areas of significantly greater activation in response to aversive

images (upper part of table) and neutral images (lower part) in normal

control subjects (n = 25).

No. of voxels x y z Region Side

AREAS ACTIVATED BY EMOTIONAL > NEUTRAL

48 43 −59 −24 Cerebellum R

37 36 −78 −13 BA18 Secondary visual cortex R

25 −43 −70 −7 BA19 Secondary visual cortex L

23 −40 −67 −29 Cerebellum L

18 40 7 20 BA44 dorsolateral prefrontal cortex R

14 −36 7 26 BA44 dorsolateral prefrontal cortex L

10 40 22 −2 Anterior insula R

8 51 −44 37 BA40 supramarginal gyrus R

6 −51 19 20 BA45 dorsolateral prefrontal cortex L

AREAS ACTIVATED BY NEUTRAL > EMOTIONAL

66 −14 −52 −29 Cerebellum L

45 −58 −22 −7 BA21 middle temporal gyrus L

23 47 −52 37 BA40 supramarginal gyrus R

BA, Brodmann Area.

groups on the three clinical rating scales: the BDI (t = 4.41, df =
37, p < 0.001), the SSAI (t = 3.71, df = 37, p = 0.001), and the
CDSS (t = 11.89, df= 37, p < 0.001).

Experimental Procedure and Data Analysis
Subjects underwent fMRI scanning during which they viewed
alternating blocks of neutral and aversive images selected
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FIGURE 1 | Normal control group map. (A) Transverse slice at z = −2 showing activation in R anterior insula. (B) Transverse slices at z = 16, 24, 32, 40 showing

bilateral activation in DLPFC and occipital cortex. All areas significantly more activated by viewing aversive images compared to neutral images (i.e., in emotional

phase).

TABLE 4 | Areas of significantly greater activation in response to aversive

images (upper part of table) and neutral images (lower part) in patients

with DPD at time1 (n = 14).

Size x y z Region Side

AREAS ACTIVATED By EMOTIONAL > NEUTRAL

38 43 7 20 BA44 DLPFC R

36 43 −70 7 BA37 primary visual cortex R

32 0 22 26 BA 24/32 anterior cingulate cortex R

29 −4 26 20 BA24 anterior cingulate cortex L

28 40 4 26 BA44 DLPFC R

27 43 19 15 BA 44/45 DLPFC R

21 0 22 31 BA32 anterior cingulate cortex R

17 −43 −70 −2 BA19/37 primary visual cortex L

15 40 30 −7 BA47 VLPFC R

13 −7 52 15 BA9 medial prefrontal cortex L

11 40 30 9 BA 45/46 DLPFC R

AREAS ACTIVATED BY NEUTRAL > EMOTIONAL

224 58 −15 −13 BA21 middle temporal gyrus R

BA, Brodmann Area; DLPFC, dorsolateral prefrontal cortex.

from the IAPS (Bradley and Lang, 1999). Each block of
aversive or neutral images lasted 30 s and comprised five
pictures, onscreen for 6 s each. Subjects were informed during
the consent procedure that some images were potentially
unpleasant or shocking, but were not given details as to
the purpose of the experiment. For each image, subjects
were asked to press a button to indicate whether the scene
depicted was taking place outdoors or indoors. This simple

task ensures cognitive processing of the stimulus image but
does not involve explicit judgements of emotional arousal
or salience: rather, the emotional processing is implicit. This
is the same procedure used in our earlier fMRI study of
depersonalization disorder utilizing IAPS images (Phillips et al.,
2001).

During each scanning session, SCR was recorded
continuously using standard silver-silver chloride electrodes
0.5 cm in diameter. Electrodes were attached to the first and
second fingertips of the nondominant hand. All electrodes and
cables were MR-compatible, allowing concurrent SCR recording
during the fMRI scanning sessions. Using a skin conduction
coupler, analog-to-digital conversion, and preamplification, the
signal was processed by a PSYLAB (Cambridge, MA) SC5SA
preamplifier, a SC5AL amplifier, and real-time PSYLAB online
signal processing software. These devices employ a 24-bit
A/D converter, filter the response signal at 10 Hz to prevent
aliasing, and have an output range of 0–100 MicroSiemens.
SCR was then sampled at 100 Hz without further compression
and stored offline serially, including stimulus presentation
points. Security measures were included to prevent electric
shocks, radiofrequency (RF) burning, and to protect SCL
signals from scanner-induced magnetic distortion using
screened cables. Shielding of the wires received a 5.6-kOhm
correction by resistors that produced a stable 1% shift of
the signal. The cable was led from the magnetically shielded
scanner environment through a Faraday cage, and the signal
filtered at 1000 pF by capacitors to a copper cap before
signal processing. Water soluble jelly (KY Jelly; Johnson
and Johnson, Slough, England) was used as an electrolyte
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FIGURE 2 | Group data for all DPD patients at time 1. (A) Transverse slices at level z = 18, 29 showing activations in emotional phase in bilateral visual cortex,

right VLPFC, and bilateral medial prefrontal cortex (including ACC bilaterally). (B) Midline sagittal slice (i.e., x = 0) showing location of medial prefrontal activation.

contact medium between electrodes and skin. Before the
application of electrodes, all subjects washed their hands
using a plain nonabrasive soap (as in Sierra et al., 2002) in
order to standardize the dermo-gel-electrode interface across
subjects as far as possible. During scanning, participants
underwent approximately 12 min of structural scans prior to
the commencement of the functional MRI experimental runs,
allowing adequate time for habituation of SCR once in the
scanning environment.

fMRI Hardware and Data Acquisition
Gradient echo echoplanar images were acquired on a GE Signa
1.5 T Neurovascular system (General Electric, Milwaukee, WI,
USA) at the Maudsley Hospital, London. One hundred T2∗-
weighted images depicting BOLD (blood oxygenation level
dependent) contrast (Ogawa et al., 1990) were acquired over 5
min (for each task) at each of 14 near-axial non-contiguous 5-mm
thick planes parallel to the intercommissural (AC-PC) line: TE 40
ms, TR 3 s, in-plane resolution 5 mm, and interslice gap 0.5 mm.
This EPI dataset provided complete coverage of the temporal
lobes and almost complete coverage of the frontal, occipital, and
parietal lobes (Simmons et al., 1999).

fMRI data were analyzed with the software XBAM, developed
at the Institute of Psychiatry, using a non-parametric approach
(see Fusar-Poli et al., 2010, for further discussion of this method
and comparison with parametric mapping). Data were first

TABLE 5 | Areas of significantly greater activation in response to aversive

images and neutral images in those DPD patients who at time 2 exhibited

a significant decrease in CDSS score (n = 5).

Size x y z Region Side

AREAS ACTIVATED BY EMOTIONAL > NEUTRAL

45 22 −81 −7 BA18 visual cortex R

38 29 −63 −29 Cerebellum R

37 −22 −74 −29 Cerebellum L

32 −7 −89 −13 BA17 lingual gyrus/visual cortex L

29 −43 19 −7 Anterior insula/BA47 L

26 −51 19 9 BA45 L

19 −32 30 4 Anterior insula L

11 −47 19 20 BA45 DLPFC L

9 −40 0 31 BA44 DLPFC L

AREAS ACTIVATED BY NEUTRAL > EMOTIONAL

455 14 −52 −29 Cerebellum R

processed (Bullmore et al., 1999a) to minimize motion related
artifacts. A 3D volume consisting of the average intensity at
each voxel over the whole experiment was calculated and used
as a template. The 3D image volume at each timepoint was
then realigned to this template by computing the combination
of rotations (around the x, y, and z axes) and translations (in
x, y, and z) that maximized the correlation between the image
intensities of the volume in question and the template. Following
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FIGURE 3 | DPD patients at time 2: group data for improvers (n = 5) only. Transverse slices at levels z = −8, −2, 6, showing activations in emotional phase in

visual cortex bilaterally, and left anterior insula extending into DLPFC.

TABLE 6 | Areas of significantly greater activation in response to aversive

images and neutral images in those DPD patients who at time 2 did not

exhibit a significant decrease in CDSS score (n = 5).

Size x y z Region Side

AREAS ACTIVATED BY EMOTIONAL > NEUTRAL

74 36 −67 −18 Cerebellum R

64 51 −63 −13 BA19/37 visual cortex R

40 −40 −67 −24 Cerebellum L

36 47 −67 −2 BA19 visual cortex R

34 −43 −70 −7 BA19/37 visual cortex L

26 43 30 15 BA45, DLPFC R

14 43 30 −7 BA47, VLPFC R

AREAS ACTIVATED BY NEUTRAL > EMOTIONAL

87 −25 −33 −29 Cerebellum L

realignment, data were then smoothed using a Gaussian filter
(FWHM 7.2 mm) to improve the signal to noise characteristics
of the images.

Responses to the experimental paradigms were then detected
by first convolving each component of the experimental design
with each of two gamma variate functions (peak responses at
4 and 8 s, respectively). The best fit between the weighted sum
of these convolutions and the time series at each voxel was
computed using a constrained BOLD effect model (Friman et al.,
2003) This reduces the possibility of the model fitting procedure
giving rise to mathematically plausible but physiologically
implausible results. Following computation of the model fit, a
goodness of fit statistic was computed. This consisted of the
ratio of the sum of squares of deviations from the mean image
intensity (over the whole time series) due to the model to the
sum of squares of deviations due to the residuals (SSQratio).
This statistic is used to overcome the problem inherent in the
use of the F (variance ratio) statistic that the residual degrees
of freedom are often unknown in fMRI time series due to the
presence of colored noise in the signal. It has also been shown to
behave equivalently to F under permutation testing (Edgington,
1995).

Following computation of the observed SSQratio at each
voxel, the data are permuted by a wavelet-based method
(Bullmore et al., 2001). Repeated application of this method

at each voxel followed by recomputation of the SSQratio
from the permuted data allows (by combination of results
over all intracerebral voxels) the data-driven calculation of the
null distribution of SSQratios under the assumption of no
experimentally determined response. Using this distribution it
is possible to calculate the critical value of SSQratio needed
to threshold the maps at any desired type I error rate. In
addition, detection of activated voxels is extended from voxel
to cluster level (Bullmore et al., 1999b). In addition to the
SSQratio, the size of the BOLD response to each experimental
condition is computed for each individual at each voxel
as a percentage of the mean resting image intensity level.
In order to calculate the BOLD effect size, the difference
between the maximum and minimum values of the fitted
model for each condition is expressed as a percentage of the
mean image intensity level over the whole time series. The
observed and permuted SSQratio maps for each individual,
as well as the BOLD effect size maps are transformed into
the standard space (Talairach and Tournoux, 1988) using a
two stage warping procedure (Brammer et al., 1997). This
involves first computing the average image intensity map
for each individual over the course of the experiment. The
transformations required to map this image to the structural
scan for each individual and then from “structural space” to
the Talairach template are then computed by maximizing the
correlation between the images at each stage. The SSQratio
and BOLD effect size maps are then transformed into Talairach
space using these transformations. Group activation maps are
then computed by determining the median SSQratio at each
voxel (over all individuals) in the observed and permuted
data maps (medians are used to minimize outlier effects).
The distribution of median SSQratios over all intracerebral
voxels from the permuted data is then used to derive the null
distribution of SSQratios and can be thresholded to produce
group activation maps at any desired voxel or cluster-level
type I error rate. Cluster level maps are thresholded at < 1
expected type I error cluster per brain. The computation of
a standardized measure of effect SSQratio at the individual
level, followed by analysis of the median SSQratio maps
over all individuals treats intra and inter subject variations
in effect separately, constituting a mixed effect approach to
analysis.
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FIGURE 4 | DPD patients at time 2, group data for non-improvers (n = 5). Transverse slices at z = 20, 28, 36 showing activations in emotional phase in bilateral

visual cortex and right DLPFC.

TABLE 7 | Comparison between controls and DPD patients at time 1.

Size x y z Region Side p

CONTROLS > DPD PATIENTS

70 47 −63 −2 BA19 2viscx R 0.005

55 −43 −67 −13 BA19 2vis cx L 0.006

DPD PATIENTS > CONTROLS

27 40 4 20 BA44 DLPFC R 0.037

26 0 22 31 BA32 ACC R/L 0.039

All activations shown were in the emotional phase. 2vis cx, secondary visual cortex;

DLPFC, dorsolateral prefrontal cortex; ACC, anterior cingulate cortex.

Comparisons of responses between groups or experimental
conditions were performed by fitting the data at each intraceberal
voxel at which all subjects have non-zero data using a linear
model of the type (Y = a + bX + e) where Y is the vector of
BOLD effect sizes for each individual, X is the contrast matrix
for the particular inter condition/group contrasts required,
a is the mean effect across all individuals in the various
conditions/groups, b is the computed group/condition difference
and e is a vector of residual errors. The model is fitted by
minimizing the sum of absolute deviations rather than the sums
of squares to reduce outlier effects. The null distribution of
b is computed by permuting data between conditions/groups
(assuming the null hypothesis of no effect of experimental
condition or group membership) and refitting the above model.
Group difference maps are computed as described above at
voxel or cluster level by appropriate thresholding of the null
distribution of b. BOLD effect maps were used to compute
significant group/condition differences rather than standardized
measures such as SSQratio, F or t as these contain explicit
noise components (error SSQ or error variance), raising the
possibility that group differences resulting from F, SSQratio or
t comparisons could reflect differences in noise rather than
signal.

RESULTS

Behavioral Data
All subjects scored >95% correct responses when judging
whether scenes depicted in IAPS images were taking place
outdoors or indoors, with no difference between the groups.

Skin Conductance Response (SCR) Data
Group Comparisons: All Controls (n = 25) vs. DPD

Patients at Time 1 (n = 14)

The following variables were examined: number of fluctuations
(amplitude of over 0.02 microsiemens), amplitude of the largest
fluctuation, and mean SCL (skin conductance level) across
the epoch. These variables were computed for (i) the whole
epoch (WE) (i.e., the entire scanning session), (ii) the first 30-
s emotional block within each session (E1), and (iii) the first
30-s neutral block within each session (N1). As the experiment
progresses, the likelihood of SCR responses in subsequent
blocks being contaminated by responses to stimuli from earlier
blocks increases. Therefore, SCR variables were not computed
for individual blocks occurring after the first emotional and
neutral blocks of each session. This resulted in a total of
9 SCR variables designated as WEflucs, WEamp, WEmean
(whole epoch fluctuations, maximum amplitude, and mean
SCR), E1flucs, E1amp, E1mean (the same variables computed for
the first 30-s emotional block), and N1flucs, N1amp, N1mean
(the same variables for the first 30-s neutral block).

Initial exploratory statistics performed on these nine
variables, subdivided by group, showed that these data exhibited
considerable variance that violated the assumptions of normality,
even after log transformation. This was largely due to the data
being positively skewed (e.g., four of the 14 DPD patients at
time 1 showed no fluctuations greater than 0.02 microsiemens
across the entire scanning epoch, meaning that for this group
the distribution of values is skewed to the right of the normal
distribution curve). For this reason, non-parametric tests were
used to compare within and across groups.

Within the normal control group (n = 25), two-tailed

Wilcoxon signed-rank tests were used to compare SCR responses

in the first emotional and neutral blocks of each scanning epoch

(E1 and N1, see above). Fluctuations in the initial emotional

blocks (E1flucs) were significantly greater than those in initial

neutral blocks (N1flucs; sum of ranks 34.5 for E1flucs, 118.5

for N1flucs, p = 0.041). There were no significant differences

in amplitude of highest fluctuation or mean SCL. Similar results

were obtained in the DPD patient group at time 1, n= 14, where

E1flucs was significantly greater than N1flucs (sum of ranks 0

for E1flucs, 28.0 for N1flucs, p = 0.017), with no significant

differences in mean SCL.
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FIGURE 5 | Group comparisons between controls and DPD patients at time 1. (A) Areas significantly more active in emotional phase in controls: coronal slices

showing extensive bilateral visual cortical activity. (B) Areas significantly more active in DPD patients: coronal and midline sagittal views showing location of anterior

cingulate cortex activation.

TABLE 8 | DPD patients: comparison between improvers and

non-improvers at time 2.

Size x y z Region Side p

AREAS ACTIVATED IN IMPROVERS > NON-IMPROVERS

55 −43 19 −7 Anterior Insula L 0.013

50 −7 −89 −18 Cerebellum L 0.016

25 32 −74 4 BA19 visual cortex R 0.029

AREAS ACTIVATED IN NON-IMPROVERS > IMPROVERS

101 14 −52 −29 Cerebellum R 0.003

15 18 −85 −12 BA18 visual cortex R 0.042

12 −36 −74 4 BA19 visual cortex L 0.026

All activations shown were in the emotional phase. 2vis cx, secondary visual cortex.

However, the key comparisons here are the group
comparisons between controls and patients. Here, for each
variable, group comparisons were performed using a Mann-
Whitney U test, and in view of the relatively small sample
sizes this statistic was corrected for exactness within SPSS.
These data are summarized in Table 2. Tests of significance
were one-tailed, as there was a clear a priori hypothesis that
patients at time 1 would show diminished autonomic reactivity
compared to controls. In the study by Sierra et al. (2002), the
only measure on which DPD patients were found to be more
reactive than controls was a shortened latency of response to
non-specific stimuli (clap and sigh), while latency of response
to aversive images of the type used in the current study was
prolonged in the DPD patient group, and DPD patients also
showed significantly reduced magnitude of SCR response
to such pictures. Non-specific stimuli were not used in the
current study, and latency of response was not computed as

the methodology allows only for computation of responses
across epochs or blocks, rather than response to individual
events. For these reasons, the hypothesis for the current study
was that at time 1, DPD patients would show consistently
reduced autonomic activity (as indexed by SCR) compared
to healthy controls, and this would be reflected across all
variable types (number of fluctuations, amplitude, mean SCR
level).

For all subsequent SCR data analyses, non-parametric tests,
corrected for exactness, were used, according to the rationale
above.

All group differences were either significant at the <0.05 level
or approaching that threshold.

Group Comparisons: DPD Patients at Time 2,

Improvers (n = 5) vs. Non-improvers (n = 5)

Here comparisons were made between improvers and non-
improvers at time 2. There were no significant differences
between the groups for any of the individual variables.

Functional MRI Data
Group Data: Controls (n = 25)

For healthy controls, the key within-group analysis was
the group-level comparison of regional brain activation in
response to aversive images compared to neutral images. Areas
significantly more activated by viewing aversive images were
cerebellum, bilateral visual cortical areas, bilateral dorsolateral
prefrontal cortex (DLPFC, Brodmann areas 44 and 45), right
supramarginal gyrus. Areas significantly more activated by
viewing neutral images were cerebellum, left middle temporal
gyrus, right supramarginal gyrus, and left insula. These results
are summarized in Table 3 (in all fMRI data tables that follow, for
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FIGURE 6 | Areas significantly more activated in emotional phase in improvers compared to non-improvers at time 2. Crosshair projection centered on left

anterior insula.

TABLE 9 | DPD patients who showed a significant fall in CDSS score

compared at time 1 and time 2.

Size x y z Region Side p

TIME 2 > TIME 1

57 −26 −59 31 BA19 1vis cx L 0.008

34 −7 −70 −29 Cerebellum L 0.007

19 36 −63 31 BA19 1vis cx R 0.019

14 −47 −63 −7 BA18/37 2vis cx L 0.030

TIME 1 > TIME 2

21 47 4 15 BA44 DLPFC R 0.013

12 29 −26 −29 Cerebellum R 0.039

12 −51 −7 26 BA4 precentral gyrus L 0.036

Abbreviations as above.

each cluster the Talairach co-ordinates of the maximally activated
voxel within that cluster are shown) and Figure 1.

Group Data: DPD Patients, Time 1 (n = 14)

Areas significantly more activated by viewing aversive images
were areas of right lateral prefrontal cortex, bilateral primary
visual cortex, bilateral anterior cingulate cortex (ACC), and left
medial prefrontal cortex. Middle temporal gyrus was significantly
activated by viewing neutral images in contrast to aversive images
(see Table 4 and Figure 2).

Group Data: DPD Patients at Time 2, Improvers

(n = 5)

Areas significantly more activated by viewing aversive images
were areas of bilateral visual cortex, left DLPFC, and left anterior

insula (Table 5, Figure 3). One large cluster in cerebellum was
significantly more active in the neutral phase.

Group Data: DPD Patients at Time 2, Non-improvers

(n = 5)

Areas significantly more activated by viewing aversive images
were areas of bilateral visual cortex, right DLPFC, right
VLPFC (Brodmann area 47), and cerebellum. For the reverse
comparison, one large cluster in cerebellum was observed
(Table 6, Figure 4).

Group Comparisons: Controls (n = 25) vs. all DPD

Patients at Time 1 (n = 14)

Findings from the controls vs. patients (at time 1) comparison are
summarized in Table 7 and Figure 5.

Group Comparisons: DPD Patients at Time 2,

Improvers (n = 5) vs. Non-improvers (n = 5)

For this comparison, time 2 data for DPD patients who showed
a clinically significant reduction in CDSS score (n = 5) was
compared with time 2 data for those patients who did not show
any such reduction. See Table 8 and Figure 6.

Comparison Between Improvers at Time 1 and Time 2

These data are summarized in Table 9 and Figure 7.

DISCUSSION

With regard to the rating scale data: it is unsurprising that
patients and controls differed significantly on the anxiety
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FIGURE 7 | Group data comparisons for improvers at time 1 and time 2. Areas significantly more active in emotional phase at time 1 shown in fire, areas

significantly more active at time 2 in blue. (A) Transverse slice at z = 26 with crosshair projection centered on cluster in R DLPFC. Note activation in similar contralateral

region. (B) Extensive posterior cortical activation at time 2 (> time 1). Transverse slice at z = 1, crosshair projection centered on cluster in L occipitotemporal cortex.

scale (SSAI) in view of the established relationship between
depersonalization and anxiety (Medford et al., 2005, although
DPD is not simply an anxiety disorder, see Sierra et al., 2012),
and similar anxiety scores have been found in previous empirical
studies of patients with primary DPD (e.g., Sierra et al., 2002).
With regard to scores on the BDI, although DPD patients scored
significantly higher than controls, it should nevertheless be noted
that within the patient group the mean score is still well below
the usual clinical cut-off, as are all the individual scores within
the patient group, with the exception of one individual scoring
30 and another with a borderline score of 17.

SCR data was analyzed along three axes (number of
fluctuations, amplitude of highest fluctuation, and mean SCR
level) for the whole scanning session and, in addition, for the first
30-s aversive and neutral stimulus blocks, giving a total of nine
dependent variables. Tests of the hypothesis that DPD patients
(at time 1) would be generally less autonomically reactive than
healthy controls produced significant results for five of the nine
variables, and non-significant trends in the same direction for
the other four variables. Taken as a whole, these findings provide
strong evidence to support the above hypothesis. It should be
noted that this effect was not specific to responses to emotional
stimuli: the findings from neutral blocks are similar to those from
emotional blocks. As discussed above, the study by Sierra et al.
(2002), found decreased latency of response to physical (non-
image) auditory stimuli (clap, sigh) in the DPD patient group
compared to controls. The authors interpreted this as supporting
a previous theoretical suggestion (Sierra and Berrios, 1998) that
in DPD there is an inhibition of emotional response combined
with a simultaneous state of heightened alertness or vigilance

(this latter aspect was not specifically examined in the current
study). However, in the same study, in addition to the finding
that DPD patients had diminished responsiveness to aversive
images, there was also weak evidence (not reaching statistical
significance) of diminished responses to neutral images in the
DPD patient group.

There is also older work supporting the idea that
depersonalization is associated with diminished emotional
arousal and autonomic reactivity. There are reports of
individuals with episodic depersonalization in whom periods of
depersonalization were associated with SCR response patterns
that were strikingly different (in terms of showing greatly
reduced amplitude, and lack of fluctuation) from SCR responses
recorded from the same individuals at times when they were
not experiencing depersonalization symptoms (Lader and Wing,
1966). Another study (Kelly and Walter, 1968) used forearm
blood flow as an index of sympathetic activity and found that
patients with depersonalization had the lowest baseline levels
compared to various other psychiatric patient groups. Thus the
finding of reduced autonomic reactivity in depersonalization is a
consistent one, and in line with the results of the current study.

Improvements in clinical state at time 2, as indexed by
CDSS score, were not, however, associated with any significant
change in SCR variables. No significant differences were seen in
individual SCR variables between improvers and non-improvers
at time 2, or when comparing SCR results in improvers at time
1 and time 2. Caution must be exercised in interpretation of
these findings, as these comparisons are between small groups
(two groups of five in each case). Keeping this caveat in mind, it
appears that while measures of SCR reactivity appear to reliably
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discriminate patients from controls, they do not appear to have
predictive value in terms of response to pharmacotherapy or
progress over time, and nor are improvements in clinical state
necessarily mirrored by corresponding changes in autonomic
responses. This may reflect the fact that at time 2, even those
patients who exhibited a significant fall in CDSS score compared
to time 1 nevertheless still had CDSS scores well above the
clinical cut-off for this scale, with only one exception. In other
words, four of these five patients still had definite symptoms
of DPD, despite having improved clinically to a significant
degree. The improvement appears to be reflected in changes
in neural activation pattern in response to the IAPS images
(discussed in detail below), but this is not mirrored by changes
in autonomic response. This suggests that the inhibition of
autonomic emotional response is a core feature of the DPD
syndrome which is one of the last aspects to “normalize”
when patients improve clinically, whether this improvement is
spontaneous or in response to specific treatment interventions.
Although patients who improved were designated as “improvers”
for the purposes of this study, it cannot be definitively stated
that their improvement was in fact due to the prescribed
pharmacotherapy. The study was not designed as a formal
treatment trial- rather it is an observational study of changes over
time in a group of patients, and the cause of these changes cannot
be definitely inferred. However, the response rate of 50% (among
the 10 patients who were re-scanned at time 2) is consistent
with a previous study of lamotrigine (either as monotherapy or
in combination with antidepressant medication) (Sierra et al.,
2006), and it should also be noted that all the patients had at time
1 reported chronic, intractable symptoms that had not responded
to any previous interventions.

In contrast to the SCR data, the functional MRI results
suggest a clear pattern of association between changes in mental
state over time and corresponding changes in regional brain
activity. At time 1, DPD patients showed significant activation
in response to aversive images in right lateral prefrontal cortex
(both ventrolateral and dorsolateral regions), bilateral primary
visual cortex, bilateral ACC, and left medial prefrontal cortex.
Visual cortical activations are frequently seen in functional
neuroimaging studies when emotionally salient material is
presented in the visual modality, as in the current study. This
is thought to reflect the “modulation” of sensory cortex by
back projections from areas involved in emotional processing
(e.g., Morris et al., 1998; Tabbert et al., 2005). This process
appears to still be in operation in the DPD patients, despite
their otherwise reduced biological and experiential response to
emotion. However, it is important to note that this modulatory
effect appears to increase when symptoms of depersonalization
are (at least partly) ameliorated. The evidence for this is that when
group data for improvers at time 2 was contrasted with equivalent
data from time 1 for the same subgroup of patients, there was
significantly more activation in visual cortical areas (primary
visual cortex bilaterally, and left secondary visual cortex) at
time 2. This suggests that the modulatory effect seen in visual
cortex at time 1 is less pronounced than would normally be
expected, and this is confirmed by the fact that at time 1, controls
showed significantly greater activation than DPD patients in

visual cortex bilaterally. These activations were large (70 and
55 voxels, respectively) and highly statistically significant (p <

0.01). In contrast, no visual cortical areas were more active in
DPD patients than in controls. However, in DPD patients at
time 2, the pattern of results in visual cortex is more complex.
Both improvers and non-improvers show bilateral visual cortical
activations at time 2, with different areas being significantly more
active in each of these two subgroups. However, it is of note that
in the responder subgroup, visual cortex was significantly more
active at time 2 than at time 1, suggesting that a reduction in
CDSS score is associated with increased modulation of sensory
cortex by emotional processing. It may be that as this modulatory
effect increases, different areas of secondary sensory cortex are
recruited, perhaps accounting for the different patterns of visual
cortical activity seen in the two subgroups.

A network of right prefrontal regions was activated by viewing
aversive images in the DPD patient group at time 1. This included
a specific region (falling within Brodmann area 47) of right
ventrolateral prefrontal cortex. In a previous fMRI study of
DPD (Phillips et al., 2001), this same region was also found
to be preferentially activated in DPD patients in response to
aversive images compared to neutral images, and it was suggested
that this region may have a key role in an involuntary “top-
down” inhibition of brain regions involved in the generation of
emotional response. The current study provides further evidence
that this area plays a key role in the biological underpinnings of
the depersonalization state. Firstly, it was activated in response
to aversive images in patients at time 1, as detailed above.
Secondly, the same area was activated by viewing aversive images
in non-improvers at time 2, but not in improvers. This suggests
that lessening in the severity of depersonalization symptoms is
associated with reduced activity in this area during emotional
processing. The implication of this is that right BA47 is a critical
region for the inhibition of emotional responses in DPD. In
this context, it is interesting to note that the same region has
repeatedly been identified as an important inhibitory area in
studies that have examined voluntary regulation of emotion in
normal volunteers (Ochsner and Gross, 2005; Ohira et al., 2006).
Taken together, these findings suggest that right BA47 is recruited
when emotional responses are inhibited, regardless of whether
this emotional inhibition is volitional (as in normal voluntary
emotional self-regulation) or not (as in DPD).

Other lateral prefrontal regions activated in DPD patients by
viewing aversive images were predominantly right-sided, with
BA44, 45, and 46 all involved. An area of right DLPFC was
significantly more active in DPD patients at time 1 compared
to controls. This suggests that, in addition to the area of right
VLPFC detailed above, more dorsal regions of the right lateral
prefrontal cortex are also involved in the inhibition of emotional
response formation in DPD.

Medial prefrontal areas, including bilateral ACC, were also
activated by viewing aversive images in DPD patients at time 1.
ACC is known to be a key area in the evaluation of emotional
salience and regulation of emotional response (Medford and
Critchley, 2010) and it might be seen as a candidate for an
important role in the inhibition of emotional responses in DPD.
The current study provides only partial support for this idea.
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ACC was activated in patients at time 1, but ACC activation
was not seen in either patient subgroup (improvers or non-
improvers) at time 2, nor did ACC emerge as an area of
significant difference between the two subgroups at time 2.

One possible objection to our study might be that the time
2 scan results could have been confounded by some effect
of lamotrigine on regional brain perfusion and therefore on
BOLD response, as there is one study suggesting that lamotrigine
may reduce the BOLD response to somatosensory stimulation
in rodents (Kida et al., 2006). More pertinent to the current
work, however, is a more recent study showing no significant
effect of lamotrigine on brain perfusion patterns in humans
(Shcherbinin et al., 2015), suggesting that any such confound is
unlikely. Furthermore, in a previous fMRI study of DPD in which
some patients were on lamotrigine and some were unmedicated,
subgroup analyses of unmedicated participants did not suggest a
confounding effect of lamotrigine (Medford et al., 2006).

The left anterior insula emerged as a key region in this
study. This region was activated in controls in response to
aversive images, and this finding is consistent with a large body
of literature implicating the anterior insula in the response
to emotionally salient (particularly aversive) material (Phillips
et al., 1997; Mataix-Cols et al., 2008; Meriau et al., 2009). Insula
activation was not seen in response to emotional images in DPD
patients at time 1. However, anterior insula was activated by
viewing aversive images in improvers at time 2, but not in non-
improvers at time 2, and the difference was statistically significant
when the two groups were compared. This provides powerful
evidence that a lack of anterior insula activity is related to the
diminished emotional responsiveness seen in DPD, and that a
“re-awakened” insula is seen when patients improve and de-
affectualization symptoms (and DPD symptoms more generally)
are ameliorated.

The insula is frequently reported as a key brain region in
processes relating to emotion and bodily sensation (Craig, 2009).
In particular it has received attention for its putative role in
interoception: “our ability to sense ourselves” (Damasio et al.,
2000; Craig, 2002, 2009; Damasio, 2003; Critchley et al., 2004;
Medford and Critchley, 2010). Interoception encompasses the
sensing of discrete bodily events such as heartbeats, in addition
to a more general sense of bodily state thought to rely largely
on sensation related to autonomic and visceromotor processes
(Farb et al., 2015). It is widely argued that this general feeling
state is closely related to emotional state (Craig, 2002, 2009;
Medford and Critchley, 2010). This relationship of interoceptive
processes to emotional state, in both healthy and clinical groups,
has been the focus of considerable empirical and theoretical work
in recent years (for recent reviews see Barrett and Simmons, 2015;
Farb et al., 2015). One influential conceptualization suggests that
ascending somatosensory information is collated and integrated
(“represented”) in posterior andmid insula (regarded as “primary
interoceptive cortex”) before then being “re-represented” by
anterior insula to generate a consciously accessible feeling state
(“how I feel”) (Craig, 2009): a “sense of the whole” or “sense
of the internal milieu.” Theorists differ according to how much
of a central role they attribute to the insula. For example it has
been suggested (Craig, 2009) that the insula may be the seat of

self-awareness itself, whereas a more recent formulation (Barrett
and Simmons, 2015) argues that insular cortex is rather one
of a number of interoceptive hubs, so that while it contributes
to interoception, it is not crucial for it. Certainly the former,
more dramatic, claim appears inconsistent with the fact that
case studies of patients with extensive bilateral insula damage
(Philippi et al., 2012; Damasio et al., 2013; Feinstein et al.,
2015) show that fundamental aspects of self-awareness (such as
the ability to recognize oneself, or to have apparently normal
experiences of agency) and emotional response are preserved
in such cases. However, the disturbance of self-awareness
encountered in DPD is of a more subtle type: patients retain basic
self-awareness, and do not become delusional, rather something
about the quality of self-experience has changed. Patients with
DPDwill often use the phrase “..as if ” when attempting to convey
their experiences of the depersonalized state (e.g., “.. as if I were
an automaton,” “.. as if the world were artificial”), a state in which
experience of both the self and the surrounding world feel oddly
attenuated. Thus work in DPD may provide a clinical sounding-
board for the notion that, while insular cortex may not be
essential for interoceptive experience, its activity is important in
some way that adds important higher-order experiential features
(Damasio et al., 2013), aspects of subjective experience that can
usually be taken for granted but which are compromised in
DPD.

It is interesting that in our sample, DPD patients showing
clinical improvement at time 2 showed no significant change
in their sympathetic arousal as indexed by skin conductance.
This suggests that their self-reported improved self-awareness,
and concomitant changes in neural activity, may not be
immediately related to changes in sympathetic arousal but rather
to other interoceptive changes—here it is worth recalling that
the bodily signals that contribute to interoceptive experience
are manifold, including autonomic, visceromotor, hormonal,
immunological, and humoral elements (Critchley and Harrison,
2013). With regard to interoception and DPD, a study of
heartbeat awareness in DPD found no difference in performance
between DPD patients and healthy controls (Michal et al., 2014),
but more recent work suggests some anomalies in the cortical
representation of bodily events in DPD (Schulz et al., 2015). In
any event, in DPD the alteration in self-experience may not be
best probed by studies measuring awareness of discrete events
such as heartbeats, as patient self-reports strongly suggest that
in DPD it is a more general sense of one’s physical being that is
somehow attenuated or compromised (Medford, 2012).

In this context, it is of particular interest that the insula should
emerge as critical in DPD: in view of its role in the generation of
feeling states, and the relationship between these and emotional
experience, diminished (or inhibited) anterior insula activity is a
plausible biological substrate for both desomatization symptoms
and the phenomenon of de-affectualization which is the explicit
target of this study. It may be, then, that the subjective alteration
of experience that is the core of the depersonalized state is rooted
in a lack of anterior insula activity. The fact that this lack of
activity appears to be amenable to treatment- or, at least, that it
is not fixed over time- is encouraging, as it suggests a potential
neurobiological target for future treatment strategies in DPD.
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The insular cortex has been considered to be the neural base of visceral sensation
for many years. Previous studies in psychology and cognitive neuroscience have
accumulated evidence indicating that interoception is an essential factor in the subjective
feeling of emotion. Recent neuroimaging studies have demonstrated that anterior
insular cortex activation is associated with accessing interoceptive information and
underpinning the subjective experience of emotional state. Only a small number of
studies have focused on the influence of insular damage on emotion processing and
interoceptive awareness. Moreover, disparate hypotheses have been proposed for the
alteration of emotion processing by insular lesions. Some studies show that insular
lesions yield an inability for understanding and representing disgust exclusively, but
other studies suggest that such lesions modulate arousal and valence judgments
for both positive and negative emotions. In this study, we examined the alteration
in emotion recognition in three right insular and adjacent area damaged cases with
well-preserved higher cognitive function. Participants performed an experimental task
using morphed photos that ranged between neutral and emotional facial expressions
(i.e., anger, sadness, disgust, and happiness). Recognition rates of particular emotions
were calculated to measure emotional sensitivity. In addition, they performed heartbeat
perception task for measuring interoceptive accuracy. The cases identified emotions
that have high arousal level (e.g., anger) as less aroused emotions (e.g., sadness) and
a case showed remarkably low interoceptive accuracy. The current results show that
insular lesions lead to attenuated emotional sensitivity across emotions, rather than
category-specific impairments such as to disgust. Despite the small number of cases,
our findings suggest that the insular cortex modulates recognition of emotional saliency
and mediates interoceptive and emotional awareness.

Keywords: insula, interoceptive accuracy, facial expression, arousal level, heartbeat perception task

Introduction

Our emotional experience is well associated with internal bodily change. We have a racing pulse
or sweaty palms when we are excited. The peripheral theory of emotion (James, 1884; Lange,
1885/1992) proposed that “our feeling of the same changes as they occur is the emotion.” Although
the theory triggered long discussion, the findings of recent psychological and brain imaging studies
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have indicated that we refer to our internal bodily state when
we are aware of our emotional state. Additionally, our internal
state modulates our emotional experience (Bechara et al., 1996;
Pollatos et al., 2005; Lane, 2008; Dunn et al., 2010; Terasawa et al.,
2013a,b).

The perception of afferent information arising from anywhere
and everywhere within the body has been termed “interoception”
(Sherrington, 1906; Cameron, 2001). Some methods have been
developed as measurements of an individual’s sensitivity to
perceive interoception, such as the heartbeat perception task
(Schandry, 1981) and water load test (Herbert et al., 2012). Some
questionnaires such as the Autonomic Perception Questionnaire
(Mandler et al., 1958), the Body Perception Questionnaire
(Porges, 1993), and The Multidimensional Assessment of
Interoceptive Awareness (Mehling et al., 2012) are known as
indices of interoceptive sensibility (Garfinkel et al., 2015). Some
studies have suggested that sensitivity to interoception represents
the disposition of a person’s emotional experience, such as its
intensity (Critchley et al., 2004; Pollatos et al., 2005; Werner
et al., 2009) or the tendency to focus on arousal (Barrett et al.,
2004). Furthermore, a previous study of ours showed that
interoceptive sensitivity predicts sensitivity to the emotions of
others (Terasawa et al., 2014). These findings indicate that the
way in which interoceptive information is processed can affect
emotional experience in daily life.

Neuroimaging studies also support the notion that
interoceptive sensitivity is closely connected with emotional
experience. Activation of anterior insular cortex is commonly
observed in studies investigating emotional experience or
empathy (Lamm and Singer, 2010; Lee and Siegle, 2012; Gu
et al., 2013). Anterior insular activation is also found when
participants are aware of their internal bodily state (Evans
et al., 2002; Critchley et al., 2004; Hamaguchi et al., 2004).
Our previous study confirmed that both interoceptive and
emotional awareness recruited right anterior insular activation,
and the activation mediated interoception and disposition of
social anxiety (Terasawa et al., 2013b). These findings support
the hypothesis that the integration of interoception and the
interpretation of environmental information yields the subjective
feeling of emotion and that the insular cortex is one of the critical
regions housing this mechanism.

If interoception plays a role in the foundation of subjective
emotion, what changes can be observed when the insular cortex
is damaged? Case NK had a selective left middle insula lesion
by cerebral infarction and showed difficulties in recognizing and
experiencing disgust, even though memory and intelligence were
well preserved (Calder et al., 2000). Several studies support this
finding (Adolphs et al., 2003; Borg et al., 2013). The origin of
disgust is considered to be a biological signal for preventing
the intake of rotten foods (Susskind et al., 2008). Furthermore,
Penfield found that people felt sensation in their gastrointestinal
organs when electrical stimulation was applied to the insular
cortex during a neurosurgical operation (Penfield and Faulk,
1955). Reported abdominal sensation, pain, and nausea by
stimulation of the insula suggest that the insula plays a key role in
representing interoception. These facts indicate that the insular
cortex is important not only in interoceptive processing, but

also in generating emotional experience that relates to bodily
sensation.

However, the accumulation of neuropsychological studies
on emotional processing revealed that not all areas of the
insular cortex simply subserve the feeling of disgust. A recent
neuropsychological study of 15 insular cortex lesion cases showed
that the ability to recognize fear, happiness, and surprise was
affected, although there was no change in disgust (Boucher
et al., 2015). Adolphs et al. (2000) and Dal Monte et al. (2013)
examined the recognition of six basic emotions in over 100
patients with lesions and identified several regions that when
damaged led to the decline of emotion recognition performance;
these included the medial prefrontal cortex, cingulate cortex,
supramarginal gyrus, and insular cortex. Patients with insular
lesions showed lower performance on discrimination between
negative emotions, rather than a specific deficit for feeling
disgust.

Recent studies presented findings those were contrary to
expectations from previous studies. For example, Damasio et al.
(2012) reported the bilateral insular lesion cases showed normal
ability to feel emotion and self-awareness. Furthermore, Couto
et al. (2013) found a minimal impact of insular cortical lesions
when compared subcortical lesion cases. These studies suggest
that the insular cortex is not solely involved in the neural
substrates of emotional awareness, but rather that subcortical
neural networks between the insula and other regions, such as
the thalamus, should be considered. Furthermore, these studies
highlight the importance of accurate documentation of the effects
of insular lesions on emotional recognition ability beyond the
performance of basic emotion category recognition.

A previous study asked patients with insular lesions to evaluate
the arousal level of emotion-inducing pictures and observed
that the patients reported a lower arousal level for the pictures
regardless of valence (Berntson et al., 2011). Because arousal level
and the activity of the sympathetic nervous system are closely
connected, deviation from the homeostatic state of sympathetic
activity and perceiving the deviation can lead to recognition
of the arousal level. The circumplex model of emotion posits
two dimensions for defining emotions, arousal, and valence
(Russell, 1980; Kuppens et al., 2013). Emotions are plotted on
the plane defined by arousal and valence. Sadness, anger, and
disgust are plotted closely to each other on the valence dimension;
however, arousal level is the difference between these emotions.
The arousal level for anger is the highest, but for sadness it is
the lowest and disgust is in the middle. The insular cortex is
considered to be one neural substrate for representing arousal
level (Lewis et al., 2007), and decreased blood flow in this
region yields blunting of interoception (Khalsa et al., 2009).
These findings may support the hypotheses that insular cortical
and/or subcortical lesions impair interoception, which underlies
the recognition of arousal level, and leads to lower performance
for discrimination between negative emotions.

On the basis of this hypothesis, we examined the effects on
emotional experience following brain lesions including those in
the right anterior insula cortex. Wemeasured sensitivity to other’s
emotion using morphed continua photos that ranged between
a neutral and an emotional facial expression, and revealed that
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the sensitivity was predicted by the interoceptive accuracy of
individuals (Terasawa et al., 2014). These results may suggest
that emotional experience is affected by the perception of internal
bodily changes triggered by emotional expression. In the present
study, we examined changes in emotional experience in patients
with right anterior insular lesions by the experimental task, and
discuss its influence on their daily life.

Materials and Methods

The study was performed with the approval of the Keio
University Research Ethics Committee (No. 09006). Before
participating in the study, all cases were informed (1) of the
purpose and procedure of the study and (2) that they were able to
cease their participation in the study at any time. All cases signed
a written informed consent form.

Cases
Three patients with lesions participated the study. They were
outpatients of the neurosurgery department of the Nasu Red
Cross Hospital.

Case A
Case A, a right-handed 61-year-old man, experienced convulsive
seizure by cerebral infarction when he was 59 years old. Right
dorsolateral prefrontal cortex (DLPFC) and anterior insula cortex
were resected by a hematoma evacuation operation (Figure 1A).
The lesion area included the cortical and subcortical anterior
to middle insula and ranged from ventral to dorsal parts.
Three-dimensional magnetic resonance angiography showed no
occlusions of the major cerebral arteries. Case A has a past
history of myocardial infarct, diabetes mellitus, hypertension,
paroxysmal atrial fibrillation, and symptomatic epilepsy. Motor
function, perception, and language abilities are well preserved.
Orientation, memory, working memory, and intelligence are
also preserved, but Perseveration error on the Wisconsin card-
sorting task (WCST) was observed [Category achieved (CA) : 0,
Perseverative errors of the Nelson type (PEN) : 25, Difficulties of
maintaining set (DMS) : 0].

Case A reported no change in memory and motor function,
but he described himself as having more impatience and being
duller compared with his premorbid level. He is still working
at a supermarket 5 days a week. According to his family, Case
A became easy to anger, disinhibited, and apathetic. Case A
showed a poor understanding of others’ intentions or facial
expressions. His thermal sensations became dull and he never
felt hot. These reports indicated that even though his memory
ability and intelligence were preserved, Case A had difficulty in
controlling his own emotions.

Case B
Case B, a right-handed 45-year-old man, experienced aneurysmal
subarachnoid hemorrhage of the middle cerebral artery when
he was 44 years old. He underwent surgical clipping. Magnetic
resonance imaging showed hemorrhagic contusion of the
temporal pole and decreased cerebral perfusion was observed

FIGURE 1 | Transverse magnetic resonance imaging with FLAIR
acquisition of the brains of the cases. Left sides of images correspond to
the right side of the brain. (A) Case A, (B) Case B, and (C) Case C.

at the right dorsolateral frontal cortex and the anterior insular
cortex (Figure 1B). The lesion area included the cortical and
subcortical anterior to middle insula and ranged from the ventral
to dorsal parts. Motor function, perception, and language abilities
are well preserved. Orientation, memory, working memory,
and intelligence are also preserved, but Perseveration error on
the WCST was observed (CA: 2, PEN: 25, DMS: 1). Lower
performances of verbal fluency test and delayed memory recall
were observed.

Case B reported that he has mellowed and is easily tired.
He never feels anxiety about anything, and cannot understand
people who feel anxiety at all. According to his family and doctor,
Case B shows a poor understanding of others’ facial expressions.
Additionally, he has an attitude of indifference toward his own
clinical condition. The indifference may coincide with the lower
anxiety trait.

Case C
Case C, a right-handed 66-year-old man, experienced convulsive
seizure and left hemiparesis when he was 60 years old. Brain
edema of the right frontal white matter was observed by
computed tomography scan. Pathological changes were observed
on the surface of the right frontal and premotor areas, and
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the right frontal lobe including the right anterior insula was
resected (Figure 1C). The lesion area included the cortical and
subcortical anterior insula and ranged from the ventral to dorsal
parts. Then, Case C was diagnosed with oligodendroglioma.
Orientation, memory, working memory and response inhibition,
and sustained attention are preserved, but lower performance on
the WCST (CA: 0, PEN: 21, DMS: 0) and verbal fluency task
were identified. Motor function, perception, language abilities,
and communication abilities are well preserved. He went back to
his work.

Case C reported that he frequently experienced action slips
and sometimes lost his intention for action. For example, he
required much more effort for concentrating on reading books
compared with symptom onset. However, he and his family
thought this impairment did not significantly impact on his daily
life. He had myocardial infarction four times for 4 years since the
neurosurgical procedure. However, he traveled through Japan by
bicycle on his own and also trained for a marathon, regardless of
the heart attack risk. Surprisingly, he reported that he hardly felt
anxious or at risk when performing such an exercise.

Age Matched Healthy Control
Fourteen males (mean age 56.7 ± 3.63 years) participated and
completed the heartbeat perception task and the emotional
sensitivity task. No participants had any psychiatric disorders.
Mini Mental State Examination (MMSE) was conducted and
confirmed that their score exceeded 27 points (mean 28.9± 0.95),
indicating no subjects with cognitive impairment.

Materials and Procedures
Heartbeat Perception Task
Only Cases A and C participated the Heartbeat Perception Task.
The task was based on a task developed by Schandry (1981) and
Ehlers and Breuer (1992) for examining interoceptive accuracy.
The task has been used in many previous studies. A detailed
description of the task can be found in our previous study
(Terasawa et al., 2014).

Heartbeats were measured using a pulse oximeter (Polymate
AP1542, TEAC, Tokyo, Japan) on the fingertips during specific
periods of time. Participants were asked to count the number of
times that they felt their own heartbeat during the measurement
period. Discrepancies between the number of reported and
actual heartbeats during the measurement period were calculated
based on the formula used to define heartbeat perception error
rates by Ehlers and Breuer (1992): (actual heartbeats – reported
heartbeats/actual heartbeats) × 100. Each case completed six
trials at 35 s× 2, 25 s× 2, and 45 s× 2, with the order randomized
between subjects.

The Time Estimation Task
The time estimation task was developed by Dunn et al. (2010)
to overcome the influence of time estimation on interoceptive
accuracy. In the task, participants are asked to count the number
of seconds during a given period, and then the reported length
was compared with the actual duration. Time estimation error
rates were calculated in a manner similar to that of the heartbeat
perception error rate and checked whether the error rates for both

task were dissociated. Each case completed six trials at 23 s × 2,
40 s × 2, and 56 s × 2, with the order randomized between
subjects.

Emotional Sensitivity Task
To estimate the emotional sensitivity of the cases, we prepared an
experimental task that was identical to the task used in Terasawa
et al. (2014). A detailed description of the task can be found in
Terasawa et al. (2014). In this task, the cases were presented with
a facial expression photo and were asked whether or not they felt
emotion from the photos, and were asked to report the name of
the emotion if they did feel emotion.

We selected five photos each of a male individual and
a female individual, with the following facial expressions:
angry, sad, disgust, happiness, and neutral, from the Advanced
Telecommunications Research Institute International Facial
Expression Database (DB99). In addition to the original photos,
morphed photos were prepared for the task. These photos were
made in nine variations, with each variation having different
percentages of the neutral and emotion expressions (angry, sad,
disgust, and happiness), ranging from 10% neutral to 100%
of each emotion. For example, Neutral (N) 90% – Happiness
(H):10%, N:80% – H:20%, N:70% – H:30%, N:60% – H:40%,
N:50% – H:50%, N:40% – H:60%, N:30% – H:70%, N:20% –
H:80%, N:10% – H:90%, and N:0% – H:100% (Figure 2A). We
did not use the original neutral picture (N:100% – H:0%) in this
task, as every subject answered that they did not feel emotion
from the picture.

In each trial, (1) a stimulus was presented for 2 s. (2)
Participants were asked whether the stimulus made them feel an
emotion or not. (3) If participants responded “Yes,” then four
options were presented on the screen: anger, sadness, disgust, and
happiness, and they were asked to choose the appropriate one for
the emotion expressed by the stimulus. Because it was important
to determine if the participants felt emotion, we asked them to
respond “Yes” if they actually felt any emotion from the stimulus.
Participants were clearly instructed to categorize emotion that the
model expressed, not the one that they were experiencing. If they
responded “No,” the options did not appear and the task moved
on to the next trial after the presentation of a fixation point for 5 s
(Figure 2B).

Each stimulus was presented five times in random order, thus
there were 200 trials in total (4 emotion × 10 steps × 5 times).
Original stimuli that fully expressed a certain emotion (e.g., 100%
anger) were labeled as having an “emotion value of 10,” and
neutral stimuli (e.g., 100% neutral) were labeled as having an
“emotion value of 1.” Each step between emotion values 10 and 1,
e.g., from 9 to 2, was labeled depending on the percentage of the
emotional value present in the photo (Figure 2A).

The number of times that participants reported feeling
emotions as a result of viewing each stimulus were calculated. We
classified those stimuli that made participants feel an appropriate
emotion at least three times out of five (i.e., at least 60% of
the trials) as having sufficient emotional value to produce the
emotional response.

The threshold of emotional value was posited to be located
near the midpoint between stimuli that produced an emotional
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FIGURE 2 | The stimuli used in the task (A) and outline of a trial (B). (A) Morphed continua photos ranging between neutral (stimulus 1) and 100% of each
facial expression (stimulus 10), i.e., angry. (B) A stimulus was followed by a judgment about whether the stimulus elicited an emotion. If participants responded “yes,”
options were presented and they were asked to choose the most appropriate emotion category.

response less than three times and stimuli that produced an
emotional response three times and more. When participants
reported that they felt a certain emotion three times when viewing
a stimulus with an emotion value of six and two times when
viewing the stimulus with an emotion value of 5, we considered
their threshold for emotional response to be 5.5.

Results

Emotional Sensitivity Task
Case A’s responses toward each stimuli and thresholds of
emotional value are shown in Figure 3A. The red arrows show the
place where the thresholds appear. Yellow arrows show averaged
thresholds of the age matched control group. The thresholds are
also shown in Table 1. The responses of Cases B and C are shown
in Figures 3B,C, respectively. As the three figures and the table
show, all cases needed a higher emotional value to recognize
anger than healthy participants. The same was true for sadness
and disgust. Case C made too many error responses, such as
false identification of disgust as sadness or sadness as neutral,
which prevented the definition of thresholds for disgust and
sadness.

Although the numbers of case and control participants was
small, we compared the thresholds of cases and the control
group statistically. Crawford and Garthwaite (2002) and
Crawford et al. (2010) reported statistical methods to compare
scores of a single case and control group, and provided a

program called Singlims_ES, which can be downloaded from
http://homepages.abdn.ac.uk/j.crawford/pages/dept/Single_Case
_Effect_Sizes.htm. This allowed us to test whether an individuals’
score was significantly different from a control sample. As a
result, the threshold for anger in Cases B and C showed a trend
for being higher than in the control group (t = 1.46, p < 0.10;
Table 1). Case A showed a significantly higher threshold for
sadness (t = 1.99, p < 0.05), while Case B showed a higher
threshold for disgust (t = 2.28, p < 0.05). Not all thresholds of
the cases were statistically higher than those of the control group,
although the overall trends were the same, except for happiness.

The results support the idea that that insula lesions do not lead
to impaired recognition of a specific category of emotion such as
disgust, but rather that sensitivity to emotional value is blunted.
However, the recognition of happy emotions was not affected
by insula lesions because the cases showed similar sensitivity to
happy faces as healthy participants.

The Heartbeat Perception Task
Cases A and C completed the heartbeat perception task and the
time estimation task, but B did not participate in the tasks. The
error rates on the heartbeat perception task were 0.67 (Case A)
and 0.99 (Case C), thus both cases showed very high error rates
on this task. However, remarkably low error rates were observed
on the time estimation task: 0.01 for Case A and 0.06 for Case
C. High error rates on the heartbeat perception task indicate that
lower interoceptive accuracy underlies the blunted sensitivity to
others’ emotion measured by the emotional sensitivity task.

Frontiers in Psychology | www.frontiersin.org September 2015 | Volume 6 | Article 1314 | 131

http://homepages.abdn.ac.uk/j.crawford/pages/dept/Single_Case_Effect_Sizes.htm
http://homepages.abdn.ac.uk/j.crawford/pages/dept/Single_Case_Effect_Sizes.htm
http://www.frontiersin.org/Psychology/
http://www.frontiersin.org/
http://www.frontiersin.org/Psychology/archive


Terasawa et al. Insular lesion and emotional sensitivity

FIGURE 3 | Numbers of responses for happiness (blue), sadness (red), disgust (green), and anger (purple) for each stimulus. (A) Case A, (B) Case B,
and (C) Case C. Red arrows show the place where the thresholds of cases appeared, and yellow arrows show the averaged thresholds of healthy participants.
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TABLE 1 | Thresholds of emotional value of the cases and healthy
participants.

Threshold t-value p Zcc Control

Case A Anger 4.5 0.68 0.26 0.70 3.64 (1.23)

Disgust 6.5 1.00 0.17 1.03 4.94 (1.51)

Happiness 2.5 −0.55 0.30 −0.57 3.18 (1.20)

Sadness 7.5∗ 1.99 0.03 2.06 4.43 (1.49)

Case B Anger 5.5+ 1.46 0.08 1.51

Disgust 8.5∗ 2.28 0.02 2.36

Happiness 3.5 0.26 0.40 0.27

Sadness 6.5 1.34 0.10 1.39

Case C Anger 5.5+ 1.46 0.08 1.51

Disgust − − − −
Happiness 2.5 −0.55 0.30 −0.57

Sadness − − − −
SD in healthy participants are shown in parentheses. Zcc, effect size for simple
t-test. ∗p < 0.05, +p < 0.10.

The control group also completed the heartbeat perception
task, with a mean error rate of 0.70 ± 0.23. There were no
differences between Case A compared with control group, while
Case C showed significantly lower performance.

Discussion

In this study, we examined the effects on emotional experience
following brain lesions including the right anterior/middle
insula cortex. Findings from the emotional sensitivity task
and the heartbeat perception task indicated that the cases
had blunted sensitivity to emotional expression and lower
interoceptive accuracy. Some previous studies have suggested
that insular lesions lead to selective impairment of disgust
recognition (Calder et al., 2000; Adolphs et al., 2003; Borg
et al., 2013); however, other studies have suggested that such
lesions yield lower performance for discrimination between
negative emotions (Adolphs et al., 2000; Dal Monte et al., 2013).
Furthermore, other studies have proposed reduced arousal to
emotional stimuli regardless of emotional valence (Berntson
et al., 2011).

At the very least, our findings do not support the hypothesis
positing that insula lesions cause the selective impairment of
disgust recognition. Though Cases A and B needed higher
emotional value to recognize disgust compared with healthy
participants, they could properly recognize disgust when the
stimuli had higher values. Case C could not recognize disgust,
but also sadness, thus the impairment cannot be considered
selective. However, all cases showed some degree of difficulty in
recognizing emotions from stimuli.

Unique patterns of error response can be seen when focused
on Figures 3A–C; these are (i) misidentification of anger
as disgust or sadness and (ii) misidentification of disgust as
sadness. Based on a circumplex theory of emotion and insular
function for recognizing arousal level, these patterns are very
compelling. According to the circumplex theory of emotion
(Russell, 1980), emotions can be plotted on a plane defined by

two dimensions: arousal and valence. Anger, disgust, and sadness
have similar emotional valence, but differences in arousal level
discriminate these three emotions. Attenuation of recognized
arousal level may lead to the error patterns that can be seen
in the present study, because the arousal level of anger is the
highest, disgust is middle, and sadness is the lowest. As the
insular cortex is related to the recognition of arousal level,
the error patterns may suggest that the cases could understand
the emotional valence of stimuli, but that they had difficulty
in sensing arousal level from the stimuli. Thus, they identified
emotions (e.g., anger) that have high arousal level as less aroused
emotions (e.g., sadness). Arousal level is closely connected to
bodily responses such as cardiovascular activity, respiration, and
body temperature. If interoceptive awareness for these responses
underlies recognition of arousal level, it is reasonable to assume
that insular lesions lead to reduced arousal level, and then to
the altered emotional recognition performance observed in the
present study.

Few previous studies have examined whether insular lesions
lead to a decline in interoceptive accuracy. Khalsa et al. (2009)
revealed that heartbeat sensation was not significantly affected by
bilateral insular lesion, until an anesthetic was otherwise applied
to the skin. However, Ronchi et al. (2015) reported that resection
of selective right neoplastic insular lesions led to an increment
of error rates on the heartbeat perception task, a result identical
to that of our study. In particular, the resection boosted the
error rates from 0.18 to 0.39. The patient of Ronchi et al. (2015)
had higher interoceptive accuracy before resection, but that was
not the case after resection. We did not measure interoceptive
accuracy of cases prior to the lesion in the present study, and
the heartbeat perception task showed rather large individual
differences. In fact, although Case C showed remarkably low
performance in the heartbeat perception task, the performance
of Case A was identical to the control group. Thus, the high error
rates of Case C could not be easily attributed to the right anterior
insular lesion. As suggested by Damasio et al. (2012) and Couto
et al. (2013), we considered the function of the insular subcortical
network for the performance. The lesion area of Case A was
rather selective, suggesting that the subcortical network should be
largely preserved. The effect of coexisting somatosensory routes
of interoception should also be considered (Khalsa et al., 2009;
Couto et al., 2014). Findings from a series of previous studies and
our results remain insufficient to fully elucidate the role of the
insula for interoception and emotional awareness. Further testing
of insular lesion cases is required to understand whether insular
lesions lead to a decline in interoceptive accuracy and emotional
awareness.

The reported episodes of the cases’ daily life are also
interesting. None of the three cases had a major problem with
their memory and intelligence, but all reported episodes that
indicate altered emotional experience. An absence of feelings
of anxiety, observed in Cases B and C, is remarkable, because
anxiety is considered to be closely related to interoception and the
insular cortex is one of the neural correlates for this relationship
(Paulus and Stein, 2006; Simmons et al., 2011; Terasawa et al.,
2013a). These studies propose that amplified sensitivity to
bodily information enables us to detect subtle internal bodily

Frontiers in Psychology | www.frontiersin.org September 2015 | Volume 6 | Article 1314 | 133

http://www.frontiersin.org/Psychology/
http://www.frontiersin.org/
http://www.frontiersin.org/Psychology/archive


Terasawa et al. Insular lesion and emotional sensitivity

changes and evokes anxiety, because anxiety states are closely
related to sympathetic activities. If the exaggerated attention to
interoceptive information is assumed to yield anxious feelings,
then conversely the unavailability of interoceptive information
may reduce anxiety.

However, there were no significant differences between the
cases and healthy participants for the thresholds of emotional
value for happiness. If attenuated interoceptive accuracy lowers
arousal level, this trend should also be observed for happiness
recognition. We posit three possible reasons for this finding.
The first hypothesis is that the right insula specifically underlies
negative emotion processing, not that for positive emotion. Craig
(2005) suggested this asymmetrical function of the insula, and
proposed associations of the right anterior insula with energy
expenditure (arousal) feelings, such as risk and depression,
and the left insula with energy enrichment (affiliation) feelings,
such as social bonding. His suggestion may support the notion
that positive emotion is related to left insular activity rather
than the right insula. However, some studies have reported
that highly aroused emotions recruit anterior insula activity
regardless of valence (Iaria et al., 2008; Moriguchi et al., 2014).
These studies imply that the laterality of insular function is
still controversial, and this idea seems insufficient for explaining
our findings about happiness. The second hypothesis is that
people have a tendency to process happy faces preferentially
more than other emotions. Calvo and Nummenmaa (2008)
observed that happy faces need less time to be detected
precisely compared with fearful, angry, sad, surprised, and
disgusted faces. The findings suggest that sensitivity to happy
faces predominates over the blunting of emotion recognition
based on the insula lesion, thus recognition of happy emotions
was maintained. The third hypothesis concerns a technical
issue, that there is only one option for positive valence
emotion. If cases could understand valence properly, there is
no possibility to misidentify happy as other emotions, but
the possibilities were high for negative emotions, because
there are three options for negative emotions. Our results are
not detailed enough to decide which is the most plausible
hypothesis, but the findings suggest that the cases could
understand emotional valence properly and that the effect of
interoception would be rather small on recognition of the
valence.

All three cases showed lower performance in the WCST, and
the number of perseveration error responses was quite high in
particular. Neuroimaging studies designate the involvement of
the insula cortex in various cognitive functions such as attention
or memory, thus it is possible to posit that insula lesions
affected performance through basic cognitive functions (Kurth

et al., 2010). However, we need to note that the cases’ lesions
extended to the right DLPFC, which is well known for neural
correlates for executing the WCST (Buchsbaum et al., 2005;
Lie et al., 2006). The effects of the cases’ DLPFC lesions would
be to induce lower performance on the WCST. Since DLPFC
is known as an important region for appraisal or regulation
processes of emotion, we should consider possibility that the
DLPFC lesion may affect the performance of the emotional
sensitivity task. Recent neuropsychological study (Jenkins et al.,
2014) which used morphed expression photos showed the effect
of DLPFC lesion on recognition of emotional expression was
restricted. Though the effect of DLPFC lesion on the emotional
sensitivity task would be limited, further careful investigations
should be conducted to clarify the possible sole effect of DLPFC
lesion.

Thus, extended lesion areas in the cases prevent us from
concluding that the findings originated from the insular lesion
selectively, which is a limitation of the present study. Future
studies with more selective insula lesion cases are required.
Recent reports suggest that the insular cortex can be divided
into anterior/middle/posterior and ventral/dorsal regions, with
differing cognitive functions in these regions. For example,
Kurth et al. (2010) suggested that the ventral region was
important for social-emotional function, the anterior dorsal
region for cognitive function, and the medial to posterior
regions for sensorimotor function. However, it was also reported
that interoceptive processing is reliant on the posterior region,
while exteroceptive processing relies on the anterior region
(Farb et al., 2013). These inconsistent findings suggest that
further neuropsychological studies focusing on the lesion area
in the insula and its impact on cognitive function are required.
Unfortunately, the lesion areas of the three cases in the present
study were not restricted to a particular region.

Despite the small number of cases, our findings suggest that
perceiving interoceptive information may modulate the contents
of emotional experience, and the notion is consistent with
some previous findings. In the future, studies with more lesion
cases will be beneficial for understanding the causality between
interoception and subjective emotion through neural substrates.
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Interoceptive body awareness (IA) is crucial for psychological well-being and plays an
important role in many contemplative traditions. However, until recently, standardized self-
report measures of IA were scarce, not comprehensive, and the effects of interoceptive
training on such measures were largely unknown. The Multidimensional Assessment of
Interoceptive Awareness (MAIA) questionnaire measures IA with eight different scales.
In the current study, we investigated whether and how these different aspects of IA
are influenced by a 3-months contemplative intervention in the context of the ReSource
project, in which 148 subjects engaged in daily practices of “Body Scan” and “Breath
Meditation.” We developed a German version of the MAIA and tested it in a large and
diverse sample (n = 1,076). Internal consistencies were similar to the English version (0.56–
0.89), retest reliability was high (rs: 0.66–0.79), and the MAIA showed good convergent and
discriminant validity. Importantly, interoceptive training improved five out of eight aspects
of IA, compared to a retest control group. Participants with low IA scores at baseline
showed the biggest changes. Whereas practice duration only weakly predicted individual
differences in change, self-reported liking of the practices and degree of integration into
daily life predicted changes on most scales. Interestingly, the magnitude of observed
changes varied across scales. The strongest changes were observed for the regulatory
aspects of IA, that is, how the body is used for self-regulation in daily life. No significant
changes were observed for the Noticing aspect (becoming aware of bodily changes), which
is the aspect that is predominantly assessed in other IA measures.This differential pattern
underscores the importance to assess IA multi-dimensionally, particularly when interested
in enhancement of IA through contemplative practice or other mind–body interventions.

Keywords: interoceptive awareness, interoception, body awareness, contemplative training, meditation,

questionnaire, change, mindfulness

INTRODUCTION
Interoceptive awareness (IA) comprises the awareness of signals
from the inside of the body, such as the perception of heart beats,
the breath, or movements of the viscera, and higher-order top–
down processes including biases, beliefs, attitudes, and emotions
regarding those perceptions (Cameron, 2001; Craig, 2002; Mehling
et al., 2009). Interoception has been shown to be critical for the
sense of self and the creation of a subjective perspective from
which the world is experienced (Varela et al., 1991; Craig, 2002,
2009; Critchley et al., 2004; Berlucchi and Aglioti, 2010; Park and
Tallon-Baudry, 2014). It is also important for awareness and reg-
ulation of emotions (Dunn et al., 2007; Silani et al., 2008; Herbert
et al., 2011; Füstös et al., 2013; Koch and Pollatos, 2014) as well as
empathy (Singer et al., 2009; Bird et al., 2010; Lamm and Singer,
2010; Terasawa et al., 2014). Furthermore, IA is critical for decision
making (Sanfey et al., 2003; Dunn et al., 2010; Sütterlin et al., 2013)
and self-control of behavior in various situations with impact on
health and disease (Herbert et al., 2007, 2012a, 2013; Herbert and
Pollatos, 2014).

Contemplative traditions have also widely recognized the
importance of IA (Selby, 1992; Goldstein and Kornfield, 1995;
Vaughan, 2002; Hölzel et al., 2011; Kerr et al., 2013) and devised
mental training practices, such as bodily focused meditations,
to train awareness of body sensations (Hart, 1987; Kabat-Zinn,
1990). Despite the importance that malleability of IA could
have due to its potential association with beneficial psychologi-
cal and physical outcomes, few studies have investigated whether
and how different aspects of IA are influenced through mental
training.

Interoceptive awareness can be assessed with objective and sub-
jective measures. Objective behavioral tests mainly focus on a
subcomponent of IA that has been termed interoceptive sensi-
tivity (Critchley et al., 2004) or interoceptive accuracy (Farb et al.,
under review), which denotes the objective ability of a subject
to accurately perceive inner bodily signals, such as the heartbeat
(Brener and Jones, 1974; Whitehead et al., 1977; Schandry, 1981),
breathing (Davenport et al., 2007), or gastric activity (Herbert
et al., 2012b). Findings up to now suggest that accurate perception
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of the heartbeat is not increased in meditators (Nielsen and Kasz-
niak, 2006; Khalsa et al., 2008; Melloni et al., 2013; Parkin et al.,
2013) and accurate perception of breathing, was only slightly
better in experienced meditators compared to non-meditating
controls (Daubenmier et al., 2013). Thus, the notion that contem-
plative practice profits the interoceptive sensitivity component of
IA is put into question by the current state of objective empirical
findings.

Besides their obvious problems, subjective measures, such as
questionnaires, have the advantage that they more easily allow
a broader assessment of IA, covering not only sensitivity to
body signals, but also connected beliefs, attitudes, thoughts,
and emotions. However, most standardized questionnaires do
not fully use this potential, either because they assess only one
dimension of IA (e.g., Body Awareness Questionnaire, Shields
et al., 1989; Private Body Consciousness Scale, Miller et al., 1981)
or because they assess different aspects together in one scale
(see Mehling et al., 2009, for a review). Thus, these question-
naires are not likely to accurately depict change in IA elicited
by contemplative practice, which has been described as a mul-
tidimensional process (Mehling et al., 2011). To overcome this
problem, Mehling et al. (2009) constructed a self-report instru-
ment for IA, based on an extensive literature review of published
body awareness questionnaires, focus groups with experienced
practitioners of mind-body-practices, and extensive psychometric
testing (Mehling et al., 2012). The result of these investigations
is the multidimensional assessment of interoceptive awareness
(MAIA, Mehling et al., 2012), a 32-item self-report measure that
measures IA on eight dimensions. One dimension, “Noticing,”
reflects the self-reported propensity to become aware of one’s
body sensations, such as heartbeat and breath. The other seven
dimensions include regulatory aspects of body awareness, that is,
how the body and its felt sensations are internally ‘used’ by the
subject (to regulate attention or distress, or to gain insight about
emotions); reactive aspects, that is, how people respond to body
sensations (e.g., with worry or distraction); the awareness of the
connection between body sensations and emotional states, and

the extent to which the body is experienced as a comforting place,
as safe and trustworthy (see Table 1 for a full description of the
dimensions).

The link between contemplative training and the MAIA has
been explored in a recent study in which patients with lower
back pain were categorized into subjects with and without med-
itation experience (mixed styles). Higher scores on four of the
eight MAIA scales were shown for patients with meditation expe-
rience of any kind compared to meditation naïve controls, with
strongest effects in Self-Regulation (Mehling et al., 2014). These
findings are, however, limited by the cross-sectional nature of
the study, the high heterogeneity of meditation practices, and
the specific population (pain patients). Sze et al. (2010) studied
IA cross-sectionally in Vipassana meditators compared to con-
trols, using three IA scales that mostly measure Noticing, and
found higher scores in meditators. Similarly, Noticing aspects
of IA have been shown to be increased in yoga practitioners
(Rani and Rao, 1994; Daubenmier, 2005; Impett et al., 2006).
Three prospective, qualitative studies (Landsman-Dijkstra et al.,
2004; Morone et al., 2008; Schure et al., 2008), using content
analyses of journal entries and open questions, have investi-
gated changes in IA elicited by mindfulness based stress reduction
(MBSR; with slight modifications), and a Body Awareness Pro-
gram (including mindfulness meditation). Overall, participants
reported increased awareness of their body sensations, while stress-
ing many corollary benefits of the practice, such as improved
attention, increased awareness of emotions and mind-body-
interactions, and a higher propensity to listen to their bodies
for insight about their emotional state, particularly when in
distress. To summarize, there is cross-sectional evidence for
differences in the Noticing aspect of IA in meditators, and quali-
tative evidence from mostly short-term longitudinal studies about
training-induced changes in many other aspects of IA. Up to the
present point, there is, however, to our knowledge, no pub-
lished study on training-related changes in IA based on (a) a
well-controlled longitudinal design, (b) a focused mental training
program targeting specifically the cultivation of IA, and (c) the

Table 1 | Scales and sample items of the multidimensional assessment of interoceptive awareness (MAIA).

Scale name Description Sample questions

Noticing Awareness of uncomfortable, comfortable, and neutral body

sensations

I notice changes in my breathing, such as whether it slows

down or speeds up.

Not-Distracting Tendency not to ignore or distract oneself from sensations of

pain or discomfort

I distract myself from sensations of discomfort.

Not-Worrying Tendency not to worry or experience emotional distress with

sensations of pain or discomfort

I start to worry that something is wrong if I feel any discomfort.

Attention Regulation Ability to sustain and control attention to body sensations I can refocus my attention from thinking to sensing my body.

Emotional Awareness Awareness of the connection between body sensations and

emotional states

I notice how my body changes when I am angry.

Self-Regulation Ability to regulate distress by attention to body sensations When I feel overwhelmed I can find a calm place inside.

Body Listening Active listening to the body for insight I listen for information from my body about my emotional state.

Trusting Experience of one’s body as safe and trustworthy I feel my body is a safe place.
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assessment of IA through a standardized self-report instrument
allowing for the differential measurement of change on different
aspects of IA.

To close this gap, we used the MAIA to investigate how mental
training influences different dimensions of IA. We investigated this
in the context of the “Presence” module of the ReSource Project,
a large-scale longitudinal mental training study, conducted by the
Max Planck Institute for Human Cognitive and Brain Sciences in
Berlin and Leipzig. The ReSource project appeared to be particu-
larly appropriate for such an investigation, because it relies on a
large sample (n = 148) that, in the first 3-months training mod-
ule, underwent an intervention, which was specifically designed
to cultivate IA through daily practices of a “Body Scan” (BoS) and
a “Breath Meditation” (BrM; see Materials and Methods). Both
practices are designed to strengthen participants’ focus on body
sensations as a vehicle to return to the present moment whenever
the mind has wandered. Comparison of the training group with
a retest control group, that is, a group that undergoes the same
testing but without intervention, allows us to investigate whether
IA is altered through mental training and not through familiarity
with the scale alone, and if so, which aspects of IA are particularly
affected by contemplative, interoceptively focused training.

MATERIALS AND METHODS
ETHICS
All reported measurements and the ReSource Presence train-
ing were part of the ReSource Project, which was approved
by the Research Ethics Committee of the University of Leipzig
with the number 376/12-ff, and the Research Ethics Com-
mittee of the Humboldt University in Berlin (Mathematisch-
Naturwissenschaftliche Fakultät II), with the numbers 2013-02,
2013-29, and 2014-10. All participants gave written informed
consent prior to their participation.

SAMPLES
Samples for questionnaire validation
A total of 1,076 subjects (345 male; mean age = 38.7, SD = 9.3; age
range = 18–59) filled out the MAIA. Participants were recruited
from different German cities (Berlin, Leipzig, Ulm), and through
an online server of the University of Mannheim (see Table 2 for
sample details). All participants filled out computerized versions
of the MAIA, except for the sample from Ulm, who filled it out on
paper.

Samples in the intervention study
A subsample (n = 232; samples 5 and 6 in Table 2) took
part in the intervention study. 152 subjects (73 male; mean
age = 41.6, SD = 9.4; age range = 20–55) were part of the train-
ing group, 80 were part of a retest control group (see below).
The training group was recruited in a multistep process. Briefly,
a total of 2,595 individuals applied for the study, responding to
advertisement in newspaper and public transport, to flyers, cir-
culations on relevant e-mail lists, or word of mouth. Participants
received extensive information on the study through information
evenings and personal phone contact. They were informed that
the study would involve daily practice of different mental training
exercises, grouped in three modules which aim at training Pres-
ence (involving attention and interoception training; the module
under investigation in this paper), as well as socio-cognitive and
socio-affective abilities. Interested participants were screened via
questionnaires and psychological interviews. All participants in
the final sample fulfill a number of inclusion criteria, includ-
ing good psychological and physical health (see Supplementary
Material for details).

Eighty subjects (32 male; mean age = 43.3, SD = 8.6; age
range = 23–55) served as a retest control group, to account for
effects of repeated testing. The sample was recruited from the

Table 2 | Samples for MAIA validation and the intervention study.

No Description n Male Age (SD) Age range

1 Subjects applying for the ReSource project but not participating in pilot or

intervention study

(Berlin and Leipzig)

494 176 42.67 (9.7) 20–55

2 Participants of ReSource pilot studies

(prior to intervention study, Leipzig)

69 25 33.0 (11.0) 19–55

3 Psychology students

(Ulm)

133 3 24.8 (7.4) 18–58

4 Online survey

(hosted in Mannheim a)

112 53 32.4 (8.9) 20–59

5 ReSource intervention study participants (training group)

(Berlin and Leipzig)

152 73 41.6 (9.4) 20–55

6 ReSource intervention study participants (retest control group)

(Leipzig)

80 32 42.3 (8.6) 23–55

Full sample 1,076 345 38.7 (9.3) 18–59

The full sample filled out the MAIA and took part in questionnaire validation. Samples 5 and 6 took part in the intervention study as training and control group,
respectively. ahttp://www.forschung-erleben.uni-mannheim.de
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participant data base of the Max Planck Institute for Human Cog-
nitive and Brain Sciences, Leipzig. Participants in the retest control
group did not differ statistically from those in the training group
(all ps < 0.05) in terms of age, sex, socio-economic status (assessed
as income and education level), or any of the MAIA scale values at
baseline. For the retest control sample, the study was advertised as
an online survey on personality and emotion.

CONSTRUCTION AND VALIDATION OF THE GERMAN MAIA
Translation
As the study took place in Germany and no German version of the
MAIA was available, we first translated it. Two of the authors (Wolf
E. Mehling and Boris Bornemann, both native German speak-
ers and proficient in English), and a translation agency (Baker
and Harrison, Munich, Germany) independently produced Ger-
man translations of the questionnaire. Wolf E. Mehling and Boris
Bornemann then compared the three translations, item by item,
and, in the case of different translations, picked the wording that
was most easily understandable and closest to the English ver-
sion. The final questionnaire was then sent to the agency and
translated back into English by another independent translator.
The back-translation and the original English questionnaire were
compared. All items were found to be identical or very similar in
wording and meaning so that no further corrections had to be
applied.

Assessment of psychometric properties
The full sample was used to derive at means, standard deviations,
and Cronbach’s alphas for the MAIA scales. Retest reliability was
assessed in the retest control group (sample 6, see Table 2). For
investigation of convergent and discriminant validity, a partial
sample (n = 268; 122 male, mean age = 41.8, SD = 9.1; age
range = 20–55; from samples 1,5, and 6; see Table 2) filled out
the Five Factor Mindfulness Inventory (FFMQ; Baer et al., 2006;
Otto, 2012), which had previously been reported to be positively
correlated with the MAIA (Mehling et al., 2012), and a measure of
state anxiety (STAI-T from the State-Trait-Anxiety Questionnaire;
Spielberger et al., 1970), which had previously been found to be
negatively correlated to the MAIA scales (Mehling et al., 2012). We
also assessed the Private Body Consciousness Scale (Miller et al.,
1981) in 185 subjects (48 male; mean age = 41.8, SD = 9.4; age
range = 20–55; from samples 1 and 5; see Table 2), to obtain
another measure of body awareness. Note that this scale measures
exclusively the Noticing facet of IA.

TRAINING STUDY
Training group
The 3-months contemplative intervention was embedded in a
large-scale multi-method longitudinal study, the ReSource project.
In short, this study consists of several 3-months modules (Pres-
ence, Affect, and Perspective). All participants start with a
3-months Presence module aiming at cultivating attention and
IA. The 3-months Presence intervention begins with a 3 days
silent retreat, in which participants are familiarized with the pur-
pose of the Presence training, and with the two core practices:
BoS and BrM. After this introductory retreat, subjects prac-
tice alone at home and attend weekly 2-h classes for 13 weeks.

Both retreat and weekly classes are facilitated by experienced
meditation teachers (nine different teachers with backgrounds in
Theravada Buddhism, Tibetan Buddhism, and secularized mind-
fulness approaches, and long-standing teaching experience). In the
weekly classes, the teachers support the participants by supplying
additional exercises beside the two core practices (e.g., walking
meditation, sound meditation), as well as inspirations and ideas
for informal practice in daily life, all aimed at helping the partic-
ipants to focus their attention and become more aware of their
present-moment experience. In addition to the weekly classes,
participants are asked to practice five times per week for 30 min
(20 min BoS, 10 min BrM) alone at home. These individual home
practices are supported by an online platform and a smart phone
app, both of which contain guided meditation audio files, recorded
by the teachers. Participants were asked to always use the platform
or smart phone when meditating, which allowed us to track how
often and long they practiced. The teachers followed a secular
training protocol developed specifically for the study. Adherence
to the protocol was examined by a co-developer of the protocol
who attended the daily sessions and by several co-developers who
attended the retreat.

The daily core exercise, the BoS and the BrM, have been chosen
as they both train attention as well as IA. During the BoS (e.g.,
Kabat-Zinn, 1990), participants systematically guide their atten-
tion to different parts of their body, starting with their toes and
ending up on the top of their heads. Participants are asked to
attend to the sensations in the various body parts they are focus-
ing on. In the BrM (e.g., Wallace, 2006), participants are asked
to focus on the sensations of their breathing. In both practices,
participants are asked to resume their interoceptive focus on body
parts or their breath, whenever attention has strayed.

Participants of the training group filled out the MAIA twice,
once before the retreat (T0) and once after the end of the Presence
training (T1; average temporal distance of 113.6 days, SD = 10.7),
as part of a larger set of questionnaires. Four participants did not
complete the training, reducing the final sample of the training
group to 148 subjects. Participants were compensated for their
testing times in the ReSource project, granting 7 Euros per hour or
part thereof for work on questionnaires. Average time to complete
the MAIA was 6:27 (SD = 4:04) minutes at T0 and 5:36 (SD = 4:47)
minutes at T1.

Retest control group
Participants in the retest group answered the MAIA twice, in an
average temporal distance of 113.0 days, SD = 4.3 [not statistically
different from the temporal distance in the intervention group,
t(226) = 0.45, p = 0.66], together with other questionnaires,
using LIMESURVEY (https://www.limesurvey.org). Participants
received 7 Euros per hour or part thereof as compensation for
their efforts. Average time to complete the MAIA could not be
computed for the retest group due to technical limitations of the
survey platform.

POST-TRAINING QUESTIONNAIRE
After the end of the Presence training, participants filled out a
questionnaire containing questions about their appreciation and
use of the practice in daily life (BrM and BoS). Here, we use some

Frontiers in Psychology | Consciousness Research January 2015 | Volume 5 | Article 1504 | 140

https://www.limesurvey.org
http://www.frontiersin.org/Consciousness_Research/
http://www.frontiersin.org/Consciousness_Research/archive


Bornemann et al. Contemplative training of interoceptive awareness

of these questions as markers of training success. We considered
the following questions: “How much did you like [BrM/BoS]?” (1
not at all . . . 5 a lot),“How difficult was it for you to integrate what
you have learned into your everyday life [in week 1–4; 5–8; 9–13]?”
(1 very difficult . . . 5 not difficult at all), “I plan to continue doing
[BrM/BoS].” (1 yes | 0 no), “I have looked forward to my daily
practice of [BrM/BoS].” “I use what I have learned in everyday
life.”, “I think that the time I spend mediating is worthwhile.” (–2
don’t agree at all . . . +2 fully agree).

RESULTS
We will first present results on the psychometric properties of
the German MAIA. Then, we will report how the MAIA scales
are affected by the Presence training. Finally, we will investi-
gate whether the magnitude of change can be predicted by the
individual differences in practice time or appreciation of the
practices.

PSYCHOMETRIC PROPERTIES AND VALIDATION
We first analyzed whether the factor structure of the English
MAIA would replicate in the German item set. We conducted
an exploratory factor analysis (EFA; extraction criterion: eigen-
value > 1; varimax rotation) on the full dataset (n = 1,076).
The EFA yielded eight factors. These factors group the items
in exactly the same manner as in the English version, with the
exception of item 19 (“When something is wrong in my life,
I can feel it in my body.”), which loaded equally strong on
its original factor Emotional Awareness as on Body Listening.
We additionally performed a confirmatory factor analysis, which
showed that the English factor structure had an acceptable fit
to data obtained with the German version, RMSEA = 0.059,
CFI = 0.901.

Table 3 shows mean, standard deviation, and internal con-
sistencies of the German MAIA, across all samples, as well as
interscale correlations. All Cronbach’s alphas ranged between 0.56
and 0.89. Alphas of the English MAIA as reported by Mehling
et al. (2012) were compared to the present alphas of the German
MAIA using the Feldt-Test (Feldt, 1969). Alphas were higher than
in the English Version for four scales (Noticing, Attention Regu-
lation, Emotional Awareness, Trusting, p < 0.05), lower for one
scale (Not-Distracting, p < 0.05), and not statistically different for
the remaining three scales (p > 0.05).

We investigated convergent and discriminant validity by com-
puting correlations between the MAIA scales and the FFMQ,
PBCS, and STAI-Trait (Table 4). All MAIA scales show posi-
tive or non-significant correlations with the FFMQ scales. Each
MAIA scale shows its highest correlation with the FFMQ scale
that had shown the highest correlation with that MAIA scale in
the English version (see Mehling et al., 2012), except for Not-
Distracting (English: AWA, German: DSC). All MAIA scales show
positive correlations to the PBSC, except for Not-Worrying, where
the correlation is non-significant. All MAIA scales show negative
or non-significant correlations with the STAI-T.

LONGITUDINAL TRAINING-RELATED CHANGES IN MAIA
Adherence to practice was generally high. Participants attended,
on average, 11.6 (SD = 1.1) out of the 13 group sessions. Missing of

sessions was mostly due to vacations, which subjects were allowed
to take while participating in the year-long ReSource project. Out-
side of the weekly group sessions, participants practiced the BoS
(for at least for 20 min) 4.6 times a week (SD = 1.09) and the BrM
(for at least 10 min) 4.33 times as week (SD = 1.04), which is only
marginally less than they were asked to do (five times a week for
each practice). Average total time of meditation practice over the
entire Presence training was 36.48 h (SD = 10.85).

In the training group, MAIA scores for all scales were signifi-
cantly higher at follow-up than at baseline (T0), when comparing
T0 to T1 values with intra-individual t-tests, all ps ≤ 0.013 (see
Figure 1). In the control group, scores did not change significantly
(all ps ≥ 0.11). The interaction of group and time, tested in a
repeated-measures ANOVA, was significant for five out of eight
scales, all Fs ≥ 4.34, all ps ≤ 0.04. It was not significant for Notic-
ing, Not-Worrying, and Not-Distracting. Figure 2 shows the effect
sizes of training-related changes, which were computed as mean
differences divided by the pooled standard deviation minus the
same measure in the control group (Cohen, 1988). The largest
effect sizes were found for Self-Regulation (d = 0.72), Attention-
Regulation (d = 0.54), and Body Listening (d = 0.40). We also
computed the effect size for the PBCS as an alternative body aware-
ness measure. It was d = 0.29, expressing a statistically significant
change in a within-group t-test, t(147) = 4.19, p < 0.001. The
control group did not complete the PBCS; therefore, interaction
effects could not be tested. The effect size for Noticing, which
measures a similar construct as the PBCS, was in a similar range
when not subtracting the control group changes (0.19). For all
scales, there was a significant, negative correlation of scale value
at T0 with change on that scale (Y1-Y0), with coefficients ranging
from –0.18, p = 0.016 (Body Listening) to –0.44, p < 0.001 (Notic-
ing), indicating that participants with lower initial values showed
greater improvements.

There were no significant interactions of time and sex on
scale growth (all ps ≥ 0.11), showing that both male and female
show similar increases on the scales. To confirm that effect sizes
did not differ between men and women, t-tests of the scale
growth (Y1-Y0) comparing men and women were performed,
yielding no significant differences (all ps ≥ 0.11). When comput-
ing the scale growths as baseline corrected T1 values (Residual
of Y1 regressed on Y0; see Cohen et al., 2003, p. 375), and
again subjecting those values to t-tests, women showed stronger
improvements on emotional awareness than men, t(146) = 1.99,
p = 0.048. There were no effects of age on scale growth, all
ps > 0.09.

DEPENDENCY OF TRAINING EFFECT ON PRACTICE DURATION AND
PRACTICE APPRECIATION
Total practice time, that is, how long participants spent meditat-
ing throughout the training (assessed by the web platform and
smart phone app) predicted increases in Self-Regulation, r = 0.18,
p = 0.027, and Trusting r = 0.19, p = 0.019, but not on the
other scales. When again using a baseline corrected T1 value, pre-
dictions became slightly better, with total number of meditations
predicting increases in Attention Regulation, r = 0.18, p = 0.028,
Self-Regulation, r = 0.22, p = 0.007, and Trusting, r = 0.20,
p = 0.013 (see Table 5).
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Table 4 | Correlations between MAIA and validation measures.

FFMQ PBCS STAI-T

OBS DSC AWA NOJ NOR

Noticing 0.51*** 0.14* 0.02 –0.05 0.13* 0.42*** 0.03

Not-Distracting 0.15* 0.22*** 0.19** 0.19** –0.06* 0.17* –0.11

Not-Worrying 0.11 0.26*** 0.25*** 0.29*** 0.39*** –0.05 –0.43***

Attention Regulation 0.48*** 0.23*** 0.13* 0.04 0.42*** 0.22** –0.18**

Emotional Awareness 0.56*** 0.18* 0.02 –0.08 0.12 0.43*** 0.06

Self-Regulation 0.38*** 0.19** 0.07 0.06 0.41*** 0.26*** –0.24**

Body Listening 0.55*** 0.22*** 0.04 –0.04 0.23*** 0.37*** –0.05

Trusting 0.39*** 0.38*** 0.24*** 0.24*** 0.43*** 0.20** –0.44***

*p < 0.05, **p < 0.01, ***p < 0.001.
FFMQ, Five Factor Mindfulness Questionnaire (OBS-Observing, DSC-Describing, AWA-Acting with Awareness, NOJ-Non-judging, NOR-Non-Reactivity), n = 268;
PBCS, Private Body Consciousness Scale, n = 185 (n is smaller, as the PBCS was not assessed in sample 6); STAI-T, Trait Anxiety Inventory, n = 268; Descriptively
highest correlation in each row is bold.

We further investigated whether appreciation of the practices,
based on the post-training questionnaire, predicts changes on
the MAIA scales. We first examined the structure of participants’
answers in the questionnaire to arrive at aggregated predictors used
for subsequent analyses. 97.3% (82.3%) of the subjects stated that
they plan to continue practicing BrM (BoS). Because of the lack
of variance in the answer to this question it was omitted from fur-
ther analyses. Scores for the degree of integration of the practices
into everyday life in weeks 1–4, 5–8, and 9–13 were intercorre-
lated (0.56, 0.55, and 0.18, all ps < 0.032), and were aggregated
into a sum score. This sum score was strongly correlated to the
evaluation of the practice as useful in everyday life (r = 0.50,
p < 0.001), so that the two scores could be added into a single
variable, called PracticeUse. Looking forward to practice and lik-
ing the practice were also highly related for both BoS (r = 0.78,
p < 0.001) and BrM (r = 0.56, p < 0.001), so we pooled them into
variables called “LikingBoS” and “LikingBrM.” Those two scores
were uncorrelated, r = –0.08, p = 0.32, indicating that liking of
BrM is independent of liking of BoS. To obtain a global mea-
sure of liking of the practices, we added both values into a single
score (LikingPractice). LikingPractice and PracticeUse were both
mildly to moderately correlated to the evaluation of meditation as
a worthwhile activity (0.36 and 0.31, respectively, ps < 0.001), so
we decided against aggregation of this item into one of the two
constructs. We then analyzed how practice appreciation predicts
changes in IA on the MAIA. The results can be found in Table 5. All
correlations became markedly stronger when MAIA scale growths
were statistically controlled for baseline levels as described above.
We will thus only report correlations with the corrected values.
Both LikingPractice and PracticeUse were predictive of changes
on the five MAIA scales that showed the strongest intervention
effects and on the Noticing scale (rs between 0.19 and 0.43, all
ps < 0.05). PracticeUse additionally predicted changes in Not-
Distracting. The evaluation of meditation as a worthwhile activity
(PracticeWorthwhile) also predicted changes on six of the eight
scales, with slightly lower correlation coefficients. PracticeUse and
LikingPractice were intercorrelated, r = 0.34, p < 0.001, and both

were related to total practice time (r = 0.23, p = 0.005 and r = 0.32,
p < 0.001, respectively).

Regression analyses show that the three appreciation variables
(LikingPractice, PracticeUse, PracticeWorthwhile) in combina-
tion explained significantly more variance than single predictors
alone in several scale changes. For instance, 26% of the variance
in changes in Self-Regulation could be explained by a combi-
nation of PracticeUse, LikingPractice, and PracticeWorthwhile,
F(3,135) = 15.80, p < 0.001, ps ≤ 0.047 for all predictors. Inter-
estingly, total practice time, assessed through the daily practice
computer platform, is never a significant predictor of change on
any of the MAIA scales when entered into the regression together
with the more evaluative questions assessed in the post-training
questionnaire.

DISCUSSION
In the present study, we investigated whether contemplative prac-
tice can elicit changes in different aspects of self-reported IA. To
this end, we investigated IA in 148 individuals that underwent
an intensive 3-months, bodily focused contemplative interven-
tion using a recently developed self-report instrument, the MAIA
(Mehling et al., 2012). More specifically, the tested intervention
sample was part of a large-scale 1-year longitudinal mental train-
ing study, the ReSource project, which began with a 3-months
Presence module aiming at cultivating IA and attention through
daily practice of two core meditations, a “Breathing Meditation”
and a “Body Scan.” As this training project was implemented in
Germany, we here also provide a German translation and psy-
chometric validation of the MAIA. In a subsequent step, we
investigated whether the ReSource Presence training was able to
elicit increases in IA and if so, how different dimensions of IA were
differentially affected by the training.

Results show that the German translation of the MAIA has good
reliability as well as convergent and discriminant validity. Both are
comparable to the English version. Importantly, we give evidence
for plasticity in self-reported IA after an intense 3-months bod-
ily focused contemplative training using this new German version
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FIGURE 1 | Changes through Presence Intervention on the eight MAIA scales. Note: F -values are for group*time interactions.

of the MAIA. In addition, we could show differential change on
the different scales of this self-report measurement. Self-reported
Noticing of bodily signals, which is the aspect that previous studies
have predominantly investigated using questionnaires and objec-
tive measures of interoceptive accuracy, does not show significant
changes, whereas other aspects of IA, particularly aspects related
to self-regulation, show large training-related changes. Finally,
whereas the mere amount of weekly practice sessions predicted
training-related changes on the MAIA scales only to a limited
extent, more evaluative subjective reports about liking and utiliza-
tion of the practice in everyday life were stronger predictors of
individual differences in training-related changes.

The German version of the MAIA was tested in a sample of
1,076 people within a broad age range. Five of the eight scales

showed alphas above 0.8, which is generally regarded as good
internal consistency (e.g., George and Mallery, 2003). One scale
has acceptable consistency (Noticing, 0.76). Consistency of the
remaining two scales is questionable (Not-Distracting, 0.56, and
Not-Worrying, 0.65). This suggests that the items of these short
three-item scales are heterogeneous. Not-Distracting has a sig-
nificantly lower internal consistency than in the English version,
which points to a potentially problematic translation of the items.
Consistencies of Not-Distracting and Not-Worrying are not sub-
stantially better in the English version, though, suggesting that the
underlying constructs may need more thorough definition and the
items need to be adjusted accordingly. With only three items, these
scales are also exceptionally short and their consistencies might
profit from additional items. Four scales showed significantly

FIGURE 2 | Effect sizes for changes in the intervention group

relative to the control group. Note: Effect sizes are computed as
d = (M_TrainT1-M_TrainT0)/[(1/2)(SD_TrainT0+SD_TrainT1)] –

(M_ControlT1-M_ControlT0)/[(1/2)(SD_ControlT0+SD_ControlT1)], that is, the
mean differences in the training group, standardized by their standard
deviation, minus the same measure in the control group (cf. Cohen, 1988).
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Table 5 | Relations (Pearson correlations) of practice intensity and appreciation to change on the MAIA scales.

Noticing Not-

Distracting

Not-

Worrying

Attention

Regulation

Emotional

Awareness

Self-

Regulation

Body

Listening

Trusting

Total practice time

(n = 147)

0.08 0.05 0.09 0.18** 0.12 0.22** 0.15 0.20*

LikingPractice

(n = 142)

0.19* 0.04 0.13 0.39*** 0.31*** 0.43*** 0.30*** 0.39***

PracticeUse

(n = 140)

0.34*** 0.29*** 0.09 0.40*** 0.23** 0.32*** 0.36*** 0.35***

MeditationWorthwhile

(n = 144)

0.20* 0.08 0.19* 0.23** 0.20* 0.36*** 0.15 0.21*

*p < 0.05, **p < 0.01, ***p < 0.001.
Practice time, that is, total time spent in meditation was automatically assessed using the online platform (webbased + smartphone app). LikingPractice contains both
enjoyment of the practice and looking forward to it (see Methods section for exact questions); PracticeUse contains assessment of difficulty to integrate practice in
everyday life and a usefulness-of-practice rating. Changes are computed as Y1 residualized at Y0, to account for the baseline-dependency of changes. MAIA change
were present for 148 subjects. For each of the variables in the correlation analyses, a few subjects were lost due to technical problems.

higher reliabilities than in the English version. Note, however, that
in large samples, also small differences become significant. Only
the differences in the consistencies of the Noticing-and the Trust-
ing scale appear numerically meaningful, suggesting that these
German scales actually exhibit higher consistencies than those of
the English version.

All MAIA scales are related to aspects of mindfulness, as mea-
sured by the FFMQ. This was expected, as mindfulness entails the
awareness of inner states and processes, of which body sensations
are an important part (Baer et al., 2006; Shapiro et al., 2006). The
finding lends convergent validity to the MAIA and replicates the
results obtained with the English version (Mehling et al., 2012).
Also replicating those results, we find all MAIA scales to be either
negatively correlated or uncorrelated to trait anxiety, as measured
by the STAI-T.

After having established good reliability and validity of the new
German MAIA, we could ask our main question whether and
how bodily focused contemplative practice would influence dif-
ferent aspects of IA. We could show that participants undergoing
a 3-months bodily focused contemplative intervention (the Pres-
ence module of the ReSource project) showed increases on five
out of eight aspects of IA, when tested in an interaction model
including a retest control group that does not undergo any train-
ing. These results generally confirm that the MAIA is sensitive to
changes in IA through contemplative training. More importantly,
however, the multidimensionality of the MAIA also allowed us
to test which aspects of IA are particularly affected by the train-
ing. Participants show no changes on the Noticing scale (only
significant in an intra-individual t-test, without comparison to the
control group). Noticing is the subjective evaluation of the ability
to accurately perceive bodily events. Earlier studies investigating
practice-related changes of IA have almost exclusively focused on
this aspect. In line with our findings here, effect sizes for changes
on this aspect observed in previous studies have been modest.
This holds for studies using subjective measures (e.g., Impett et al.,
2006) as well as studies using objective measures such as breathing
sensitivity (e.g., Daubenmier et al., 2013). We do, however, find

significant moderate to large changes (Cohen’s d = 0.40 to 0.72)
for the IA sub-components of “Self-Regulation,”“Attention Regu-
lation,”and“Body Listening.”These could be collectively described
as the regulatory aspects of IA. They describe how much sub-
jects deliberately focus on their body in order to regulate emotion,
attention, and to gain insight about their emotional-motivational
states. This quantitative finding echoes the qualitative reports of
participants in mind–body interventions who claim profiting from
better attention and emotional clarity (Landsman-Dijkstra et al.,
2004; Morone et al., 2008; Schure et al., 2008). The finding is also
in correspondence with the training method of the ReSource Pres-
ence module. Deliberately paying attention to body sensations and
redirecting it there when the mind has wandered are at the heart
of both core practices (BoS and BrM). Our findings indicate that
these practices strengthen participants’ abilities to direct attention
toward their bodies (Attention Regulation) and that they make use
of these abilities to regulate distress (Self-Regulation) and to gain
insight into their emotional-motivational state (Body Listening).

Participants also report a heightened sense of awareness of
the connection between bodily and emotional states (Emotional
Awareness). This awareness forms the basis for the deliberate use
of the body for insight and decision making that is captured in
the Body Listening facet described above. An increase on the
Emotional Awareness scales dovetails with findings by Sze et al.
(2010) who report a higher congruency between the subjective
emotional and the objective physiological state (heart rate) in med-
itators as compared to non-meditating controls. Participants also
develop a higher sense of trust in their own body, experiencing
their body as a safe place and their sensations as trustworthy, as
indicated by increases on the MAIA Trusting scale. It is possible
that their frequent sitting in a safe environment while focusing
on their bodies turns body sensations into safety cues by means
of conditioning. As an alternative hypothesis, one may assume
that focusing on body sensations, at least as long as one is healthy,
transmits a quality of peace and tranquility, of ‘basic okay-ness’
(Rinpoche and Swanson, 2012), and puts the organism into a
grounded, calm, and present-focused ‘being-mode’ (Kabat-Zinn,
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1990). The discovery of these qualities inherent in body focus may
be responsible for the changes on the Trusting scale. Finally, it is
also possible that the acquired skills in using IA for self-regulation
and emotional insight spill over into a more general positive atti-
tude toward the body, into an experience of the body as helpful,
safe and trustworthy.

The scale Not-Worrying did not improve significantly, when
tested in comparison to the control group (changes are only sig-
nificant in intra-individual t-tests). The Presence module of the
ReSource study does not explicitly address the topic of dealing with
difficult emotions or thoughts. It only encourages participants to
attend to present bodily and sensory experiences. A change in
worrisome thoughts about the body could thus only have hap-
pened incidentally. Results suggest that this happened only to
marginal extents. Similarly, Not-Distracting, that is, the tendency
not to distract oneself from unpleasant body sensations, did not
show significant improvements in comparison with the control
group. This is surprising at first glance because, in both practices,
participants are asked to direct attention to all body parts and
stay with each for a while. Naturally, participants will encounter
unpleasant sensations in this process. However, as described above,
the Presence training explicitly does not address working with
emotions in any way, as this is part of the later affective training
module. Our findings thus show that mere training of bodily focus
does not suffice to significantly alter mental habits of participants
to avoid unpleasant sensations. The effects of the ReSource Pres-
ence training may be distinct here from other trainings, such as
MBSR, where interoception and attention training is infused with
more emotionally focused practice aspects, such as acceptance
(e.g., Kabat-Zinn, 1990). Finally, we can also not rule out that the
smaller changes in Not-Worrying and Not-Distracting are due to
the low reliability of these two scales.

All changes were independent of sex and age (except for slightly
higher improvements in emotional awareness for women). Higher
initial scale values, however, predicted lower training-induced
increases for all scales (= ceiling effect). These findings indicate
that the Presence training of the ReSource study benefited men
and women, old and young people alike with regard to IA, but
may have particularly benefited participants who started off with
lower baseline values. The magnitude of the latter effect could
potentially be inflated through regression to the mean (Bland and
Altman, 1994).

Growth on the MAIA scales was only marginally predicted by
the mere practice hours, as assessed through our meditation plat-
form during daily individual practice. Reliable correlations were
only found for growth on Attention Regulation, Self-Regulation,
and Trusting, and those were relatively small (∼0.2). This may have
to do with the generally strong adherence of all ReSource partic-
ipants to the required daily practice, resulting in low variance of
practice hours. Recent studies and meta-analyses have also found
dose dependent effects to be very small or even absent in med-
itation based interventions (Carmody and Baer, 2009; Hofmann
et al., 2010; Jensen et al., 2012). However, in these studies, variance
in training dose may not have been big enough to predict individ-
ual differences in change. Clearly, several cross-sectional studies
in long term meditators found moderately sized correspondence
between lifetime practice hours and outcome variables such as

interospective abilities (Fox et al., 2012), and brain structure (Lazar
et al., 2005), and some longitudinal training studies also demon-
strate dose-dependent effects (e.g., Carmody and Baer, 2008; Pace
et al., 2009; Rosenzweig et al., 2010). Additionally though, changes
through this type of intervention may depend on a good match
of person and practice, or the integration of the practice into
everyday life. And indeed, the analyses of participants’ ratings,
derived via questionnaire after the training, revealed that liking
of the practice shows moderately sized correlations with training-
related increases on six of the eight scales. This makes sense, as all
practice-induced changes tend to be stronger, when the practice
is embraced with emotional inclination and verve (Pekrun et al.,
2002; Hu et al., 2007). The measure “Use of the practices in daily
life” from the post-training questionnaire even predicts individual
differences in increases in IA on seven out of the eight scales. This
is in line with contemplative advice to put strong emphasis on
practicing in everyday life, as most time is spent outside of formal
practice and, ultimately, it is everyday life that the transformation
is targeted for (Williams and Penman, 2011). Our findings suggest
that contemplative training may become more effective, at least in
fostering IA, if participants enjoy the training and the exercises and
if the practices are tailored in ways that they are easy to integrate
into everyday life.

LIMITATIONS
The current study uses self-report to assess participants’ IA. It is not
clear to which extend self-reported IA corresponds to IA as assessed
through objective measures. Future research has to follow up on
this question, bearing in mind the multi-dimensionality of the
construct. Thus, in exploring the question, several objective tests
(using, e.g., behavioral, physiological, and neuronal parameters)
are needed which can assess the different aspects of IA as mea-
sured through the MAIA. Some aspects, such as Not-Worrying,
are inherently difficult to assess objectively. Still, more ecologi-
cally embedded methods, such as experience sampling, may help
arriving at measures which are less susceptible to cognitive biases
and the challenges of comparing oneself to other individuals (a
challenge that is even bigger for covert traits such as IA). In the
original publication of the MAIA, Mehling et al. (2012) acknowl-
edge these problems and follow that “it [the MAIA] is largely
capturing intra- rather than interindividual variability.” We can
thus conclude from the results that the benefits participants sub-
jectively experience through the devised contemplative training
lie in the regulatory aspects of body awareness to much stronger
extents than in the mere Noticing aspect. We consider this by itself
very informative. Whether and how strongly these changes are
objectively induced can, however, not be clarified by the current
study.

Participants may have also answered the MAIA according to
demand characteristics. After 3 months of bodily focused contem-
plative training, they may expect that their IA should have changed
and answer accordingly. Participants in the training group, who
enrolled for an intervention study, may also have had different
expectations from those in the control group, who enrolled for
a questionnaire study. While these possibilities need to be con-
sidered, it is interesting to note that participants do not report
changes in Noticing, which is the most obvious skill expected
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to have increased after 3 months of bringing attention to the
body. Instead, they report using IA to regulate distress (Self-
Regulation), a strategy which has not been actively encouraged
in the training, but which participants seem to incidentally adopt.
This speaks against the adherence to obvious expectations but
rather suggests that participants report on their actual experience.
Furthermore, changes in the answering behavior of participants
may have occurred due to an altered understanding of the MAIA
items. Such change in the understanding of language describ-
ing inner states and processes through meditation practice has
been discussed by Grossman (2008) in relation to mindfulness
questionnaires. It may also pertain to the MAIA.

Finally, our training sample only comprised psychologically
and physiologically healthy individuals. It remains an open ques-
tion, how a contemplative intervention as that of the current study
affects body awareness in participants with mental or physical
problems.

CONCLUSION
We used a multidimensional self-report instrument to study lon-
gitudinal changes in IA through a contemplative intervention. We
observed training-related changes on five out of eight aspects of
self-reported IA, when tested in comparison to a retest control
group that underwent the same assessment but did not receive any
training. Importantly, the multidimensional assessment reveals
a certain profile of changes: changes in the self-reported ability
to notice bodily changes, such as changes in breathing or heart-
beat, are not statistically significant. This is the facet that has been
predominantly investigated by previous studies, many of which
have yielded only marginal or null-findings. Moderate to large
effects are, however, observed for regulatory aspects of IA, that is,
how the body is used for self-regulation and emotional insight.
The study thus elucidates in which ways contemplative mind-
body-practices are most transformative and which facets of IA are
only marginally affected. It underscores the need for multidimen-
sional assessment of IA, particularly when interested in changes
through contemplative practice. As a quantitative study on sub-
jective reports, this study opens future research directions along
several methodological pathways. First, objective tests could be
utilized to assess those dimensions of IA which have shown the
strongest change through the training (e.g., down-regulation of
objective distress markers through awareness of body sensations).
Second, qualitative research (e.g., using elicitation interviews,
Petitmengin, 2006), could dig deeper into the ways in which
participants’ relationship to their bodies, their sense of embod-
iment, or their deliberate use of body-focus is altered through the
training. Third, future studies should resolve the question how
different facets of IA as assessed by self-report correlate and inter-
act with objective measures of interoception, such as interoceptive
accuracy.

Given the relevance that interoception has for psychological
and physical health, this study has important implications. It
shows that mental training that involves focus on body sensations
improves several aspects of IA, and particularly that it strength-
ens participants’ use of body sensations to become more aware of
emotions and to regulate distress. Such a training program thus
seems advisable as a way to foster emotional clarity and well-being

in healthy individuals. It may also be helpful for clinical popula-
tions suffering from difficulties in emotion recognition or distress
regulation, such as in alexithymia, affective and anxiety-disorders,
or patients with aggressive-impulsive behavior.
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Body awareness has been proposed as one of the major mechanisms of mindfulness

interventions, and it has been shown that chronic pain and depression are

associated with decreased levels of body awareness. We investigated the effect of

Mindfulness-Based Cognitive Therapy (MBCT) on body awareness in patients with

chronic pain and comorbid active depression compared to treatment as usual (TAU;

N = 31). Body awareness was measured by a subset of the Multidimensional

Assessment of Interoceptive Awareness (MAIA) scales deemed most relevant for the

population. These included: Noticing, Not-Distracting, Attention Regulation, Emotional

Awareness, and Self-Regulation. In addition, pain catastrophizing was measured by

the Pain Catastrophizing Scale (PCS). These scales had adequate to high internal

consistency in the current sample. Depression severity was measured by the Quick

Inventory of Depressive Symptomatology—Clinician rated (QIDS-C16). Increases in the

MBCT groupwere significantly greater than in the TAU group on the “Self-Regulation” and

“Not Distracting” scales. Furthermore, the positive effect of MBCT on depression severity

was mediated by “Not Distracting.” These findings provide preliminary evidence that a

mindfulness-based intervention may increase facets of body awareness as assessed

with the MAIA in a population of pain patients with depression. Furthermore, they are

consistent with a long hypothesized mechanism for mindfulness and emphasize the

clinical relevance of body awareness.

Keywords: mindfulness-based cognitive therapy, mindfulness meditation, interoceptive awareness, body

awareness, pain catastrophizing, chronic pain, depression, mediation
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INTRODUCTION

Chronic pain is a highly prevalent and disabling condition with
major impact on individuals, their significant others, and society
(Turk et al., 2011). Prevalence rates for chronic pain range from
10 to 30% (Reid et al., 2011), and Major Depressive Disorder
(MDD) is the most frequent psychiatric disorder in patients
with chronic pain, with a 12-month prevalence ranging from
18% in population based settings up to 85% in specialized pain
clinics (Bair et al., 2003). Since patients who suffer from both
chronic pain and depression are particularly difficult to treat
(Tunks, 2008), more effective interventions for this population
are needed.

Mindfulness-based interventions have recently been shown
to be effective for the treatment of chronic pain with small to
moderate effect sizes on pain and depression (Veehof et al., 2011).
Mindfulness-based therapies, and particularly mindfulness based
cognitive therapy (MBCT), also have been shown to be effective
for relapse prevention in recurrent depression and the treatment
of active depression (Hofmann et al., 2010; Piet and Hougaard,
2011; Marchand, 2012; Sipe and Eisendrath, 2012). Results from
a recent pilot randomized controlled trial (RCT) suggested that
MBCT may be an effective intervention for the treatment of
active depression in a population with chronic pain (de Jong et al.,
in press).

Because mindfulness-based interventions seem beneficial
for chronic pain and depression, the question arises how
mindfulness exerts its effects. Mindfulness entails paying
attention to present moment experience, including thoughts,
emotions, and bodily sensations. Training body awareness is a
significant component of most mindfulness-based interventions,
including the body scan, in which individuals specifically pay
attention to all parts of the body; and yoga, which entails
paying attention to movements of the body (Kabat-Zinn, 1990;
Segal et al., 2013). Body awareness has been proposed as a
potential mechanism for the therapeutic effects of mindfulness
and is considered an integral part of the mindfulness construct
(Mehling et al., 2009; Hölzel et al., 2011; Farb et al., 2015).
The definition of body awareness emphasizes the fact that
this is a complex multi-dimensional construct: “the sensory
awareness that originates from the body’s physiological states,
processes (including pain and emotion), and actions (including
movement), and functions as an interactive process that includes
a person’s appraisal and is shaped by attitudes, beliefs, and
experience in their social and cultural context” (Mehling et al.,
2012). In this article, the terms body awareness and interoceptive
awareness are used interchangeably.

Several studies lend support to the notion of enhanced

body awareness through mindfulness training. For example,

meditators have been reported to show greater coherence
between objective physiological data and their subjective
experience—in regard to both emotional experience (Sze et al.,
2010) and sensitivity of body regions (Fox et al., 2012). With
regard to the heart beat perception task, which assesses the
ability of subjects to accurately determine their heartbeat rate
by comparing the subjectively counted heartbeats to heartbeats
measured by an electrocardiogram, a number of studies with

small sample sizes did not find increased interoceptive accuracy
in meditators (Nielsen and Kaszniak, 2006; Khalsa et al., 2008;
Melloni et al., 2013; Parkin et al., 2014). However, a large
(N = 160), recent longitudinal study revealed that heart beat
accuracy was increased after 39 weeks of a mindfulness-based
contemplative intervention (Bornemann and Singer, 2015).
Neuroimaging studies indicate mindfulness training-related
changes in brain function and structure in regions that are
thought to be involved in body awareness (Lazar et al., 2005;
Hölzel et al., 2008; Farb et al., 2010, 2013; Gard et al., 2012).

It has been long postulated that interoceptive awareness
plays an important role in the experience of emotions (James,
1984) and there is empirical evidence that the extent to which
one can accurately perceive bodily functions has a positive
relationship with the intensity of emotions (Herbert et al.,
2007). Former studies on this topic in clinical populations have
mainly focused on anxiety disorders, which demonstrated a close
association with increased interoceptive awareness (Ehlers and
Breuer, 1996). Depression often entails anhedonia and blunted
emotions. In fact, body awareness has been found to be reduced
in individuals with depression (Ehlers and Breuer, 1992; Dunn
et al., 2007), and higher levels of depressive symptoms are
associated with decreased body awareness in healthy subjects
(Pollatos et al., 2009). Reduction in interoceptive awareness in
depression is also supported by a recent neuro-imaging study,
which shows reduced effective connectivity in networks involved
in interoception in patients with melancholia (Hyett et al., 2015).
A recent study revealed that body awareness therapy resulted
in decreased self-rated depressive symptoms, but no changes in
body awareness were found (Danielsson et al., 2014). Whether
improvements in body awareness lead to reduced depression has
yet to be established.

Variations in body awareness appear to be particularly
important in patients with chronic pain. Mehling et al. (2013),
for example, reported differences in some dimensions of
interoceptive awareness between patients with current or past
low back pain and mind-body trained individuals. Neuro-
scientific evidence indicates that some of the brain regions
activated during pain are also activated when engaging in
interoceptive awareness (Craig, 2003). Attention styles toward
chronic pain sensations are of key importance for psychological
pain management (Johnston et al., 2012), and fMRI studies
suggest that mindfulness meditation facilitates a reduction of
pain through increased sensory processing (Gard et al., 2012).
Thus, body awareness and pain perception are closely linked on
a neuro-biological level, such that the enhancement of specific
styles or dimensions of body awareness may facilitate the self-
regulation of pain.

Although body awareness is considered an integral part
of the mindfulness construct, there has been a paucity of
instruments that measure body awareness (Mehling et al., 2009).
Previous body awareness questionnaires either measured non-
adaptive forms of body awareness (as indicated in disorders
such as panic disorder), were uni-dimensional, lacked systematic
development, or did not measure body awareness specifically, but
rather a more general observation ability (Mehling et al., 2012).
The Multidimensional Assessment of Interoceptive Awareness
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(MAIA; Mehling et al., 2012) scale is a relatively new,
multifaceted body awareness questionnaire that intends to fill the
apparent gap.

Bornemann et al. (2015), who recently translated the MAIA
into German and demonstrated good scale properties, found that
a 3-month contemplative training that included the bodyscan
and breath meditation techniques lead to changes on several
scales in a sample of individuals with good psychological and
physical health. Values on all scales increased following the
training, and changes were significantly greater compared to a
retest control group for most of the scales.

While there is evidence for an effect of a mind-body
intervention on body awareness as measured with the MAIA in a
healthy sample, no intervention studies have been reported on
effects in chronic pain patients or in depressed individuals. In
the present pilot RCT we investigated the longitudinal effects
of MBCT on body awareness, as measured by the MAIA
in a population of patients with chronic pain and comorbid
depression. It was hypothesized that MBCT enhances aspects of
body awareness in this population. Furthermore, as this is the first
study using the MAIA in a sample of patients with chronic pain
and comorbid active depression, we investigated the reliability of
the MAIA scales in this population.

METHODS

Participants
Participants in this add-on study were part of a larger clinical trial
reported elsewhere (de Jong et al., in press; clinicaltrials.gov id:
NCT01473615). Patients were recruited from different outpatient
clinics through introduction of the study by their physicians, as
well as via web-based advertisements and through several online
mailing lists. After phone screening and a subsequent in-person
screening visit, eligible participants were offered enrollment and
were randomly assigned to treatment as usual (TAU) or TAU plus
mindfulness-based cognitive therapy (MBCT). English-language
literate individuals aged 18 or older were eligible if they (a) had
persistent chronic pain for a minimum of 3 months; (b) met the
DSM-IV criteria for MDD, Dysthymic Disorder, or Depressive
disorder Not Otherwise Specified (NOS); and (c) a score ≥10
on the QIDS-C16 scale. After initiating the study the cutoff was
reduced to a QIDS-C16 score ≥6 (indicative of at least mild
depressive symptoms) to allow more ample recruitment.

Exclusion criteria were: (a) serious suicide or homicide risk;
(b) current or past bipolar disorder, current psychotic symptoms,
or a current or past primary psychotic disorder; (c) diagnosis
of substance abuse or dependence disorder during the last 3
months; (d) general condition that impedes attendance in group
interventions, such as severe personality disorders, cognitive
impairment, or tendencies toward physical aggression; (e) severe
and unstable medical illness including cardiovascular, hepatic,
renal, respiratory, endocrine, neurological, or hematological
disease; and (f) significant present meditation practice with more
than 3 h of mindfulness, insight, or vipassana meditation per
week. Patients were requested to keep their psychological and
pharmacological treatment as stable as possible from 8 weeks
before the beginning of the study until its conclusion.

Seventy-one participants were screened, of which 40 were
randomized to TAU or MBCT + TAU in a 1:2 ratio (Figure 1).
Participants received $40 for completed study participation and
provided written informed consent. The study was approved
by the Partners Human Research Committee, Massachusetts
General Hospital (protocol 2011-P-001699/1).

Measures
Multidimensional Assessment of Interoceptive

Awareness (MAIA)
The MAIA is a 32-item instrument that assesses body
awareness on 6-point Likert-type scales that range from 0
(Never) to 5 (Always). It comprises eight scales, namely
Noticing, Not-Distracting, Not-Worrying, Attention Regulation,
Emotional Awareness, Self-Regulation, Body Listening, and
Trusting (Mehling et al., 2012). The eight scales have been
shown to have adequate to excellent internal-consistency
reliabilities, with Cronbach’s alphas from 0.66 to 0.87, and
above 0.70 for five of the eight scales (Mehling et al.,
2012). Because the current study was an add-on to a larger
study, subject burden had to be kept to a minimum. For
this reason only the scales deemed most relevant for the
specific population were administered, namely Noticing, Not-
Distracting, Attention Regulation, Emotional Awareness, and
Self-Regulation.

The Noticing scale assesses the awareness of comfortable,
neutral, and uncomfortable body sensations. Not-Distracting
refers to not ignoring or distracting oneself from uncomfortable
body sensations such as pain. Attention Regulation is the
ability to maintain and regulate attention to body sensations,
and Emotional Awareness is defined as consciousness of the
interrelation of emotions and body sensations. Self-Regulation
refers to the ability to control psychological distress by
consciously attending to body sensations (Mehling et al., 2013).
The MAIA Not Worrying scale assesses worrying or feeling
emotionally distressed in response to uncomfortable body
sensations including pain and was not administered, since its
items are similar to the Pain Catastrophizing Scale, which was
included in the larger study.

Pain Catastrophizing Scale (PCS)
The PCS is a 13-item scale, comprised of three subscales, that
measures pain catastrophizing. Pain catastrophizing is defined
as “an exaggerated negative mental set brought to bear during
(actual or anticipated) painful experience” (Sullivan et al., 2001).
The PCS total score can range from 0 to 52 and has been shown to
have excellent reliability (Cronbach’s alpha= 0.87; Sullivan et al.,
2001).

Quick Inventory of Depressive

Symptomatology—Clinician Rated (QIDS-C16)
The QIDS-C is a widely used clinician rated instrument to assess
depression symptom severity. The instrument is comprised of 16
items, has good psychometric properties, score range from 0 to
27 and is sensitive to changes in depressive severity (Rush et al.,
2003; Trivedi et al., 2004).
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FIGURE 1 | Patient flow. LTFU, lost to follow up; MAIA, Multidimensional Assessment of Interoceptive Awareness; MBCT, Mindfulness Based Cognitive Therapy;

PCS, Pain Catastrophizing Scale; QIDS-C, Quick Inventory of Depressive Symptoms-Clinician Rated; TAU, Treatment As Usual.

Procedure
Eligible participants were randomly assigned to TAU (control
group) or MBCT + TAU (intervention group) in a 1:2 ratio,
which allowed the main project to fill the MBCT groups
with participants more quickly. An independent researcher
not involved in the project generated the randomization
sequence in blocks of five (using the sequence generator on
www.random.org). In order to assure equal gender distribution
in both groups we stratified for gender. The intervention group
received an 8-week MBCT group skills program. Interoceptive
awareness, pain catastrophizing, and depression were assessed at
baseline (week 0), midpoint (week 4), and endpoint (week 8).

Intervention
The intervention consisted of an 8-week group skills program
with one 2-h mindfulness training session each week and
individual exercises for homework practice. It was modeled on
the MBCT program developed by Segal et al. (2013), which
was developed as a program to address recurrent depressive
episodes and combines elements of cognitive behavioral therapy
(CBT), such as psycho-education, with experiential mindfulness
practices. The program is intended to teach and foster

a non-judgmental, accepting attitude toward one’s internal,
and external experience. For the current study the original
program was adapted to our specific population by modifying
the psychoeducation and CBT elements to a depressed CP
population. This included psycho-education linking CP, negative
thoughts, negative emotions, and depressive behaviors such
as withdrawal; identifying automatic thoughts related to CP;
and paying attention to behavioral elements such as pacing of
activities. We also included meditations that specifically focused
on cultivating mindfulness in relationship to CP. The MBCT
program was led by two instructors, an experienced licensed
independent clinical social worker (LICSW) and a fellow in
psychology and was provided free of charge. Subjects that were
assigned to TAUwere waitlisted and offered theMBCT treatment
after completion of the study. TAU included all regular visits with
the pain physician, psychiatrist, psychotherapist and prescribed
pain and/or antidepressant medications.

Statistical Analyses
Differences in patient characteristics at baseline were assessed by
performing independent-samples t-tests for continuous variables
and Chi-square tests for categorical variables. To evaluate
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internal consistency/reliability, Cronbach’s alphas were assessed.
Inter-scale correlations were obtained for the MAIA scales and
the PCS total score based on the data of all subjects at baseline.
The effects of intervention/group (MBCT + TAU vs. TAU)
and time (baseline vs. endpoint) on the dependent variables
body awareness and pain catastrophizing were assessed by
conducting repeated measures analysis of variance (rmANOVA),
with time as repeated measure, treatment group as between-
subjects factor, andMAIA scales and PCS as dependent variables.
Assumptions of normality and homogeneity were met. Paired
samples t-tests were conducted to compare baseline and endpoint
scores on the MAIA scales and the PCS within each group.
As a measure of effect size, Cohen’s d was calculated for
each pre-post change. Analyses were conducted according to
a modified intention-to-treat (ITT) principle with the last
observation carried forward (LOCF). When endpoint measures
were missing, midpoint measures were imputed, and if midpoint
data were missing, baseline data were used. Only participants
who attended at least four of the eight classes were included in
the analyses.

The main study, to which this study was added on, revealed
a significant effect of MBCT (group by time interaction) on
depression as measured with the Quick Inventory of Depressive
Symptomatology-Clinician rated (QIDS-C16) (de Jong et al.,
in press). To explore if and how this effects is mediated by
the MAIA, a multiple mediator model was tested. The model
comprised group (MBCT + TAU vs. TAU) as independent
variable, depression measured at week 8 as dependent variable
and MAIA scales (measured at week 8) that revealed significant
group by time interactions, as mediators. Depression and
respective MAIA scales measured at baseline (week 0) were
included as covariates. Mediation analyses were conducted
with a macro by Preacher and Hayes (2008) that implements
a bootstrapping procedure to create confidence intervals for
partial and total indirect effects. For mediation analyses only
participants who participated in at least 4 classes and who had
week 0 and week 8 data available were included in the analyses
and 10,000 bootstrap iterations were used. All analyses were
conducted with SPSS 21 (SPSS Inc., Chicago, IL, USA).

RESULTS

Participant Characteristics
For the main study, 71 patients were screened, of which 40 were
randomized to TAU (n = 14) or MBCT + TAU (n = 26) in a 1:2
ratio. Of those 40, 34 completed the pain catastrophizing scale
(PCS) and 31 the MAIA at baseline. Of the 14 patients in the
TAU, 12 had PCS and MAIA data and were included in modified
ITT analyses. Of the 26 patients in MBCT + TAU, 22 had PCS
and 19 MAIA data. Five of the patients with MAIA and PCS data
participated in <4 sessions of MBCT and were excluded from
further analyses, resulting in 17 patients with PCS data and 14
with MAIA data in the modified ITT analyses (Figure 1). For the
mediation analyses 11 subjects withMAIA data were inMBCT+

TAU and 7 in TAU.
Characteristics of participants (N = 29) who attended at

least four classes (MBCT+TAU) or had four clinic visits (TAU),

are shown in Table 1. Types of chronic pain included: chronic
back pain, neuropathic pain, osteoarthritis, fibromyalgia, and
migraines. There were no significant differences in demographics
and patient characteristics (see Table 1) or in average baseline
scores on the five MAIA scales or total PCS scores between the
two groups at baseline (seeTable 2). For the collapsed sample that
completed the MAIA, regardless of class attendance, participants
(N = 31) were on average 50 years old (M = 49.45, SD = 10.58),
and college graduates (M = 16.30, SD= 2.55 years of education).
Most of the participants were female (74.2%), Caucasian (90.3%),
and non-Hispanic (83.9%). Three (9.7%) participants were
African American and one (3.2%) was Hispanic. The largest
proportion of participants was married (46.7%) or never married
(36.7%), and five were separated or divorced (16.7%). Employed
participants comprised 32.3% of the sample, and disabled ones
comprised 32.3% of the sample. Most participants had (MDD;
83.9%), with the remaining 16.1% suffering from Depressive
Disorder not otherwise specified (NOS). 46.4% of the participants
were taking Anti-Depressant medication.

Scale Properties
Table 3 summarizes scale means with standard deviations, range
of observed values, Cronbach’s alphas, and range of item-scale

TABLE 1 | Participant characteristics (N = 29).

TAU MBCT + TAU t/χ2-test

M/% SD M SD t/χ2 df p

Age (years) 51.67 10.08 50.06 11.68 0.39 27 0.703

Education (years)a 16.58 2.61 15.94 2.56 0.65 26 0.519

Gender (% female) 66.7 76.5 0.34 1 0.561

Race (%) 0.88 1 0.348

African-American 16.7 5.9

Caucasian 83.3 94.1

Ethnicity (%) 3.28 2 0.194

Hispanic 0.0 5.9

Non-hispanic 100.0 76.5

Unknown/Not reported 17.6

Marital status (%)a 0.933 2 0.627

Never married 25.0 37.5

Married/Live together 50.0 50.0

Separated/Divorced 25.0 12.5

Employment status (%)a 1.67 2 0.435

Employed 16.7 37.5

Disabled 41.7 37.5

Other/Not reported 41.7 25.0

Type depression (%) 0.20 1 0.653

NOS 16.7 23.5

MDD 83.3 76.5

ADM (% taking)b 50.0 35.3 0.564 1 0.453

ADM, Anti-Depressant Medication; MDD, Major Depressive Disorder; MBCT, Mindfulness

Based Cognitive Therapy; NOS, Depressive Disorder Not Otherwise Specified; SD,

Standard Deviation; TAU, Treatment As Usual.
aBased on N = 28 due to missing value.
bBased on N = 27 due to missing values.
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TABLE 2 | Baseline scores on MAIA and PCS.

TAU MBCT + TAU t-test

M SD M SD t df p

MAIA

Noticing 3.13 1.26 2.86 1.01 0.60 24 0.553

Attention regulation 2.08 1.34 2.37 1.05 0.60 24 0.550

Emotional awareness 2.65 1.63 2.71 1.29 0.11 24 0.912

Self-regulation 2.10 1.42 1.98 1.24 0.23 24 0.817

Not distracting 2.14 0.80 1.95 1.23 0.45 24 0.657

PCS 27.17 10.67 31.82 12.28 1.06 27 0.299

MAIA, Multidimensional Assessment of Interoceptive Awareness; PCS, Pain

Catastrophizing Scale.

TABLE 3 | Scale properties (N).

Scale Number Cronbach’s Range of Mean Observed N

of items Alpha item-scale (SD)

correlations

MAIA

Noticing 4 0.67 0.65–0.74 3.10 (1.15) 1–5 31

Attention

regulation

7 0.92 0.64–0.91 2.42 (1.22) 0.1–4.57 31

Emotional

awareness

5 0.94 0.85–0.93 2.73 (1.50) 0–5 31

Self-

regulation

4 0.93 0.89–0.96 1.92 (1.37) 0–4.5 31

Not

distracting

3 0.72 0.49–0.84 2.04 (1.06) 0.3–5 31

PCS 13 0.93 0.51–0.85 30.18 (11.63) 4–52 34

MAIA, Multidimensional Assessment of Interoceptive Awareness; PCS, Pain

Catastrophizing Scale; SD, Standard Deviation.

correlations of the MAIA and the PCS for the entire sample
(N = 31 and 34 respectively) at baseline. Cronbach’s alphas for
three of the five administered MAIA scales were excellent and
ranged from 0.92 (Attention Regulation) to 0.94 (Emotional
Awareness). The Not-Distracting and Noticing scales had alphas
of 0.72 and 0.67 respectively. The PCS had a Cronbach’s alpha
of 0.93.

Table 4 shows Pearson correlations between the MAIA scales.
The correlations ranged from 0.76 for Self-regulation and
Emotional awareness and 0.71 for Emotional awareness and
Noticing, to (r ≤ |0.29|) for Not Distracting, which did not
correlate significantly with any other MAIA scale.

Effects of MBCT on Body Awareness
For Noticing, no significant group-by-time interaction [F(1, 24)
= 0.18, p = 0.676, η

2
p = 0.007] and no significant main effect

of time [F(1, 24) = 2.59, p = 0.121, η
2
p = 0.097] was found. No

significant within group changes between the pre- and the post-
treatment measurements were found in either group with effect

TABLE 4 | Scale-scale correlations.

Scale Noticing Attention

regulation

Emotional

awareness

Self-

regulation

Not

distracting

Noticing –

Attention

regulation

0.53** –

Emotional

awareness

0.71** 0.62** –

Self-

regulation

0.52** 0.50** 0.76** –

Not

distracting

0.02 0.17 −0.29 −0.09 –

Pearson product moment correlations among MAIA scales in the total sample (N = 31).

**Correlations are significant at p < 0.01.

MAIA, Multidimensional Assessment of Interoceptive Awareness.

sizes of the pre-post change being medium for the treatment
group but small for the control group (Figure 2A, Table 5).

For the Attention Regulation scale, no significant group-
by-time interaction effect [F(1, 24) = 0.03, p = 0.863, η

2
p

≤ 0.001] was found, but a significant main effect of time
was revealed [F(1, 24) = 5.34, p = 0.030, η

2
p = 0.182].

Paired sample t-tests showed significant, medium size increases
of Attention Regulation scores in the control group. The
increase in Attention Regulation in the MBCT group did
not reach statistical significance, despite its large effect size
(Figure 2B, Table 5).

For Emotional Awareness, no significant group-by-time
interaction effect [F(1, 24) = 2.17, p = 0.153, η

2
p = 0.083]

was found, but a significant main effect of time was revealed
[F(1, 24) = 4.63, p = 0.042, η

2
p = 0.162]. Paired samples t-

tests revealed a large and significant increase in Emotional
Awareness over time within the treatment group, while the
change within the control group was small and not significant
(Figure 2C, Table 5).

A rmANOVA revealed a significant group-by-time interaction
for Self-Regulation [F(1, 24) = 5.93, p = 0.023, η

2
p = 0.198].

This interaction was driven by large and significant increases
in Self-Regulation over time in the treatment group and small
but significant increases in the control group. Furthermore, the
analyses revealed a significant main effect of time [F(1, 24) =

22.86, p < 0.001, η2
p = 0.488] (Figure 2D, Table 5).

For the Not Distracting scale, a significant group-by-time
interaction was revealed [F(1, 24) = 4.87, p = 0.037, η2

p = 0.169].
This interaction was driven by an increase in Not Distracting
scores in the treatment group and a decrease within the control
group, none of which reached statistical significance. No main
effect of time [F(1, 24) = 0.45, p = 0.511, η2

p = 0.018] was found
(Figure 2E, Table 5).

For pain catastrophizing, no significant group-by-time
interaction effect [F(1, 27) = 1.15, p = 0.294, η

2
p = 0.041] was

revealed. Themain effect of time approached significance [F(1, 27)
= 3.60, p = 0.069, η

2
p = 0.118]. Analysis showed a large and

significant decrease of pain catastrophizing within the MBCT
group, but only a small and not significant decrease in the control
group (Figure 2F, Table 5).
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FIGURE 2 | Individual data and averages for baseline and endpoint. (A) Noticing, (B) Attention Regulation, (C) Emotional Awareness, (D) Self-regulation, (E)

Not Distracting, (F) Pain Catastrophizing. Error bars are ± 1 SEM; Asterisks above the × symbols indicate significant p-values based on group by time interaction

effects as revealed by repeated measures ANOVAs; Asterisks above the bars indicate significant p-values based on pre-post treatment changes as revealed by

paired-samples t-tests.
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TABLE 5 | Changes in scores for body awareness and pain catastrophizing.

TAU MBCT + TAU

Pre M (SD) Post M (SD) t df p d Pre M (SD) Post M (SD) t df p d

MAIA

Noticing 3.13 (1.26) 3.29 (1.20) 1.30 11 0.220 +0.134 2.86 (1.01) 3.14 (1.15) 1.21 13 0.247 +0.262

Attention regulation 2.08 (1.34) 2.58 (1.36) 2.52 11 0.029 +0.371 2.37 (1.05) 2.95 (1.01) 1.46 13 0.167 +0.564

Emotional

awareness

2.65 (1.63) 2.78 (1.66) 0.73 11 0.482 +0.081 2.71 (1.29) 3.43 (1.19) 2.17 13 0.049 +0.573

Self-regulation 2.10 (1.42) 2.46 (1.62) 2.49 11 0.030 +0.216 1.98 (1.24) 3.07 (1.12) 4.34 13 0.001 +0.913

Not distracting 2.14 (0.80) 1.69 (0.81) −1.85 11 0.092 −0.553 1.95 (1.23) 2.19 (1.23) 1.20 13 0.253 +0.194

PCS 27.17 (10.67) 25.25 (11.52) −0.57 11 0.580 −0.172 31.82 (12.28) 24.94 (12.16) −2.23 16 0.041 −0.564

Results of paired-samples t-tests and Cohen’s d effect sizes for pre-post changes for treatment and control group.

MAIA, Multidimensional Assessment of Interoceptive Awareness; PCS, Pain Catastrophizing Scale; d, Cohen’s d; SD, Standard Deviation.

Body Awareness As Mediator
A multiple mediator model as described by Preacher and Hayes
(2008) was tested. The model (Figure 3) was comprised of group
(MBCT + TAU vs. TAU) as independent variable, depression
measured with QIDS-C16 at week 8 as dependent variable, and
the MAIA Not Distracting and Self-Regulation scales, measured
at week 8, as mediators. QIDS-C16, MAIA Not Distracting and
Self-Regulation scales measured at week 0 were included as
covariates.

Analyses resulting in bias-corrected confidence intervals (CI)
based on 10,000 bootstrap iterations, revealed a significant
indirect effect of group on depression through the MAIA scale
Not Distracting (a1× b1 = −3.584, 95% CI −8.880 to −0.357),
but not through the Self-Regulation scale (a2× b2 =−2.317, 95%
CI −8.733 to 0.284). There also was a significant direct effect of
group on depression (c′ = 4.817, p = 0.0485) independent of
Self-Regulation or Not Distracting. These findings indicate that
the effect of MBCT on depression was partially mediated by Not
Distracting but not by Self-Regulation.

DISCUSSION

In the present study, we investigated the effects of MBCT on
body awareness as measured with the MAIA in patients with
chronic pain and comorbid active depression. To our knowledge,
this is the first RCT that investigates the effects of MBCT on
body awareness as measured with the MAIA in patients with
chronic pain and depression. The MAIA appears a reliable
instrument with scales of adequate consistency in this newly
studied population. In accordance with our hypothesis, MBCT
resulted in increases for several dimensions of body awareness in
the studied patient population. More specifically, a significantly
greater increase in Self-Regulation and Not Distracting, but
no changes in Noticing in the MBCT group as compared to
the TAU group were observed. In addition, participants in
the MBCT group, but not in the control group, had increases
in Emotional Awareness. For Pain Catastrophizing, we found
significant decreases within the treatment group, but not within
the control group. Furthermore, mediation analyses revealed
that the effect of MBCT on depression was mediated by Not

Distracting, but not by Self-Regulation. We discuss these results
for each dimension of body awareness separately in more detail
below.

Self-Regulation
The finding of a significantly greater increase in Self-Regulation
ratings in the treatment than in the control group is in line
with findings by Mehling et al. (2013, 2014). In two cross-
sectional studies they showed that patients with chronic low
back pain who were practicing mind-body therapies (Mehling
et al., 2013), or yoga and meditation (Mehling et al., 2014) had
greater self-regulatory body awareness than patients without such
practice. In the cohort study (Mehling et al., 2014), this difference
was more pronounced for the Self-Regulation dimension than
for any of the other dimensions of body awareness. Similarly,
Bornemann et al. (2015) also found that increases following 3
months of contemplative training including the bodyscan and
breath awareness meditation were largest on the Self-Regulation
scale (effect size d = 0.72). Our study extends the previous
findings by demonstrating effects through a well-established
intervention (MBCT) in a patient population (chronic pain with
active depression).

The present findings of a change in Self-Regulation through
a mindfulness intervention are consistent with a hypothesized
link between mindfulness and enhanced self-management (Baer,
2003), a concept closely related to general self-regulation
(Vohs and Baumeister, 2011). Our findings also converge with
empirical evidence for better general self-regulation of chronic
pain through a mindfulness intervention (Kabat-Zinn et al.,
1985), as well as with evidence from paradigms with acute
pain induction, in which mindfulness practice enhanced pain
tolerance (Kingston et al., 2007; Gard et al., 2012), thereby having
potential clinical implications.

Emotional Awareness
Paired samples t-tests revealed a large and significant increase
in Emotional Awareness over time within the treatment group,
while the change within the control group was small and not
significant However, no significant group by time interaction
was found. The significant increase in Emotional Awareness over
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FIGURE 3 | Mediation model. Mediation model for the effect of group

[Mindfulness Based Cognitive Therapy + treatment as usual (TAU), vs. TAU

alone] on depression (measured with the Quick Inventory of Depressive

Symptomatology—Clinician rated) through the Not Distracting and

Self-Regulation scales of body awareness as measured with the

Multidimensional Assessment of Interoceptive Awareness (MAIA). Analyses are

based on N = 18 and numbers are standardized regression coefficients.

*p < 0.05, **p < 0.01.

time in the treatment group is in line with the expectation that the
MBCT intervention increases the awareness of the connection
between body sensations and emotional states and corresponds
to results by Mehling et al. (2013, 2014). Their group found
that levels of Emotional Awareness were higher in chronic pain
patients with mind-body practice than in patients without such
practice (Mehling et al., 2013). Bornemann et al. (2015) also
found significant increases of scores of the Emotional Awareness
scale following 3 months of bodyscan and breath awareness
training, but the effect size was rather small (<0.20). Beyond the
body awareness specific construct of Emotional Awareness, our
findings confirm theory (Bishop et al., 2004; Phillipot and Segal,
2009) and previous evidence that suggests an association between
mindfulness and general emotional awareness (Sze et al., 2010;
Boden et al., 2015).

In light of evidence that demonstrates that emotional
awareness is linked to better clinical outcomes and quality of
life (Williams et al., 2010; Boden et al., 2015), as well as to
reductions in depression symptomatology and in depression-
related affective and cognitive outcomes (Goldman et al., 2005;
Arch and Craske, 2006; Farb et al., 2010), the present findings
of increased Emotional Awareness in the MBCT group may be
relevant for clinical practice.

In the present study, the Emotional Awareness and Self-
Regulation scores were strongly correlated (r = 0.76). Similarly,
Mehling et al. (2013) found a relatively high correlation between
these two scales (r = 0.60) in patients with chronic pain, as
well as in body-mind practitioners, and Bornemann et al. (2015)
also found a considerable interscale correlation between these
two scales (r = 0.46). These findings may correspond to the
notion of the general self-regulation concept (Baumeister et al.,
1998; Muraven and Baumeister, 2000) as being closely related
to emotion regulation (Vohs and Baumeister, 2011; Vago and
Silbersweig, 2012).

Not Distracting
The significant group-by-time interaction onNot Distracting was
driven by a decrease in the TAU group and an increase in the
MBCT + TAU group. Distracting oneself from uncomfortable

body sensations or ignoring them, is a common coping strategy
in chronic pain (Reid et al., 2002; Peres and Lucchetti, 2010),
as well as in depression (Matheson and Anisman, 2003). In the
intervention group, however, subjects learned to pay mindful
attention to all body sensations including pain and depression-
related symptoms, independent of their valence. In the control
group, subjects did not learn to use this alternative approach
and may have practiced the more common coping strategy
of distraction so that they became “better” at ignoring and
distracting themselves from uncomfortable body sensations.

Correspondingly, when a sample of patients with chronic
lower-back pain was compared to healthy mind-body therapy
practitioners, the mind-body sample had significantly higher Not
Distracting scores (Mehling et al., 2013). However, contrary to
our findings, Mehling et al. (2013) found no significant difference
between the Not Distracting capacities of those patients with
past or current pain that did have mind-body therapy experience
and those that did not have such practice. Bornemann et al.
(2015) did not find that changes on the Not Distracting scale in
healthy participants, following bodyscan and breath awareness
training were significantly higher than those in the retest control
group. These discrepancies between the studies may be due
to methodological differences, differences in the interventions,
and differences in the studied population. Our findings are
further aligned with prior studies showing a negative association
between mindfulness and experiential avoidance (Riley, 2014),
and general distraction (Jain et al., 2007).

In the present study, we did not find significant correlations
between the Not Distracting scale and any other MAIA scales.
This result corresponds to the finding by Mehling et al. (2013)
that Not Distracting scores were not correlated with the other
scales in their large (N = 301–434) chronic pain sample.
Bornemann et al. (2015) on the other hand found that the Not
Distracting scale was significantly correlated with all other scales
in their sample of healthy patients. This difference might be due
to their very large sample size (N = 1076) or due to the fact that
they investigated a sample of healthy participant. These findings
may indicate that in patients with chronic pain, a coping style of
not distracting from pain is independent of the other aspects of
body awareness.

A striking finding of the present study is that Not Distracting
mediates the effect of MBCT on depressive symptom reduction.
This finding supports the clinical importance of the Not
Distracting aspect of body awareness. Furthermore, while it has
long been hypothesized that the effects of MBCT on depression
are mediated by body awareness, this is to our knowledge the first
study supporting such a relationship (Michalak et al., 2010, 2011,
2012; van Der Velden et al., 2015).

Although previous research has shown that for depression,
distraction may be an effective coping style, mindfulness is even
more effective in reducing negative mood (Broderick, 2005;
Huffziger and Kuehner, 2009). Furthermore, mindfulness has
been shown to be better in reducing acute pain than distraction
in individuals with high levels in pain catastrophizing (Prins
et al., 2014). Similarly, in patients with chronic pain that had
high health anxiety, paying attention to sensations resulted in
greater pain relief than distraction (Hadjistavropoulos et al.,
2000), which is in line with the notion that “one problem in
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chronic pain is not only the pain itself, but the ‘turning away’
from, the averting of attention from the regions that give rise
to painful sensations, either through deliberate distraction, or by
thinking about the pain (conceptually) rather than experiencing
the sensations directly” (Williams, 2010). More in general,
experiential avoidance is associated with a wide variety of
psychopathology (Hayes et al., 1996) and coping strategies that
work contrary to avoidance, such as mindfulness are related to
better mental health outcomes (Williams et al., 2010).

Together these findings suggest that theNot Distracting aspect
of body awareness may be an important predictor of depressive
symptoms and potentially of mental health in general, and that it
can be cultivated through mindfulness based interventions.

Noticing and Attention Regulation
The present study did not detect significant changes in the
awareness of uncomfortable, comfortable, and neutral body
sensations as a result of the MBCT intervention. However, the
effect sizes of the pre-post changes in the treatment group were of
medium size, whereas the increases in the control group only had
a small effect size. These findings contrast earlier findings where
large differences in MAIA Noticing scores were found between
individuals with chronic pain who had mind-body practice and
those patients who did not have such practice (Mehling et al.,
2012). Our findings are in line with those of Bornemann et al.
(2015), who despite a very large sample size did not find a
significantly greater increase in the contemplative training group
than in the rest control group.

No significant group by time interaction was revealed for
Attention Regulation, indicating that MBCT did not result in
increases of the ability to sustain and control attention to body
sensations. The absence of a significant increase of Attention
Regulation in the MBCT group is surprising, given that previous
studies found that mind-body therapy practicing patients with
back pain had higher scores of Attention Regulation than
non-practicing patients (Mehling et al., 2012, 2013), and that
bodyscan and breath awareness training lead to large effects on
Attention Regulation in healthy participants (effect size d= 0.54;
Bornemann et al., 2015).

It remains an open question whether the absence of
significantly greater increases in Noticing and Attention
Regulation in MBCT + TAU than in TAU is specific for the
studied patient population and intervention, or just a lack of
power. Larger studies are warranted.

Pain Catastrophizing
The absence of a group by time interaction for pain
catastrophizing indicates that there were no greater changes in
pain catastrophizing in the MBCT group than in the control
group. However, the main effect of time was approaching
significance and was driven by a large and significant decrease
within the MBCT group and a small, non-significant decrease in
the control group.

Consistent with the significant decrease in pain
catastrophizing within the MBCT group, Mehling et al.
(2013) showed that pain patients who practiced mind-body
therapies worried less about their pain or other uncomfortable

body sensations than individuals without mind-body practice.
Furthermore, our findings are aligned with a growing body of
evidence showing that in patients with chronic pain, mindfulness
and participation in mindfulness-based interventions are related
to decreases in pain catastrophizing (e.g., Schutze et al., 2010;
Cassidy et al., 2012; Garland et al., 2012; Day et al., 2014) but see
(de Boer et al., 2014).

Limitations
The present study has several limitations. First, this pilot
study had a relatively small sample size, resulting in low
power to detect true effects. Yet despite this limitation, some
significant effects were found. However, it must be mentioned
that because of the small sample size we chose a less conservative
statistical approach and did not correct formultiple comparisons.
Second, because this was a pilot study, we used TAU as a
control group, which does not adequately control for “placebo
effects” secondary to non-specific factors like attention in
patient-clinician interactions (Goyal et al., 2014). This means
that, theoretically, the clinical improvement could be due
to non-specific factors like attention and expectations about
improvement and not due to the specific effects of MBCT.
We controlled for attention as much as possible by providing
equal numbers of office and phone visits with the clinician
for both the MBCT group and TAU group. In future larger
studies it would be imperative to compare MBCT to an active
non-specific control group, such as group sessions including
psycho-education and gentle stretching exercises without any
mindfulness components, as in the study of Hoge et al. (2013).
Third, the MAIA is a relatively new scale that requires further
refinement and validation in different populations. Fourth,
because the intervention produced skills and understanding of
concepts that were relatively new to participants at baseline,
subjects may have reached a different understanding of the
concepts enquired by the MAIA items post-treatment. While
the first three limitations can be addressed by larger studies
with active control groups and future versions of the MAIA,
the last limitation is probably inherent to interventions that
result in a change of perspective and thus more difficult to
address. Using behavioral data might help to validate self-report
instruments in these circumstances. Finally, because there were
too many missing midpoint data, we conducted mediation
analysis only on the endpoint data, which decreases the degree
of causal specificity (Kazdin, 2007). However, Hayes argues that
mediation analysis is still valuable, even when data collection of
the mediator and outcome variable is at the same time point
(Hayes, 2013). The findings on the mediation analysis in this
study should be interpreted as tentative and purely hypothesis
generating. Future larger studies with MBCT in this population
with the assessment of the MAIA scales of potential mediators
at multiple time points are warranted, to permit more conclusive
statements.

CONCLUSION

In summary, our data suggest that MBCT can increase several
dimensions of body awareness as measured with the MAIA

Frontiers in Psychology | www.frontiersin.org June 2016 | Volume 7 | Article 967 | 159

http://www.frontiersin.org/Psychology
http://www.frontiersin.org
http://www.frontiersin.org/Psychology/archive


de Jong et al. MBCT, Interoception, Pain, and Depression

in patients with chronic pain and comorbid active depression.
In particular, the Not Distracting aspect of body awareness
mediated the positive effect of MBCT on depressive symptoms.
Furthermore, the MAIA appears to be a reliable instrument
for measuring self-reported body awareness in this population.
This finding is important because the reliability of this new
and increasingly used instrument for measuring body awareness
has so far not been assessed in a population of patients with
chronic pain and comorbid depression. Our finding that MBCT
can increase self-reported body awareness represents the first
preliminary evidence in support of a causal link between a
mindfulness-based intervention and increased body awareness
(as measured with the MAIA) in this population. Finally, the fact
that body awareness mediated the effect of MBCT on depressive
symptoms provides preliminary first evidence for this long-
hypothesized relationship and indicates that body awareness may
have clinical relevance as an element of mindfulness approaches
in the studied population.
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Meditation is commonly thought to induce physiologically quiescent states, as evidenced

by decreased autonomic parameters during the meditation practice including reduced

heart rate, respiratory rate, blood pressure, skin conductance, and increased alpha

activity in the electroencephalogram. Preliminary empirical support for this idea was

provided in a case report by Dimsdale and Mills (2002), where it was found that

meditation seemed to regulate increased levels of cardiovascular arousal induced by

bolus isoproterenol infusions. In that study, while meditating, a self-taught meditator

exhibited unexpected decreases in heart rate while receiving moderate intravenous

doses of the beta adrenergic agonist isoproterenol. This effect was no longer observed

when the individual received isoproterenol infusions while not meditating. The current

study was designed to explore this phenomenon empirically in a group of formally trained

meditators. A total of 15 meditators and 15 non-meditators individually matched on age,

sex, and body mass index were recruited. Participants received four series of infusions

in a pseudorandomized order: isoproterenol while meditating (or during a relaxation

condition for the non-meditators), isoproterenol while resting, saline while meditating

(or during a relaxation condition for the non-meditators), and saline while resting. Heart

rate was continuously measured throughout all infusions, and several measures of heart

rate were derived from the instantaneous cardiac waveform. There was no evidence

at the group or individual level suggesting that meditation reduced the cardiovascular

response to isoproterenol, across all measures. These results suggest that meditation is

not associated with increased regulation of elevated cardiac adrenergic tone.

Keywords: meditation, adrenergic, regulation, sympathetic, parasympathetic, isoproterenol, body

Introduction

Meditation is a form of mental training that has been practiced for thousands of years, and
that can be conceptualized as a family of complex emotional and attentional regulatory training
regimens developed for various ends, including the cultivation of well-being and emotional balance
(Davidson et al., 1976; Ekman et al., 2005; Brefczynski-Lewis et al., 2007). Meditation has also
been defined as involving a process of intentional self-regulation of attention, in which attention
is directed from a combination of external and internal stimuli to a primarily internally perceptive
state (Astin et al., 2003; Bonadonna, 2003). Traditional philosophies emphasize that anyone
can learn to meditate (Taimni, 1961), and that through repeated practice meditation provides
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long-term effects that outlast the confines of individual
meditative states (Nyanaponika, 1969; Ahir, 1999; Burley, 2000).

A central tenet of early investigations into the effects of
meditation has been that meditation induces a physiologically
quiescent bodily state. This was based on initial reports
of decreases in autonomic parameters such as heart rate,
respiratory rate, blood pressure, skin conductance, and
adrenergic reactivity, as well as increased levels of alpha activity
in the electroencephalogram during the practice of meditation
[mostly Transcendental Meditation (TM)] (Wallace et al.,
1971; Orme-Johnson, 1973; Beary and Benson, 1974; Farrow
and Hebert, 1982; Hoffman et al., 1982; Jevning et al., 1992;
Travis and Wallace, 1997; Aftanas and Golocheikine, 2002;
Aftanas and Golosheykin, 2005). Early researchers described
this pattern of autonomic responses as an integrated “relaxation
response” (Benson et al., 1974). More recently, investigations
have continued finding reductions in physiological parameters
such as heart rate and blood pressure occur during the acute
meditation practice (Telles et al., 1995; Barnes et al., 1999;
Solberg et al., 2004) as well as following practice over longer
periods of time (Barnes et al., 2004; Harinath et al., 2004). Similar
effects have also been reported for more secular and abbreviated
protocols such as an 8 week training in Mindfulness Based Stress
Reduction, which incorporates instruction in meditation as well
as teaches cognitive and other approaches to enhance stress
reduction (Hughes et al., 2013).

Although the notion that meditation results in physiologically
quiescent states is well established, the extent to which meditative
practices exert such effects is unknown. Early investigations of
yogis in India who claimed to be able to exert considerable
voluntary control of the heart (some claimed to be able to
stop the heart) revealed limited support for this idea. At
best, some individuals were able to exert transient bradycardia,
or reductions in heart rate by engaging in combinations of
posture manipulation, muscular contraction and breath holding
(including the Valsalva maneuver, or “bearing down,” which
elicits a complex pattern of reflexes including tachy/bradycardia
and hyper/hypotension) (Wenger et al., 1961). Subsequent
studies have reported mixed results, primarily for different yoga
adepts (Fenz and Plapp, 1970; Kothari et al., 1973).More recently,
shorter term changes in the ability to reduce the resting heart
rate have been reported (Telles et al., 2004). The perception
that meditation and yoga confers an increased cardiac regulatory
capability has persisted, despite this heterogeneous literature.

Preliminary empirical support via a case study approach
suggested a novel effect of meditation on the ability to regulate
increased levels of cardiovascular arousal. Dimsdale and Mills
(2002) reported a case study in which a female meditator was
randomly recruited to participate in a standardized isoproterenol
challenge as a control subject in their studies of sympathetic
nervous system regulation in hypertension (Dimsdale et al., 1988;
Mills et al., 1998). Isoproterenol stimulates peripheral beta 1
and beta 2 adrenergic receptors equally, and when administered
intravenously results in rapid and transient increases in heart
rate, contractility and bronchodilation, as well as decreases in
diastolic blood pressure. The protocol involved administration
of a standard isoproterenol sensitivity test, involving sequentially

increasing doses of intravenous isoproterenol. Halfway into the
infusions the woman spontaneously started meditating, and
continued to meditate during the infusions. At the time of the
isoproterenol challenge the investigators did not know she was
a meditator, but noticed afterwards that after the fourth dose (1
mcg) her heart rate had begun to decrease, in stark contrast to the
expected increase. They report that at the highest dose (4 mcg),
when the expected heart rate response was a 21 beats per minute
(bpm) increase above baseline, they observed a 17 bpm decrease
below baseline. When this unexpected result was mentioned,
the participant stated that she had decided to start meditating
halfway into the experiment. Suspecting that her meditation
practice had interfered with the isoproterenol response, she was
asked to return 2 weeks later and repeat the challenge, with
explicit instructions to avoid meditating during the infusions.
Her heart rate response to the subsequent infusion protocol
appeared entirely consistent with the typical laboratory response
to isoproterenol at rest (i.e., an approximately 20 bpm increase
above baseline at the highest dose). This individual reported a
self-taught meditation practice for many years, and that she did
not practice any particular tradition of meditation.

The current study was designed to investigate whether there
is an effect of meditation on attenuating adrenergically mediated
increases in sympathetic arousal, using an empirical group study
approach. We recruited formally trained meditators with at least
several years of experience, and examined autonomic parameters
of sympathetic arousal during meditation and resting conditions,
during the application of isoproterenol and saline infusions.
To examine whether such a putative effect was specific to a
meditation practice or was a generic ability inherent to humans
more generally, we also recruited a group of individually matched
non-meditators, and tested them under relaxation and resting
conditions.

We hypothesized that the practice of meditation would be
specifically associated with an enhanced ability to regulate body
states occurring in the context of acute physiological arousal. To
test this hypothesis, the impact of a meditation practice on the
cardiovascular response to isoproterenol was assessed. Several
specific predictions derive from our hypothesis: (1) In the face of
isoproterenol infusions, during a meditation practice meditators
would display lower isoproterenol induced heart rate increases
than during a non-meditation condition. (2) Meditators would
demonstrate lower heart rate increases during a meditation
practice than non-meditators during a relaxation practice. (3)
Heart rate reductions in the meditators would be specific to
meditation, i.e., meditators and non-meditators would have
equivalent heart rate responses to isoproterenol at rest (when not
engaging in meditation or relaxation strategies).

Methods

Participants
Fifteen meditators and fifteen non-meditators participated in
the study. Each non-meditator was individually matched to a
corresponding meditator based on three criteria: age, gender,
and body mass index (see Table 1). Meditators were considered
eligible for participation if they reported a continuous (daily or

Frontiers in Psychology | www.frontiersin.org July 2015 | Volume 6 | Article 924 | 164

http://www.frontiersin.org/Psychology
http://www.frontiersin.org
http://www.frontiersin.org/Psychology/archive


Khalsa et al. Meditation and body regulation

TABLE 1 | Meditator and non-meditator demographic data.

Meditators (M) Non-meditators (NM)

Sex 10 Men, 5 Women 10 Men, 5 Women

Age (yrs) 44.7±13.2 44.0±13.7

Body Mass Index 24.5±4.6 25.5±4.0

Race 15 Caucasian

American

14 Caucasian American,

1 Asian American

Education (years) 17.3±2.2 15.9±2.3

Beck Anxiety Inventory score 5.1±3.4 3.5±2.9

Beck Depression Inventory score 4.3±4.6 3.7±5.3

Meditation practice (years)* 10.8±10.8 0±0

Cumulative meditation practice

(hours)*

4947±6251 0±0

Retreat experience (days)** 19±14 0±0

CD25 (micrograms) 4.48±1.5 4.72±2.2

Practice similarity: iso +

meditation/relaxation

3.5±1.1 3.4±1.1

Practice similarity: saline +

meditation/relaxation

3.7±1.1 3.8±0.8

Chronotropic Dose 25 (CD25): isoproterenol dose (mcg) required to increase the heart

rate by 25 beats per minute. Mean ± SD. *p < 0.01, **p < 0.05. Means ± standard

deviation. Iso, isoproterenol.

near daily) meditation practice during the previous 2 years, and if
they had also attended one or more weeklong meditation retreats
within the previous year. Using this criteria, 11 of the recruited
meditators were Vipassana practitioners, and the other four
meditators were Kundalini practitioners. Non-meditators were
considered eligible for participation if they had never received
formal meditation training in meditation or yoga and did not
practice self-taught meditation.

All participants were screened for the presence of any
neurological, psychiatric, cardiac or respiratory disease during
a detailed phone interview, and were excluded if they reported
a history of disease in any of these categories. None of the
study participants were smokers, and none of the women took
oral contraceptives or were pregnant, as assessed via urine
pregnancy test. Each participant demonstrated a normal 12
lead electrocardiogram (EKG), as assessed by a board certified
cardiologist or neurologist.

This study was approved by the University of Iowa’s
Institutional Review Board, and all participants provided
informed consent prior to participation.

Tasks
Participants were informed that they would be asked to rest
quietly with their eyes open on two occasions, and to meditate
(or alternatively, to relax) with their eyes closed on two occasions.
The instruction to keep the eyes open or closed was chosen to
reflect the manipulation reported in Dimsdale and Mills (2002).
It was also chosen to improve the face validity of the meditation
and relaxation conditions, as these activities are typically taught
and practiced with the eyes closed. Meditators were asked to
engage in their usual daily meditation practice for a period of
15–20min during the meditation condition. Since the Kundalini

tradition offers many different types of meditations deriving
different types of effects, Kundalini meditators were asked to
select a specific meditation practice that they had found helped
them decrease their level of bodily arousal in the past. Since
the Vipassana tradition does not provide such an approach,
Vipassana meditators were simply asked to engage in their
usual meditation practice. Non-meditators were instructed in the
performance of a cognitive relaxation strategy for a period of 15–
20min during the relaxation condition. Specifically, they were
asked to engage in a relaxation practice they had found useful
for themselves in the past, one that would help them to “relax
your mind and body, help you slow your thoughts, slow your
breathing, and slow your heart rate.” If a non-meditator reported
no such a strategy, they were given the option to perform one
or any combination of several relaxation strategies including
(1) reliving a pleasant memory, such as a warm day at the
beach, (2) replaying their favorite song internally, (3) completely
relaxing their musculature and/or (4) slowing their breathing.
These strategies were selected with the aim of facilitating
elicitation of the relaxation response (Benson et al., 1974). Non-
meditators were specifically instructed to avoid falling asleep
during the relaxation practice, despite any inclinations that might
arise.

During the rest conditions both groups were instructed
to avoid engaging in their meditation/relaxation practice, and
instead, to explore their everyday thoughts (for example,
thoughts about activities from the recent past such as what they
had done the day before, or thoughts about potential future
activities such as what they would do once the study had been
concluded).

All participants were informed that they would be receiving
isoproterenol or saline at some points during the entire session,
but that neither they nor the experimenter would know when
the nurse administered a particular agent. The room in which
the study took place was kept quiet and was dimly lit throughout
duration of the study to minimize distractions. Participants were
seated in a padded chair, with a curtain draped over the arm
containing the intravenous line, in order to reduce distraction
and to preserve the blinding.

To assess task validity, after each meditation condition was
complete, participants were asked to “rate how similar your
meditation practice just now compares to your meditation
practice in general,” on a scale from 1 (“not at all the same”)
to 5 (“completely the same”). Non-meditators were also asked
to rate their relaxation practice in a similar fashion, using
the same scale. If they reported never having practiced the
specific instructed relaxation condition, they were asked to relate
their experience to other events where they had felt a state of
relaxation.

Infusion Protocol
Two sets of standard bolus isoproterenol infusion protocols and
two sets of matched saline infusion protocols were administered.
The isoproterenol protocols consisted of sequentially increasing
bolus isoproterenol doses of 0.1, 0.5, 1.0, 2.0, and 4.0 (mcg),
delivered 3.5min apart. The saline protocols consisted of five
identically delivered bolus infusions of saline.
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Infusion Delivery
Each infusion (isoproterenol and saline) consisted of two 3
milliliter (ml) bolus infusions delivered sequentially through
an intravenous catheter. During isoproterenol infusions, a 3ml
bolus containing the specified dose was delivered, immediately
followed by a 3ml bolus of saline to flush the line. During
saline infusions, a 3ml bolus of saline was delivered, immediately
followed by an additional 3ml bolus of saline. Both bolus
volumes were administered in entirety within a 15 s period by a
nurse from the General Clinical Research Center. This method of
delivery minimized the participant’s ability to use external cues
to distinguish between the different infusion types, and ensured
rapid and standardized systemic introduction of isoproterenol.

Procedure
The infusion protocol order was pseudorandomized and single
blinded. This was necessitated by practical considerations: in
order to ensure the safety of isoproterenol administration,
a physician was required to be present during the first
round of infusions. Due to constraints in the physician’s
schedule, a majority of the time the first condition consisted of
isoproterenol infusions. However, the remaining task selection
process (for example, isoproterenol plus rest vs. isoproterenol
plus meditation) remained randomized, and was determined
by the nurse administering the infusions. The remaining three
infusion conditions were completely randomized.

Psychophysiological Measures
Heart rate was continuously measured throughout all infusions,
from a lead II electrocardiogram (MP100 acquisition unit, Biopac
Systems, Inc.), at a sampling rate of 200Hz. All artifacts affecting
the cardiac waveform (e.g., movement related and cardiac, such
as premature ventricular contractions) were visually identified
and manually removed.

Several measures of heart rate were derived from the
instantaneous cardiac waveform. These measures were divided
across three epochs of specific relevance to the timeline of heart
rate changes induced by isoproterenol (Figure 1). The first epoch
consisted of a 30 s interval starting immediately after the onset
of each infusion. This reflects a period when bolus isoproterenol
induced heart rate changes are unlikely to occur. The second
epoch consisted of a 90 s interval beginning 30 s after infusion
administration. This reflects a period when bolus isoproterenol
induced heart rate changes are most likely to occur. The third
epoch consisted of a 60 s period beginning immediately after
the end of the second epoch. This interval reflects a period
when the heart rate is nearing baseline or has already returned
back to baseline. These three epochs combine to represent the
3min following each infusion onset, when the probability of
isoproterenol induced changes in heart rate are maximal. Because
the participant could hear the nurse was preparing the next
infusion during the final 30 s period (of the 3.5min separating
each infusion), this period was not included in the analysis to
remove any potential influence of this preparatory period on the
heart rate.

Within each epoch, four measures were obtained. (1) Mean
heart rate change. This was determined for each participant by

FIGURE 1 | Epochs used to derive different measures of heart rate. This

example shows a typical heart rate response to a 2.0 mcg dose of

isoproterenol in a single subject.

subtracting the average heart rate during epoch 1 from epoch
2. This controls for any potential residual elevations in baseline
heart rate that might occur following increasing doses, and
provided a reliable estimate of changes induced by isoproterenol
administration. (2) Mean heart rates for each participant were
determined across epochs 1, 2, and 3. This provided a measure
of average heart rate over the entire window of response to
isoproterenol. (3) The lowest heart rates occurring for each
participant within a 3 s period throughout epochs 1, 2, and 3. This
provided a measure of the floor effect for the heart rate response
to isoproterenol. (4) The highest heart rates occurring for each
participant within a 3-s period were identified across epochs 1, 2,
and 3. This provided a measure of the ceiling effect of the heart
rate response to isoproterenol.

Finally, heart rate and blood pressure were measured with
an automated non-invasive blood pressure monitoring device
(inflatable cuff wrapped around the dominant arm) similar to
what was likely used during the Dimsdale and Mills (2002)
study1. These latter measures were initiated 30 s after the start of
each infusion, in an effort tomirror the type ofmeasurement used
by Dimsdale andMills (2002). Due to variability in the amount of
time taken for the machine to generate a blood pressure reading,
each measure with this device was obtained approximately 60–
80 s after each infusion onset (maximum range observed: 58–93 s
after initiating measurement).

Data Analysis
Continuous data were analyzed using general linear models
(GLM) with repeated measures, with group (meditator, non-
meditator) as the between subjects factor and with condition
(isoproterenol plus meditation or relaxation, isoproterenol plus
rest, saline plus meditation or relaxation, saline plus rest) and
dose (isoproterenol, saline) as the within subjects factors. In
the GLM analysis, the meditation vs. rest contrast is explicitly
evaluated in the condition term. Therefore, the pertinent
measures determining whether meditators show differences in
their autonomic responses during meditation vs. rest were tested
by the group x condition, and by the group x condition x
dose interactions. All repeated measures tests were assessed for

1These measures were incorporated after several participants had been tested. As

a result, data for the full sample are unavailable (measures were collected from 11

meditators and 13 non-meditators).
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violations of the sphericity assumption, and when violated, were
corrected with the Huynh-Feldt method. In these instances the
corrected p-values are reported, along with the Huynh-Feldt
epsilon (ε) correction.

Results

Participants
Meditators reported significantly more years of meditation
practice t(28) = 3.90, p = 0.002, hours of cumulative meditation
practice t(28) = 3.07, p = 0.008, and days of retreat experience
t(28) = 2.31, p = 0.037, than non-meditators. The groups did not
differ with respect to age t(28) = 0.15, p = 0.88, body mass index
t(28) = −0.63, p = 0.53, or education t(28) = 1.64, p = 0.11. The
groups also did not differ with respect to baseline levels of anxiety
(assessed via the Beck Anxiety Inventory) t(28) = 1.39, p =

0.18, or depression (assessed via the Beck Depression Inventory)
t(28) = 0.33, p = 0.74.

Mean Heart Rate Change
As expected, we observed a significant effect of condition
F(1, 3) = 140.22, p < 0.0001, η

2
p = 0.83, ε = 0.780,

observed power = 1.00, and dose F(1, 4) = 68.5, p < 0.0001,
η
2
p = 0.71, ε = 0.554, observed power = 1.00, on the mean

heart rate response to isoproterenol. There was a significant
interaction between condition and dose F(1, 12) = 68.54, p <

0.0001, η
2
p = 0.59, ε = 0.737, observed power = 1.00, such

that increases in heart rate occurred at increasing doses of
isoproterenol (but not saline) administration. However, despite
these changes, there were no group differences in the heart rate
response to isoproterenol. There was no effect of group F(1, 28) =
2.97, p = 0.10, η2

p = 0.10, observed power = 0.384, and there
were no interactions between condition and group F(1, 3) = 0.21,
p = 0.84, η

2
p = 0.01, observed power = 0.088, between dose

and group F(1, 4) = 0.21, p = 0.84, η
2
p = 0.01, observed

power = 0.093, or between condition and group and dose
F(1, 12) = 0.82, p = 0.60, η2

p = 0.03, observed power = 0.482,
suggesting that the heart rate increases induced by isoproterenol
were not statistically different between the groups (Figure 2A).
Mean average heart rate changes and associated 95% confidence
intervals are displayed in Table 2.

Mean Heart Rate
Epoch 1
We did not find an effect of condition on the average heart
rate during epoch 1, F(1, 3) = 0.39, p = 0.76, η

2
p = 0.01,

observed power= 0.12, but did observe a significant effect of dose
F(1, 4) = 4.74, p = 0.008, η2

p = 0.15, ε = 0.616, observed power=
0.80. There was also a significant interaction between condition
and dose F(1, 12) = 4.41, p < 0.0001, η

2
p = 0.14, ε = 0.772,

observed power = 0.99, suggesting that increases in mean heart
rate during epoch 1 occurred at increasing doses of isoproterenol
(but not saline) administration. However, despite these changes,
there were no group differences in heart rate during this period.
There was no effect of group F(1, 28) = 1.20, p = 0.28, η2

p = 0.04,
observed power = 0.19, and there were no interactions between
condition and group F(1, 3) = 2.00, p = 0.12, η

2
p = 0.07,

observed power = 0.50, between dose and group F(1, 4) = 0.33,
p = 0.76, η

2
p = 0.01, observed power = 0.12, or between

condition and group and dose F(1, 12) = 0.74, p = 0.68, η2
p =

0.03, observed power= 0.43, suggesting that the mean heart rate
increases observed for increasing doses of isoproterenol during
epoch 1 were not statistically different between groups. Average
heart rate changes and associated 95% confidence intervals are
displayed in Table 3. The finding of dose related increases during
this epoch reflects that fact that some of the heart rate changes
induced by isoproterenol (particularly at the higher doses) began
occurring early, as was observed in several participants.

Epoch 2
We observed a significant effect of condition on the average heart
rate during epoch 2, F(1, 3) = 84.19, p < 0.0001, η

2
p = 0.75,

observed power = 1.00, as well as for dose F(1, 4) = 84.19,
p < 0.0001, η

2
p = 0.75, ε = 0.402, observed power = 1.00.

There was also a significant interaction between condition and
dose F(1, 12) = 72.91, p < 0.0001, η

2
p = 0.72, ε = 0.330,

observed power = 1.00, suggesting that increases in mean heart
rate during epoch 2 occurred at increasing doses of isoproterenol
(but not saline) administration. However, despite these changes,
there were again no group differences in heart rate during this
period. There was no effect of group F(1, 28) = 0.65, p =

0.43, η
2
p = 0.02, observed power = 0.12, and there were no

interactions between condition and group F(1, 3) = 2.00, p =

0.12, η
2
p = 0.07, observed power = 0.37, between dose and

group F(1, 4) = 1.44, p = 0.24, η
2
p = 0.05, observed power

= 0.16, or between condition and group and dose F(1, 12) =

0.70, p = 0.59, η2
p = 0.02, observed power = 0.41, suggesting

that the mean heart rate increases observed for increasing doses
of isoproterenol during epoch 2 were not statistically different
between groups (Figure 2B and Table 4).

Epoch 3
We observed a significant effect of condition on the average heart
rate during epoch 3, F(1, 3) = 8.30, p < 0.0001, η

2
p = 0.23,

observed power = 0.98, as well as for dose F(1, 4) = 30.66,
p < 0.0001, η

2
p = 0.52, ε = 0.440, observed power = 1.00.

There was also a significant interaction between condition and
dose F(1, 12) = 20.72, p < 0.0001, η

2
p = 0.43, ε = 0.418,

observed power = 1.00, suggesting that increases in mean heart
rate during epoch 3 occurred at increasing doses of isoproterenol
(but not saline) administration. However, despite these changes,
there were no group differences in heart rate during this period.
There was no effect of group F(1,28) = 0.92, p = 0.35, η2

p = 0.03,
observed power = 0.15, and there were no interactions between
condition and group F(1, 3) = 1.68, p = 0.18, η

2
p = 0.06,

observed power = 0.43, between dose and group F(1, 4) = 0.93,
p = 0.39, η

2
p = 0.03, observed power = 0.29, or between

condition and group and dose F(1, 12) = 0.65, p = 0.67, η2
p =

0.02, observed power= 0.38, suggesting that the mean heart rate
increases observed for increasing doses of isoproterenol during
epoch 3 were not statistically different between groups. The
finding of dose related increases during this epoch reflects that
fact that some of the heart rate changes induced by isoproterenol
(particularly at the higher doses) were still present and in the
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FIGURE 2 | Mean heart rates for both groups during

mediation/relaxation and rest. (A) Mean heart rate change (epoch

2minus epoch 1). (B) Mean heart rate during epoch 2. (C) Mean heart rates

measured via automated blood pressure monitor. For purposes of clarity,

mean values are displayed without error bars, and the relaxation condition for

the non-meditators is labeled as meditation.

process of returning to baseline, as was observed in several
participants (Table 5).

Highest and Lowest Heart Rates
The pattern of findings reported above also held true for the
highest and lowest heart rates observed during epochs 1, 2,
and 3. Specifically, increases in the highest (and lowest) heart
rates occurred for conditions containing increasing doses of
isoproterenol (but not saline), in the absence of any group
differences whatsoever. In the interest of brevity the relevant
statistics have not been reported here, but rather, the reader is
referred to Figure 3.

Automated Heart Rate and Blood Pressure
Automated Heart Rate
We observed a significant effect of condition on the automated
measure of heart rate F(1, 3) = 115.88, p < 0.0001, η2

p = 0.84,

ε = 0.813, observed power= 1.00, as well as dose F(1, 4) = 74.42,
p < 0.0001, η

2
p = 0.77, ε = 0.909, observed power = 1.00.

There was also a significant interaction between condition and
dose F(1, 12) = 40.31, p < 0.0001, η

2
p = 0.65, ε = 0.438,

observed power = 1.00, suggesting that increases in automated
heart rate occurred at increasing doses of isoproterenol (but not
saline) administration. There were again no group differences
in heart rate during this period. There was no effect of group
F(1, 28) = 0.06, p = 0.80, η

2
p = 0.00, observed power = 0.06,

and there were no interactions between condition and group
F(1, 3) = 1.02, p = 0.38, η

2
p = 0.04, observed power = 0.27,

between dose and group F(1, 4) = 2.12, p = 0.09, η
2
p = 0.09,

observed power = 0.61, or between condition and group and
dose F(1, 12) = 1.19, p = 0.32, η

2
p = 0.05, observed power =

0.68, suggesting that the mean heart rate increases observed for
increasing doses of isoproterenol with the automated measure
were similar between the groups (Figure 2C).
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TABLE 2 | Average heart rate changes and 95% confidence intervals across all conditions.

Average HR change

Dose (mcg) Non-meditators 95% CI Meditators 95% CI

Mean SE Lower Upper Mean SE Lower Upper

ISO + RELAXATION ISO + MEDITATION

0.1 0.74 0.84 −0.99 2.47 0.97 0.84 −0.76 2.7

0.5 4.33 0.77 2.74 5.91 2.6 0.77 1.03 4.2

1 8.02 1.03 5.91 10.13 6.2 1.03 4.09 8.3

2 12.91 1.63 9.58 16.25 11.11 1.63 7.79 14.45

4 17.93 2.26 13.3 22.56 17.27 2.26 12.64 21.89

ISO + REST ISO + REST

0.1 1.97 0.65 0.65 3.31 1.82 0.65 0.48 3.15

0.5 5.01 0.85 3.28 6.74 3.97 0.85 2.24 5.7

1 6.99 0.76 5.44 8.53 6.28 0.76 4.73 7.82

2 12.22 1.39 9.38 15.06 10.89 1.39 8.05 13.73

4 18.85 1.54 15.71 22.02 15.44 1.54 12.28 18.59

SALINE + RELAXATION SALINE + MEDITATION

0.1 0 0.96 −1.96 1.97 −1.04 0.96 −3 0.92

0.5 0.89 0.66 −0.47 2.2 −1.17 0.66 −2.52 0.18

1 0.86 0.51 −0.19 1.91 −1.03 0.51 −2.08 0.02

2 0.76 0.52 −0.31 1.84 −0.22 0.52 −1.29 0.85

4 −1.54 1.04 −3.67 0.6 −0.88 1.04 −3.02 1.25

SALINE + REST SALINE + REST

0.1 0.85 0.59 −0.37 2.06 −0.13 0.59 −1.35 1.08

0.5 0.58 0.52 −0.49 1.65 0.33 0.52 −0.74 1.4

1 0.69 0.65 −0.62 2 0.88 0.64 −0.42 2.19

2 0.39 0.9 −1.47 2.24 −0.9 0.9 −2.75 0.95

4 0.82 0.61 −0.44 2.07 0.74 0.61 −0.51 2

Systolic Blood Pressure
We did not observe a significant effect of condition F(1, 3) =

0.03, p = 0.99, η
2
p = 0.00, observed power = 0.06, but

did observe a significant effect of dose F(1, 4) = 4.35, p =

0.006, η
2
p = 0.17, ε = 0.820, observed power = 0.82, on the

automated measure of systolic blood pressure. There was no
interaction between condition and dose F(1, 12) = 1.74, p < 0.08,
η
2
p = 0.07, observed power = 0.87, suggesting that changes

in systolic blood pressure were not influenced by isoproterenol
administration. No group differences in systolic blood pressure
were observed. There was no effect of group F(1,28) = 0.71,
p = 0.41, η

2
p = 0.03, observed power = 0.13, and there were

no interactions between condition and group F(1, 3) = 0.80,
p = 0.50, η2

p = 0.04, observed power = 0.21, between dose and

group F(1, 4) = 1.52, p = 0.21, η
2
p = 0.07, observed power =

0.45, or between condition and group and dose F(1, 12) = 1.03,
p = 0.42, η

2
p = 0.05, observed power = 0.59. These decreases

in systolic blood pressure were similar for both groups and

appeared to occur during the first few doses, irrespective of
condition, suggesting that these effects were likely not related to
isoproterenol (Figure 4A).

Diastolic Blood Pressure
We observed a significant effect of condition F(1, 3) = 25.37, p <

0.0001, η
2
p = 0.54, observed power = 1.00, and dose F(1, 4) =

28.58, p < 0.0001, η
2
p = 0.57, ε = 0.653, observed power

= 1.00 on the automated measure of diastolic blood pressure.
There was also a significant interaction between condition and
dose F(1, 12) = 12.43, p < 0.0001, η

2
p = 0.36, ε = 0.692,

observed power= 1.00, suggesting that changes in diastolic blood
pressure occurred at increasing doses of isoproterenol (but not
saline) administration. There were again no group differences in
diastolic blood pressure. There was no effect of group F(1, 28) =
0.65, p = 0.43, η

2
p = 0.03, observed power = 0.12, and there

were no interactions between condition and group F(1, 3) = 0.29,
p = 0.82, η2

p = 0.01, observed power = 0.10, between dose and
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TABLE 3 | Average heart rates during epoch 1, including 95% confidence intervals.

Average HR—epoch 1

Dose (mcg) Non-meditators 95% CI Meditators 95% CI

Mean SE Lower Upper Mean SE Lower Upper

ISO + RELAXATION ISO + MEDITATION

0.1 66.47 2.54 61.27 71.77 71.86 2.54 66.67 77.06

0.5 66.26 2.83 60.46 72.07 72.92 2.83 67.11 78.72

1 66.37 2.68 60.89 71.86 71.97 2.68 66.49 77.46

2 67.48 2.76 61.83 73.12 72.22 2.76 66.57 77.87

4 69.4 3.12 63 75.8 75.05 3.12 68.65 81.45

ISO + REST ISO + REST

0.1 66.18 2.52 61.03 71.35 69.09 2.52 63.92 74.25

0.5 67.32 2.59 62.02 72.2 69.74 2.59 64.44 75.04

1 68.46 2.6 64.12 73.79 70.98 2.6 65.65 76.32

2 67.98 2.65 62.58 73.29 71.28 2.64 65.87 76.69

4 70.45 2.97 64.37 76.53 73.11 2.97 67.03 79.19

SALINE + RELAXATION SALINE + MEDITATION

0.1 68.29 3.3 61.54 75.04 72.96 3.3 66.2 79.71

0.5 66.91 2.72 61.33 72.49 72.72 2.72 67.14 78.3

1 66.87 2.71 61.32 72.43 72.01 2.71 66.46 77.57

2 67.07 2.77 61.39 72.74 70.81 2.77 65.13 76.49

4 68.24 3.1 61.88 74.59 71.7 3.1 65.34 78.06

SALINE + REST SALINE + REST

0.1 67.26 2.78 61.56 72.96 72.16 2.78 66.46 77.86

0.5 67.73 2.67 62.27 73.19 70.91 2.67 65.45 76.37

1 68.00 2.73 62.42 73.59 70.42 2.73 64.83 76

2 67.94 2.87 62.05 73.83 71.43 2.87 65.54 77.32

4 67.31 2.58 62.02 72.59 71.1 2.58 65.81 76.38

group F(1, 4) = 0.36, p = 0.76, η
2
p = 0.02, observed power =

0.13, or between condition and group and dose F(1, 12) = 0.45,
p = 0.90, η

2
p = 0.02, observed power = 0.25. These findings

suggest decreases in diastolic blood pressure were similar for
both groups at increasing doses of isoproterenol (Figure 4B).
Such a decrease in diastolic blood pressure is consistent with the
vasodilatory effects of isoproterenol.

Individual Heart Rates
Given the absence of group effects, an examination of individual
heart rate changes during the isoproterenol plus meditation
condition was performed. The goal was to identify whether
any reductions in heart rate similar those reported in Dimsdale
and Mills (2002) had occurred in individual meditators or non-
meditators. At the individual level, we examined mean heart rate
changes during epoch 2, mean heart rate during epoch 2, and
lowest and highest heart rate during epoch 2 derived from the
continuous heart rate waveform during the isoproterenol plus
meditation/relaxation and isoproterenol plus rest conditions.

Based on the hypothesis that meditation would result in a
reduced response to isoproterenol, individual meditators and
non-meditators displaying the lowest responses were selected for
comparison with their respective groups. As Figure 5A indicates,
there were individuals in each group who displayed a reduced
heart rate response and reduced average heart rates relative to
their group averages. Similarly, there were individuals in each
group who displayed reduced heart rate maxima and minima
when compared with their group averages (Figure 5B). However,
although these reflect large differences in the magnitude of
the response to isoproterenol (compared to the respective
group mean), only one individual (a meditator) appeared to
display a reduced heart rate at increasing doses, and only when
using the criterion for lowest heart rate observed during a 3 s
period.

Subjective Experience
Similarity ratings of the meditation and relaxation practices did
not differ between the groups F(1, 25) = 0.03, p = 0.86, η

2
p =
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TABLE 4 | Average heart rates during epoch 2, including 95% confidence intervals.

Average HR—epoch 2

Dose (mcg) Non-meditators 95% CI Meditators 95% CI

Mean SE Lower Upper Mean SE Lower Upper

ISO + RELAXATION ISO + MEDITATION

0.1 67.21 2.55 61.98 72.43 72.84 2.55 67.61 78.06

0.5 70.59 2.71 65.04 76.13 75.53 2.71 69.98 81.08

1 74.39 2.95 68.35 80.43 78.17 2.95 72.13 84.21

2 80.39 3.5 73.22 87.55 83.34 3.5 76.17 90.5

4 87.33 4.14 78.87 95.8 92.32 4.14 83.85 100.79

ISO + REST ISO + REST

0.1 68.17 2.51 63.03 73.31 70.9 2.51 65.76 76.04

0.5 72.34 2.64 66.93 77.74 73.71 2.64 68.31 79.12

1 75.44 2.84 69.62 81.26 77.26 2.84 71.44 83.08

2 80.21 3.19 73.66 86.75 82.17 3.19 75.63 88.71

4 89.31 3.51 82.13 96.49 88.55 3.51 81.37 95.73

SALINE + RELAXATION SALINE + MEDITATION

0.1 68.39 2.9 62.36 74.23 71.92 2.9 65.98 77.85

0.5 67.79 2.69 62.23 73.3 71.55 2.69 66.04 77.06

1 67.73 2.8 62.01 73.45 70.99 2.8 65.26 76.71

2 67.83 2.75 62.2 73.46 70.59 2.75 65.96 76.22

4 66.7 2.73 61.11 72.29 70.82 2.73 65.23 76.4

SALINE + REST SALINE + REST

0.1 68.10 2.77 62.44 73.77 72.03 2.77 66.36 77.7

0.5 68.31 2.63 62.93 73.7 71.24 2.63 65.86 76.63

1 68.69 2.69 63.19 74.19 71.3 2.66 65.8 76.8

2 68.33 2.66 62.89 73.77 70.53 2.66 65.09 75.97

4 68.12 2.8 62.38 73.86 71.84 2.8 66.1 77.58

0.001, observed power = 0.0542. The meditation and relaxation
practices appeared to be rated as more similar to the usual
practice during the saline infusion condition, but this difference
was not statistically significant F(1, 1) = 2.18, p = 0.15, η

2
p =

0.08, observed power= 0.30.

Post Analysis
Since a heterogeneously recruited sample of meditators could
potentially result in differential heart rate responses during
meditation, we subsequently evaluated the responses of the
Kundalini and Vipassana practitioners separately, and in
comparison to each other.

Vipassana vs. Healthy Comparison
During the meditation condition there was no effect of group
F(1, 24) = 1.31, p = 0.26, η

2
p = 0.05, observed power = 0.20,

2Data were missing from 3 healthy comparison participants.

and there were no interactions between condition and group
F(1, 1) = 0.002, p = 0.98, η

2
p = 0.00, observed power =

0.05, or between condition and group and dose F(1, 4) = 0.10,
p = 0.98, η2

p = 0.004, observed power= 0.07. This suggests that
during both meditation conditions (saline and isoproterenol)
the Vipassana meditators displayed similar average heart rate
increases as healthy comparisons.

Kundalini vs. healthy Comparison
During the meditation condition there was no effect of group
F(1, 17) = 2.1, p = 0.17, η

2
p = 0.11, observed power = 0.27,

and there were no interactions between condition and group
F(1, 1) = 0.006, p = 0.94, η

2
p = 0.00, observed power =

0.05, or between condition and group and dose F(1, 4) = 1.58,
p = 0.19, η2

p = 0.09, observed power = 0.46. This suggests that
during both meditation conditions (saline and isoproterenol)
the Kundalini meditators displayed similar average heart rate
increases as healthy comparisons.
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TABLE 5 | Average heart rates during epoch 3, including 95% confidence intervals.

Average HR—epoch 3

Dose (mcg) Non-meditators 95% CI Meditators 95% CI

Mean SE Lower Upper Mean SE Lower Upper

ISO + RELAXATION ISO + MEDITATION

0.1 66.58 2.58 61.29 71.87 71.57 2.58 66.28 76.85

0.5 66.28 2.71 60.73 71.82 71.7 2.71 66.16 77.25

1 68.1 2.74 62.49 73.71 72.5 2.74 66.89 78.11

2 70.59 3.15 64.13 77.05 75.11 3.15 68.66 81.57

4 73.94 3.67 66.43 81.45 81.28 3.67 73.77 88.79

ISO + REST ISO + REST

0.1 67.88 2.55 62.66 73.1 71.8 2.55 66.57 77.02

0.5 68.38 2.63 62.99 73.77 70.67 2.63 65.28 76.06

1 68.75 2.65 63.32 74.19 70.86 2.65 65.43 76.3

2 71.47 3.04 65.25 77.69 75.57 3.04 69.35 81.79

4 77.07 3.33 70.24 83.9 80.35 3.33 73.52 87.18

SALINE + RELAXATION SALINE + MEDITATION

0.1 67.93 2.74 62.31 73.54 71.97 2.74 66.34 77.57

0.5 68.06 2.67 62.6 73.52 71.85 2.67 66.39 77.31

1 68.58 2.7 63.04 74.12 71.2 2.7 65.66 76.74

2 67.89 2.78 62.2 73.58 70.39 2.78 64.7 76.08

4 66.48 2.69 60.97 72 70.09 2.69 65.57 75.6

SALINE + REST SALINE + REST

0.1 68.12 2.6 62.8 73.44 71.78 2.6 66.46 77.1

0.5 68.67 2.67 63.19 74.14 71.24 2.67 65.77 76.72

1 69.73 2.53 64.54 74.93 71.04 2.53 65.85 76.23

2 68.38 2.66 62.94 73.83 71.83 2.66 66.39 77.27

4 69.81 2.77 64.14 75.47 72.15 2.77 66.49 77.82

Kundalini vs. Vipassana
During the meditation condition there was no effect of group
F(1, 13) = 0.11, p = 0.75, η2

p = 0.008, observed power = 0.06,
and there were no interactions between condition and group
F(1, 1) = 0.001, p = 0.98, η2

p = 0.00, observed power = 0.05, or
between condition and group and dose F(1, 4) = 0.88, p = 0.48,
η
2
p = 0.06, observed power= 0.26. This suggests that during both

meditation conditions (saline and isoproterenol) the two groups
of meditators displayed similar average heart rate increases.

Discussion

As expected, bolus isoproterenol infusions produced dose-
dependent increases in heart rate in both groups during
a condition of rest. However, meditators did not display
lowered heart rate responses to isoproterenol while practicing
meditation. Both meditators and non-meditators displayed
similar dose dependent increases in heart rate during conditions
of isoproterenol plus rest, and during isoproterenol plus

meditation/relaxation. The lack of group differences in heart rate
was reliable. It was observed for five different measures of heart
rate (mean heart rate change, mean heart rate, lowest heart rate
during a 3 s period, highest heart rate during a 3 s period, and
via automated heart rate monitor), and throughout three epochs
that captured the entire time span over which isoproterenol
induced changes occur. Equivalent decreases in diastolic blood
pressure were also observed in both groups following increasing
doses of isoproterenol. These decreases are consistent with the
known vasodilatory effects of isoproterenol on lowering diastolic
blood pressure. We do not consider these to be related to the
meditation intervention, as they occurred in both isoproterenol
conditions. Non-meditators did not display lowered heart rates
when practicing a relaxation condition, which was predicted.

Since the Dimsdale and Mills (2002) study reported a
finding in a single individual, we examined individual heart rate
responses within in each group of participants. Of the measures
utilized, there was only one participant who demonstrated an
appreciable reduction in heart rate during the meditation plus
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FIGURE 3 | Highest and lowest heart rates for both groups during

epoch 2. (A) Highest heart rates observed during a 3 s period, averaged

across each group (ceiling effect). (B) Lowest heart rates observed during a

3 s period, averaged across each group (floor effect). For purposes of clarity,

mean values are displayed without error bars, and the relaxation condition for

the non-meditators is labeled as meditation.

isoproterenol condition similar to that reported by Dimsdale and
Mills (2002) (i.e., a 17 bpm decrease in heart rate from the lowest
to the highest dose). This finding occurred in a meditator, but it
was only observed with one measure, the lowest heart rate, which
is also the least reliable index of the response to isoproterenol.
This finding was no longer present when more robust measures
of the heart rate response to isoproterenol, such as the average
heart rate and average heart rate change, were examined in the
same individual. Thus, it seems unlikely that the individual effect
reported by Dimsdale and Mills (2002), although intriguing,
generally applies to individuals practicing meditation.

Several potential factors might explain the discrepancy in
findings between the two studies. First, individual variability in
heart rate responses might explain their observation of lowered
heart rate in one subject. We observed considerable variability
in heart rate responses to isoproterenol even when using a
continuous measure, with select individuals from both groups
exhibiting attenuated heart rate responses to isoproterenol. A
second and related reason could bemeasurement error. Dimsdale
and Mills (2002) did not utilize a continuous measure of heart
rate in their original study, and it is unclear when the automated
monitor they utilized actually captured their meditator’s heart
rate. Although they report that heart rate was measured 60 s after
the infusion was delivered, it is possible that there was enough
measurement variability to result in missing the heart rate epoch
of interest. In the present study, we observed large variability
in the output of the automated heart rate measurement when
using the blood pressure monitoring device (e.g., 58–93 s after

initiatingmeasurement), which is long enough to potentiallymiss
capturing an individual’s heart rate response. It is also possible
that the window of measurement of the automated heart rate
monitor was too brief. In the current study, we observed the
largest reductions in heart rate response during a momentary
measure, the lowest heart rate during a 3 s period, which provides
some plausibility to this theory. Third, their meditator was not
formally trained, and indicated that she would often enter such
deep states that she would need to set an alarm clock to rouse
her from meditation. Thus, it is possible that this individual
likened sleep (or some other altered state of consciousness) with
meditation, and that the observed effect had nothing to do with
meditation but a different process worth understanding further.
However, despite these potential methodological and conceptual
considerations, the participant in Dimsdale and Mills’ study did
demonstrate a heart rate increase at the 1.0 mcg dose, followed by
two successive decreases below her resting heart rate. Assuming
this was not a spurious finding, such a profound decrease in
heart rate could also occur during an episode of increased vagal
output (as suggested by the authors). Neurocardiogenic syncope
is one example of such an increase in vagal output. These episodes
are usually preceded by an increase in sympathetic tone (as
was observed in the meditator at the 1.0 mcg dose) and can
even be triggered by isoproterenol (Kikushima et al., 1999).
These episodes are often foreshadowed by symptoms such as
lightheadedness, nausea, warmth, pallor and/or sweating, and
although the meditator denied experiencing a subset of these
(nausea, dizziness or fainting), it is possible that she was not
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FIGURE 4 | Blood pressure for both groups during

meditation/relaxation and rest. (A) Systolic blood pressure measured via

automated blood pressure monitor. (B) Diastolic blood pressure measured

via automated blood pressure monitor. For purposes of clarity, mean values

are displayed without error bars, and the relaxation condition for the

non-meditators is labeled as meditation.

aware of these symptoms given the fact that she was in a
meditative state described as so deep as to require rousing with
an alarm clock. Since heart rate was the only autonomic measure
reported in that study, it is difficult to determine whether such a
reflex occurred. Evaluating this particular meditator’s (or others
the future) cardiovascular responses to upright tilt table testing
(perhaps even incorporating isoproterenol) could be useful to
exclude this as a possibility. Another possibility is that respiratory
modulation could have played a role in the observed heart rate
changes, as respiratory induced changes in heart rate variability
have been observed in meditators (Peng et al., 2004). We did not
examine this possibility as it was outside the scope of inquiry in
our study.

There are several limitations associated with the present
study. First, the meditation practice was investigated under
highly artificial circumstances. Meditators were meditating in
a novel environment, with an intravenous line placed, were
attached to various recording devices and were seated next
to two individuals who were observing them throughout the
study. Despite efforts to facilitate the practice, such as a curtain
between the investigators and participant, and a dimly lit,
quiet room, it cannot be claimed that the meditation and
relaxation conditions took place in the usual environment.
Second, the current study does not take into account the potential
influence of testing anxiety, that is, concern on the part of
the meditators about “performing well.” Although meditators
did not voice any such concerns, and did not differ from
the non-meditators in questionnaire measures of anxiety, this

possibility cannot be ruled out. A third limitation is the fact
that the meditation plus saline conditions did not appear to
lower the heart rate substantially. This could again be due to the
artificiality of the environment, thus preventing meditators from
authentically engaging in their practice and displaying increased
parasympathetic indices. However, retrospective ratings of the
quality of the meditation practice indicated that meditators
found their meditation practice during the infusions to be
predominantly similar to their daily practice, reducing this as
a possibility. The lack of heart rate reductions during saline
could also be related to the type of meditation participants
practiced. For example, some meditations are suggested to
increase cardiovascular states whereas others are suggested to
decrease them (Amihai and Kozhevnikov, 2014). Since most
meditators were not instructed to use their meditation practice
to reduce their heart rate (this would have been seen by the
Vipassana practitioners as constraining and interfering with
the meditation practice), it is possible that the mediators were
performing the former type of meditation. Reports from the
meditators about the nature and quality of their practice did not
seem to indicate this as a possibility.

It is also possible that the lack of attenuated autonomic
responses in the current study could be related to a non-
ideal sample of meditators and/or a non-ideal meditation
practice. For example, since the majority of the meditators
came from a Vipassana background, their default meditation
practice may not be intended to have effects on autonomic
state. This argument is somewhat limited by the fact that
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FIGURE 5 | Global and individual outlier heart rate changes

during isoproterenol conditions. (A) Global mean heart rate

change (epoch 2minus epoch 1), and global mean heart rate

observed during epoch 2 for all participants. (B) Global maximum

heart rate change and global minimum heart rate change observed

during epoch 2 for all participants. The green lines indicate the

meditator who displayed the lowest response during the isoproterenol

plus meditation condition. The blue lines indicate the non-meditators

who displayed the lowest response during the isoproterenol plus

relaxation condition. For purposes of clarity, the relaxation condition

for the non-meditators is labeled as meditation. Error bars represent

standard error of the mean.

Vipassana meditation techniques emphasize the cultivation
of quiescent and tranquil states of mind, and show some
evidence of altered sympatho-vagal balance (Krygier et al.,
2013). Alternatively, it is theoretically possible that the default
body scanning meditation practice practiced by the Vipassana
meditators in this study could have been similar to a form
of “open presence” rather than “focused attention” meditation.
Since the former type of meditation has been associated
with heightened arousal instead of relaxation, this might be
expected to induce an increased autonomic response during
meditation instead of a quiescent one. We observed a few
marginal interactions between condition and group on heart rate
with the meditators potentially exhibiting increased heart rates
during meditation, that might potentially support this possibility.
However, these non-significant effects were not consistently
observed across the numerous heart rate measures employed.
Further complicating this theoretical interpretation is evidence
suggesting that open presence meditation can be associated with
attenuated autonomic responses to startle challenges that probe
sympathetic reactivity (Levenson et al., 2012). We conclude there
is no direct evidence in the current study to support the notion
of differentially decreased or increased autonomic indices in the
meditators.

Another question about the current sample is whether the
absence of effect could have been due to an inexperienced
sample of meditators relative to the meditator in Dimsdale

and Mills (2002), as the minimum requirement was only 2
years of meditative experience. Direct comparison between
the studies is not possible, as the years of practice were not
provided in that report. However, the notion that duration of
practice is synonymous with meditative expertise is a matter of
ongoing debate. Previous investigations of long term meditators
have not always yielded evidence of increased ability, even
for aspects of internal sensory experience that are routinely
cultivated in Vipassana and Kundalini traditions (Khalsa et al.,
2008; Daubenmier et al., 2013). A larger issue is the fact
that the meditator described in that report was not formally
trained in any particular tradition, making it impossible to
select an appropriately representative group of meditators. In
the current study we recruited formally trained meditators from
multiple traditions, used extensive measurements of heart rate
response, and examined individual outlier responses in both
groups to determine whether there was specific evidence that
meditation was associated with a lowered heart rate. Though
some individuals displayed attenuated heart rate responses to
isoproterenol, we found no evidence differentiating meditators
from non-meditators.

A general point is that while these limitations warrant
consideration, many of them would be similarly imposed by any
empirical study of meditation and thus cannot be easily obviated.
If further investigations of the current topic were continued, one
helpful strategy would be to screen large samples of meditators
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to identify those individuals who can reliably demonstrate
enhanced autonomic regulatory capabilities, and then perform
detailed investigation into the cognitive and neurophysiological
mechanisms underlying such abilities.

We feel it is also important to note that the current findings do
not necessarily negate previously reported findings of decreased
autonomic tone following the practice of meditation. Although
our study appeared sufficiently powered to detect effects related
to the isoproterenol vs. saline conditions, and the impact of
different doses, there was lower power at the group level.
While replicating this approach with a larger sample would
help to address this limitation, the current results suggest
that any effects, even if found reliable at the population level,
would be small and would have limited consequence at the
individual level. The current findings also have limited bearing
on the effects of meditation on emotional experience or emotion
regulation, effects consistently perceived at the individual level
with training, as these constructs were not investigated. High
levels of adrenergic hormones are often associated with acute
anxiety, stress, anger, fear and hostility, and different forms
of meditation are routinely practiced by some individuals to
help ameliorate such experiences (Shirey, 2007; Robins et al.,
2012; Serpa et al., 2014). Determining the biological mechanisms
supporting those beneficial effects remains an important and
active area of inquiry, regardless of whether they are derived

from changes in autonomic reactivity or from changes in the
central nervous system. Overall, these results simply suggest
that the formal act of meditation may not be sufficient to
physiologically counteract certain forms of elevated levels of
peripheral cardiovascular adrenergic arousal or engender quicker
recovery from such arousal.
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Recent research suggests that bodily signals and interoception are strongly related

to our sense of time. Mindfulness meditators train to be aware of their body states

and therefore could be more accurate at interval timing. In this study, n = 22

experienced mindfulness meditators and n = 22 matched controls performed both,

an acoustic and a visual duration reproduction task of 8, 14, and 20 s intervals, while

heart rate and skin conductance were continuously assessed. In addition, participants

accomplished a heart beat perception task and two selective attention tasks. Results

revealed no differences between meditators and controls with respect to performance

in duration reproduction or attentional capacities. Additionally no group difference in

heart beat perception scores was found. Across all subjects, correlational analyses

revealed several associations between performance in the duration reproduction tasks

and psychophysiological changes, the latter being also related to heart beat perception

scores. Furthermore, former findings of linearly increasing cardiac periods and decreasing

skin conductance levels during the auditory duration estimation task (Meissner and

Wittmann, 2011) could be replicated, and these changes could also be observed during

a visual duration reproduction task. In contrast to our earlier findings, the heart beat

perception test was not related with timing performance. Overall, although experienced

meditators did not differ from matched controls with respect to duration reproduction

and interoceptive awareness, this study adds significantly to the emerging view that time

perception is related to autonomic regulation and awareness of body states.

Keywords: mindfulness meditation, time perception, interoceptive awareness, autonomic regulation, attention

Introduction

The diversity of psychological and neurophysiological models of time perception is indicative of
the fact that the neural substrates and the processes accounting for the experience of time are
still unknown (Wittmann and Paulus, 2009; Merchant et al., 2013). Recent conceptualizations
that are based on empirical findings hint on the relationship between the experience of time and
self–and body processes, that is, on interoceptive states (Craig, 2009, 2015; Wittmann, 2009, 2013):
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Recordings in functional magnetic resonance imaging (fMRI)
indicated that activity within the insular cortex increased
continuously during the perception of duration (Wittmann et al.,
2010, 2011). Moreover, the experience of temporal delay between
external acoustic stimulation and the heart beat is related to
anterior insula activation (Critchley et al., 2004). Given the
close connection between the insular cortex and interoceptive
processes, the integration and perception of ascending bodily
signals would substantially contribute to the experience of time.

Recordings of physiological signals (heart periods, skin
conductance levels, respiratory periods) during a duration
reproduction task, with intervals of 8, 14, and 20 s, showed not
only a linear increase of cardiac periods during the encoding
of temporal intervals, but also revealed a positive relationship
between the slope of this increase in cardiac periods and duration
reproduction accuracy (Meissner andWittmann, 2011). A recent
study also reported a positive correlation between a greater
control of the vagal tone and duration reproduction accuracy
for intervals from 0.5 to 40 s (Pollatos et al., 2014). That is, the
increase in cardiac (parasympathetic) tone, as registered in the
brain, could represent a bodily marker for the estimation of
duration. It is important to mention that it is not the mean heart
rate during a target interval that correlated with timing behavior
(as assessed by Schwarz et al., 2013) but the linear increase
of cardiac periods that showed this relationship. In addition,
results of Meissner andWittmann (2011) indicated that duration
reproduction accuracy correlated positively with the subjects’
ability to accurately perceive their own heart beats. A possible
explanation would be that individuals, who have a greater
awareness of their body states and thus a better access to visceral
feedback, are more accurate at interval timing. Alternatively, the
correlations between duration reproduction accuracy and both,
the slope of cardiac slowing and interoceptive awareness could
be due to increased attentional capacities of good performers
in time estimation tasks, who then simply would be able to
focus more adequately on time perception. In this scenario,
the steeper slope of cardiac periods in good performers would
reflect their higher attentional load, and the relationship with
interoceptive awareness could be due to the recently reported
association between interoceptive awareness and attention to
external acoustic or visual stimuli that are used for presentation
of temporal intervals (Matthias et al., 2009).

In this study, we investigated the role of body signals,
interoceptive awareness, and attentional capacities for interval
timing by focusing on a group of participants who regularly
train their attentional capacities to internal and external stimuli,
namely experts in mindfulness meditation. Mindfulness is
understood as bringing awareness to each present moment
in time with an accepting and non-judgmental attitude. It
can be developed and cultivated through introspective training
such as meditation (Kabat-Zinn, 2005; Sauer et al., 2013).
Mindfulness meditators during a typical meditation session focus
on their breathing-in and breathing-out or perform a “body
scan” where attention is systematically directed to each area
of the body from the toes to the top of the head (Morone
et al., 2008). Effects of mindfulness meditation are manifold
but basically comprise increased body awareness, attention

regulation, and emotion regulation (Hölzel et al., 2011; Tang
et al., 2015) all of which are mental factors that are involved
in time perception (Wittmann and Schmidt, 2014). Accordingly,
regular mindfulness meditation has been shown to alter the
cortical representation of interoceptive attention (Farb et al.,
2013). Moreover, there is evidence indicating that mindfulness
meditators after intensive practice have increased attentional
capacities to external stimuli (Jha et al., 2007; Zeidan et al., 2010;
Moore et al., 2012). These findings suggest that mindfulness
meditators may process time differently than matched controls.
Indeed, mindfulness meditators report that subjective time slows
down during mindfulness-oriented meditation and in daily life
(Kabat-Zinn, 2005).

In this study, we aimed to compare the role of bodily
signals and attentional capacities to internal and external stimuli
for time estimation in n = 22 experienced mindfulness
meditators and n = 22 matched controls. Participants performed
two duration reproduction tasks, while heart rate and skin
conductance were monitored. In addition, they accomplished a
heart beat perception task and two selective attention tasks. We
hypothesized that in comparison to non-meditating controls, the
mindfulness meditation experts would reproduce time intervals
more accurately. We also expected that mindfulness meditators
would show higher attentional capacities and would score higher
in interoceptive awareness. Finally, we investigated whether the
expected differences between meditators and controls would
go along with alterations of bodily signals during the duration
estimation tasks (Meissner and Wittmann, 2011; Wittmann and
Schmidt, 2014).

A secondary aim of the study was to investigate whether
we could replicate our former findings of linearly increasing
cardiac periods and decreasing skin conductance levels during
the auditory duration estimation task (Meissner and Wittmann,
2011), and whether these changes could also be observed during
an otherwise similar visual duration reproduction task.

Materials and Methods

Design
We conducted a cross-sectional study comparing n = 22
experienced mindfulness meditators with n = 22 matched
controls. The study was conducted at the Institute of Medical
Psychology, University of Munich, as part of a larger two-
center study, which compared 42mindfulness meditators with 42
matched controls in their ability of time perception using a broad
range of behavioral tasks (Wittmann et al., 2015). The study was
approved by the ethical committees of the partaking Universities
(Munich and Freiburg).

Participants
Twenty-two experienced mindfulness meditation practitioners
with at least three years of continuous practice and at least
2 h of practice a week over the last 8 weeks were recruited,
as well as n = 22 matched controls without any meditation
experience. The matching criteria were sex, age (± 3 years)
and education (± 1 level of 5). Participants were recruited by
advertisements in meditation centers, on online platforms of the
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universities, and by word of mouth. Meditators were included
when reporting to regularly practice a form of meditation, which
had a dominant orientation toward awareness of the present
moment. Therefore, we included individuals if they participated
in forms of mindfulness meditation, Vipassana meditation, or
Soto Zen. Control subjects were required to have no experience
with any form of meditation including Yoga or Tai-Chi. Age
was restricted to the range between 21 and 50 years in order
to constrain age-related effects in the psychophysical tasks and
psychophysiological measurements. Participants had to be fluent
in German and were additionally required to report good
health and no known medical or psychological problems as
assessed with a detailed screening questionnaire. All participants
signed an informed consent and received a moderate financial
compensation (e20) for participation.

Instruments
Heart Beat Perception Task
The heart beat perception task consists of four heart beat
counting intervals (35, 25, 45, and 60 s), during which
participants are asked to attend to their own heart beats and
count them silently (Pollatos et al., 2007). The beginning and
end of each counting interval is signaled by a start and stop
tone. A heart beat perception score is calculated for each
participant across the four trials according to the following
equation where high scores (maximum = 1) indicate accurate
heart beat perception:

1− 1/46((| recorded heart beats—counted heart beats|)/

recorded heart beats)

Freiburg Mindfulness Inventory (FMI)
The FMI (Walach et al., 2006; Kohls et al., 2009) contains 14 items
which evaluate self-reported mindfulness on the basis of a two-
dimensional structure utilizing a 4-point item scale format. These
dimensions are “presence” as ability to attend to the present
moment (“I am open to the experience of the present moment”)
and “acceptance” as non-judgmental attitude (“I am patient with
myself when things go wrong”).

The Attention Network Test (ANT)
The ANT (Fan et al., 2002) assesses the processing efficiency of
the three attention networks of (1) alerting, (2) orienting, and (3)
executive attention (conflict effect). They are quantified bymeans
of computerized reaction time measures for differently cued and
un-cued stimulus conditions. Participants have to respond to
either the left or right arrow key on the computer keyboard
depending on stimulus configuration. An overall reaction time
score and an index of accuracy are also calculated.

Divided Attention
Divided attention was assessed by a subtest of the “Test
Battery for Attentional Performance” [TAP, Version 1.7;Psytest:
Herzogenrath (Zimmermann and Fimm, 1997, 2002)]. The
subtest comprised a dual task paradigm in which the participants
were required to simultaneously monitor visual and acoustic
stimuli. In the visual task participants had to detect whether
crosses that appeared in a random configuration in a 4×4 matrix

form the corners of a square. The acoustical task included a
regular sequence of high and low beeps, whereas participants had
to detect an irregularity in the sequence of these beeps.

Visual and Auditory Duration Reproduction
In two separate computer tasks running on Psychtoolbox for
Matlab subjects had to reproduce the duration of (1) a visual
and (2) an auditory stimulus with intervals of 8, 14, and 20 s
duration. In each trial, a green square (resp. a sinus tone of
440Hz) was first presented for one of the three durations. After
the pause of either 4.5, 5, or 5.5 s duration a second yellow
square (resp. a sinus tone of 500Hz) appeared. It had to be
stopped by pressing the space bar when participants felt that
this second stimulus had reached the duration of the first. The
reproduction task contained six presentations of each of the three
durations summing up to 18 trials. At the beginning and the end
of each stimulus, an onset resp. offset marker signal was sent from
the Matlab program to the physiological acquisition software.
Participants were requested not to use mental strategies such as
inner counting but to rely on their subjective feeling of elapsed
time. To further prevent mental counting, participants were
additionally given a secondary working-memory task. Before
each trial four numbers were presented. At the end of each trial
one number appeared and the subjects responded whether the
number was one of the four previously presented by pressing the
left or right arrow button, respectively for “yes” and “no.” The
accuracy of duration reproduction can be calculated from the
temporal reproduction performance. In the following, the mean
of the six reproduced time intervals of each of the three durations
is referred to as “reproduced duration.” A duration reproduction
score (referred to as “duration reproduction accuracy”) was
calculated for each participant and each of the three durations
from six trials according to the following equation:

1− 1/66((|presented duration—reproduced duration|)/

presented duration)

Similar to the heart beat perception score high scores (maximum
1) indicate accurate duration reproduction.

Physiological Recordings
Heart rate and electrodermal activity were continuously recorded
using a BIOPAC MP 150 device (BIOPAC Systems Inc., Goleta,
CA, USA) with AcqKnowledge 4.1 software for data acquisition.
The sampling rate was 500Hz for the ECG signal and 15.625Hz
for the electrodermal signal.

Heart rate was measured using three disposable Ag/AgCl
electrodes which were positioned in an Einthoven Lead I
configuration and connected to the BIOPAC amplifier module
ECG100C. Skin conductance was measured using two disposable
Ag/AgCl electrodes which were attached to the thenar and
hypothenar portions of the left hand and connected to the
BIOPAC amplifier module GSR100C.

Data Reduction and Statistical Analysis
Intervals between successive R peaks (cardiac periods) were
extracted from the electrocardiogram signal using the peak-
detection function implemented in AcqKnowledge 4.2. Cardiac
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periods were examined and screened for artifacts based
on the procedure developed by Porges and Byrne (1992).
Cardiac periods were re-sampled at 15.625Hz by using cubic
interpolation. Cardiac periods and skin conductance levels were
averaged for every second across the six presentations of each of
the three durations (8, 14, 20 s). Skin conductance levels were
log-transformed prior to statistical analysis to obtain normal
distributions.

Differences between study groups where analyzed by Student-
t-tests for normally distributed data, Mann–Whitney U-tests
for non-parametric data, and Chi-Quadrat tests for categorial
data. Group differences for performance in the auditory and
visual duration reproduction tasks were explored by mixed-
design ANOVAs, with the between-subjects factor “group”
(mindfulness meditators, controls) and the within-subjects
factor “interval” (8, 14, 20 s). To evaluate changes over
time in cardiac periods and skin conductance levels separate
mixed-design ANOVAs were performed for the encoding and
reproduction phase of each duration interval. Due to individual
differences in the length of the individually reproduced
intervals, the analyses for physiological changes during the
reproduction intervals for auditory and visual reproduction
tasks were restricted to seconds that were available for all
subjects. In the auditory reproduction task we analyzed the
first 6, 8, and 12 s of the 8, 14, and 20 s intervals in the
reproduction phase of the task, respectively. In the visual
reproduction tasks the analyses were restricted to the first
6, 8, and 15 s for cardiac periods and 6, 8, 12 s for skin
conductance levels of the 8, 14, and 20 s intervals in the
reproduction phase of the task, respectively. Greenhouse-Geisser
corrections for repeated measures ANOVAs were applied where
appropriate.

Individual linear slopes of cardiac periods and skin
conductance levels for each of the 18 encoding intervals
were determined using linear regression. In order to normalize
the data, individual time series were converted into z-scores
before performing the linear regression analyses. Individual
slopes were then averaged for each participant across the six
presentations for each of the three durations. Group differences
between slopes were explored by mixed-design ANOVAs
with “interval” as the within-subjects factor and “group” as
between-subjects factor.

Spearman-Rho’s correlations were used to explore
relationships between behavioral results in the duration
reproduction tasks, associated psychophysiological changes,
heart beat perception scores, and results in the attention tests.

For statistical tests the significance level was set to p ≤ 0.05.
Whenever multiple tests were conducted, the significance level
was Bonferroni-corrected.

Results

Study Sample
On average, the mindfulness meditators had a meditation
experience of 10.4 years (± 7.5 SD) and had practiced 7 h
per week (± 5 SD). Meditation and control groups did not
differ with respect to age, education, body mass index, physical

activity, or current stress levels. As expected, meditators showed
significantly higher values of self-reported mindfulness in the
“Freiburg Mindfulness Inventory” (FMI) in both subscales of
“presence” and “acceptance,” as well as in the sum score
(Table 1).

Heart Beat Perception Scores
The mean heart beat perception scores were 0.79 (± 0.18 SD) in
meditators and 0.78 (± 0.15 SD) in controls, with no significant
difference in-between (Mann–Whitney U-test, p = 0.751;
Figure 1).

TABLE 1 | Characteristics of the two study groups.

Variable Mindfulness Matched p-valuea

meditators controls

(n =22) (n = 22)

Age (mean ± SD) 39.7 ± 7.9 39.5 ± 8.0 0.953b

Sex (female (%)) 12 (55) 12 (55) 0.619c

Body mass index (mean ± SD) 21.6 ± 2.3 21.9 ± 2.7 0.675

Educational level 0.794c

Primary school; Hauptschule, n (%) 0 1 (5)

Secondary modern school;

Realschule, n (%)

1 (5) 1 (5)

Grammer school; Gymnasium, n (%) 4 (18) 4 (18)

University or college degree;

Studium, n (%)

17 (77) 16 (73)

Physical Activity (ln IPAQ, mean ± SD) 7.84 ± 0.65 7.76 ± 1.10 0.778

Current stress level (SQCB, mean ±

SD)

12.73 ± 3.7 12.45 ± 4.5 0.822

Mindfulness (FMI)

Presence (mean ± SD) 25.2 ± 2.8 20.3 ± 3.9 <0.001

Acceptance (mean ± SD) 19.3 ± 2.1 16.4 ± 37.5 0.001

Sum score (mean ± SD) 44.7 ± 4.2 37.5 ± 5.8 <0.001

IPAQ, International Physical Activity Questionnaire; SQCB, Short Questionnaire on Current

Burden; FMI, Freiburg Mindfulness Inventory.

Bold values signify p < 0.05.
at-Test if not otherwise indicated.
bMann–Whitney U-Test.
cChi-Square Test.

FIGURE 1 | Statistical dot plot with means (black bars) showing heart

beat perception scores in mindfulness meditators (MM) and matched

controls (Ctl). Mann–Whitney U-Tests were used to evaluate group

differences.
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Attentional Capacities
Meditators and controls did not differ in any of the variables of
the Attention Network Test (Figure 2; Supplementary Table 1)
or in the mean accuracy for the TAP subtest “divided attention”
(Supplementary Table 1).

FIGURE 2 | Statistical dot plots with means (black bars) showing the

results of the Attention Network Test (ANT) in mindfulness meditators

(MM) and matched controls (Ctl). T-Tests were used to evaluate group

differences.

Duration Reproduction Tasks
Neither in the auditory nor in the visual duration reproduction
tasks reproduced duration differed significantly between
mindfulness meditators and matched controls (Figure 3;
Supplementary Table 2). The respective analyses for the accuracy
of duration reproduction also did not reveal any significant
group differences (Supplementary Table 2).

Psychophysiological Changes in Duration
Reproduction Tasks
Cardiac Periods
In both the auditory and visual reproduction tasks mean cardiac
periods increased over time during the encoding intervals of 8,
14, and 20 s duration and decreased during the first 4 s after
the tone had stopped (Figure 4). Mixed-design ANOVAs showed
significant main effects for time for each of the three encoding
intervals of 8, 14, and 20 s duration during both the auditory and
the visual tasks, and linear trends fitted the data reasonably well;
no significantmain effects for group or interaction effects for time
by group were revealed (Table 2).

Compared with the respective encoding intervals, cardiac
periods showed similar patterns during the reproduction
intervals of the respective tasks (Figure 4). Mixed-design
ANOVAs confirmed some of the changes to be significant, but the
results were more ambiguous than during the encoding intervals
(Table 2).

Skin Conductance Levels
Both in the auditory and visual reproduction tasks, mean skin
conductance levels decreased over time during the encoding
intervals of 8, 14, and 20 s duration and increased during the
first 4 s after the tone had stopped (Figure 5). Mixed-design
ANOVAs showed significant main effects for time for each of
the three encoding intervals of 8, 14, and 20 s duration in the
auditory task, and linear trends fitted the data reasonably well
(Table 3). In the visual duration reproduction task main effects
for time were significant for the encoding intervals of 14 and
20 s duration. No significant main effects for group were found
in neither task. A significant interaction effect group by time
was revealed during the 8 s-encoding interval of the visual
reproduction task [F = 4.90 (1.62, 63.23); p = 0.0163], in that
meditators showed a sharper decline of skin conductance levels
than controls (Figure 5; Table 3).

Skin conductance levels showed similar patterns during
the reproduction intervals when compared with the respective
encoding intervals (Figure 5).Mixed-design ANOVAs confirmed
some of the main effects of time to be significant, but again,
results were much more ambiguous than during the encoding
intervals (Table 3).

Slopes of Cardiac Periods during the Encoding

Intervals of the Auditory and Visual Reproduction

Tasks
Across groups, cardiac periods increased by 0.09 z-scores per
second, 0.05 z-scores per second, and 0.04 z-scores per second
during the 8, 14, and 20 s intervals of the auditory reproduction
task, respectively. The slopes of cardiac periods did not differ
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A

B

FIGURE 3 | Statistical dot plots with means (black bars) showing

reproduced duration for the three intervals of the auditory

(A) and visual (B) duration reproduction tasks in mindfulness

meditators (MM) and matched controls (Ctl). Mixed analyses of

variance revealed no significant differences between groups [main

effect of group, auditory task: F(1, 42)= 0.4, p = 0.514; visual task:

F(1, 42) = 0.9, p = 0.345]. P-values correspond to the results of

simple effects T-tests.

significantly between meditators and controls (Supplementary
Table 3).

Cardiac periods increased by 0.08 z-scores per second, 0.04
z-scores per second, and 0.04 z-scores per second during the 8,
14, and 20 s encoding intervals of the visual reproduction task,
respectively. Again, the slopes of meditators and controls did not
differ (Supplementary Table 3).

Slopes of Skin Conductance Levels during the

Encoding Intervals of the Auditory and Visual

Reproduction Tasks
Across groups, skin conductance levels decreased by 0.012 z-
scores per second, 0.011 z-scores per second and 0.011 z-
scores per second during the 8, 14, and 20 s intervals of the
auditory reproduction task, respectively. A significant difference
between groups was revealed for the 8-s interval, with a
steeper decline in the group of meditators (−0.020 ± 0.026
vs. −0.004 ± 0.020, p = 0.005; Figure 6, Supplementary
Table 3).

During the visual reproduction task, skin conductance
levels decreased across all subjects by 0.004, 0.008 and 0.010
z-scores per second during the 8, 14, and 20 s intervals,
respectively. Meditators consistently showed a steeper decline of
skin conductance levels than controls (Figure 6, Supplementary
Table 3).

Correlational Analyses
Since no differences between groups were revealed the
correlational analyses were performed for the whole study
sample (n = 44).

Attentional Capacities
Correct answers in the TAP subtest for divided attention
correlated positively with heart beat perception scores across all
subjects (r = 0.381, p = 0.011), while the three components
of the ANT alerting, orienting, and executive function and
ANT reaction times showed no significant association (results
not shown). Correct answers in the TAP subtest for divided
attention also correlated positively with reproduced duration
during the 8 s-encoding interval of the auditory reproduction
task (Spearman’s r = 0.396, p = 0.008), and with reproduced
duration and reproduction accuracy during the 20 s encoding
interval of the visual reproduction task (Spearman’s r = 0.396,
p = 0.009; and r = 0.390, p = 0.010, respectively). Alerting,
orienting and executive function in the ANT as well as reaction
times did not show such correlations (results not shown).

Heart Beat Perception Scores
Heart beat perception scores were not associated with any
of the performance variables in the auditory and visual
duration estimation tasks, or with the slope of cardiac periods
but correlated negatively with the slope of skin conductance
levels during the 14 s-encoding interval of the auditory task
(Spearman’s r = -0.404, p = 0.009) and with the slope of skin
conductance levels during the 8 s-encoding interval of the visual
task (Spearman’s r = −0.451, p = 0.003) (Supplementary
Table 4).

Reproduced Duration and Duration Reproduction

Accuracy
During the 8 s-interval of the auditory task, the slopes of cardiac
periods correlated positively with reproduced duration (Figure 7;
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FIGURE 4 | Cardiac periods by groups (mindfulness meditators,

controls).Mean second-to-second changes of cardiac periods (ms) during

the encoding intervals, the reproduction intervals, and first 4 s of the

subsequent inter-stimulus intervals (ISI) for tones of 8, 14, and 20 s duration of

both groups (for statistical results, see Table 2). (A) Auditory reproduction task.

(B) Visual reproduction task. Error bars represent standard error of the mean.

Supplementary Table 5), while the slopes of skin conductance
levels during the auditory 8-s intervals showed a negative
correlation with duration reproduction accuracy (Spearman’s
r = −0.433, p = 0.005; Supplementary Table 6).

Discussion

We studied the role of attentional capacities, cardiac awareness,
and bodily signals for performance in duration reproduction
tasks in n = 22 experienced mindfulness meditators and
n = 22 age-, sex-, and education matched controls. Contrary
to our hypotheses, results revealed no differences between
meditators and controls with respect to performance in duration
reproduction abilities, heart beat perception scores, or attentional
capacities. Similarly, the slope of cardiac periods did not differ
between groups. Meditators, however, showed a steeper decline
of skin conductance levels during the 8 s-encoding intervals
of both, the visual and auditory duration reproduction task
(Figure 5, Table 3), which could be due to higher relaxation
abilities in experienced meditators (Steinhubl et al., 2015).
However, since we did not find any other group differences, we

do not want to over-emphasize this finding. Across measures,
we observed large inter-individual differences in both meditators
and controls, which should be considered in future research.

Our negative findings have to be interpreted in the way that
experienced meditators did not perform more accurately in time
perception in the seconds’ range. Related, psychophysiological
parameters, although in general to some degree associated with
time perception in the seconds range (see below), did not
differ between the two groups studied. Although mindfulness
meditators learn to focus on their bodily sensations, they
did not differ from carefully matched controls with regard
to interoceptive awareness in the heart beat perception task.
Two recent studies have also failed to show that experienced
meditators are more accurate in the heart beat perception
task (Khalsa et al., 2008; Melloni et al., 2013). Our findings
are in contrast to studies showing how self-reported aspects
of interoception in daily life are enhanced after extended
mindfulness meditation (Bornemann et al., 2014). Moreover,
objective indices of judgments related to body sensitivity such
as tactile discrimination reveal a better performance after
extended body-centered meditation (Fox et al., 2012; Mirams
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TABLE 2 | Results of the mixed-design ANOVAs for cardiac periods during the three encoding and reproduction intervals of the auditory and visual

duration reproduction tasks.

Interval Main effect for time Linear trend Interaction effect (time by group) Main effect for group

F[df, error(df)] p F[df, error(df)] p F[df, error(df)] p F[df, error(df)] p

A
u
d
ito

ry
Ta
sk

AUDITORY ENCODING INTERVAL

8 s 16.38 (2.46,103.28) <0.001** 32.15 (1,42) <0.001** 1.15 (2.46,103.28) 0.328 0.009 (1,42) 0.926

14 s 15.96 (4.74,199.10) <0.001** 74.21 (1,42) <0.001** 0.99 (4.74,199.10) 0.423 0.002 (1,42) 0.961

20 s 13.25 (5.78,242.93) <0.001** 59.33 (1,42) <0.001** 0.40 (5.78,242.93) 0.875 0.000 (1,42) 0.999

AUDITORY REPRODUCTION INTERVAL

8 s 4.83 (1.93,80.92) 0.011** 6.66 (1,42) 0.013** 0.22 (1.926,80.912) 0.797 0.018 (1,42) 0.893

14 s 1.43 (3.57,150.10) 0.233 1.06 (1,42) 0.307 1.49 (3.57,150.10) 0.212 0.002 (1,42) 0.962

20 s 2.44 (4.22,177.05) 0.045* 5.40 (1,42) 0.025* 0.65 (4.22,177.05) 0.633 0.006 (1,42) 0.939

V
is
u
a
lT
a
sk

VISUAL ENCODING INTERVAL

8 s 15.07 (2.523,100.92) <0.001** 26.28 (1,40) <0.001** 0.33 (2.523,100.92) 0.770 0.08 (1,40) 0.779

14 s 14.73 (4.48,179.34) <0.001** 63.07 (1,40) <0.001** 0.99 (4.48,179.34) 0.421 0.17 (1,40) 0.680

20 s 14.23 (5.22,208.75) <0.001** 41.03 (1,40) <0.001** 2.50 (5.22,208.75) 0.029* 0.26 (1,40) 0.614

VISUAL REPRODUCTION INTERVAL

8 s 4.91 (2.33,93.26) 0.007** 8.25 (1,40) 0.006** 1.05 (2.33,93.26) 0.363 0.22 (1,40) 0.639

14 s 3.66 (2.88,115.14) 0.146 5.56 (1,40) 0.023* 1.84 (2.88,115.14) 0.146 0.26 (1,40) 0.638

20 s 8.44 (4.89,195.49) <0.001** 38.88 (1,40) <0.001** 1.24 (4.89,195.49) 0.292 0.05 (1,40) 0.828

*p < 0.05.

**p < 0.0167 (Bonferroni-corrected level of significance).

Bold values signify p < 0.05.

et al., 2013). Expert mindfulness meditators have in general
shown to be more sensitive to inner urges and impulses which
are important for decision-making and movement initiation
(Jo et al., 2014, 2015). The discrepancies with our results
may be explained by a dissociation between interoceptive
sensibility (i.e., self-attributed interoception) and interoceptive
accuracy as assessed in an objective heart beat counting task
(Garfinkel et al., 2015): Only self-attributed interoception but
not interoceptive accuracy might be enhanced in mindfulness
meditators as compared to non-meditating controls. In this
context it is important to note that most findings of a relationship
between mindfulness meditation and a specific mental function
were collected in longitudinal studies. That is, individuals who
attended a meditation course or retreat lasting several days or
weeks improved performance in attention (Maclean et al., 2010)
and timing tasks (Droit-Volet et al., 2015). Most likely, in cross-
sectional studies as ours large inter-individual differences not
controlled for can mask effects of meditation experience.

Heart beat perception scores were positively related with
correct answers in the TAP subtest of divided attention, which
confirms previous findings of a relationship between attention to
external and internal stimuli (Matthias et al., 2009). Moreover,
we found several correlations between heart beat perception
scores and performance variables in the duration reproduction
tasks, but none of them passed the threshold of significance
(Supplementary Table 4). Heart beat perception scores, however,
correlated negatively with the slopes of skin conductance levels
during the 8 s- and 14 s- interval of the visual and auditory
tasks, respectively (Supplementary Table 4). These results suggest
that better heart beat perceivers tended to show a steeper

decrease of both heart rate and skin conductance levels during
the shorter encoding intervals of our tasks. Our results are
only partially consistent with results in our previous cohort
of younger subjects, who were not selected with respect to
meditation experience (Meissner and Wittmann, 2011): In that
study, heart beat perception scores were found to correlate
positively with duration reproduction accuracy for intervals of
8 and 14 s duration in an identical auditory reproduction task. It
should be noted that heart beat perception scores in our present
cohort were higher than before [0.78 ± 0.16 SD vs. 0.62 ± 0.18
SD in (Meissner and Wittmann, 2011)]. A ceiling effect may
thus explain why we could not reproduce these correlations of
our former study. A recent study showed that better heart beat
perceivers could better synchronize their heart cycle with the start
and stop responses in a time reproduction task with significant
correlation for a short 2 s time interval (Pollatos et al., 2014)—
a further hint suggesting that interoceptive awareness is indeed
associated with better performance in time perception. Again, the
heart beat perception score of 0.65 ± 0.19 SD in their study was
lower than that in our present cohort.

Further, results revealed that reproduced duration correlated
positively with the slope of cardiac periods during the 8-s interval
of the auditory task, although only moderately, while duration
reproduction accuracy showed a negative correlation with the
slopes of skin conductance levels. These results provide further
evidence that performance in duration reproduction tasks is
linked to changes in autonomic tone during the encoding of
duration, namely a shift from sympathetic to parasympathetic
dominance (Meissner and Wittmann, 2011; Pollatos et al., 2014).
However, in our previous study we found this relationship only
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FIGURE 5 | Skin conductance levels by groups (mindfulness

meditators, controls). Mean second-to-second changes of skin

conductance levels (log µS) during the encoding interval, the

reproduction interval, and first 4 s of the subsequent inter-stimulus

intervals (ISI) for tones of 8, 14, and 20 s duration of both groups (for

statistical results, see Table 3). (A) Auditory reproduction task.

(B) Visual reproduction task. Error bars represent standard error of the

mean.

TABLE 3 | Results of the mixed-design ANOVAs for skin conductance levels during the three encoding intervals of the auditory and visual duration

reproduction tasks.

Interval Main effect for time Linear trend Interaction effect (time by group) Main effect for group

F[df, error(df)] p F[df, error(df)] p F[df, error(df)] p F[df, error(df)] p

A
u
d
ito

ry
Ta
sk

AUDITORY ENCODING INTERVAL

8 s 22.01 (1.62,63.08) <0.001** 27.92 (1,39) <0.001** 2.46 (1.62,63.08) 0.104 0.26 (1,39) 0.638

14 s 42.39 (1.55,60.52) <0.001** 54.42 (1,39) <0.001** 0.27 (1.55,60.52) 0.706 0.33 (1,39) 0.571

20 s 29.38 (1.38,53.75) <0.001** 35.69 (1,39) <0.001** 0.15 (1.38,53.75) 0.780 0.24 (1,39) 0.631

AUDITORY REPRODUCTION INTERVAL

8 s 0.29 (1.19,46.38) 0.632 0.39 (1,39) 0.536 0.42 (1.19,46.34) 0.557 0.23 (1,39) 0.634

14 s 4.40 (1.14,44.57) 0.037* 7.02 (1,39) 0.012** 0.39 (1.14,44.57) 0.561 0.34 (1,39) 0.565

20 s 1.80 (1.19,46.30) 0.186 5.11 (1,39) 0.029* 0.08 (1.19,46.30) 0.826 0.29 (1,39) 0.594

V
is
u
a
lt
a
sk

VISUAL ENCODING INTERVAL

8 s 3.56 (1.62,63.23) 0.043* 4.27 (1,39) 0.045* 4.90 (1.62,63.23) 0.016** 0.477 (1,39) 0.494

14 s 22.45 (1.72,67.11) <0.001** 29.75 (1,39) <0.001** 2.68 (1.72,67.11) 0.084 0.543 (1,39) 0.446

20 s 35.12 (2.33,91.00) <0.001** 62.40 (1,39) <0.001** 2.18 (2.33,91.00) 0.110 0.567 (1,39) 0.456

VISUAL REPRODUCTION INTERVAL

8 s 3.65 (1.54,59.87) 0.043* 7.22 (1,39) 0.011** 1.94 (1.54,59.87) 0.162 0.608 (1,39) 0.440

14 s 3.69 (1.34,52.22) 0.048* 8.50 (1,39) 0.006** 0.16 (1.34,52.22) 0.763 0.678 (1,39) 0.415

20 s 3.78 (1.61,62.91) 0.037* 4.08 (1,39) 0.030* 0.40 (1.61,62.91) 0.626 0.686 (1,39) 0.413

*p < 0.05.

**p< 0.0167 (Bonferroni-corrected level of significance).

Bold values signify p < 0.05.
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FIGURE 6 | Statistical dot plots with median (black bars) showing skin conductance slopes during the three encoding intervals of the auditory (A) and

visual (B) duration reproduction tasks. Mann–Whitney U-Tests were used to evaluate group differences.
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FIGURE 7 | Relationship between the slope of cardiac intervals and

reproduced duration of the 8-s interval of the auditory reproduction

task. R, Spearman’s correlation coefficient.

for the slopes of cardiac periods and not for the slopes of skin
conductance levels, and furthermore for intervals of 14 s and 20 s
duration (Meissner and Wittmann, 2011). These discrepancies
may be linked to differences in the study sample with respect to
age, education, and interoceptive awareness.

In contrast to our previous study, participants performed
not only an auditory duration reproduction task but also an
otherwise similar duration reproduction task in the visual
domain. Remarkably, the analyses of psychophysiological
changes confirmed not only our previous finding that cardiac
periods increased continuously during the encoding and
reproduction intervals of the auditory task (Meissner and
Wittmann, 2011), but extend these findings in showing a likewise
increase of cardiac periods during the encoding and reproduction
intervals of the visual task (Figure 4, Table 2). Similarly, the
continuous decrease of skin conductance levels described earlier
for the auditory task (Meissner and Wittmann, 2011) could be

replicated and was also found during the visual task (Figures 4,
5, Tables 2, 3). As in our former study, linear trends fitted the
continuous changes in cardiac periods and skin conductance
levels during the encoding of auditory time intervals reasonably
well, and the same was true with respect to the visual task
(Tables 2, 3). These results suggest that the psychophysiological
changes during the encoding of duration are very similar for
both auditory and visual stimuli and thus are not modality
dependent. That is, an interoceptive mechanism related to
time perception may be operating. In both cases, the encoding
of duration appears to be accompanied by linear decreases
of heart rate and skin conductance levels, indicating a shift
from sympathetic to parasympathetic dominance. Furthermore,
several relationships of these autonomic changes with both
performance and interoceptive awareness scores could be shown.
These associations could not be attributed to a stronger
attentional load, since attentional capacities, if at all, were found
to correlate negatively with the slopes of cardiac periods during
the encoding of duration. Thus, even though we found some
relationships between attentional capacities and performance in
the duration estimation tasks, there was no evidence that the
characteristic changes of cardiac periods and skin conductance
levels during the encoding of time are related to attentional
capacities. Rather, a steady change in autonomic tone, as
registered in the brain, could represent a bodily marker for the
estimation of duration.

Overall, our results are further indicative of an at least
moderate relationship between the experience of time and
the heart beat, although we did not find differences between
meditators and controls. Recent research has shown how strongly
intertwined emotions and feeling states of the body are with the
processing of duration (Droit-Volet and Meck, 2007; Dirnberger
et al., 2012; Droit-Volet et al., 2013; Wackermann et al., 2014).
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The association between duration reproduction performance and
increasing neural activation in the insular cortex on the one hand
and body functions and body experience on the other hand point
to the notion that subjective time is embodied (Meissner and
Wittmann, 2011; Wittmann, 2013). Body signals may function
as an internal reference for subjective time when judging the
duration of external events. With this study, we add to findings
that may eventually lead to a theory of how we as humans
perceive time.

However, it is only fair to state that relative to the
overall number of potential correlations across cells (defined
by duration, modality, and psychophysiological measures) the
found number of correlations cannot be judged as high. That
is, one cannot conclude that the specific psychophysiological
measures employed (that is, assessing body functions of heart
and skin conductance) are sufficient indicators of subjective time.
Rather these physiological measuresmay contribute to the feeling
of passing time in a similar way as they are selective indicators of

the present condition of the body (Craig, 2015). Subjective time
may result or be mediated through the integration of all bodily
signals of which we only were able to assess a selection.
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Interoception, defined as afferent information arising from within the body, is the basis of
all emotional experience and underpins the ‘self.’ However, people vary in the extent to
which interoceptive signals reach awareness. This trait modulates both their experience
of emotion and their ability to distinguish ‘self’ from ‘other’ in multisensory contexts.
The experience of emotion and the degree of self/other distinction or overlap are
similarly fundamental to empathy, which is an umbrella term comprising affect sharing,
empathic concern and perspective-taking (PT). A link has therefore often been assumed
between interoceptive awareness (IA) and empathy despite a lack of clear evidence.
To test the hypothesis that individual differences in both traits should correlate, we
measured IA in four experiments, using a well-validated heartbeat perception task, and
compared this with scores on several tests that relate to various aspects of empathy.
We firstly measured scores on the Index of Interpersonal Reactivity and secondly on the
Questionnaire of Cognitive and Affective Empathy. Thirdly, because the ‘simulationist’
account assumes that affect sharing is involved in recognizing emotion, we employed
the ‘Reading the Mind in the Eyes Task’ for the recognition of facial expressions.
Contrary to expectation, we found no significant relationships between IA and any
aspect of these measures. This striking lack of direct links has important consequences
for hypotheses about the extent to which empathy is necessarily embodied. Finally, to
assess cognitive PT ability, which specifically requires self/other distinction, we used
the ‘Director Task’ but found no relationship. We conclude that the abilities that make
up empathy are potentially related to IA in a variety of conflicting ways, such that
a direct association between IA and various components of empathy has yet to be
established.

Keywords: empathy, perspective-taking, emotion recognition, interoception, heartbeat perception

Introduction

Empathy is an essential aspect of human emotional experience and social interaction (Panksepp,
1998; Preston and de Waal, 2002; Gonzalez-Liencres et al., 2013). It is, however, a notoriously
difficult concept to define and operationalise (Singer and Lamm, 2009; Decety and Cowell, 2014).
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We adopt in this paper a definition of empathy as an umbrella
term comprising ‘affect sharing,’ otherwise known as ‘Emotion
Contagion’ [which can lead to ‘personal distress (PD)’], ‘empathic
concern (EC)’ (defined as the motivation to care for others) and
‘perspective-taking (PT),’ which is putting oneself in the other’s
emotional shoes (Bernhardt and Singer, 2012; Decety and Cowell,
2014).

Of these three components, affect sharing is assumed to be
an automatic process, whereby perceiving or imagining another
person in a particular emotional state activates the same state in
the observer, producing similar autonomic and somatic responses
(Preston andHofelich, 2012), such that the emphasiser ‘feels with’
the person in distress (Singer and Lamm, 2009).

‘Empathic concern,’ which is also called ‘sympathy’ or
‘compassion,’ involves ‘feeling for’ the other person (Singer and
Lamm, 2009) and is associated with motivation to alleviate their
suffering (Singer and Lamm, 2009; Decety and Cowell, 2014).
This construct is frequently equated with empathy, although it
does not necessarily involve any affect sharing (Bernhardt and
Singer, 2012).

During ‘PT’ the observer consciously puts herself in the shoes
of the person observed (Jackson et al., 2006; Lamm et al., 2007).
This is closely related to theory of mind – the distinction being
that during the PT involved in empathy the observer must under-
stand the feelings of another person, whereas theory of mind is
defined as understanding the other’s beliefs (Lawrence et al., 2004;
Preston and Hofelich, 2012).

All three components of empathy involve a process whereby
the empathiser represents both ‘self ’ and ‘other’ (the person
observed). This process may be regarded as a continuum.
Overlapping representations of self and other are involved
in affect sharing. By contrast, accurate self/other distinction
(between one’s own and the other’s viewpoint) is required for
PT (Bird et al., 2010). It is unclear how self/other overlap or
self/other distinction impacts on EC. On the one hand EC
may be a function of previous affect sharing and therefore
involve self/other overlap. However, it might equally depend
on good self/other distinction if, for example, affect sharing
leads to PD which may interfere with the motivation to help
(Singer and Klimecki, 2013).

A link between empathy and ‘interoceptive awareness (IA)’
can be predicted, on the basis of both affect sharing and
self/other distinction (or overlap), where IA is defined as the
extent to which internal bodily cues reach awareness and influ-
ence behavior, feelings and cognition. An extensive literature
shows that IA influences the intensity of an individual’s own
emotional experience (Barrett et al., 2004; Pollatos et al., 2005;
Wiens, 2005). For example, people with high IA report more
emotional arousal for identical changes in objective physiolog-
ical indices (Wiens, 2005; Pollatos and Schandry, 2008; Dunn
et al., 2010). This implies that high trait IA could be associ-
ated with greater affect sharing, because the shared emotion
is potentially more intense than it would be in an individ-
ual with low IA. Moreover, self/other distinction (or overlap),
which is also crucial to empathy, is modulated by IA, specifi-
cally in embodied contexts. Individuals with good IA are less
susceptible to body ownership illusions (Tsakiris et al., 2011;

Tajadura-Jiménez and Tsakiris, 2013) and when interoceptive
cues are projected onto a virtual image of their own body, or
hand, people have a greater sense of self-identification with,
and self-location toward, that image (Aspell et al., 2013; Suzuki
et al., 2013). This suggests that IA is associated with better
self/other distinction and will therefore correlate positively with
PT, although a relationship with EC cannot be unambiguously
predicted.

The small number of studies that have attempted to link inte-
roception with empathy provide inconclusive evidence because
of differences in the way that both empathy and IA have been
operationalised and measured. For example, Fukushima et al.
(2011) reported that the amplitude of heartbeat-evoked poten-
tials (HEPs; a potential index of interoceptive cortical processing)
was higher when participants judged emotion in a pictured face,
compared with judgments of facial symmetry. Ernst et al. (2013)
found that when participants were asked to empathize with
emotional facial expressions after a period of explicit interocep-
tive attention, neural activity was enhanced in a number of brain
regions involved in interoception and self-processing, compared
with a control task of counting exteroceptive tones. These two
experiments, however, used indirect tests of both IA and empa-
thy. Other studies that compared the two traits using conven-
tional heartbeat perception measures of IA reported conflicting
results. Tajadura-Jiménez and Tsakiris (2013) reported correla-
tions between IA and both the PT and Fantasy (FS) subscales
of the Interpersonal Reactivity Index (IRI; Davis, 1983). Both
of these measures suggest better self/other distinction in people
with high IA but the relationships were significant only at the
10% level (Tajadura-Jiménez and Tsakiris, 2013). More recently,
Grynberg and Pollatos (2015) found that participants with
good IA, who viewed pictures of people in painful situations,
rated the pain as greater and felt more compassion for the
sufferer, although they reported no greater PD than controls.
This result is potentially attributable to the greater emotional
arousal also reported by the participants with high IA, which
is typical of good heartbeat perceivers and could reflect affect
sharing.

Given these conflicting results, we devised a set of experiments
in an attempt to elucidate various strands of the potential rela-
tionship between IA and the components of empathy, measuring
the former by the Mental Tracking Method of heartbeat percep-
tion (Schandry, 1981). Empathy has been assessed in many differ-
ent ways. The measures chosen in the four studies described in
this paper were selected as widely usedmeasures of affect sharing,
EC and PT and for being relevant to previous empirical research
purporting to show links between interoception and empathy.

We first chose the most prominent self-report empathy scale,
which is the IRI (Davis, 1983). Its subscales include EC, PT
and PD, all of which refer to aspects of empathy that have
been described in theoretical accounts. The EC subscale of
the IRI has been particularly widely used as a general empa-
thy measure (for a review see Bernhardt and Singer, 2012).
The IRI, however, possess no specific measure of affect shar-
ing. We therefore selected as our second measure the recently
developed Questionnaire of Cognitive and Affective Empathy
(QCAE; Reniers et al., 2011) which includes a subscale for
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‘Emotion Contagion’ (affect sharing) and has the additional merit
of effectively summarizing several common self-report empathy
measures.

Our third measure was also designed to assess affect
sharing, reflecting the proposition that people understand
and interpret emotional facial expressions by automatically
simulating (i.e., by empathizing with) the observed expres-
sion (Preston and de Waal, 2002; Kaplan and Iacoboni,
2006). Although this ‘simulation account’ has been disputed
(Gallese and Sinigaglia, 2011), it implies that people with
high IA, who experience their own emotions more strongly,
are likely to perform well when recognizing facial expres-
sions in the ‘Reading the Mind in the Eyes’ test (Baron-
Cohen et al., 2001). A further reason for choosing this measure
was that the two prominent studies, described above, that
report significant relationships between empathy and intero-
ception have used similar facial stimuli (Fukushima et al.,
2011; Ernst et al., 2013). Furthermore, it has been reported
that people with high IA have an advantage in recognizing
the presence of emotion in faces, which might imply that
they are sharing affect by mirroring the observed emotion
(Terasawa et al., 2014).

Finally, as a direct test of whether people with high IA are
better at separating self from other in domains other than multi-
sensory integration, we employed the ‘Director Task,’ which
measures cognitive PT ability (Santiesteban et al., 2012).

The four experiments were approved by the Ethics Committee
of the psychology department at Royal Holloway University of
London. All participants gave written informed consent and were
free to withdraw at will.

Experiment 1

Method
Participants
Ninety students at Royal Holloway University of London took
part for course credit. The data for four participants was excluded
because movement artifacts made it impossible to count the
number of recorded heartbeats. Of the remaining 86 (14 men),
mean age was 20.4 years (SD = 6.5).

Procedure
Participants completed the IRI after the heartbeat perception task.

Interoceptive Awareness (IA)
Interoceptive awareness wasmeasured using theMental Tracking
Method of heartbeat perception (Schandry, 1981). Heartbeat
perception methods correlate with awareness of gastric cues
(Whitehead and Drescher, 1980; Herbert et al., 2012). The
Mental Tracking Method has been extensively used in research
on emotion (Dunn et al., 2007; Herbert et al., 2010; Werner
et al., 2010; Pollatos et al., 2012). It is well-validated, with good
test–retest reliability and discriminates well between individ-
uals (Mussgay et al., 1999; Werner et al., 2013). Throughout
this paper ‘IA’ refers to the accuracy with which partici-
pants were able to count their own heartbeats on the Mental

Tracking task (Cuenen et al., 2012; Garfinkel and Critchley,
2013).

Participants were seated in a comfortable chair and given
several minutes to relax, in preparation for the task. All
instructions were delivered and behavioral responses were
recorded using Presentation software (Neurobehavioral Systems,
Albany, CA, USA) on a standard desktop PC. Instructions
were presented over noise-attenuating headphones. The onset
and offset of each heartbeat counting trial were cued by
the words ‘go’ and ‘stop,’ presented audiovisually. Results are
sensitive to the instructions given (Ehlers et al., 1995) so
a standard instruction was used, whereby participants were
asked to concentrate hard and try to silently count their
own heartbeats, simply by ‘listening’ to their bodies, with-
out taking their pulse. Heartbeat signals were acquired with
a piezo-electric pulse transducer, fitted to the participant’s
left index finger and connected to a physiological data unit
(26T PowerLab, AD Instruments), sampling at 1 kHz, which
recorded the derived electrical signal onto a second PC running
LabChart6 software (AD Instruments). Three trials (25, 35,
45 s) were presented in random order, after one training
interval of 15 s. No feedback was given. IA was calcu-
lated as [1/3� (1-(|recorded heartbeats – counted heartbeats|
/recorded heartbeats); Schandry, 1981)]. Higher scores indi-
cate higher IA. Heart rate is known to correlate with IA and
this was also recorded during the heartbeat perception task
(Cameron, 2001; Knapp-Kline and Kline, 2005; Ainley et al.,
2012).

The Interpersonal Reactivity Index
The IRI (Davis, 1983) is a prominent, well-validated and reli-
able measure of trait empathy, containing four 7-item subscales.
These are EC, PT, PD, and Fantasy. Typical items are: for EC
‘I often have tender, concerned feelings for people less fortunate
than me’; for PT ‘I believe that there are two sides to every ques-
tion and try to look at them both’; for PD ‘When I see someone
who badly needs help in an emergency, I go to pieces’; and for
Fantasy ‘I really get involved with the feelings of the characters
in a novel.’ Each item is scored on a five-point Likert scale
from 0 for ‘does not describe me well’ to 4 ‘describes me very
well.’

Results
The mean values and SD obtained were close to published norms
(Table 1).

TABLE 1 | Descriptive statistics for the Interpersonal Reactivity Index (IRI)
and its subscales – empathic concern (EC), personal distress (PD),
perspective-taking (PT) and fantasy (FS).

IRI EC PD PT FS

Mean (SD) 65.8
(15.0)

19.9
(4.6)

11.7
(5.6)

17.2
(4.9)

16.8
(4.9)

Norms (a) 20.36
(4.02)

10.87
(4.78)

17.37
(4.79)

(a) Norms value provided by Davis as personal communication, reported in Belllini
et al. (2002).
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Correlations between IA and the IRI scores are shown in
Table 2. Bonferroni corrections for multiple comparisons were
applied with an alpha value of 0.01. There were no significant
correlations.

Mean IA was 0.64 (SD = 0.18). IA was negatively correlated
with the participants’ heart rate, r = −0.47, p < 0.001. Heart rate
was not significantly correlated with any IRI measure.

In this sample there were significant differences in mean IRI
scores between genders, F(1,84) = 11.7, p = 0.001. However,
the small number of men amongst the participants makes this
comparison unreliable. Correlations for the 72 women partici-
pants only were therefore also calculated. An apparent negative
correlation between IA and Fantasy did not survive Bonferroni
correction, with an alpha level of 0.01. No other correlation was
significant.

Discussion of Experiment 1
We investigated the relationship between a standard measure of
IA and the most commonly used self-report measure of empa-
thy. There were no significant correlations between IA and the
IRI as a whole or with any of its subscales. The only relation-
ship that approached significance was a negative correlation with
Fantasy, suggesting that people with high IA tend not put them-
selves in the position of characters in books and films, which
might perhaps reflect good self/other distinction. However, this
did not survive Bonferroni correction.

Although the IRI has the advantage of distinct, separable
subscales that refer to several theoretically based components
of empathy, direct mapping of each subscale onto a particular
aspect of empathy has been criticized (Singer and Lamm, 2009).
The EC score is a very widely used measure of empathy but did
not correlate with IA in this study. In order to verify the null
results found in Experiment 1, we selected a further self-report
measure – the QCAE (Reniers et al., 2011), which, unlike the IRI,
has a specific subscale designed to capture affect sharing.

Experiment 2

Method
Participants
Thirty-four students (five men), mean age 20.2 years (SD = 2.9),
at Royal Holloway University of London, took part for payment.
There were no exclusions.

Procedure
Interoceptive awareness was measured as in Experiment 1.
Participants completed the QCAE after the heartbeat perception
task.

Questionnaire of Cognitive and Affective Empathy
The QCAE (Reniers et al., 2011) is an attempt to capital-
ize on the strengths of several commonly used self-report
measures. It is comprised of items from the Empathy Quotient
(Lawrence et al., 2004), the Hogan Empathy Scale (Hogan, 1969),
the Empathy subscale of the Impulsiveness-Venturesomeness-
Empathy Inventory (Esysenck and Eysenck, 1978), and the IRI
(Davis, 1983). The scale consists of 31 items to which participants
respond on a four-point Likert scale from ‘strongly disagree’ to
‘strongly agree.’ ‘Cognitive Empathy’ is made up of two subscales
which are (i) ‘PT’ (defined as ‘Intuitively putting oneself in
another person’s shoes’), assessed by 10 items, e.g., ‘I can easily
work out what another person might want to talk about’; and
(ii) ‘Online Simulation’ (defined as ‘An effortful attempt to put
oneself in another person’s position by imagining what that
person is feeling’), assessed by nine items, e.g., ‘I try to look
at everyone’s side of a disagreement before I make a decision.’
By contrast, ‘Affective Empathy’ is made up of three subscales,
which are (iii) ‘Emotion Contagion’ (defined as ‘The automatic
mirroring of the feelings of others’), assessed by four items, e.g.,
‘People I am with have a strong influence on my mood’; (iv)
‘Proximal Responsivity’ (defined as ‘Affective responses when
witnessing the mood of others in a close social context’), assessed
by four items, e.g., ‘I am very unhappy when I see someone cry’;
and (v) Peripheral Responsivity (defined as ‘Similar to Proximal
Responsivity but in a detached context’), assessed by four items,
e.g., ‘I usually stay detached when watching a film.’

Results
The mean values for the QCAE scales were close to published
norms (Table 3).

Correlations between IA and the QCAE scores are shown in
Table 4 for all participants and for the 29 women participants
alone. IA was not significantly correlated with the whole QCAE
scale nor with any of the subscale measures.

Mean IA was 0.61 (SD = 0.16). IA was negatively correlated
with average resting heart rate, for all participants, r = −0.37,
p = 0.03, and for the women participants alone, r = −0.45,
p = 0.02, as in Experiment 1. Correlations between heart rate
and scores on the QCAE and its subscales were non-significant
(Bonferroni corrections with an alpha value of 0.006 were
applied).

Discussion of Experiment 2
No links were found between IA and any scale of the QCAE.
In particular, Emotion Contagion (which measure affect shar-
ing) was not related to IA. The results of Experiment 2 thus
confirm those of Experiment 1 and might be explained by
the general weakness of self-report measures. Questionnaires

TABLE 2 | Correlations between interoceptive awareness (IA), the Interpersonal Reactivity Index (IRI) and its subscales.

IRI EC PD PT FS

Correlations with IA (all participants) (n = 86) r = −0.10, p = 0.36 r = 0.002, p = 0.98 r = −0.12, p = 0.28 r = 0.10, p = 0.34 r = −0.23, p = 0.03∗

Correlations with IA (women only) (n = 72) r = −0.14, p = 0.23 r = 0.04, p = 0.75 r = −0.08, p = 0.50 r = 0.05, p = 0.66 r = −0.27, p = 0.02∗

∗non-significant after Bonferroni correction.
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TABLE 3 | Descriptive statistics for the Questionnaire of Cognitive and Affective Empathy (QCEA) and its subscales – cognitive empathy (Cog Emp)
perspective-taking (PT), online simulation (Sim), affective empathy (Affect Emp), emotion contagion (Emot Con), proximal responsivity (Prox Res) and
peripheral responsivity (Periph Res).

QCAE Cog Emp Affect Emp

PT Sim Emot Con Prox Res Periph Res

Women Mean (SD) 95.6 (7.5) 59.6 (5.4) 31.9 (3.2) 27.7 (3.0) 35.9 (4.7) 11.9 (2.0) 12.5 (2.0) 11.6 (2.8)

Men Mean (SD) 84.6 (7.6) 55.4 (6.1) 28.8 (4.1) 26.6 (2.4) 29.2 (4.7) 9.0 (3.3) 10.2 (2.4) 10.0 (1.0)

Norms for Women (a) 59.4 (6.3) 36.7 (4.3)

Norms for Men (a) 56.1 (10.5) 32.3 (6.3)

(a) Reported by Reniers et al. (2011) for University students, aged 20–30, n = 925.

TABLE 4 | Correlations between interoceptive awareness (IA) and the Questionnaire of Affective and Cognitive Empathy (QCAE) and its subscales.

QCAE Cog Emp Affect Emp

PT Sim Emot Con Prox Resp Periph Resp

Correl. with IA
n = 34

r = 0.09
p = 0.63

r = 0.07
p = 0.70

r = 0.18
p = 0.32

r = −0.08
p = 0.69

r = 0.06
p = 0.73

r = 0.13
p = 0.47

r = 0.01
p = 0.98

r < 0.01
p = 0.99

Correl. with IA
(women)
n = 29

r = −0.02
p = 0.91

r = −0.05
p = 0.79

r = 0.09
p = 0.64

r = −0.19
p = 0.32

r = 0.02
p = 0.91

r = 0.16
p = 0.42

r = −0.01
p = 0.96

r = −0.07
p = 0.73

can only reflect what people think they feel, rather than what
they would truly feel in any given context. Such measures are
open to the additional confound that they may index what
is socially desirable, rather than recording the respondent’s
true feelings (Singer and Lamm, 2009). The two further tests
we used require judgments that avoid these two confounds.
Given that several of the studies that have linked empathy
and interoception have used tasks involving the appraisal of
facial expressions which, it has been argued, involves affect
sharing (Gallese and Sinigaglia, 2011), we next investigated
whether scores on the ‘Reading the Mind in the Eyes’ test are
modulated by IA.

Experiment 3

Method
Participants
One hundred and thirteen adult members of the public volun-
teered to participate in this study, as part of the Live Science
installation at the Science Museum London. Sixteen partici-
pants were excluded before data analysis, due to incomplete data,
movement artifacts or insufficient attention to the tasks, which
left 97 participants (40 men) in the final data set. The mean age of
these participants was 31.0 years (SD = 12.0).

Procedure
Interoceptive awareness was measured as in Experiment 1.
Participants completed the Reading theMind in the Eyes test after
the heartbeat perception task.

‘Reading the Mind in the Eyes’ Task
The Reading the Mind in the Eyes Task is a commonly used test
that is the product of research into empathy deficits in autism.
The procedure was developed by Baron-Cohen et al. (2001).

Participants are seated at a standard PC and shown a series of
36 images of faces cropped around the eyes. For each image,
participants are provided with four single words to describe the
possible emotions that the eyes could be displaying (e.g., serious,
ashamed, alarmed, or bewildered). They are required to choose
which description best matches the emotion displayed in the
image. The experiment is self-paced and takes about 7 min.

Results
Interoceptive awareness was calculated as in Experiment 1. The
mean IA score of this sample was 0.67 (SD = 0.17). As often
reported, average heart rate was significantly negatively corre-
lated with IA, r = −0.43, p < 0.001.

Performance on the Reading the Mind in the Eyes Task was
assessed by calculating a simple accuracy score that indicated the
proportion of the total trials in which the participant identified
the correct emotion. Mean accuracy score was 0.74 (SD = 0.09).
There were no gender differences in accuracy, t(95) = −0.36,
p = 0.72. To identify links between IA and emotion recogni-
tion, a Pearson’s correlation coefficient was calculated between
IA scores and Reading the Mind in the Eyes scores but this was
non-significant, r = −0.10, p = 0.36.

Discussion of Experiment 3
Although evidence suggests that individuals with high IA experi-
ence their own emotions as more intense than those with lower
IA (Wiens et al., 2000), our findings replicate those of Hanford
and colleagues who reported that this does not confer any bene-
fits when people are required to recognize others’ emotions in
the Reading the Mind in the Eyes test (Handford et al., 2013).
Their experiment, however, used a heartbeat discrimination task
based on the Method of Constant Stimuli in which the majority
of people score at chance (Lenggenhager et al., 2013; Eshkevari
et al., 2014). We had expected that IA measured by the Mental
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Tracking Method (Schandry, 1981) might be a more success-
ful index because this test produces a distribution of scores
that is approximately Gaussian (Ainley et al., 2012). Terasawa’s
task, using full faces and morphs containing variable amounts of
emotion, also implies that there is a link between IA and recog-
nition of emotion in faces but their results were significant only
when comparing the performance of the 10 best and 10 worst
heartbeat perceivers (Terasawa et al., 2014).

If the simulation account is correct in claiming that the
identification of emotion in another person’s face relies on
resonating with the observed emotion (Gallese, 2007; Gallese
and Sinigaglia, 2011), then the findings of this experiment
casts doubt on the hypothesis that interoception is linked
to empathy. Alternatively the Reading the Mind in the Eyes
test itself may be performed by theory of mind and there-
fore not involve the observer resonating with the observed
emotion.

For our fourth and final experiment we tested IA against
the ‘Director Task,’ which assesses cognitive PT (which requires
self/other distinction). Research into bodily illusions has
suggested that individuals with high IA may more clearly distin-
guish between their own and other’s perspectives in multisensory
contexts (Tsakiris et al., 2011; Aspell et al., 2013). We wished to
determine whether this advantage would translate to the Director
Task, given that putting oneself in another’s emotional shoes is a
facet of empathy.

Experiment 4

Method
Participants
Sixty-six adults volunteered for this study, as part of the Live
Science installation at the Science Museum, London. Six partici-
pants were excluded before data analysis due to incomplete data
and movement artifacts, which left 60 participants (34 men),
mean age 30.8 years (SD = 13.3).

Procedure
Interoceptive awareness was measured as in Experiment 1.
Participants completed the Director Task after the heartbeat
perception task.

The ‘Director Task’
The Director Task requires participants to move objects on
a computer screen according to verbal instructions from a
‘Director,’ delivered via headphones. Crucially, on critical trials
the Director’s visual perspective on the objects that have to be
moved differs from that of participant. Thus participants must
understand the Director’s point of view in order to perform the
task correctly.

The visual stimulus consisted of a 4 × 4 grid containing eight
common objects. The image of a character, introduced as ‘the
Director,’ appears behind the grid. On each trial, the Director
would name one of the objects and instruct the participant to
move it, using the computer mouse, either one space up, down,
left, or right. Importantly, five of the spaces in the grid were

occluded, so that the participant could see the objects situated
in these spaces but the Director, who was standing behind the
grid, could not. In experimental trials (‘E’ trials), there was a
conflict between the participant’s and the Director’s perspective.
An example of such a situation would be if the Director asked
the participant to ‘move the small candle right,’ but the small-
est candle that the participant could see was occluded from the
Director. In this case, the participant should instead move the
second smallest candle, which can be seen by the Director. In
addition to these critical ‘E’ trials, there were also two types
of control trial (‘C1’ and ‘C2’ trials). In these trials there was
no conflict between the participant’s and Director’s perspectives.
Thus participants were either asked to move an object which was
the only item of that type and was visible to both participant and
Director (C1 trials); or the participant was asked to move the
smallest or largest of a type of object and again that target object
was visible to both (C2 trials).

The procedure and stimuli were adapted from Santiesteban
et al. (2012). For the participants in the current study, the task
was shortened in make it more suitable for members the general
public visiting the Science Museum. Participants completed 12
E trials, six C1 trials, and six C2 trials in total. The task took
about 5min. Participants’ accuracy and reaction times (RTs) were
recorded.

Results
Accuracy and RT data were analyzed with a repeated-measures
ANOVA with trial type (E vs. C1 vs. C2) as the within-subjects
factor. The data violated the sphericity assumption and there-
fore all results reported are with Greenhouse-Geisser correc-
tions. For accuracy scores, there was a main effect of trial type,
F(1.31,77.47) = 28.72, p < 0.001. Post hoc paired samples t-
tests revealed that participants were significantly more accurate
on C1 trials, M = 0.91, SD = 0.22, than they were on C2
trials, M = 0.61, SD = 0.17, t(59) = 12.19, p < 0.001, or
on E trials, M = 0.61, SD = 0.44, t(59) = 5.39, p < 0.001.
Performance did not differ significantly between C2 and E trials,
t(59) = 0.02, p = 0.98. The same analysis was repeated with
gender inserted as a between-groups factor. The main effect of
trial type remained, and there was no effect of gender or any
interaction.

For RT scores, there was also a main effect of trial type,
F(1.31,95.76) = 40.03, p < 0.001. Paired samples t-tests revealed
that responses on E trials, M = 4.54 s, SD = 1.20, were signif-
icantly slower than on both C1 trials, M = 3.79 s, SD = 1.04,
t(59) = 7.30, p < 0.001, and on C2 trials, M = 3.75 s,
SD = 0.88, t(59) = 6.74, p < 0.001. Performance on C1 and
C2 trials did not differ significantly, t(59) = 0.38, p = 0.70.
The same analysis was repeated with gender inserted as a
between-groups factor. The main effect of trial type remained,
and there was no main effect of gender or any significant
interaction.

Interoceptive awareness was calculated as in Experiment 1.
Mean IA was 0.71 (SD = 0.16). IA was negatively correlated with
the participants’ heart rate, r = −0.33, p < 0.001. Heart rate was
not significantly correlated with any aspect of performance on the
Director Task.
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To assess the relationship between performance on the
Director Task and participants’ IA, we calculated Pearson’s corre-
lation coefficients between participants’ performance on the E
trials and their IA scores. We focussed on E trials, as it is only
on these trials that the participant is required to take a perspec-
tive that conflicts with their own, which is the ability relevant to
cognitive empathy.

No significant correlations were found between IA and perfor-
mance on E trials, either as measured by RTs, r = −0.02, p= 0.91,
or by accuracy, r = −0.08, p = 0.55. There was also no corre-
lation between IA and performance on C1 or C2 trials (all
p-values >0.47).

Discussion of Experiment 4
Research into body ownership illusions has implied that people
with high IA make better self/other distinctions in embodied
contexts (Tsakiris et al., 2011; Aspell et al., 2013; Suzuki et al.,
2013). Given that the ability to distinguish between one’s own and
another’s perspective is crucial for successful performance on the
Director Task (Santiesteban et al., 2012), we hypothesized that we
would find a positive association between IA and performance on
this task.

However, this association was not found. It is likely that the
type of sensory and embodied self/other distinction modulated
in bodily illusions does not carry over to the cognitive self/other
distinction measured by the Director Task, which may be solved
using theory of mind.

General Discussion

We investigated the relationship between individual differences
in IA and components of empathy, using a well-validated heart-
beat perception task, together with four measures. In our first
study we found no significant relationship with the IRI or any
of its subscales, including EC and PT. In a further group of
participants, no links were found between IA and scores on the
QCAE or its subscales, including Emotion Contagion (which
measures affect sharing) and PT. A further study found no signif-
icant relationship between IA and judgment of facial emotion
in the Reading the Mind in the Eyes test (Baron-Cohen et al.,
2001), which potentially depends on affect sharing, as a result of
mirroring the observed emotion (Gallese and Sinigaglia, 2011). In
our final experiment, scores on the Director Task which assesses
cognitive PT (Santiesteban et al., 2012) were not associated with
IA. Our only significant relationships were negative correlations
between heart rate and IA, as frequently reported in other stud-
ies (Cameron, 2001; Knapp-Kline and Kline, 2005; Fairclough
and Goodwin, 2007; Stevens et al., 2011), which potentially
reflect physiological variables such as stroke volume of the
heart.

These null findings imply that a simple relationship between
IA and any of the three components of empathy cannot be
predicted. The theoretical basis for supposed links rest on
evidence that IA is related to the intensity of one’s own emotional
experience. If empathy is embodied and involves the vicarious
experience of emotion, then it was predicted that people with

high IA would have a greater tendency to resonate with the
emotion that they observe in others. They should hence demon-
strate greater affect sharing and hence higher scores on the
Emotion Contagion subscale of the QCAE as well as better abil-
ity in identifying emotional expressions in the Reading the Mind
in the Eyes test, assuming that the task involves shared affect by
mirroring of the observed emotion.

However, a previously overlooked issue, which may explain
our results, is that it is by no means obvious how the better
self/other distinction that is associated with high IA impacts on
the components of empathy. If high IA is accompanied by less
self/other overlap, this might involve less shared affect and conse-
quently less experience of vicarious emotion. Thus if the effects of
greater emotional arousal and greater self/other distinction work
in opposite directions, as seems probable, then the predicted link
between IA and affect sharing becomes a matter of which effect is
stronger. We believe that this type of complexity explains our null
results for the Emotion Contagion subscale of the QCAE and the
Reading theMind in the Eyes test. Support for his idea is provided
by Grynberg and Pollatos’ (2015) study in which good heartbeat
perceivers reported more compassion when viewing pictures of
people in pain. Their results suggest that the higher arousal these
participants also reported led them to judge the observed pain as
more severe. However, they did not report greater PD, which may
have been the result of good self/other distinction which allowed
these individuals to avoid sharing the suffering. In support of
this we found no relationship between IA and the PD subscale
of the IRI.

Empathic concern (the motivation to help others) was not
linked to IA in either questionnaire. EC is commonly used as
a general measure of empathy. However, a link between the
two would be anticipated only if EC is influenced by previous
experience of affect sharing or, alternatively, by better self/other
distinction (both of which are potentially greater in good heart-
beat perceivers). Potentially, EC relies, at least in part, on
theory of mind rather than direct affect sharing (Bernhardt and
Singer, 2012), which would negate any obvious direct relationship
with IA.

With regard to PT, we expected a relationship between IA and
the affective PT subscales of the two questionnaires (which assess
putting oneself in another’s emotional shoes), given that people
with high IA make better self/other distinction on embodied
contexts. That no relationship was found suggests that the type of
PT measured by putting oneself in the other person’s emotional
shoes may depend on theory of mind, rather than on an embod-
ied response. By contrast, the Director Task is a good measure of
cognitive PT (Decety and Cowell, 2014) but the test may also be
solved by theory of mind (Santiesteban et al., 2014), in which case
it too is not necessarily comparable with the type of embodied
self/other distinction that is involved in body ownership.

The difference between the results presented here and experi-
ments that have previously reported links between empathy and
IA can be attributed to differences of definition and measure-
ment. In Ernst et al.’s (2013) study, for example, a heartbeat-
counting task primed emotion circuits in the insula such that
the effects carry over into a subsequent emotion appraisal task.
This significant finding shows that attention to interoception
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enhances subsequent emotion processing. However, the authors
did not assess IA as generally defined (Garfinkel and Critchley,
2013) and did not establish whether IA, as a trait, is linked
to empathy. A similar difficulty of definition arises with
Fukushima et al.’s (2011) study, which likewise employed an
emotional appraisal task. The amplitude of HEPs increased
during this empathy manipulation. However, while the ampli-
tude of the HEP is a useful index of interoceptive processing,
it has not previously been taken as a measure of trait IA.
Fukushima et al.’s (2011) experiment therefore also provides,
at best, indirect evidence of a possible link between IA and
empathy.

In addition to the criticism of our four measures that are
addressed above, further limitations of our study are that we did
not screen for personality variables, such as psychopathy, narcis-
sism, altruism, agreeableness, or trait anxiety, which potentially
moderate links between IA and empathy.

Our results support the characterisation of empathy as an
umbrella term for a distributed set of mechanisms (Singer,
2006; Decety, 2010; Zahavi, 2012). Foremost of these is affect
sharing, which may be linked to IA through greater intensity
of emotional experience, although good self/other distinction
potentially confounds the relationship. An important focus for

future research is further direct tests of affect sharing, such as
empathy for pain (Singer et al., 2004) and facial EMG (Lamm
et al., 2008). EC, by contrast, is perhaps a product of affect
sharing, self/other distinction and theory of mind, so that a
clear relationship with IA cannot be predicted. Finally, PT is
closely related to theory of mind and may not be influenced
by the type of embodied self/other distinction that is modu-
lated by IA in body ownership illusions. While it is therefore
probable that people with high IA have the ability to use their
bodies to simulate the emotions of other people, we conclude
that they may do so only in certain contexts, so that reli-
able associations between empathy measures and IA cannot be
predicted.
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Interoception, the sense of the physiological condition of the body, provides a basis

for subjective feelings and emotions. Anterior insular cortex activity represents the state

of the body and varies according to personality traits, such as emotional susceptibility

(ES)—the tendency to experience feelings of discomfort and vulnerability when facing

emotionally-laden stimuli. The accuracy of perceiving one’s own bodily signals, or

interoceptive accuracy (IAc), can be assessed with the heartbeat perception task

(HPT), which is the experimental measure used by most of the existing research on

interoception. However, IAc is only one facet of interoception. Interoceptive awareness

(IAw) is the conscious perception of sensations from inside the body, such as heart beat,

respiration, satiety, and the autonomic nervous system sensations related to emotions,

which create the sense of the physiological condition of the body. We developed an

Italian version of the recent self-report Multidimensional Assessment of Interoceptive

Awareness (MAIA), tested its psychometric properties (reliability, dimensionality, and

construct validity), and examined its relationship to ES, as assessed using the Emotional

Susceptibility Scale, in a sample (n = 321) of healthy Italian psychology students (293

females, mean age: 20.5 years). In a subgroup of females (n = 135), we measured IAc

with the HPT.We used a series of correlation/regression analyses to examine the complex

interplay between the three constructs. We provide further evidence for a substantial

independence of the IAc and IAw measures, confirming previous reports and current

theoretical models that differentiate between IAc and IAw. Our analyses elucidate the

complex relationship between distinct dimensions of IAw and ES, highlighting the need

for continued efforts to shed more light on this topic.

Keywords: interoception, personality, heartbeat, MAIA, interoceptive awareness, interoceptive accuracy,

emotional susceptibility
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Introduction

Interoception has been classically conceived of as the sense of the
physiological condition specifically of the viscera, as opposed to
the five senses (see also Sherrington, 1948). However, subsequent
research has led to a redefinition of the classical conception
of interoception as the sense of the physiological condition of
the entire body (Craig et al., 1996, 2000; Craig, 2002; Saper,
2002). The neurological correlates of interoceptive processes have
been well-defined. They convey information essential to the
maintenance of an optimal physiological balance in the body—
the physiological system’s homeostasis—through autonomic,
neuroendocrine, and behavioral responses. Interoception has
thus been proposed as a core facet of motivational regulation
of behavior and cognition (Craig, 2002; Singer et al., 2009). The
progressive meta-representation of the physiological condition
of the body from posterior to anterior insula (Farb et al.,
2013) enables an integration of homeostatic afferent inputs with
information from other limbic regions involved in motivation
and emotions and from the prefrontal cortex involved in
planning (Chikama et al., 1997; Adolphs, 2002; Brooks et al.,
2002; Craig, 2002; Olausson et al., 2002). Perception and feedback
of interoceptive signals is considered an essential aspect in many
theories of emotion (Darwin, 1873; James, 1884; Schachter and
Singer, 1962; Damasio, 1994) and has become the subject of
research exploring the relationship between interoception and
emotional experience.

Interestingly, activity of the anterior insular cortex also

appears to be modulated by specific personality traits, such
as neuroticism or emotional susceptibility (ES). This latter

personality trait, measured by self-report through the Emotional

Susceptibility Scale (Caprara et al., 1985), relates to the tendency
to experience feelings of discomfort, helplessness, inadequacy,
and vulnerability after exposure to emotionally salient stimuli. ES
is viewed as reflecting an individual’s inclination to experience
a state of negative affect and as a tendency to place oneself in
a defensive position due to the inability to control excitement,
arousal, and reactions in situations—real or imagined—of
danger, offense, threat, or attack. Therefore, this personality
trait may be of particular relevance for individual differences in
reactions to emotional stimuli, particularly to the experienced
intensity of affective states, or their arousal dimensions (Bradley
and Lang, 1994), which is reflected in the activity of the
autonomic nervous system. In an fMRI study, the ES personality
trait has been shown to be associated with insular activity (Iaria
et al., 2008): participants with high ES scores, as compared to
those with low ES scores, showed greater activity within the
anterior insula during processing of visual stimuli with emotional
content, independent of the stimuli’s valence (i.e., positive vs.
negative affect). In another study (Ebisch et al., submitted),
high ES participants showed greater anterior insular activity
in response to neutral gustatory stimuli when interspersed
between distasteful and pleasant-tasting affective stimuli. These
findings suggest the implication of interoceptive processes in
the modulation of basic emotional processing by the ES trait.
Although a potential association between ES and interoception
has yet to be explored, there is a growing body of evidence

supporting the idea that the insula is a key region involved in
interoception and emotion (e.g., Zaki et al., 2012; Ernst et al.,
2013). Moreover, how interoception is involved in emotional
processing has been studied over the last several years (e.g.,
Wiens, 2005; Craig, 2008; Pollatos and Schandry, 2008; Garfinkel
et al., 2014). These studies have suggested that individuals with
stronger interoceptive ability report more intense emotions (e.g.,
Wiens et al., 2000), place a stronger emphasis on the arousal
dimension in reporting their emotional experience (Barrett et al.,
2004), and show a stronger link between their body reactions
to emotional stimuli and their subjective arousal ratings (Dunn
et al., 2010). Moreover, interoceptive accuracy has been shown
to be positively correlated to measures of central and peripheral
processing of emotional stimuli (Pollatos et al., 2005, 2007;
Herbert et al., 2007).

However, investigations of the relationship between
interoceptive ability and emotional processing have used a
variety of measures of interoception, which has triggered recent
attempts at more clearly defining the different constructs and
measures related to interoception, such as interoceptive accuracy
(IAc) and awareness (IAw) (Farb et al., 2015; Garfinkel et al.,
2015). Ceunen et al. (2013), for example, defined IAc as the ability
to accurately perceive changes in the homeostatic function and
IAw as the conscious perception of these body signals, expressing
disagreement with the idea that cardiac interoceptive awareness
is reflected in and appropriately assessed as the sensorial accuracy
in perceiving one’s own cardiac signals (e.g., Herbert et al., 2012).
Ceunen et al. (2013) proposed that the equivalence between
the two concepts probably derives from the “interoceptive
sensitivity hypothesis” (Tyrer, 1973; Ehlers and Breuer, 1992),
according to which highly anxious individuals and patients with
panic disorder—conditions associated with a high symptom
awareness level (IAw)—have highly accurate perceptions of
anxiety-related bodily sensations (IAc). Ceunen et al. suggested:
“IAw should be taken to mean the cognizant, mindful perception
of bodily signals [. . . ]. Although IAw can be accompanied by
an accurate perception of bodily sensations, such accuracy is
not necessarily implied” (Ceunen et al., 2013). This suggestion
is clearly supported by recent research, which has led to a
more differentiated theoretical model of interoception processes
(Garfinkel et al., 2015). However, the definition of IAw we are
using here, which was developed in focus groups of clinicians and
patients and applied in the recently developed Multidimensional
Assessment of Interoceptive Awareness (MAIA; Mehling
et al., 2012), does not exactly correspond to that provided by
Garfinkel and Critchley (2013) and Garfinkel et al. (2015). The
latter was operationalized as “a metacognitive measure that
quantifies individuals’ explicit knowledge of (and confidence
in) their interoceptive accuracy” (Garfinkel and Critchley,
2013, p. 233), or “the correspondence between objective IAc
and subjective report, i.e., metacognition” (Garfinkel et al.,
2015). This pragmatic operationalization of IAw is based on
signal-detection theory and reduces the IAw construct to a
measure for the extent to which self-reported confidence of
perception predicts the accuracy of perception. Our view of
the IAw construct, as applied to this study, is also broader
and more complex than the conceptualization of interoceptive
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sensibility, defined as the “self-perceived dispositional tendency
to be internally self-focused and interoceptively cognizant”
(Garfinkel et al., 2015) and assessed by self-report questionnaires
regarding specific bodily sensations or self-rated confidence in
one’s perceptual ability. We incorporated the earlier, broader
definition by Cameron of IAw as awareness of “the afferent
information that arises from anywhere and everywhere within
the body . . . [involving] higher mental processes such as
emotions, conscious awareness, and behavior” (Cameron,
2001), differentiated further through qualitative analyses
from clinically-oriented focus groups (Mehling et al., 2011).
By including these attitudinal, appraisal, and self-regulatory
aspects of IAw, our conceptualization of IAw extends beyond
interoceptive sensibility, which nevertheless remains as one of
the dimensions (“Noticing”) in the multidimensional self-report
MAIA (Mehling et al., 2012). The pragmatic operationalization
of IAw as metacognition is clearly innovative in that it extends
beyond self-report, but it appears to strip the construct of some of
its psychological, particularly its regulatory, aspects (Bornemann
et al., 2014).

The most commonly applied objective measures of
interoceptive ability are two different types of Heartbeat
Perception Tasks (HPT): the tracking task (Schandry, 1981), in
which the perception of cardiac activity is measured by asking
the participant to count his/her heartbeats within a defined
time interval, and the discrimination task (Whitehead et al.,
1977), in which the participant is asked to discriminate between
exteroceptive (auditory or visual) and interoceptive (heartbeat)
signals. Both methods provide a measure of the individual’s
interoceptive accuracy (IAc), which in turn has been taken in
various earlier studies as an index of one’s awareness of one’s own
bodily sensations, that is, a measure of interoceptive awareness
(IAw). Yet early findings showed that IAw, as assessed by
self-report measures, does not necessarily predict actual IAc,
as assessed experimentally by HPT (e.g., McFarland, 1975).
Consequently, in recent years, numerous authors (Wiens, 2005;
Mehling et al., 2009; Ceunen et al., 2013; Garfinkel and Critchley,
2013; Bornemann et al., 2014; Farb et al., 2015; Garfinkel et al.,
2015) have highlighted the need to discriminate between IAc and
IAw and to better define interoception-related constructs. Still,
IAc is currently viewed as the central construct underpinning
other interoceptive measures (Garfinkel et al., 2015).

In reviewing existing self-report questionnaires on body
awareness, which includes both proprioceptive and IAw, and
their psychometric properties, Mehling et al. showed that most
of the questionnaires are based on a conceptualization of
body awareness that considers the attentional focus on bodily
symptoms as a maladaptive expression of anxiety, depression, or
somatization (Mehling et al., 2009), whichmay be associated with
ES. Instead, a more recent (and alternative) conceptualization
of body awareness considers the ability to recognize subtle
bodily signals as a controlled state of sustained attention to
events that happen within the body here-and-now, which has
been integrated into numerous therapeutic approaches geared
to improve this ability. An example is mindfulness: the training
of a specific style of attention aimed at a state of mind
characterized by non-judgmental acceptance and a sense of

self that is rooted in experiencing physical sensations in the
present moment with equanimity (Thompson and Varela, 2001;
Carruthers, 2008; Fogel, 2009; Grossman, 2015). These more
recent considerations formed the basis for the development of
the MAIA (Mehling et al., 2012; see also Mehling et al., 2009,
2011), a multidimensional self-report instrument designed to
measure interoceptive body awareness. It consists of 32 items
evaluating eight aspects grouped into five dimensions. TheMAIA
attempts to overcome the limitations of previous accounts of IAw
(described above) by integrating what appear to be the hallmarks
of interoceptive body awareness: (1) its multidimensional nature;
(2) the distinction between the anxiety-related hypervigilance
and the attentional style to bodily sensations in the present
moment (which would represent a step away from the
assumptions of the interoceptive sensitivity hypothesis); (3) the
differential assessment of essential psychological aspects of the
perception and evaluation of bodily sensations. To date, the
MAIA has been translated into 13 languages (http://www.osher.
ucsf.edu/maia/) but, to our knowledge, only two adaptations
with adequate validation have been published: the German
(Bornemann et al., 2014) and Chilean (Valenzuela Moguillansky
and Reyes Reyes, 2015) versions, which both replicated the global
structure of the original MAIA.

The first aim of the present work was to provide a preliminary
validation of the Italian MAIA, by analyzing the psychometric
properties (reliability, dimensionality, and construct validity) of
the Italian translation of the MAIA. To this aim, we applied
it to a population mainly composed of female psychology
undergraduate students.

Our second aim was to investigate the relationship between
the multiple facets composing the IAw construct—as assessed by
the MAIA—and both the IAc as assessed by the HPT and the ES
personality trait. To this aim, we used a series of correlational and
regression analyses to examine the complex interplay between
the three measures of IAw, IAc, and ES, which are involved in
shaping the way individuals experience their “bodily” feelings
and emotional states. At the time of the survey (early 2013), it
was still an open question whether IAw, as measured by the 8
MAIA scales, would potentially be correlated with IAc or not.
Therefore, we aimed at investigating such a relationship with the
hypothesis that these constructs are not correlated, supporting
the idea that they are distinct and dissociable dimensions. Second,
we hypothesized that IAc may be positively correlated with ES,
possibly mediated by the arousal component of emotions. Our
third exploratory hypothesis was that different scales of the
MAIA for the IAw construct would correlate in a complex way
with ES, which may add new details to the relationship between
interoception, emotion processing, and personality traits.

Materials and Methods

Participants
A total of 321 participants, aged between 19 and 27 years (M =

20.53, SD = 0.88), were recruited for the study. Almost all of
them were students of the University G. d’Annunzio of Chieti.
Themajority of the participants (293, representing approximately
91% of the total sample) were female (mean age = 20.49 years,
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SD = 0.85); 28 were male (mean age = 20.96 years, SD = 1.10).
This disproportion in the participants’ gender reflects the gender
distribution in the psychology student population from which
the experimental sample was mainly recruited. Of this sample,
135 female participants (mean age = 20.40 years, SD = 0.72)
volunteered to perform the Heartbeat Perception Task (HPT).
Participants gave informed consent prior to their inclusion in
the study, which was approved by the ethical committee of the
University of Chieti and conducted according to the guidelines
of the Declaration of Helsinki.

Instruments and Procedures
Italian Translation of the MAIA
We assessed the multiple aspects of our participants’
interoceptive awareness (IAw) by using a new Italian version
of the original English-language MAIA (Mehling et al., 2012).
Since no Italian version of the MAIA was available, we first
systematically translated it. In a first step, three independent
forward translations were produced, two by native Italian
speakers proficient in English, and one by a native English
speaker proficient in Italian. These translators were not
familiar with the IAw construct, but have a background in
Psychology. The three resulting provisional Italian versions
were then compared, item by item, by two of the authors (EA
and GCo) and two other researchers from the Laboratory of
Neuropsychology and Cognitive Neuroscience of the University
of Chieti (Marcello Costantini and Gianluca Finotti), who
were familiar with the IAw construct. Following consensus, a
provisional Italian version was drafted. Next, an English native
bilingual translator, who had a background in Psychology but
who was not familiar with the IAw construct, performed the
back-translation into English. Finally, differences between the
original English version and the back-translation were identified
and discussed with the first author of the original MAIA (WM),
and further small corrections were applied to improve and
finalize the items. The final Italian version was approved by
consensus among the same four researchers from the Laboratory
of Neuropsychology and Cognitive Neuroscience named above,
as well as by the first author of the original MAIA.

The MAIA is composed of 32 items on a 6-points Likert scale,
in which the participant has to rate “how often each statement
applies to you generally in daily life,” with ordinal responses
coded from 0 (“never”) to 5 (“always”). This multidimensional
instrument measures IAw on eight scales: (1) Noticing, the
awareness of one’s body sensations (4 items); (2) Not-distracting,
the tendency not to ignore or distract oneself from sensations
of pain or discomfort (3 items); (3) Not-worrying, the tendency
not to experience emotional distress or worry with sensations
of pain or discomfort (3 items); (4) Attention regulation, the
ability to sustain and control attention to body sensation (7
items); (5) Emotional awareness, the awareness of the connection
between body sensations and emotional states (5 items); (6)
Self-regulation, the ability to regulate psychological distress by
attention to body sensations (4 items); (7) Body listening, the
tendency to actively listen to the body for insight (3 items); and
(8) Trusting: the experience of one’s body as safe and trustworthy

(3 items). The score for each scale is calculated by averaging the
scores of its individual items, and thus can vary in the 0–5 range.

Emotional Susceptibility Scale
We assessed the participants’ ES by using the Italian version
of the Emotional Susceptibility Scale, a self-administered,
unidimensional instrument developed by Caprara et al. (1985;
Caprara et al., 1983) to measure the participants’ “tendency to
experience feelings of discomfort, inadequacy, and vulnerability”
after the exposure to emotionally salient stimuli. This instrument
is composed of 40 items on a 6-points Likert scale, in which the
participant has to rate “how true” each statement is for him/her,
with ordinal responses coded from 1 (“completely false for me”)
to 6 (“completely true for me”). The ES scale includes 10 control
items that do not contribute to the final score, which is obtained
by summing the scores of the 30 non-control items.

Heartbeat Perception Task
From our 321 participants, we recruited volunteers to perform
the HPT (n = 135) in the laboratory. After the participants
had arrived, they were informed about the general procedure
and the measures. The participants were seated in a comfortable
chair in a sound-attenuated room. The HPT procedure was
performed according to the mental tracking method proposed by
Schandry (1981), which was modified by adding a fourth time
interval (Pollatos et al., 2008). The four time intervals were 25,
35, 45, and 100 s and were presented in random order. During
each time interval, participants were asked to count and keep
track of their heartbeats by focusing on their heart activity and
bodily feelings. The participants were explicitly instructed not
to take their own pulse in any way or to try any other physical
manipulations; they were also discouraged from simply tracking
the number of seconds of each time interval and using that
information to estimate the number of heartbeats. After each
interval, the participants were asked to verbally report the count
or estimated number of heartbeats, which was manually recorded
by the experimenter.

Participants were distributed in three groups. In the first
two groups, the actual number of the participant’s heartbeats
was recorded by one of the authors (GCa) and a trained
assistant by means of either tactile radial arterial palpation at
the wrist or direct chest auscultation through a stethoscope. The
experimenters kept track of time using a digital stopwatch. The
beginning and end of each time interval was indicated to the
participants by the acoustic signal emitted by the stopwatch. In
the tactile arterial palpation procedure, particular care was taken
by the experimenters to avoid applying excessive pressure to the
participants’ wrist skin, which could have made it easier for the
participants to perceive their heartbeats. In the third group, the
participant’s heartbeats were recorded by another author (EA)
and a trained assistant using a three-lead electrocardiogram:
three Ag/AgCl pre-gelled electrodes (ADInstruments, UK) were
placed on the participant’s chest in an Einthoven’s triangle
configuration to record the electrocardiogram (sampling rate:
1 KHz; Powerlab, ADInstruments, UK); the heartbeats were
identified by the R peaks using the BioSig package (Vidaurre et al.,
2011) for Matlab (MathWorks, Natick, MA). The beginning and
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the end of each time interval were indicated to the participant
through acoustic signals presented via headphones. The entire
procedure was controlled by a computer running the Matlab
Psychophysics Toolbox (Brainard, 1997). The participants of
this third group were part of a larger study investigating the
physiological responses to affective stimuli.

General Procedure
Participants were asked to complete the MAIA and the ES scale.
Both scales were administered in paper-and-pencil versions in
classroom settings during psychology courses or, for a small
number of participants recruited from campus facilities, in the
laboratory setting. Data collection was conducted by the first
author (GCa) and trained assistants. The purpose of the study
was briefly explained to the participants, who were informed
that they were free to respond (but asked to respond truthfully),
and that their collaboration would potentially be requested again
at a later stage of the study. The HPT was performed in a
separate session as detailed in Section Heartbeat Perception
Task.

Data Analysis
Missing values for items of the MAIA and ES scale were imputed
using the series mean method, that is, by replacing them with
the mean of all participants’ values for the same item. For the
MAIA, there were on average 0.97 missing values (SD = 2.63)
for each item, whereas the missing values were, on average,
1.18 (SD = 1.20) for each item of the ES scale (out of the
total of 321 responses per item). The scores of the eight scales
of the MAIA were computed by averaging the values of the
items of each scale, according to the final factorial structure
we obtained (see Section Psychometric Properties and Factorial
Structure of the Italian MAIA). The ES score was computed for
each participant by averaging the score of the 30 non-control
items of the ES scale, thus obtaining a value ranging from
1 to 6.

The participants’ performance in perceiving their heartbeats
during each time interval of the HPT was calculated as a relative
error score, that is, the absolute difference between reported
and actual number of heartbeats divided by the actual number
of heartbeats. Next, in line with standard practice (e.g., Koch
and Pollatos, 2014), the participants’ interoceptive accuracy
(IAc) score was computed according to the formula: IAc = 1/4
6 [1 − (|recorded heartbeats − counted heartbeats|/recorded
heartbeats)]. We then tested for differences in IAc scores
between the three groups of participants (see Section Heartbeat
Perception Task). We carried out pairwise comparisons with
two-tailed independent-samples t-test and the corresponding
Bayesian t-test (Rouder et al., 2009) for accepting the null
hypothesis of no differences between groups.

We first investigated the preliminary psychometric properties
and the dimensionality of the Italian version of the MAIA, in
order to evaluate whether the factor structure of the original
version would replicate in the Italian version. To this aim,
we carried out an exploratory factor analysis (EFA) and an
analysis of covariances within the framework of confirmatory
factor analysis (CFA), and assessed the reliability of the MAIA

scales. The hypothesized model was estimated via maximum
likelihood (ML). For the evaluation of covariance structure
models we used the chi-square goodness of fit supplemented
by the comparative fit index (CFI), the root-mean-square error
of approximation (RMSEA) and the standardized root-mean-
square residual (SRMR). The CFI (Bentler, 1990) assesses the
reduction in misfit of a population target model relative to a
population baseline model in which no structure is specified
(i.e., all correlations among variables are equal to zero). Values
of at least 0.90 are considered adequate for good models
(Bentler, 1990). The RMSEA is a measure of the discrepancy
of the variance covariance matrix of fitted model from the
starting variance covariancematrix per degree of freedom. Values
lower than 0.05 reflect a small error of approximation and
values between 0.05 and 0.08 reflect an acceptable error of
approximation. Values greater than 0.10 constitute poor model
fit (Browne and Cudeck, 1993). The SRMR is an absolute
index of the discrepancy between reproduced and observed
correlations. Hu and Bentler (1998) suggested a cutoff criterion
of 0.08, with higher values indicating poorer fit to the empirical
data and values lower than 0.05 indicating an excellent fit.
Finally, the Cronbach’s alpha coefficient and corrected item-
scale correlations were used to assess the reliability of the
scales.

Next, we explored the complex interplay between the three
constructs of ES, IAw, and IAc. We first calculated the Pearson
correlations between each pair of variables, including ES score,
scores of the eight scales of MAIA (as derived from the
factorial analyses, see Section Psychometric Properties and
Factorial Structure of the Italian MAIA)1, and IAc score, with
pairwise deletion of cases with missing data. For a more
precise investigation of the actual relationship between these
measures, partial correlations were calculated between each
pair of variables, controlling for all the other variables. We
carried out multiple regression analyses to investigate in more
detail the relationship between the participants’ ES scores (the
dependent variable) and the eight MAIA scores and the IAc score
(continuous predictors), as well as all two-way interactions. The
model that best explained the ES scores, with the appropriate
number of predictors, was selected by the method of the
best subset as implemented in Statistica (StatSoft). In brief,
all possible regression models with up to a defined number
(subset) of predictors were evaluated; among those with the same
number of predictors, the model with the highest percentage
of explained variance (R2) was provisionally selected as best
explaining the ES scores. This procedure identifies the best model
for any number of predictors (Neter et al., 1989; as cited in
StatSoft Inc, 2013). Finally, models with different numbers of
predictors were compared by testing for the significance of the
R2 difference taking into account the tolerance index, a measure
of multicollinearity among the predictors included in the model.
Statistical analyses were conducted through Statistical Software
for Social Science (SPSS), Statistica (StatSoft), and Structural
Equation Modeling (EQS).

1Note that when we applied the original structure of theMAIA the analyses yielded

similar results, and thus are not reported here for the sake of brevity.
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Results

We first describe the preliminary psychometric properties and
the dimensionality of the Italian MAIA and compare them with
those of both the original version and the two other published
German (Bornemann et al., 2014) and Chilean (Valenzuela
Moguillansky and Reyes Reyes, 2015) translations.

Psychometric Properties and Factorial Structure
of the Italian MAIA
The appropriateness of the factor analysis as a model for
analyzing the data was supported by the Bartlett’s test of
sphericity (χ2

= 3129.50p < 0.001) and the Kaiser-Meyer-
Olkin measure of sampling adequacy (0.822). Assessment of
distributions showed that all but one item had skewness and
kurtosis values in the (−1, 1) range (item 4 had a skewness value
of−1.054, see Table 1).

For the EFA, we extracted factors using the principal axis
factoring method and factor loadings higher than ± 0.30 were

TABLE 1 | Univariate descriptive item statistics (n = 321).

Item Mean SD Skewness Kurtosis

Item1 2.47 1.23 −0.01 −0.43

Item2 2.94 1.30 −0.34 −0.46

Item3 3.09 1.20 −0.45 −0.28

Item4 3.69 1.24 −0.05 0.72

Item5 2.74 1.36 −0.12 −0.76

Item6 2.79 1.21 0.05 −0.71

Item7 2.43 1.37 0.13 −0.67

Item8 2.32 1.26 0.13 −0.78

Item9 2.70 1.15 −0.02 −0.56

Item10 2.19 1.20 0.10 −0.68

Item11 2.57 1.27 −0.26 −0.58

Item12 2.83 1.13 −0.26 −0.27

Item13 2.77 1.32 −0.32 −0.56

Item14 2.48 1.12 −0.10 −0.31

Item15 2.68 1.02 −0.27 0.07

Item16 2.63 1.16 −0.04 −0.45

Item17 3.01 1.01 −0.03 0.11

Item18 3.00 1.27 −0.40 −0.54

Item19 2.79 1.28 −0.13 −0.57

Item20 3.41 1.14 −0.67 0.14

Item21 3.74 1.16 −0.92 0.44

Item22 3.57 1.16 −0.93 0.58

Item23 2.60 1.19 −0.09 −0.51

Item24 2.44 1.15 −0.03 −0.47

Item25 3.02 1.21 −0.47 −0.22

Item26 2.45 1.21 0.02 −0.56

Item27 2.95 1.08 −0.38 −0.19

Item28 1.98 1.17 0.32 −0.34

Item29 2.02 1.21 0.29 −0.43

Item30 2.80 1.39 −0.19 −0.70

Item31 2.88 1.32 −0.14 −0.56

Item32 3.35 1.16 −0.52 −0.05

considered as building criteria for the EFA model. In order to
determine the number of factors to retain, we examined the
eigenvalues (Cattell and Vogelmann, 1977) (extraction criterion:
eigenvalue> 1; varimax rotation). After the successive deletion of
three items (7, 10, and 12) that did not load significantly on the
theoretical factor, and after the interpretation of the factor scores,
the eight factors solution, accounting for the 47.74% of the total
variance, was also corroborated by an inspection of the scree-plot
of eigenvalues (the first 10 eigenvalues were 6.566, 2.542, 1.942,
1.679, 1.520, 1.283, 1.170, 1.089, 0.931, and 0.883). This eight
factors solution clusters the remaining items as in the original
version, with the exception of items 19 (“When something is
wrong in my life, I can feel it in my body.”), which loaded on
both its original factor Emotional Awareness (0.469) and on Body
Listening (0.377) (for a similar result, see Bornemann et al., 2014),
and 4 (“I notice changes in my breathing, such as whether it
slows down or speeds up.”), which loaded on a different factor
(Emotional Awareness: 0.387) than its original factor (Noticing:
0.147). We then carried out a CFA, which showed that the eight
factors solution obtained with the EFA provided an adequate fit
to the data [χ2(349)

= 408.99; p = 0.015; RMSEA = 0.023 (90%
CI= 0.011, 0.032); SRMR= 0.057, CFI= 0.974].

Table 2 shows mean values, standard deviation, average item-
scale correlations, and Cronbach’s alphas of the Italian MAIA.
The Cronbach’s alpha values varied between 0.53 and 0.80.
Compared to the alpha values of the original MAIA (Mehling
et al., 2012) by means of the Feldt’s test for independent
samples (Feldt, 1986), the alpha values of the Italian MAIA
were significantly lower than in the original MAIA for five
scales (Attention regulation, Self-regulation, Body listening, Not-
worrying, and Not-distracting), and not statistically different
for the remaining three scales. Similar results were obtained
when comparing the alpha values of the Italian MAIA with
those of both the German and Chilean versions of the MAIA.
Notwithstanding these differences, it should be noted that our
Cronbach’s alpha values were highly correlated to those of the
English, German, and Chilean versions (r = 0.855, 0.973, and
0.928; all ps≤ 0.007).Moreover, the pattern of values we observed
was very similar to that of the other MAIA versions, with the
Noticing, Not-worrying, and Not-distracting scales consistently
showing the lower Cronbach’s alpha values among the scales (all
ps≤ 0.0001, Feldt’s test for dependent samples; Feldt et al., 1987).

Table 2 also shows the Pearson’s interscale correlations. The
results revealed a complex pattern of intercorrelations between
the scores of the eight scales of MAIA, with a high percentage of
significant correlations (16 out of 28 possible pairs, representing
approximately 57%, with α = 0.05). The only two scales that
seem to be relatively independent from the other scales were Not-
worrying and Not-distracting, which composed the dimension
“Emotional Reactions and Attentional Response to a Sensation”
in the original MAIA (Mehling et al., 2012). Again, this pattern
of results was consistent with that found in the other available
versions of the MAIA. In fact, the Pearson’s correlations between
the interscale correlation matrices of the Italian MAIA, on the
one side, and those of the English, German, and Chilean MAIA,
on the other side, were very high (respectively, 0.896, 0.925,
and 0.925; all ps < 0.001), highlighting a high second-order
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isomorphism (Shepard and Chipman, 1970) of the correlational
structure of the MAIA across these three languages and cultures.

Heartbeat Perception Task
There were no significant differences in IAc scores between the
three groups of participants (see Section Heartbeat Perception
Task), suggesting that the method of measurement of the
heartbeats (ECG, stethoscope, wrist palpation) did not influence
the participants’ IAc. Mean IAc scores in the three groups
were 0.503 (SD = 0.191), 0.542 (SD = 0.182), and 0.540 (SD
= 0.185), respectively. These were not different in pairwise
comparisons by t-tests [ECG vs. stethoscope: t(90) = 0.987,
p = 0.327; ECG vs. wrist palpation: t(90) = 0.721, p = 0.473;
stethoscope vs. wrist palpation: t(84) = 0.939, p = 0.350].
More importantly, Bayesian t-tests (Rouder et al., 2009) provided
support for the null hypothesis across the three methods with
JZS Bayes factors of 3.96, 4.90, and 4.02, respectively, for the
same pairwise comparisons. Therefore, we felt justified in pooling
the data across heartbeat recording methods for our subsequent
analyses.

Inter-constructs Relationships
Table 2 shows the Pearson’s correlations between the eight
scales of the Italian MAIA and both the ES and IAc scores of
the participants. The analysis revealed significant correlations
between the ES scale and four of the eight scales of the MAIA:
Not-worrying, Attention regulation, Emotional awareness, and
Trusting (respectively, r = −0.359, −0.244, 0.187, and −0.331;
all ps≤ 0.001; n = 321). The IAc score was weakly but statistically
significantly correlated with only one MAIA scale: Attention
regulation (r = 0.200, p = 0.020, n = 135).

Given the complex pattern of intercorrelations among the
MAIA scales, we also calculated partial correlations between
each pair of variables, controlling for all other variables. This
analysis essentially confirms the results of the previous one
and revealed weak but statistically significant partial correlations
(rpartial) between the ES scale and the same four MAIA scales
that emerged from the regular correlation analysis (respectively,
rpartial = −0.339,−0.222, 0.212,−0.289; all ps≤ 0.001; n = 321),
with an additional significant partial correlation for the Body
Listening scale (rpartial = 0.128, p = 0.023; Table 3). Moreover,
the weak but statistically significant correlation between the IAc
score and the MAIA Attention Regulation scale was confirmed
by the partial correlation analysis (rpartial = 0.226, p = 0.011,
n = 135).

Since the correlational analyses showed that the IAc score was
not reliably related to the ES score, and since a first multiple
regression analyses showed that IAc did not reliably predict
ES score (neither individually nor in interaction with other
predictors), we chose to exclude it from the list of continuous
predictors for the multiple regression analysis, in order to have
a larger sample of valid cases (n = 321, the participants
who completed both the MAIA and ES scales, instead of n =

135 for the subsample of participants who also performed the
HPT) and, thus, increase the statistical power. The subsequent
multiple regression analyses, performed with the best subset
method as detailed in the Data Analysis Section, revealed a
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TABLE 3 | Partial correlations between IAw scales, ES, and IAc.

Measures Interscale/Inter-construct partial correlationsa

IAw (MAIA, n = 321) 1 2 3 4 5 6 7 8 9 10

1 Noticing 0.424 0.970 <0.001 0.022 0.189 0.003 0.350 0.271 0.236

2 Not-distracting 0.045 0.076 0.021 0.364 0.658 0.713 0.846 0.094 0.939

3 Not-worrying 0.002 −0.100 0.624 0.075 0.351 0.403 0.095 <0.001 0.628

4 Attention regulation 0.217 −0.130 0.028 0.001 0.329 0.112 0.001 <0.001 0.011

5 Emotional awareness 0.129 0.051 −0.100 0.194 <0.001 0.005 0.868 <0.001 0.644

6 Self regulation 0.074 −0.025 −0.053 0.055 0.214 <0.001 <0.001 0.093 0.487

7 Body listening 0.165 0.021 0.047 0.090 0.157 0.403 0.159 0.023 0.685

8 Trusting −0.053 0.011 −0.094 0.194 0.009 0.242 0.079 <0.001 0.583

9 ES (n = 321) 0.062 −0.095 −0.339 −0.222 0.212 −0.095 0.128 −0.289 0.710

10 IAc (HPT, n = 135) −0.106 −0.007 0.043 0.226 −0.041 −0.062 0.036 0.049 0.033

aPartial correlations are shown in the lower triangle with corresponding p-values in the upper triangle. Significant correlations are indicated in bold.

model that included three predictors as the best model to explain
the participants’ ES scores. This model included, ordered by
the percentage of explained variance, the interaction between
Attention regulation and Trusting [β = −0.413, SE = 0.049,
t(317) = 8.142, p < 0.001], Not-worrying [β = −0.295, SE =

0.048, t(317) = 6.123, p < 0.001], and Emotional awareness
(β = 0.241, SE = 0.050, t(317) = 4.829, p < 0.001) as
predictors, explaining 29.87% of the variance [F(3, 317) = 45.01,
p < 0.001], with good tolerance values (≥0.883). Therefore,
participants with higher ES scores reported more emotional
distress or worry with sensations of pain or discomfort (Not-
worrying), higher awareness of the connection between body
sensations and emotional states (Emotional awareness), and were
either less able to sustain and control attention to body sensation
(Attention regulation) or less prone to experience their own body
as a safe and trustworthy place (Trusting). In particular, the
interaction between Attention regulation and Trusting revealed
that the participants who had a score near zero in at least one of
these scales also had higher ES scores, that is, were more prone
to experience feelings of discomfort, helplessness, inadequacy,
and vulnerability due to the inability to control their reactions
in negative situations (either real or imagined), irrespective of
their score in the other scale; conversely, only participants who
showed high scores in both these scales reported to have low ES.
It is important here to note that the significant effects revealed
in this multiple correlation analysis concern the same variables
for which we found significant regular and partial correlations
with the ES score, thus highlighting the stability of these findings
but, at the same time, revealing a more complex pattern of
relationships between the ES and the multiple facets of the IAw,
as evaluated by the MAIA.

Discussion

In the present study, we aimed to test the psychometric
properties of the new Italian translation of the MAIA and
explore the complex interplay between three constructs that
contribute in shaping how we experience our “bodily” feelings
and emotional states, that is: interoceptive accuracy (IAc),
interoceptive awareness (IAw), and emotional susceptibility (ES).

First, analyses of the preliminary psychometric properties and
the factorial structure of the Italian version of the MAIA
revealed that it has acceptable reliability and a dimensionality
that is comparable to that of the other available MAIA versions
(Mehling et al., 2012; Bornemann et al., 2014; Valenzuela
Moguillansky and Reyes Reyes, 2015). However, this validation
is limited, and the present data should be considered as
a first, preliminary validation of the MAIA in the Italian
population, as we tested it in a sample of 321 mostly female
undergraduate Psychology students that is hardly representative
of the Italian population. Therefore, further examinations on a
more representative sample are needed.

Second, our analyses elucidate the complex relationship
between distinct dimensions of IAw and ES and add new data
to the discriminatory and convergent validity of the MAIA
scales. Our results from correlational analyses revealed that the
participants’ scores on four of the eight MAIA scales, namely
Not-worrying, Emotional awareness, Attention regulation, and
Trusting were reliably correlated with the participants’ ES.
Multiple regression analyses further elucidated the specific
contribution of each MAIA scale in explaining the variability in
the participants’ ES. These analyses revealed that, while both the
Not-worrying and Emotional awareness scales were independent
significant predictors of the participants’ ES scores, the Attention
regulation and Trusting scales interacted in explaining the
(larger portion of the) variability in the participants’ ES
scores. Our results thus showed that two specific aspects of
IAw independently contributed in explaining the variability
in participants’ ES. First, Not-worrying was significantly and
negatively related to ES: participants who reported to be more
prone to experience emotional distress or worry in response to
negative body sensations (i.e., with a score near zero in the Not-
worrying scale) also reported to be more prone to experience
discomfort, vulnerability, and inadequacy in controlling their
excitement, arousal, and reactions in situations of danger, offense,
or attack (Caprara et al., 1983), as evidenced by high ES scores.
This result suggests a tight link between these two constructs,
which makes sense, as both are related to measures of trait
anxiety (see Caprara et al., 1983; Mehling et al., 2012), and
situations of danger, threat, offense, or attack all lead to the
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activation of the sympathetic nervous system, with subsequent
strong bodily signals of alarm. As shown by Mehling et al.
(2012), the MAIA Not-worrying scale was related to the Physical
Concern subscale of the Anxiety Sensitivity Index (Zinbarg et al.,
1997), which assesses the proneness or enduring tendency to
worry when experiencing bodily sensations of discomfort, such
as quickened respiration or heartbeat and chest constriction.
These sensations can be triggered by “emotionally salient stimuli”
and the “situations of danger, offense, or attack” that contribute
to the definition of the ES construct and, therefore, are all
phenomena that individuals with high ES experience as a
state of negative affect. Thus, to not worry would mean to
accept and tolerate these negative body signals, to have a
mindful, nonjudgmental acceptance in experiencing the physical
sensations in the present moment (Mehling et al., 2012), and
not to “burden oneself with them,” while experiencing feelings
of helplessness, inadequacy, and vulnerability (Caprara et al.,
1985).

Next, although the Emotional awareness scale was
significantly related to the participants’ ES, those who reported to
have high awareness of the connection between their emotional
states and body sensations also had high ES. At first glance, this
finding may seem counterintuitive: one could expect to find
the opposite relation between the Emotional awareness and the
ES. However, a recent study provides findings in line with our
results. Indeed, Lichev et al. (2015) found that individuals with
high emotional awareness showed stronger (implicit) affective
reactivity. Moreover, the results of an analysis conducted by
Mehling et al. (2012) may provide some insights to help us better
understand how the multiple aspects of the IAw relate to anxiety.
The authors showed that Emotional awareness was the only scale
that showed a specific—even if marginally significant—positive
relation with the trait anxiety measure, despite its negative
association with anxiety measures in a simple correlational
analysis. Follow-up regression analyses showed that a possible
cause of this inversion of the association between anxiety and
Emotional awareness was the portion of shared variance between
the latter measure and another MAIA measure, Self-regulation.
In other words, even if Emotional awareness was negatively
related to anxiety when taken alone, this relation became
positive after having removed the portion of variance shared
with Self-regulation. This suggests that the Emotional awareness
scale would assess distinct aspects of this construct that may
be negatively and positively related to anxiety (respectively,
those shared with the Self-regulation scale and those that are
specific to the Emotional awareness). This interpretation led
the authors to conclude that “mere awareness of how body
sensations correspond to emotional states [i.e., the Emotional
awareness], without the ability to use awareness of those
sensations to reduce distress [i.e., the Self-regulation], could
increase anxiety” (Mehling et al., 2012). Therefore, it is possible
that the positive relationship we found between Emotional
awareness and ES was mostly driven by the same specific aspects
that Mehling and colleagues found to be related to an increased
trait anxiety, which in turn is strongly related to ES (Caprara
et al., 1983). Albeit speculative, this possible explanation
highlights the need to conduct further studies and intensify the

efforts to clarify how specific aspects of body awareness affect
anxiety.

Finally, and more importantly, the multiple regression
analysis showed an even stronger relationship between the
participants’ ES and the interaction between Attention regulation
and Trusting. This result is of particular interest, as it reveals
a pattern of relationships between the ES and these facets of
the IAw that is more complex than it would at first appear by
relying on the correlational analyses. The significant interaction
between Attention regulation and Trusting reveals their non-
additive effect in explaining the ES variability: participants who
had a score near zero in either the Attention regulation or the
Trusting scale also had higher ES scores, that is, reported to be
highly prone to experiencing feelings of discomfort, helplessness,
inadequacy, and vulnerability due to the inability to control their
reactions in negative situations, irrespective of their score in the
other scale; on the contrary, only participants who showed high
scores in both these scales reported to have a low ES. This result
indicates that, when taken alone, neither of these two abilities is
enough to protect oneself against the negative feelings implied
by a high ES score. In other words, the inclination to experience
the body as a safe and trustworthy place (i.e., a high Trusting
score) also needs the concomitant ability to actively direct and
maintain the attention on the body signals (i.e., a high Attention
regulation score) to allow one to control feelings and reactivity
in negative situations. In line with this result, different authors
considered the skills in attention regulation as a precondition for
the capacity to be nonreactive and tolerant of body sensations,
which are key elements of a more general mindfulness approach
to experience (e.g., Shapiro et al., 2006; Mehling et al., 2009,
2012; Hölzel et al., 2011). Our data emphasize that focusing
attention on body signals can be maladaptive if one does not
“feel at home” in his/her own body. Therefore, good attention
regulation skills (as assessed by the MAIA) should be considered
as just one necessary—but not sufficient—precondition of a
beneficial mind-body relation and emotional stability, even when
it is viewed as related to a “positive” mode of mind, or mindful
presence (Mehling et al., 2009), (i.e., “focusing attention directly
on immediately experienced feelings,” instead of “[having an]
abstract ruminative self-focus,” Mehling et al., 2012; see also
Watkins and Teasdale, 2004; Shapiro et al., 2006).

Furthermore, our correlational analyses revealed that
Attention regulation was the only facet of the IAw, as assessed
by the MAIA, to be significantly, albeit weakly, related to
the participants’ IAc, i.e., their ability to accurately perceive
their bodily signals, as assessed by the performance in the
HPT. This result is consistent with the fact that the Attention
regulation scale assesses the participants’ perception of their
ability to actively direct and maintain attention on body signals,
which is the very ability that was required to have a good
performance in the HPT. This result is consistent with the
report that Attention regulation was found to be the MAIA scale
with the strongest correlation (Mehling et al., 2012) with the
Private Body Consciousness subscale of the Body Consciousness
Questionnaire (Miller et al., 1981), which specifically relates
to the ability to notice bodily sensations such as the heart
beating, thus involving IAc skills. Apart from this single, albeit
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interesting, significant result, the results of our analyses suggest
the substantial independence of the IAc and IAw measures,
supporting the notion that the assessment of IAc alone cannot
provide a full comprehension of IAw. This independence
is in line with more recent findings showing that subjective
self-report measures of interoception ability, such as those
provided by the MAIA, may diverge significantly from objective
measures of IAc (Garfinkel et al., 2015). As a limitation of our
IAc measures we need to note that three different measures
of heart rate measures were used including manual palpation
and chest auscultation that would potentially interfere with the
participants’ self-assessment. However, our analyses supported
equivalence of the three methods. In addition, using exclusively
self-report to assess IAw is a limitation that in future studies
can—at least partially—be addressed following the method
suggested by Garfinkel et al. (2015).

The complex pattern of correlations between the IAw,
IAc, and ES revealed by our analyses would induce another
important consideration supporting the above conclusion. While
the correlational analyses showed that ES was not significantly
related to the ability to accurately perceive bodily signals (IAc),
multiple regression analyses showed that it was significantly
and specifically related to different facets of IAw, particularly
to the interaction between Trusting and Attention Regulation,
which is the only MAIA scale to be related to the IAc. This
pattern of results appears to provide additional support against
the interoceptive sensitivity hypothesis (Ehlers and Breuer, 1992),
which equates the IAw and IAc constructs, and, again, in favor
of a conceptual distinction between these two constructs, as
proposed by Ceunen et al. (2013) and Garfinkel et al. (2015).
Moreover, the lack of a significant relation between IAc and
ES would suggest that this latter construct does not simply
correspond to the subjective experience of the intensity of
emotional states. It has been shown that individuals with high
IAc experience emotions as more intense (e.g., Wiens et al.,
2000) and report them with a greater emphasis on the arousal
dimension (Barrett et al., 2004). Based on these findings, we
hypothesized that individuals with high IAc may be more
emotionally susceptible, as they would tend to have greater
arousal/excitement, especially “in situations, real, or imagined, of
danger, offense, threat, or attack.” Contrary to our hypothesis,
our finding indicates that this presumably greater activation
in response to emotional stimuli does not automatically lead
to the “feelings of discomfort, helplessness, inadequacy, and
vulnerability,” and the “state of negative affect and a tendency to
place oneself in a defensive position” that characterize individuals
with high ES, as these feelings/emotions triggered by highly
arousing situations are critically “due to the inability [of the
individual] to control” this arousal/excitement (Caprara et al.,
1983). This explanation is supported by reports (e.g., Füstös
et al., 2013) that, although individuals with high IAc experienced
negative emotions as more arousing, they were at the same
time better able to actively down-regulate affect-related states,
suggesting that the accurate perception of bodily states may be
essential for adequate emotion regulation.

Alternatively, it has also been shown (Van’t Wout et al.,
2013) that IAc is not related to self-reported levels of the

habitual use of emotion regulatory strategies, as assessed by
the Emotion Regulation Questionnaire (ERQ: Gross and John,
2003). Therefore, it is possible that a positive association
between IAc and the subjective experience of the intensity
of emotions, combined with no association between IAc and
emotion regulation ability canceled out any association between
IAc and ES. Regrettably, we did not check our participants’
habitual use of emotion regulation strategies, and thus we cannot
verify this possible interpretation. Taken together, these findings
suggest that the relationship between IAc and ES/emotion
regulation appears to be more complex than we initially thought,
and further investigation is needed to shed light on this issue.

Support for the conceptual distinction of the IAw and IAc
constructs also comes from the analysis of the pattern of
relations that these two constructs have with anxiety-related
traits, which resembles a sort of “double dissociation.” First,
as showed by Mehling et al. (2012), different MAIA scales
are negatively correlated with trait anxiety, a general stable
tendency to respond with anxiety to perceived threats in the
environment, and to a lesser degree with anxiety sensitivity, a
dispositional trait characterized by the fear of feelings related to
anxiety, based on the belief that these symptoms have physical,
psychological, or social consequences (Reiss and McNally, 1985;
Reiss, 1991). Conversely, the HPT shows the opposite pattern,
with stronger positive correlations with the anxiety sensitivity
and weaker correlations with the trait anxiety (Domschke et al.,
2010), suggesting that individuals with high anxiety sensitivity
are generally more accurate in detecting their own heartbeat.
Second, an increased IAc has been proposed as a risk factor
for the development of state anxiety, trait anxiety or clinical
disorders related to anxiety due to an attentional bias involving
catastrophic misinterpretations of somatic signals (McNally,
2002; Schmidt et al., 2008; Perez Benitez et al., 2009; Domschke
et al., 2010). Conversely, mindful meditation, and thus potentially
improved IAw, is associated with the transition from (a) a form of
conceptual and narrative thinking that is susceptible to evaluative
interferences to (b) a form of experiential, non-evaluative,
immediate sensing, in which the attention is focused directly
on present-moment feelings and bodily sensations (Mehling
et al., 2009; Daubenmier et al., 2013). These distinct modes of
mind can thus determine whether body awareness is beneficial
or maladaptive: “focusing attention directly on immediately
experienced feelings appears to be adaptive, whereas an abstract
ruminative self-focus appears to be maladaptive” (Mehling et al.,
2012).

These distinct modes of minds correspond to distinct forms
of self-awareness that are habitually integrated but, as shown
with fMRI by Farb et al. (2007), “can be dissociated through
attentional training: the self across time [i.e., the narrative focus]
and the self in the present moment [i.e., the experiential focus].”
Following 8 weeks of mindfulness meditation, an experiential
focus was associated with three fMRI findings: (i) reduced activity
of the medial prefrontal cortex, which supports narrative self-
awareness by linking subjective experiences across time (Northoff
and Bermpohl, 2004), providing narrative self-reference that
preserves the identity stability across time (Gallagher, 2004); (ii)
increased engagement of a right lateralized network (including
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the insula) for higher-order representations of the self (Critchley
et al., 2004) through moment-to-moment self-reference and
“experiential” focus, and (iii) decoupling of the functional
connectivity between these two sets of areas. These findings
are also in line with other studies investigating how meditation
affects IAc and IAwmeasures. It has been shown that meditation,
contemplative practice, or other mind–body interventions can
longitudinally improve different facets of the IAw construct (e.g.,
Bornemann et al., 2014), but they seem to have no effect on the
ability to accurately perceive bodily signals, as assessed by the
HPT (Nielsen and Kaszniak, 2006; Khalsa et al., 2008; Melloni
et al., 2013; Parkin et al., 2013).

To sum up, our analyses confirmed the factorial structure of
the original MAIA in the new Italian version of the instrument.
Moreover, they (a) confirmed the substantial independence of

the IAc from self-reported IAw, (b) showed independence of
IAc from ES measure, and (c) revealed a complex pattern
of relationships between ES and distinct dimensions of IAw,
such as Not-worrying, Emotional awareness, and the interplay
between Attention regulation and Trusting. Taken together,
these findings further highlight the need for a multidimensional
assessment of the IAw construct and for a more in-depth
analysis of its relationship with personality traits, such as ES or
neuroticism.
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Interoception is the basic process enabling evaluation of one’s own bodily states. Several

previous studies suggested that altered interoception might be related to disorders in the

ability to perceive and express emotions, i.e., alexithymia, and to defects in perceiving and

describing one’s own health status, i.e., hypochondriasis. The main aim of the present

study was to investigate the relationships between alexithymic trait and interoceptive

abilities evaluated by the “Self-Awareness Questionnaire” (SAQ), a novel self-report tool

for assessing interoceptive awareness. Two hundred and fifty healthy subjects completed

the SAQ, the Toronto Alexithymia Scale-20 items (TAS-20), and a questionnaire to assess

hypochondriasis, the Illness Attitude Scale (IAS). The SAQ showed a two-factor structure,

with good internal consistency (Cronbach’s alpha = 0.88). We observed significant

direct correlations between SAQ, TAS-20 and two of its subscales, and the IAS.

Regression analysis confirmed that the difficulty in identifying and expressing emotions

is significantly related with awareness for one’s own interoceptive feelings and with a

tendency to misinterpret and amplify bodily sensations. From a clinical point of view, the

assessment of interoceptive awareness by the SAQ could be pivotal in evaluating several

psychopathological conditions, such as the somatoform disorders.

Keywords: interoceptive awareness, emotion, alexithymia, hypochondriasis, health, insular cortex

Introduction

Interoception is the basic process collecting information coming from one’s own body, such as
heartbeat, hunger, thirst, breathing, or visceral sensations. Such information is less distinct than
that provided by “exteroceptive” somatosensory systems (e.g., touch, or skin temperature), but
contributes to maintain homeostasis (Craig, 2003), and allows the brain to build a sense of one’s
own physical condition and to answer questions such as “how do you feel now?” (Craig, 2009).

The relationships between interoception and emotion are still under debate. Classic andmodern
theories of emotion maintain that bodily states contribute to or are essential for emotional
experience (James, 1884; Lange, 1885; Bard, 1928; Cannon, 1932; Lane and Schwartz, 1987). Several
studies using heartbeat perception tasks demonstrated a positive association between interoception
and intensity of emotional experience (e.g., Schandry, 1981; Jones, 1994; Wiens et al., 2000; Barrett
et al., 2004; Critchley et al., 2004; Wiens, 2005; Herbert et al., 2007; Pollatos et al., 2007a,b). Thus,
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according to Craig (2004, 2009), individual differences in
emotional awareness may be directly related to individual
differences in interoception. Similarly, Pollatos et al. (2005) and
Dunn et al. (2010) reported that individuals with high sensitivity
to interoceptive signals showed higher arousal in response to
emotional visual stimuli.

The close relationships between interoception and emotional
awareness have recently been supported by a neurofunctional
study. Zaki et al. (2012) demonstrated that the anterior insular
cortex, which is considered essential for both interoception
monitoring and emotional processing (Craig, 2004, 2009;
Critchley et al., 2004; Pollatos et al., 2007a), was activated
during tasks in which healthy subjects were required to
monitor their own heartbeat or to assess their own emotional
experience after viewing videos of people recounting emotional
stories. On this basis, the anterior insular cortex has been
regarded as “a convergence zone” of interoceptive and emotional
awareness (Zaki et al., 2012; see also Lamm and Singer,
2010). Enhanced activation in a network including the anterior
insular cortex, the anterior cingulate cortex, ventromedial
prefrontal cortex and somatosensory cortex has been reported
in subjects with high interoceptive awareness (Critchley et al.,
2004).

Emotional awareness and processing of interoceptive signals
are thought to be impaired in alexithymia (Lane et al., 1998,
2000; Craig, 2004), defined by Sifneos (1973) as a reduced ability
to identify and describe one’s own emotions in patients with
psychosomatic diseases. Alexithymia has been hypothesized to be
associated with altered activation andmorphology in the anterior
cingulate cortex and the anterior insular cortex (Lane et al., 1998,
2000; Berthoz et al., 2002; Kano et al., 2003; Borsci et al., 2009).
Consistent with such findings, Herbert et al. (2011) demonstrated
that the ability to process interoceptive signals (assessed on a
heartbeat perception task) is negatively associated with all aspects
of alexithymia.

Available studies on the relationships between alexithymia and
interoception, however, did not take into account the distinct
facets of this complex construct. In this respect, Terasawa et al.
(2013) underscored that tasks assessing heartbeat detection (e.g.,
Schandry, 1981) provide a measure of interoceptive “sensitivity,”
i.e., of the accuracy in objective tests of bodily sensations, but
are not suitable to investigate other aspects of interoception,
such as interoceptive “sensibility” and interoceptive “awareness.”
Interoceptive “sensibility” would express one’s own tendency to
be focused on internal states, whereas interoceptive “awareness”
(IA) would imply cognitive appreciation of interoceptive
sensations, and the ability of expressing bodily feelings.
Interoceptive “sensibility” and IA are best addressed by means of
self-report questionnaires (Terasawa et al., 2013). The distinction
of the three aspects of interoception can help explaining the
reason why studies using self-report questionnaires or “objective”
heartbeat detection tasks provide divergent findings about the
relationships between interoception and alexithymic trait. In fact,
contrary to findings reported by Herbert et al. (2011), Ernst et al.
(2014) observed a positive correlation between IA (assessed by
a self-report tool, the Body Perception Questionnaire; Porges,
1993) and alexithymic trait in a small sample of healthy subjects

in a study on neurotransmitter concentration in the insula and in
the anterior cingulate cortex.

A positive correlation between IA and alexithymic trait
could be consistent with the view that close attention toward
interoceptive sensations could hamper interpretation of one’s
own emotional feelings (Biondi, 1991). Accordingly, in their
review Kano and Fukudo (2013) suggested that persons with
alexithymia tend to over-report physical symptoms and interpret
even low-intensity emotion-related sensations as signs of illness.
This hypothesis is consistent with the results of a PET
study showing stronger awareness of visceral sensations in
alexithymics, with greater activity in the posterior insula and
in the rostral anterior cingulate cortex (Kano et al., 2007).
Moreover, Tominaga et al. (2014) found a strong correlation
between alexithymia (assessed by Toronto Alexithymia Scale-20
items; Bagby et al., 1994) and hypochondriasis and somatoform
disorders (assessed by Somatosensory Amplification Scale;
Barsky et al., 1988; Nakao and Barsky, 2007). Taken together, such
observations would show a significant direct correlation between
measures of IA and alexithymic trait, when self-report assessment
tools are used.

The aim of the present study was to investigate the hypothesis
of a direct association between IA and alexithymic trait in a
large sample of healthy subjects. In a systematic review of the
available self-report measures assessing body-awareness,Mehling
et al. (2009) concluded that no instruments assess all aspects of
interoception, but mainly explore anxiety or emotions, without
sufficient details on physical sensations and with a few items
on body awareness. For these reasons, Mehling et al. (2012)
developed the Multidimensional Assessment of Interoceptive
Awareness (MAIA) to evaluate dimensions of body awareness
such as quality of body sensations, attention regulation for
body sensations, emotional awareness for physiological signs
of emotion or tendency to evaluate one’s own body as safe
and trustworthy. However, to the best of our knowledge, there
is no tool evaluating perception of a wide range of bodily
sensations. For this purpose, we devised a new self-report
measure of IA to be used in a large non-clinical sample. This
questionnaire, termed “Self-Awareness Questionnaire” (SAQ), is
short and easy to administer and refers to commonly felt bodily
sensations. This novel self-report tool is based on the “How do
you feel questionnaire” (Grossi et al., 2014), which allowed to
demonstrate that poor interoceptive awareness is associated with
insular damage in stroke patients, and includes further items
derived from other available questionnaires (e.g., Barsky et al.,
1988; Porges, 1993).

Materials and Methods

Participants
We recruited 250 healthy subjects among students and academic
staff of the Departments of Psychology and Political Science at the
Second University of Naples. To be included in the present study,
subjects had to meet the following criteria: (1) lack of current or
past history of alcohol or drug abuse, (2) lack of current or past
history of major psychiatric diseases, (3) lack of history of brain
injury, stroke, or any other major clinical condition, (4) lack of
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past or current use of psychoactive medications. The eligibility
criteria were assessed by means of a brief semi-structured clinical
interview.

All individuals were naïve to the scopes and purposes of the
study and gave their written informed consent to participate
without any reward.

Materials and Methods
All participants completed three questionnaires assessing: (i)
IA, (ii) the ability to identify and describe emotions, and (iii)
attitudes associated with hypochondriasis. To assess IA, and
to specifically investigate how and how frequently subjects feel
signals arising from their own body, we used an extended
version of the “How do you feel questionnaire” (Grossi et al.,
2014). The questionnaire included 35 items (Appendix 1) to
be rated on a 5-point Likert scale (0 = never; 1 = sometimes;
2 = often; 3 = very often; 4 = always). The total score
ranges 0–140, with higher scores meaning higher IA. In a
preliminary study on an independent sample of 50 healthy
students, we required participants to rate whether each item was
clearly comprehensible and whether it assessed common physical
sensations. All items were considered simple to comprehend,
and suitable to address bodily sensations; all 35 items were thus
included in the SAQ.

To assess the ability to identify and describe emotions, we
used the Toronto Alexithymia Scale-20 items (TAS-20; Bagby
et al., 1994), the most widely used self-report tool to assess
the Alexithymia construct. The 20 items explore three factors
reflecting the main aspects of the alexithymia: difficulty in
identifying feelings; difficulty in describing feelings; externally
oriented thinking. Each item has to be rated on a 5-point Likert
scale (from 1 = “completely agree” to 5 = “strongly disagree”).
The total score ranges 20–100, with higher scores indicating
higher levels of alexithymia. The Italian version of TAS-20 has
been demonstrated to show good test-retest reliability (0.86)
and adequate internal consistency (Cronbach’s alpha: 0.75) in a
wide sample of healthy adults and of medical and psychiatric
outpatients (Bressi et al., 1996).

The Illness Attitude Scale (IAS; Kellner, 1987) investigates
attitude, fear and beliefs associated with hypochondriac behavior,
and includes 27 items rated on a 5-point Likert scale (from
0 = “no” to 4 = “most of the time”). The total score ranges 0–
108, with higher scores indicating more severe hypochondriac
symptoms. The IAS is a reliable instrument, distinguishing
hypochondriac patients from psychiatric patients and healthy
individuals (Kellner, 1987). The IAS has been translated in several
languages and its psychometric properties are well established
(Sirri et al., 2008); an Italian version of the scale has been used
in studies on clinical samples (e.g., Fava et al., 2000), but its
psychometric properties have not been assessed specifically.

The study was approved by the Local Ethics Committees.

Statistical Analysis
Quality of data for SAQ questionnaire was evaluated
by computing percentage of missing or invalid items; a
percentage <5% is considered as an index of acceptable data
quality. Moreover, data quality was assessed using mean, median,

skewness, kurtosis and extent of ceiling and floor effects. Floor
and ceiling effects <15% were defined as optimal (Cronbach,
1951). Internal consistency of the SAQ and of its dimensions was
evaluated by Cronbach’s alpha (McHorney and Tarlov, 1995);
a value ≥0.70 was considered acceptable (Scientific Advisory
Committee of the Medical Outcomes Trust, 2002). Scaling
assumptions referring to the correct grouping of items were
checked using alpha correction if item is removed (item is
removed if the alpha value increases).

Furthermore, we run an Exploratory Factor Analysis, by
Principal Axis Factor analysis (PAF), to explore the latent
structure of the scale and to perform data reduction; we extracted
the components explaining an amount of variance greater than
a single item do (i.e., with Eigenvalues > 1; Kaiser, 1960). We
computed factor loadings after oblimin rotation, allowing factors
to correlate.

Thirdly, we assessed correlations of SAQ with TAS-20 (total
and subscales scores for both measures) and IAS total score
by computing Pearson’s correlation coefficients (Bonferroni
correction formultiple comparisons was adopted to reduce type-I
errors).

Last, to investigate whether IA explained a significant portion
of variance of alexithymia, a regression analysis was performed
on TAS total score, using the SAQ total score as a predictor.
The specific contribution of SAQ in predicting TAS scores
was also assessed by means of hierarchical multiple regression
analysis performed on TAS total scores, in which we first entered
demographic data (age and gender), then IAS total score, and last
SAQ total score as independent variables.

Results

Two hundred and fifty healthy subjects (175 females, 75 males)
participated in the present study. Table 1 shows the participants’
demographic features and data about the psychometric variables.

Data collected for each item of the SAQ were computable and
there was no missing value. There was no floor or ceiling effect;
skewness was 0.78 and kurtosis was 0.30.

Descriptive analyses on normality distribution and
communality indexes from PAF, suggested removing 7 of
the 35 items (Items: 1, 2, 5, 8, 20, 22, 29). The mean score on
the resulting 28-item SAQ “awareness index” (max value = 112)
for the present sample was 23.33 (SD = 11.67). PAF extracted
three factors with an eigenvalue higher than 1. The screen test
indicated a two-factor solution, which accounted for about 29%
of the total variance. Factor loadings obtained after oblimin
rotation are shown in Table 2.

TABLE 1 | Participants’ demographic and psychometric variables.

Mean Standard deviation Range

Age (years) 27.9 9.4 18–57

Education (years) 14.3 2.3 5–18

IAS 33.6 15.4 4–81

TAS-20 34.0 9.8 9–69

SAQ 27.4 13.5 2–78
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TABLE 2 | Factor analysis of SAQ.

Items F1 F2

3. I feel my heart beat in my ears 0.41 0.21

4. I feel very hot in comparison to others −0.16 0.62

6. I feel pain extremely 0.32 0.02

7. I feel my stomach tightening 0.49 0.18

9. I feel a sudden hunger pang 0.01 0.47

10. I feel my back ache 0.10 0.32

11. I feel pins and needles 0.19 0.32

12. I feel that I can’t get enough air into my

lungs

0.72 −0.09

13. I have an extra-strong heartbeat 0.60 0.13

14. I feel full and bloated after eating 0.21 0.43

15. I have the sudden urge to urinate 0.17 0.36

16. I feel as if I am on fire 0.23 0.51

17. I feel a burning sensation in my stomach 0.32 0.13

18. I feel a pain in my stomach 0.24 0.30

19. I feel very cold in comparison to others 0.64 −0.08

21. I feel like I have to throw up 0.44 0.17

23. I feel chilled 0.60 −0.10

24. I feel my legs heavy 0.25 0.41

25. I feel my throat dry 0.21 0.47

26. I have heavy feeling in my chest 0.69 −0.06

27. I feel my heart thudding 0.71 −0.10

28. I feel sudden thirst pangs −0.10 0.65

30. I feel breathless without engaging in any

type of exertion and effort

0.32 0.31

31. I feel my ears burning 0.14 0.30

32. I feel a lump in my throat 0.63 −0.05

33. I feel faint 0.37 0.07

34. I feel my palms sweaty −0.14 0.51

35. I have difficulty in swallowing 0.30 0.07

For each item the highest factor loading is printed in bold.

The first factor (F1) was the most relevant (eigenvalue after
rotation= 5.81), and mainly (but not exclusively) included items
related to visceral sensations (items 3, 6, 7, 12, 13, 17, 19, 21, 23,
26, 27, 30, 32, 33, 35). The second factor (F2, eigenvalue = 4.50)
mainly included items referring to somatosensory sensations
(items 4, 9, 10, 11, 14, 15, 16, 18, 24, 25, 28, 30, 31, 34).
The SAQ awareness index significantly correlated with both F1
(r = 0.89, p < 0.01) and F2 factors (r = 0.86, p <

0.01); the two factors significantly correlated with each other
(r = 0.55, p < 0.01). The SAQ awareness index and its two
factors showed good internal consistency (F1: alpha = 0.85; F2:
alpha = 0.81; total alpha = 0.88). Correlation analyses (Table 3)
revealed that the SAQ awareness index (and its two factors F1
and F2) significantly correlated with the TAS-20 total score and
its two subscales “difficulty identifying feelings” and “difficulty
describing feelings,” but not with the TAS-20 subscale assessing
“externally oriented thinking.” In addition, the SAQ awareness
index and its factors F1 and F2 significantly correlated with the
IAS total score. All such correlations were positive, meaning that
high scores on the SAQ and on its factors were associated to

high scores on the questionnaires assessing two specific facets of
alexithymia and hypochondriasis. By the same token, high IAS
total scores were associated with high scores on TAS-20 and with
high scores on two components of TAS-20, “difficulty identifying
feelings” and “difficulty describing feelings.”

The results from the regression analysis showed that
Interoception was a moderately significant predictor of
Alexithymia, explaining 13% of the variance (beta = 0.37,
p < 0.001). The results from the hierarchical regression models
showed that: age and gender were not significant predictors of
total TAS score [step# 1: R2 = 0.002; F(2, 247) = 1.28; p = 0.28;
beta for age = 0.08, beta for gender = 0.06]; hypochondria
was a significant predictor of alexithymia [step# 2: R2 = 0.12;
F(3, 246) = 11.96; p < 0.001; beta= 0.35]; IA, as evaluated by the
SAQ, was still a significant predictor of TAS scores accounting for
a further 8% of the variance [step# 3: R2= 0.20; F(4, 245) = 16.21;
p < 0.001; beta for gender = 0.18, beta for IAS = 0.21, beta for
SAQ= 0.33].

Discussion

The aim of the present study was to investigate the relationships
between bodily awareness, i.e., “interoceptive awareness” after
Terasawa et al. (2013), and the ability to identify and to describe
emotions. For this purpose we used a self-report questionnaire
(SAQ) specifically assessing how and how frequently participants
felt signals from their own body. The SAQ demonstrated a good
internal consistency; items clustered into two factors, the first
mainly related to visceral feelings, and the second mainly related
to somatosensory feelings.

In exploring the relationships between IA and emotion
processing, we observed significant positive relationships of SAQ
awareness index and of its two factors with TAS-20. In particular,
the two subscales of the TAS-20 investigating “difficulty in
identifying feelings” and “difficulty in describing feelings” showed
strong positive relationships with the SAQ awareness index and
its two factors. It is important to underscore that the correlation
of IA with alexithymic trait was positive in the present study,
consistent with findings reported by Ernst et al. (2014), who
observed that a high IA, as assessed by a self-report index,
correlated with high alexithymic trait. Although studies assessing
interoceptive “sensitivity” (e.g., via the heartbeat detection task)
reported an inverse correlation (Herbert et al., 2011), our and
Ernst et al.’s findings clearly support the idea that IA is directly
correlated with alexithymic trait.

The association between hypochondriasis and interoception
might suggest that high IA is related to a strong concern for
one’s own bodily sensations. Along these lines, Salkovskis and
Warwick (1986) maintained that cognitive processes concerning
body, health and illness might increase attention toward bodily
signals. Barsky et al. (1990) subsumed this hypothesis in
the Somatosensory Amplification model, according to which
hypochondriac subjects tend to focus on their somatic sensations
and experience them as intense and disturbing. This group of
subjects are hypervigilant about their own body, concentrate
on their own physical sensations and consider them as
dangerous.
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TABLE 3 | Correlation analyses between SAQ with IAS and TAS-20.

TAS-20 IAS

Difficulty identifying Difficulty describing Externally oriented Total score Total score

feelings feelings thinking

SAQ – Awareness index 0.47** 0.29** −0.02 0.34** 0.32**

SAQ – F1 factor 0.40** 0.20* −0.08 0.25** 0.31**

SAQ – F2 factor 0.45** 0.33** 0.04 0.37** 0.26**

IAS – Total score 0.36** 0.27** 0.10 0.33** –

Bonferroni corrected p-values: *p < 0.05; **p < 0.01.

The significant positive correlations among the SAQ
awareness index (and its two factors), TAS-20 scores and IAS
total score suggest that focusing one’s own attention on bodily
feelings can hamper interpretation of one’s own emotional
feelings, and of bodily sensations that are direct expressions of
such feelings. In other words, these results might be compatible
with the idea that IA, emotion processing and hypochondriasis
trait are different facets of a condition in which individuals
focus on their own body signals and do not recognize the
emotional nature of such signals. These individuals might be
prone to interpret their physiological modifications as a cue
that something life threatening is going on. Increased attention
to one’s own somatic signals might lead to a corresponding
inattention to one’s own emotions. These findings seem to
confirm the interconnection between these conditions. However,
from the present study we cannot infer the causal directionality
of such correlations, and it remains entirely plausible that high
scores of TAS-20 factors may contribute to the development
of somatoform disorders through attention, amplification and
misinterpretation of somatic sensations with emotional arousal
(Kano and Fukudo, 2013).

It is important to take into account that our conclusions are
based on observations gathered from a sample of relatively young
and educated healthy adults, and this might limit generalization
of our findings. However, most available scales, including the
Italian version of the TAS-20 used in this study, have been
developed and tested on similar samples. Moreover, in our
study we did not assess validity and reliability of the SAQ

questionnaire and did not investigate its relationships with
objective measures of interoception (e.g., the heartbeat detection
task). We also acknowledge that the inclusion of clinical samples
would have added further informative values to the present study,
allowing ascertaining whether the same relationships among IA,
alexithymia and hypochondriasis also apply in individuals with
somatoform disorders. These potential limitations might trigger
further extensive investigation, in which the different aspects of
interoception are assessed concurrently, and levels of anxiety and
of depressive symptoms are controlled, since they couldmodulate
alexithymia, and particularly the “difficulty identifying emotion”
and “difficulty describing emotion” factors of TAS-20 (Tominaga
et al., 2014).

Despite the above limitations, our study demonstrated
relevant interactions between IA, alexithymia and
hypochondriasis. IA is necessary for maintaining homeostasis,

but excessive attention to the body can interfere with the ability
to interpret bodily signals correctly. From a clinical point of
view, the assessment of IA could be pivotal in evaluating several
psychopathological conditions. Misinterpretation of physical
sensations, rather than physical sensations in themselves, can
determine concerns in individuals with a high level of attention
to their own body; this could result in a vicious circle involving
metacognition and evaluation of one’s own thinking and
symptoms (Marcus et al., 2007). These observations suggest that
IA could contribute in maintaining such syndromes. The SAQ
might reveal useful in comprehending the role of IA in clinical
samples of patients with somatoform disorders.
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Appendix

SELF-AWARENESS QUESTIONNAIRE (Original Italian
version)

1. Mi capita che quando qualcuno tossisce, viene da tossire
anche a me.

(When somebody coughs, I feel like coughing too)
2 never 2 sometimes 2 often 2 very often 2 always

2. Mi capita di sentire molto fastidio anche per una piccola
ferita

(I am excessively bothered even by a small wound)
2 never 2 sometimes 2 often 2 very often 2 always

3. Mi capita di sentire il mio battito cardiaco pulsare nelle
orecchie

(I feel my heart beat in my ears)
2 never 2 sometimes 2 often 2 very often 2 always

4. Mi capita di sentire eccessivamente caldo rispetto agli altri
(I feel very hot in comparison to others)
2 never 2 sometimes 2 often 2 very often 2 always

5. Mi capita di sentire la testa vuota
(I feel my head empty)
2 never 2 sometimes 2 often 2 very often 2 always

6. Mi capita di sentire eccessivamente il dolore
(I feel pain excessively)
2 never 2 sometimes 2 often 2 very often 2 always

7. Mi capita di sentire una stretta allo stomaco
(I feel my stomach tightening)
2 never 2 sometimes 2 often 2 very often 2 always

8. Mi capita di sentire un pizzicore alla gola
(I feel a tickle in my throat)
2 never 2 sometimes 2 often 2 very often 2 always

9. Mi capita di sentire un improvviso stimolo della fame
(I feel a sudden hunger pang)
2 never 2 sometimes 2 often 2 very often 2 always

10. Mi capita di sentire mal di schiena
(I feel my back ache)
2 never 2 sometimes 2 often 2 very often 2 always

11. Mi capita di sentire formicolii
(I feel pins and needles)
2 never 2 sometimes 2 often 2 very often 2 always

12. Mi capita di sentire che mi manca l’aria
(I feel that I can’t get enough air into my lungs)
2 never 2 sometimes 2 often 2 very often 2 always

13. Mi capita di avere il batticuore
(I have an extra-strong heartbeat)
2 never 2 sometimes 2 often 2 very often 2 always

14. Mi capita di sentirmi gonfio dopo un pasto
(I happen full and bloated after eating)
2 never 2 sometimes 2 often 2 very often 2 always

15. Mi capita di sentire un improvviso stimolo della pipì
(I have a sudden urge to urinate)
2 never 2 sometimes 2 often 2 very often 2 always

16. Mi capita di sentirmi infuocare
(I feel as if I am on fire)
2 never 2 sometimes 2 often 2 very often 2 always

17. Mi capita di sentire bruciore di stomaco

(I feel a burning sensation in my stomach)
2 never 2 sometimes 2 often 2 very often 2 always

18. Mi capita di sentire mal di pancia
(I feel a pain in my stomach)
2 never 2 sometimes 2 often 2 very often 2 always

19. Mi capita di sentire eccessivamente freddo rispetto agli altri
(I feel very cold in comparison to others)
2 never 2 sometimes 2 often 2 very often 2 always

20. Mi capita di sentire prurito
(I feel itchy)
2 never 2 sometimes 2 often 2 very often 2 always

21. Mi capita di sentire che devo vomitare
(I feel as if I have to throw up)
2 never 2 sometimes 2 often 2 very often 2 always

22. Mi capita di sentire un improvviso stimolo della cacca
(I happen a sudden urge to defecate)
2 never 2 sometimes 2 often 2 very often 2 always

23. Mi capita di sentirmi agghiacciare
(I feel chilled)
2 never 2 sometimes 2 often 2 very often 2 always

24. Mi capita di sentire le gambe pesanti
(I feel my legs are heavy)
2 never 2 sometimes 2 often 2 very often 2 always

25. Mi capita di sentire la gola secca
(I feel my throat dry)
2 never 2 sometimes 2 often 2 very often 2 always

26. Mi capita di sentire un peso al petto
(I have a heavy feeling in my chest)
2 never 2 sometimes 2 often 2 very often 2 always

27. Mi capita di sentire un tonfo al cuore
(I feel my heart thudding)
2 never 2 sometimes 2 often 2 very often 2 always

28. Mi capita di sentire un improvviso stimolo della sete
(I feel sudden thirst pangs)
2 never 2 sometimes 2 often 2 very often 2 always

29. Mi capita di sentire un dolore che si sposta da una parte
all’altra del corpo

(I feel a pain that seems to migrate around the body)
2 never 2 sometimes 2 often 2 very often 2 always

30. Mi capita di sentire l’affanno senza aver fatto alcuno sforzo
(I feel breathless without engaging in any type of exertion

or effort)
2 never 2 sometimes 2 often 2 very often 2 always

31. Mi capita di sentire le orecchie bollenti
(I feel my ears burning)
2 never 2 sometimes 2 often 2 very often 2 always

32. Mi capita di sentire un nodo alla gola
(I feel a lump in my throat)
2 never 2 sometimes 2 often 2 very often 2 always

33. Mi capita di sentirmi svenire
(I feel faint)
2 never 2 sometimes 2 often 2 very often 2 always

34. Mi capita di sentire le mani sudate
(I feel my palms sweaty)
2 never 2 sometimes 2 often 2 very often 2 always

35. Mi capita di sentire difficoltà ad ingoiare
(I have difficulty swallowing)
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2 never 2 sometimes 2 often 2 very often 2 always

ISTRUZIONI.
Per cortesia legga attentamente ogni domanda e scelga

la risposta che meglio descrive quanto spesso avverte ogni

sensazione. Indichi una sola risposta. Non ci sono risposte
corrette o errate.

(Please read each item carefully and tick the one box that best
describes how often you feel each sensation. Tick one only. There
are no right or wrong answers.)
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Interoceptive fear learning to mild
breathlessness as a laboratory
model for unexpected panic attacks
Meike Pappens*, Evelien Vandenbossche, Omer Van den Bergh and Ilse Van Diest

Health Psychology, University of Leuven, Leuven, Belgium

Fear learning is thought to play an important role in panic disorder. Benign interoceptive
sensations can become predictors (conditioned stimuli – CSs) of massive fear when
experienced in the context of an initial panic attack (unconditioned stimulus – US).
The mere encounter of these CSs on a later moment can induce anxiety and fear, and
precipitate a new panic attack. It has been suggested that fear learning to interoceptive
cues would result in unpredictable panic. The present study aimed to investigate
whether fear learning to an interoceptive CS is possible without declarative knowledge
of the CS–US contingency. The CS consisted of mild breathlessness (or: dyspnea), the
US was a suffocation experience. During acquisition, the experimental group received
six presentations of mild breathlessness immediately followed by suffocation; for the
control group both experiences were always separated by an intertrial interval. In
the subsequent extinction phase, participants received six unreinforced presentations
of the CS. Expectancy of the US was rated continuously and startle eyeblink
electromyographic, skin conductance, and respiration were measured. Declarative
knowledge of the CS–US relationship was also assessed with a post-experimental
questionnaire. At the end of acquisition, both groups displayed the same levels of US
expectancy and skin conductance in response to the CS, but the experimental group
showed a fear potentiated startle eyeblink and a different respiratory response to the
CS compared to the control group. Further analyses on a subgroup of CS–US unaware
participants confirmed the presence of startle eyeblink conditioning in the experimental
group but not in the control group. Our findings suggest that interoceptive fear learning
is not dependent on declarative knowledge of the CS–US relationship. The present
interoceptive fear conditioning paradigm may serve as an ecologically valid laboratory
model for unexpected panic attacks.

Keywords: fear conditioning, panic, respiration, interoceptive fear, CS–US contingency, dual process theory

Introduction

Fear learning to initially harmless cues is considered one of the mechanisms in the etiology
of panic disorder (Bouton et al., 2001; Kessler et al., 2006; Acheson et al., 2012; De Cort
et al., 2012; Pappens et al., 2012). Low-level interoceptive bodily sensations (such as mild
sensations of dyspnea; a slight increase in heart rate; etc.) are thought to acquire fear-evoking
properties because they were once experienced in the context of an isolated panic attack
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(unconditioned stimulus – US). A panic-predictive connotation
is attributed to the cues (conditioned stimuli – CSs), causing
them to trigger anxiety and/or fear on a later encounter. The
successful application of exposure techniques in the treatment
of panic disorder demonstrates the relevance of learning theory
for this disorder. For example, interoceptive exposure to mild
bodily sensations significantly reduces long-term anxiety in panic
patients (McHugh et al., 2009).

An important feature of panic attacks is that they can
occur either ‘expectedly’ or ‘unexpectedly’ (DSM-V). It has been
suggested that especially in the latter case fear conditioning
to an interoceptive sensation is responsible for triggering a
new culmination of fear and fear-related arousal (Vickers and
McNally, 2005; Johnson et al., 2014).

Up until today interoceptive fear conditioning remains a
poorly studied phenomenon, despite the fact that approximately
40% of panic attacks are defined as unexpected (Shulman et al.,
1994). Over the past years, a few studies have investigated
fear conditioning to an interoceptive CS in the laboratory. For
example, Acheson et al. (2007) used 5 s applications of 20% CO2-
enriched air as an interoceptive CS and 15 s of the same substance
as US in a panic-relevant interoceptive fear conditioning design.
In a follow-up study (Acheson et al., 2012) they investigated
discriminatory learning in interoceptive fear conditioning.
Earlier, we successfully established and extinguished fear to
a mild sensation of breathlessness by combining it with a
distressing breathing obstruction and investigated the differences
between exteroceptive versus interoceptive fear conditioning and
the influence of vagal tone on interoceptive fear conditioning
processes (Pappens et al., 2012, 2013, 2014). Together these
studies demonstrated that fear can be acquired to benign
interoceptive sensations and they provided valid experimental
paradigms to study the characteristics of interoceptive fear
conditioning in the laboratory.

An unstudied yet fundamental issue remains whether
interoceptive fear conditioning can happen outside of awareness
as is suggested by its presumable role in unpredictable panic. For
decades, there has been an ongoing discussion in the scientific
community on the necessity of propositional knowledge of the
CS–US contingency as a prerequisite for associative fear learning.
Proponents of a single-process theory of fear learning consider
high-level cognitive processes as the foundation of all associative
learning. As a consequence fear learning is based on propositional
knowledge of the CS–US contingency (e.g., Purkis and Lipp,
2001; Lovibond and Shanks, 2002; Mitchell et al., 2009; Sebastiani
et al., 2011; Newell and Shanks, 2014).

In contrast, a dual-process theory of fear learning describes
one type of learning that leads to declarative knowledge and
another type that activates the fear system without the person
being necessarily aware of the CS–US contingency (e.g., Hamm
and Vaitl, 1996; LeDoux, 1996; Clark and Squire, 1998; Öhman
and Soares, 1998; Öhman and Mineka, 2001; Knight et al., 2003;
Beaver et al., 2005; Smith et al., 2005; Tabbert et al., 2006, 2011;
Weike et al., 2007; Kindt et al., 2009; Raes et al., 2010; Schultz
and Helmstetter, 2010; Soeter and Kindt, 2010). In the past
years, a great number of studies have sought to provide evidence
for the existence of two distinct fear learning pathways. For

example, Beaver et al. (2005) demonstrated fear learning to a
subliminally administered – and thus not consciously perceived-
danger cue (CS+). Also, fear learning to a CS+ was present
in skin conductance responses (SCRs) although it was hardly
discriminable from a CS- (Schultz and Helmstetter, 2010), but
these results could not be replicated (Sevenster et al., 2014).
Clark and Squire (1998) examined startle eyeblink responses in
a classical aversive conditioning study in patients with deficits in
declarative memory as a result of severe bilateral hippocampal
lesions. As expected, the patients were not capable of reporting
upon the CS–US relationship. However, they did display fear
potentiated startle eyeblink responses to the danger cue, which
were probably triggered through activation of the amygdala
(LeDoux, 2000). Also, the intake of propranolol, a substance
blocking noradrenergic release (Kindt et al., 2009) resulted in
a dissociation in fear learning outcomes (self-reported fear and
the startle eyeblink response on the one hand, versus skin
conductance and US-expectancy ratings on the other hand).

In a previous study in healthy participants we also
demonstrated a divergence between different fear measures
in a panic-relevant interoceptive fear conditioning paradigm
(Pappens et al., 2013). The experimental group received six
paired administrations of a CS (a mild feeling of breathlessness)
and a US (a strong feeling of breathlessness) during acquisition.
The control group received the same amount of CSs and USs in
acquisition, but in an unpaired fashion. Extinction was the same
for both groups – it consisted of six CS-only administrations. Our
measures included startle eyeblink responses electromyographic
(EMG), respiratory measures and self-reported fear. While fear
conditioning emerged in startle eyeblink EMG and respiration
in the experimental group only, no group differences occurred
in self-reported fear. Thus, although the experimental group
showed a potentiated startle eyeblink response and an increased
ventilation during the CS, they did not to report more fear
to the CS compared to the control group. These findings
suggest that our interoceptive paradigm is able to install fear
without propositional knowledge of its presence. However,
a direct measure of declarative knowledge about the CS–US
contingency was lacking in the study nor was it possible to
compare participants that were either aware or not of the CS–US
relationship. This limited the conclusions that could be drawn
with respect to the necessity of propositional knowledge to install
interoceptive fear learning or existence of fear learning.

With the current study we aimed to replicate and extend our
previous study. We replaced self-reported fear by a continuous
measure of self-reported US-expectancy (DIAL) and we included
SCRs. Declarative knowledge of the CS–US relationship was
also evaluated post-experimentally by assessing the participants’
knowledge of the experienced contingencies.

Our hypotheses were the following:
We expected to replicate the findings of Pappens et al. (2013)

during acquisition: (a) higher startle eyeblink EMG responses
during the CS than during ITI in the experimental but not in the
control group; (b) less reduction in respiratory frequency and in
tidal volume during the CS load in the experimental compared
to the control group; and we predicted: (c) US expectancy during
the CS load not to be greater for the experimental than for the
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control group. (d) since SCR was not included in Pappens et al.
(2013) and given the mixed results in literature (e.g., Kindt et al.,
2009; Schultz and Helmstetter, 2010; Sevenster et al., 2014) we
held no specific predictions for this outcome measure.

Given the hypothesized role of interoceptive fear learning in
unexpected panic, we expected to observe similar differences
during acquisition in the experimental subgroup of CS–US
unaware participants versus those in the control group: (a) higher
startle eyeblink EMG responses during the CS than during ITI
in the experimental but not in the control group; (b) less of a
reduction in respiratory frequency and in tidal volume during
the CS load in the experimental compared to the control group;
(c) no differences in US expectancy in the experimental versus
control group; (d) again, we held no specific predictions for SCR.

Materials and Methods

Participants
Fifty-six psychology students participated in this study (51
women, M = 19.16 years, range 18–25 years) in return for
a course credit. Persons with a current or past history of
cardiovascular disease, chronic, or acute respiratory disease,
pregnancy, current, or past history of drug or alcohol abuse
or dependence, psychotropic drug use and any current or past
psychiatric disorder including panic and anxiety disorder were
excluded from the study. The study protocol was approved by
the Medical Ethics Committee of the University of Leuven in
accordance with the Declaration of Helsinki. All subjects signed
an informed consent form stating – amongst other information –
that participation was voluntary and that they could withdraw
from the study at any moment.

Stimuli and Apparatus
Stimuli
The CS consisted of a non-aversive linear resistive load of
0.98 kPa∗s/l, whereas an aversive linear resistive load of
3.91 kPa∗s/l served as the US. Resistive loads were administered
during both the inspiratory and expiratory phases of the
respiratory cycle. The CS was presented for 8 s, the US for 30 s
(Pappens et al., 2013).

Breathing Apparatus
A mouthpiece was mounted onto a bacterial filter that was fitted
on a pneumotachograph (Fleisch No. 2, Epalinges, Switzerland).
The pneumotachograph was connected to a non-rebreathing
valve of which the inspiratory and expiratory port were installed
on a three-way Y-valve (stopcock type) using a vinyl tube (inner
diameter: 3.5 cm; length 100 cm). This set-up enabled easy
switching between room air and loaded breathing. The signal
from the pneumotachograph was amplified using a pressure
transducer (Sine Wave Carrier Demodulator CD15, Valydine
EngineeringTM) and was calibrated daily with a 1 l syringe.
Fractional end-tidal CO2 (FetCO2) was measured using an
infrared capnograph (POET II, Criticare, USA) that sampled
expired air from the breathing circuit close to the mouthpiece.
The capnograph was calibrated daily using a calibration gas

containing 7.5% CO2. Air flow and CO2 waveforms were
digitized at 20 Hz.

Skin Conductance
Electrodermal activity was recorded with Fukuda standard
Ag/AgCl electrodes (1 cm diameter) filled with a Unibase
electrolyte and attached to the hypothenar palm of the non-
dominant hand, which was cleaned with tap water before
the start of the procedure. The inter-electrode distance was
2.5 cm. A Coulbourn skin conductance coupler (LabLinc v71–
23) provided a constant 0.5 V across electrodes. The signal was
digitized at 100 Hz.

Startle Eyeblink Response
Orbicularis oculi electromyographic activity (EMG) was
recorded as an index of the eyeblink component of the startle
response with three Ag/AgCl Sensormedics electrodes (0.25 cm
diameter) filled with electrolyte gel. After cleaning the skin to
reduce inter-electrode resistance, electrodes were placed on the
left side of the face (Blumenthal et al., 2005). The raw signal was
amplified by a Coulbourn isolated bioamplifier with bandpass
filter (LabLinc v75–04). The recording bandwidth of the EMG
signal was between 13 Hz and 10 kHz. The signal was rectified
online and smoothed by a Coulbourn multifunction integrator
(LabLinc v76–23 A) with a time constant of 50 ms. The EMG
signal was digitized at 1000 Hz from 500 ms before the onset of
the auditory startle probe (a 95 dB burst of white noise with a rise
time <1 ms presented binaurally for 50 ms through headphones)
until 1000 ms after probe onset.

US Expectancy Dial
Participants were asked to continuously rate their expectancy of
the USwith a custom built dial (Pappens et al., 2012). The scale on
which they had to rate US-expectancy, ranged from zero (“I am
certain that the heavy breathing resistance is not coming now”)
to one hundred (“I am certain that the heavy breathing resistance
is coming now”). The dial produced an analog signal, which was
digitized and stored at 10 Hz (Pappens et al., 2012).

Post-Experimental Contingency Assessment
After the experimental phase, participants were questioned
orally about their knowledge of the CS–US relationship with
the following open question: “can you tell us whether you
detected a certain order in the administration of the different
types of stimuli?” Participants of the experimental group
were categorized as ‘aware’ when correctly identifying that a
light breathing resistance (CS) immediately preceded a strong
breathing resistance (US) and as ‘unaware’ if they could not
verbalize this relationship. In the control group a person was
labeled as ‘aware’ when he/she correctly identified that CS and US
were separated by an intertrial interval (ITI) and as ‘unaware’ if
they did not.

Software
All devices were connected to a PC through a National
Instruments PCI-6221 16-Bit acquisition card (National
Instruments, Austin, TX, USA). Affect 4.0 software (Spruyt
et al., 2010) was used for stimulus presentation and data
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acquisition. Physiological signals were treated off-line
with PSPHA (De Clerck et al., 2006), a modular script-
based program to generate and apply calibration factors
and to extract parameters from each of the recorded
signals.

Procedure
Upon their arrival, the experimenter told the participants
that psychophysiological and subjective responses would be
measured during three different types of breathing trials: normal
breathing, mildly restricted breathing and heavily restricted
breathing. She showed the participants how to continuously
indicate their US expectancy with the online dial. Then
she attached the electrodes and explained that brief bursts
of noise would be administered through the headphones
but that these could be ignored. Following this, participants
took in the mouthpiece and put on the nose-clip and the
headphones.

After the administration of 10 acoustic startle probes (30 s
in between probes) to habituate the startle eyeblink response
the experimental phase was started. Participants received three
CS pre-exposure trials, followed by six acquisition trials and six
extinction trials. Half of the participants were randomly assigned
to the experimental (paired) group, the other half to the control
(unpaired) group.

A pre-exposure trial consisted of a 20 s baseline, a CS (8 s)
presentation and an ITI of 30 s without stimulus. For the
experimental group, acquisition trials consisted of baseline (20 s),
CS (8 s), US (30 s), and ITI (variable between 25 and 35 s).
The control group received the following sequence during the
acquisition trials: baseline (20 s), CS (8 s), ITI (25–35 s), and
US (30 s). Extinction trials consisted of baseline (20 s), CS (8 s),
and ITI (55–65 s) for both groups. Startle probes were applied
in every trial at random times between 6.5–7.5 s after CS onset,
between 21–23 s after US onset, and between 21–23 s after ITI
onset (Pappens et al., 2013). After the experimental phase of the
study participants were questioned about their knowledge of the
CS–US relationship.

Before leaving, participants were fully debriefed.

Response Definition, Scoring, and Statistical
Analysis
Startle eyeblink EMG data, SCRs and respiratory signals were
processed with PSychoPHysiological Analysis (PSPHA; De
Clerck et al., 2006).

The EMG response was calculated by subtracting the mean
baseline value (0–20 ms after probe onset) from the peak
value (between 21–175 ms after probe onset). Each startle
eyeblink was visually checked on artifacts. Distorted blinks or
trials with spontaneous blinks during baseline were removed
from the data. Rejected blinks (n = 11) were replaced by the
means of the previous and following trial. EMG data were
standardized and T-transformed within persons (Blumenthal
et al., 2005).

Respiratory rate (RR, in cycles per minute, cpm) and tidal
volume (VT, in ml) were extracted on a breath-by-breath
basis and then averaged across the CS episode, and across the

20 s baseline episode preceding the CS. Baseline values were
subtracted from CS values for statistical analysis.

Skin conductance responses were calculated by subtracting the
mean skin conductance level (SCL) during baseline (2 s before
the CS onset) from the maximum SCR during the subsequent 8 s
CS period. All SCRs below 0.05 were coded as a non-response
by setting them to zero and values were Log10 (SCR + 1)
transformed.

The mean of the online US-expectancy ratings (DIAL) were
calculated for the first and the last second of the CS presentation
per trial.

All data (EMG, RR, VT, SCR, DIAL) were averaged across
three pre-exposure trials and across every two subsequent trials in
acquisition and extinction, resulting in one pre-exposure block,
three acquisition blocks, and three extinction blocks.

Due to technical difficulties, the data of five participants
(two of the experimental group and three of the control group)
were excluded from all analyses, bringing the total number
of participants on 51. For DIAL and respiration, data of one
additional participant of the experimental group was lost due to
technical difficulties.

Potential pre-existing group differences were tested with a first
set of analyses on the pre-exposure data. Respiratory parameters
and SCR data were entered in a repeated measures ANOVA (RM
ANOVA) design with group (experimental/control) as a between
subject variable. Probe (CS/ITI) and Time (second 1, second 8)
were, respectively, added as within subject variables for startle
eyeblink EMG and DIAL.

The a priori hypotheses that served to examine whether
we could replicate the results of Pappens et al. (2013) were
analyzed in mixed ANOVA designs. Startle eyeblink EMG
data were entered in a group (experimental/control) × probe
(CS/ITI) × block (1, 2, 3) design. Respiratory parameters
and SCR data were entered in a design with group
(experimental/control) and block (1, 2, 3) as a between
subject and a within subject variable respectively. DIAL data
were entered in a group (experimental/control) × time (second
1, second 8) × block (1, 2, 3) design. Only acquisition data were
entered in the analyses – extinction data are depicted in the
figures for illustrative purposes only.

Participants were assigned to the ‘aware’ or ‘unaware’ group
based on the post-experimental assessment of awareness. We
opted to use this CS–US contingency awareness measure and not
the CS–US expectancy dial because it produced a discrete ‘YES’ or
‘NO’ awareness criterion. (Data of the CS–US expectancy dial are
more difficult to unambiguously categorize as aware/not aware in
a between-subject design and less clearly result in a dichotomy.
Former studies who did use online dial data for categorization
were within-subject paradigms; e.g., Schultz and Helmstetter,
2010).

Using the post-experimental CS–US contingency awareness
data, 35 of 51 included participants were labeled as ‘unaware’;
16 in the experimental group and 19 in the control group. For
DIAL and respiration, 34 ‘unaware’ and 16 ‘aware’ persons were
identified in the 50 included participants.

Hypotheses were tested also in the ‘unaware’ subgroup by
entering the data in a mixed ANOVA design with group
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(experimental/control) as a between-subject variable and block
(1, 2, 3) as a within-subject variable. Probe (CS/ITI) and Time
(Second 1, Second 8) were added as a within-subject variable for
the EMG and US-expectancy analyses, respectively.

Alpha was set at 0.05. Greenhouse–Geisser corrections were
applied where appropriate. Uncorrected degrees of freedom
and corrected ps are reported, together with η2

p. Additional
testing of significant results were analyzed with two-tailed
planned comparisons. Statistical analyses for all measures were
accomplished with Statistical Version 12.

Results

Pre-Exposure
US-Expectancy
No effects involving the group factor were observed in US
expectation. Main effect of group: F(1,48) = 0.54, p = 0.47,
η2
p = 0.01; group × time: F(1,48) = 0.54, p = 0.47, η2

p = 0.01.
US-expectancy increased from second 1 to second 8; main

effect of time: F(1,48) = 22.88, p < 0.001, η2
p = 0.32, see Figure 1.

Startle Eyeblink EMG
No a priori group differences were found in startle eyeblink data
during pre-exposure: group: F(1,49) = 0.94, p = 0.34, η2

p = 0.02;
group × probe: F(1,49) = 0.88, n.s., η2

p = 0.02, see Figure 2.

Respiratory Rate
As expected, the effect of group was not significant:
F(1,48) = 0.74, p = 0.40, η2

p = 0.015, see Figure 3.

Tidal Volume (VT)
We observed no differences between the experimental and the
control group in VT during pre-exposure: F(1,48) = 0.14,
p = 0.71, η2

p = 0.003. See Figure 4.

Skin Conductance Response
Although Figure 5 suggests that the experimental group
displayed higher SCRs during pre-exposure, such effect of group
was not significant: F(1,49) = 2.75, p = 0.10, η2

p = 0.05.

Replication of Pappens et al. (2013)
US-Expectancy
No significant effects involving the group factor were observed
in US expectancy. Effect of group: F(1,48) = 2.69, p = 0.11,
η2
p = 0.05; group × block: F(2,96) = 0.17, p = 0.85, η2

p = 0.003;
group × time: F(1,48) = 0.12, p = 0.73, η2

p = 0.003. The
critical group × block × time interaction was also not significant:
F(2,96) = 0.62, p = 0.54, η2

p = 0.01.
Participants’ US expectancy increased from the first to the last

second of the CS; main effect of time: F(1,48) = 20.99, p < 001,
η2
p = 0.30. Ratings also increased over blocks; main effect of

block: F(2,96) = 10.24, p < 0.001, η2
p = 0.18. See Figure 1.

Startle Eyeblink EMG
Further testing of the significant probe x group interaction
[F(1,49) = 7.99, p < 0.01, η2

p = 0.14] indicated that CS probes

evoked larger responses than ITI probes in the experimental
group, F(1,49) = 23.01, p < 0.001, but not in the control group,
F(1,49) = 0.73, p = 0.40.

The main effect of group was not significant, F(1,49) = 0.01,
p = 0.91, η2

p = 0.00; nor was the block × group interaction,
F(2,98)= 1.07, p= 0.35, η2

p = 0.02, or the probe× block × group
interaction, F(2,98) = 0.18, p = 0.83, η2

p = 0.00.
We also observed a significant effect of probe: F(1,49)= 16.18,

p<0.01, η2
p = 0.25. See Figure 2.

Respiratory Rate
Both the main effect of group and the group × block interaction
were not significant; F(1,48) = 0.89, p = 0.35, η2

p = 0.02, and
F(2,96) = 1.13, p = 0.33, η2

p = 0.02, respectively.
However, in line with results of Pappens et al. (2013) and

as suggested by Figure 3, two-tailed planned comparisons did
indicate that a linear decrease in RR in response to the CS
(change scores from baseline to CS) from the first to the last block
of acquisition was not significant for the experimental group,
F(1,48) = 0.10, p = 0.76, while it was for the control group,
F(1,48) = 5.18, p = 0.013 (see Figure 3). This effect was mainly
driven by an increase in RR in the control group during baseline
(data not presented).

Tidal Volume (VT)
No significant effects involving the group factor were observed:
group, F(1,48) = 0.58, p = 0.45, η2

p = 0.01; group × block
interaction, F(2,96) = 2.09, p = 0.13, η2

p = 0.04. See Figure 4.

Skin Conductance Response
No significant effects involving the group factor emerged for SCR;
group: F(1,49) = 1.29, p = 0.26, η2

p = 0.03; group × block
interaction: F(2,98) = 0.11, p = 0.90, η2

p = 0.002, see Figure 5.

Analysis on Subgroup of ‘Unaware’
Participants
US Expectancy
No differences in US expectancy were observed between the
experimental and the control group during acquisition. Effect
of group: F(1,32) = 0.94, p = 0.34, η2

p = 0.03; group ×
time:, F(1,32) = 0.25, p = 0.62, η2

p = 0.008; group × block:,
F(2,64) = 0.40, p = 0.67, η2

p = 0.01; group × block × time:
F(2,64) = 1.27, p = 0.29, η2

p = 0.04.
A significant main effect of time was present, F(1,32) = 22.88,

p < 0.001, η2
p = 0.42, with an increase in US expectancy

during the CS from second 1 to second 8; and also of block,
F(2,64) = 7.73, p < 0.001, η2

p = 0.19, indicating that US
expectancy augmented across acquisition blocks. See Figure 8.

Startle Eyeblink EMG
Across acquisition, a decrease in startle responses during the
CS probe was observed for the control group, F(1,33) = 17.12,
p < 0.001, but not for the experimental group, F(1,33) = 0.75,
p = 0.39; significant group × probe × block interaction:
F(2,66) = 3.26, p = 0.04, η2

p = 0.09.
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FIGURE 1 | Unconditioned stimulus (US)-expectancy during the
conditioned stimulus (CS)-period. Mean US-expectancy ratings of
second 1 and second 8 during the conditioned stimuli (CSs) on a
VAS-scale ranging from 0 (certainly no breathing resistance) to 100

(certainly breathing resistance) for the experimental and the control
group. Responses were averaged across three pre-exposure trials
(PE), two acquisition trials (A1, A2, A3) and two extinction trials
(E1, E2, E3).

FIGURE 2 | Startle eyeblink responses electromyographic (EMG). Mean EMG-responses (T-scores) during the CS and during ITI for the experimental and the
control group. Startle eyeblink responses were averaged across three pre-exposure trials (PE), two acquisition trials (A1, A2, A3) and two extinction trials (E1, E2, E3).

Also the two-way interactions were significant; probe × group
interaction: F(1,33) = 4.69, p = 0.04, η2

p = 0.12, and
block × group interaction: F(2,66) = 5.56, p < 0.01, η2

p = 0.14.

Finally, probes administered during the CS evoked stronger
startle responses than those during ITI; main effect of probe:
F(1,33) = 10.7, p < 0.01, η2

p = 0.24). See Figure 6.
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FIGURE 3 | Change in respiratory rate (RR). Mean changes in RR (in cycles per minute, cpm) during the CS relative to baseline (CS minus baseline) for the
experimental and the control group. Respiratory responses were averaged across three pre-exposure trials (PE), two acquisition trials (A1, A2, A3) and two extinction
trials (E1, E2, E3).

FIGURE 4 | Change in Tidal Volume (VT). Mean changes in VT (in ml) during the CS relative to baseline (CS minus baseline) for the experimental and the control
group. Respiratory responses were averaged across three pre-exposure trials (PE), two acquisition trials (A1, A2, A3), and two extinction trials (E1, E2, E3).

Respiratory Rate
We observed no differences in RR between the experimental and
the control group. Effect of Group: F(1,32) = 1.91, p = 0.18,
η2
p = 0.06. Group × Block interaction: F(2,64) = 1.26, p = 0.29,

η2
p = 0.04.
However, in line with our results in the total group sample,

we did observe a linear decrease in RR across acquisition
blocks in the control group: F(1,32) = 5.83, p = 0.02, but

not in the experimental group: F(1,32) = 0.01, p = 0.91,
see Figure 7. Again, this effect was driven by an increase
in RR in the control group during baseline (data not
presented).

Tidal Volume (VT)
No significant effects involving the group factor were
observed in VT.
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FIGURE 5 | Skin conductance responses (SCR) during the CS-period. Mean SCRs [LOG10 (1 + SCR)] in microSiemens during the CSs. SCRs were averaged
across three pre-exposure trials (PE), two acquisition trials (A1, A2, A3), and two extinction trials (E1, E2, E3).

FIGURE 6 | Startle eyeblink responses in unaware participants (EMG). Mean EMG-responses (T-scores) during the CS and during ITI for the experimental and
the control group. Startle eyeblink responses were averaged across two acquisition trials (A1, A2, A3).

Effect of Group: F(1,32) = 0.45, p = 0.50, η2
p = 0.01.

Group × Block interaction: F(2,64) = 0.9, p = 0.41,
η2
p = 0.03.

Skin Conductance Response
No significant effects involving the group factor were observed
during acquisition: main effect of Group, F(1,33) = 1.3, p = 0.26,
η2
p = 0.04; Group × Block: F(2,66) = 0.46, p = 0.63, η2

p = 0.01.

Discussion

The aim of the current study was to examine the relationship
between interoceptive fear conditioning and CS–US contingency
awareness. To this end we first sought to replicate the results
of a previous study (Pappens et al., 2013) that suggested fear
learning had occurred without declarative knowledge of the CS–
US relationship. Second, we aimed to examine fear learning in the
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FIGURE 7 | Change in RR in unaware participants. Mean changes in RR (in cycles per minute, cpm) during the CS relative to baseline (CS minus baseline) for
the experimental and the control group. Respiratory responses were averaged across two acquisition trials (A1, A2, A3).

FIGURE 8 | US-expectancy during the CS-period in the subgroup of unaware participants. Mean US-expectancy ratings of second 1 and second 8 during
the CS on a VAS-scale ranging from 0 (certainly no heavy breathing resistance) to 100 (certainly heavy breathing resistance) for the experimental and the control
group during the three acquisition blocks (A1, A2, A3).

subgroup of CS–US unaware participants. Our design consisted
of the administration of six explicitly paired presentations of
mild breathlessness (CS) followed by strong dyspnea (US) in the
experimental group while the control group received the same
number of CSs and USs in an explicitly unpaired fashion. Our
measures included startle eyeblink EMG, respiratory parameters,

skin conductance, a continuous US expectancy measure and
a discrete post-experimental CS–US contingency assessment.
Based on Pappens et al. (2013), we predicted to observe a
dissociation in fear outcomes, that is, fear learning (or: group)
effects in startle potentiation and respiration, but not in self-
reported US-expectancy. We expected the same pattern to occur
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in a subgroup of participants who failed to verbalize the CS–US
relationship at the end of the experiment.

Our findings confirm that a mild respiratory sensation
can acquire fear-evoking properties because of its predictive
relationship with an aversive respiratory event. These results
corroborate earlier findings demonstrating interoceptive fear
conditioning (Acheson et al., 2007, 2012; Pappens et al., 2012,
2014) and they successfully replicate the data of Pappens et al.
(2013). Most importantly, we replicated the expected dissociation
of the dependent measures: during acquisition experimental and
control group differed in fear responding both in startle eyeblink
EMG and respiratory measures, but not in US expectancy.

In the second part of this study we examined the relationship
between fear learning and declarative knowledge of the CS–
US relationship in a more direct way by selecting a subgroup
of participants who could not correctly report this relationship
despite 100% explicit contingent presentations of CS and US.
Despite the absence of propositional knowledge and the lack
of fear conditioning effects in US-expectancy, they did display
fear learning in startle eyeblink responses and – to a lesser
extent – in RR. These results demonstrate fear acquisition
without declarative knowledge of the CS–US relationship.

In contrast to Pappens et al. (2013), the current study
did include a SCR measurement, but we failed to observe
conditioning effects in SCR. Several authors have argued that
fear conditioned changes in SCR, just as US-expectancy, may
primarily reflect propositional learning (declarative knowledge of
the CS–US contingency), whereas startle eyeblink potentiation
more directly reflects subcortical emotional learning that can
dissociate from propositional learning (e.g., Hamm and Vaitl,
1996; Öhman and Mineka, 2001; Weike et al., 2007; Soeter and
Kindt, 2010). However, previous experiments generated mixed
results as to whether conditioning of SCR requires ‘conscious’
knowledge of the CS–US relationship (Hamm and Vaitl, 1996;
Purkis and Lipp, 2001; Lovibond and Shanks, 2002; Hamm and
Weike, 2005; Weike et al., 2007; Sevenster et al., 2014) or whether
‘unconscious’ fear learning also results in conditioned SCRs
(Bechara et al., 1995; Knight et al., 2003; Schultz and Helmstetter,
2010). Our results rather support the former hypothesis: we did
not observe learning effects in SCR in a group that failed to learn
declarative knowledge of the CS–US relationship.

For several reasons, the present interoceptive fear
conditioning paradigm seems especially apt for the experimental
study of panic. First, 40% of panic attacks are described as coming
‘out of the blue’ (Shulman et al., 1994) although the efficacy of
exposure therapy suggests that panic attacks are conditioned
events triggered by a cue (McHugh et al., 2009; Meuret et al.,
2011). The dissociation observed in our data can offer a nice
framework for understanding this apparent paradox. Despite
being unable to verbalize the CS–US relationship, participants
did display conditioned defensive fear responses. For this reason,
our interoceptive fear conditioning paradigm could represent a
strong tool for the further study of unexpected panic.

Second, clinically, the dissociation we observed in fear
measures could offer an explanation for the high relapse rate
observed in anxiety patients after exposure therapy (Vervliet
et al., 2013): although verbal assessment indicated their fear had

disappeared, residual fear might still have been present at the end
of therapy, precipitating the recovery of fear at a later instance.
The dissociation observed in our data and the failure of total fear
extinction observed in startle eyeblinks in the experimental group
(Pappens et al., 2013) shows that our paradigm could serve to
study the phenomenon of return of fear.

Third, the fact that we installed fear learning to a fear relevant
respiratory sensation is of special interest for the study of panic.
In the phenomenology of panic, next to cardiac sensations,
respiratory symptoms are prevalent (e.g., Ley, 1989; Briggs et al.,
1993; Klein, 1993; Kircanski et al., 2009; Meuret et al., 2011)
and seem vulnerable for fear conditioning processes. This may
be related to the fact that both response systems produce strong
internal sensations that may enter awareness and that both are
referring to vital functions, the failure of which may represent
a sudden life threatening experience causing fear of imminent
death. Last, this study represents a successful replication of
an earlier experiment (Pappens et al., 2013) corroborating the
usefulness of this paradigm as a source of stable and reliable
results.

Most studies that reported unconscious fear learning
manipulated the level of awareness experimentally by adding
a distractor task (e.g., Smith et al., 2005; Tabbert et al., 2006,
2011; Weike et al., 2007), through subliminal conditioning
(Öhman and Soares, 1998; Raes et al., 2010) or by obscuring
discriminability between the danger and the safety cue (Knight
et al., 2003; Schultz and Helmstetter, 2010). Proponents of a
single process theory refuted these results based on the lack
of a consensus concerning the criteria used to determine the
effectiveness of blocking a stimulus from awareness (Sebastiani
et al., 2011). A strength of our study is that it created a
dissociation without the inclusion of an awareness manipulation.
It would, however, be presumptuous to interpret our data as
strong evidence for a dual process theory of fear learning since
it cannot be excluded that one measure (e.g., the startle eyeblink
response) might be more sensitive than another one (e.g., SCR
or US expectancy), yet still reflect the same, single learning
process. Our data do suggest that different response systems can
at least have different activation thresholds in the learning of the
contingency between CS and US.

A first limitation of our study is that the effects obtained
are rather small. Interoceptive fear conditioning seems overall
difficult to install with a homoreflexive paradigm, i.c., a design
in which CS and US share the same response system and
have similar initial sensory properties (Dworkin, 2000). Future
studies should thus focus on the identification of individuals
that are more prone to develop fear for harmless interoceptive
sensations. For example, we demonstrated that persons scoring
high on Fear of Suffocation (a subscale of the Claustrophobia
Questionnaire) are more vulnerable for maladaptive breathing
during obstructed breathing (Pappens et al., 2013). Also,
Melzig et al. (2011) demonstrated that people who score
high on Anxiety Sensitivity, are more sensitive to respiratory
cues.

Second, since an increase of US expectancy was already
present during pre-exposure it is possible that later fear learning
effects in US expectancy were masked due to ceiling effects.
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The increase during pre-exposure is in line with previous
results (Pappens et al., 2013) and is likely caused by the
inherent relatedness of the mild resistive load (applied as
CS) and the breathing occlusion (applied as US). Based on
the findings of another study, we have recently argued that
pre-existing expectations about the CS–US relationship may
indeed hamper detecting the true contingencies (Schroijen et al.,
2015).

In summary, this study successfully installed interoceptive fear
to mild dyspnea. Fear learning was observed in startle blink
EMG and respiratory measures but not in US expectancy and
SCR. The same pattern of results was observed in subgroup

of participants who failed to acquire declarative knowledge of
the CS–US relationship. We propose that our interoceptive fear
learning paradigm might serve as an ecologically valid laboratory
model for unexpected panic.
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The perception of respiratory sensations plays an important role both in respiratory
diseases and in anxiety disorders. However, little is known about the neural processes
underlying respiratory sensory perception, especially in patient groups. Therefore, the
present study examined whether patients with generalized anxiety disorder (GAD) would
demonstrate altered respiratory sensory gating compared to a healthy control group.
Respiratory-related evoked potentials (RREP) were measured in a paired inspiratory
occlusion paradigm presenting two brief occlusion stimuli (S1 and S2) within one
inspiration. The results showed a significantly greater S2/S1 ratio for the N1 component
of the RREP in the GAD group compared to the control group. Our findings suggest
altered respiratory sensory processing in patients with GAD, which might contribute to
altered perception of respiratory sensations in these patients.

Keywords: respiratory sensation, respiratory sensory gating, respiratory-related evoked potentials, generalized
anxiety disorder

Introduction

The experience of respiratory sensations plays not only an important role in respiratory diseases
such as asthma or chronic obstructive pulmonary disease (COPD), but also in anxiety disorders.
For example, respiratory sensations such as breathlessness and chest tightness as well as ventilatory
changes are diagnostic for anxiety disorders suggesting a close relationship between respiratory
sensory processing and anxiety symptoms (American Psychiatric Association, 2013). Previous
studies have demonstrated that negative affective states and traits including anxiety are related to
over-perception of respiratory sensations irrespective of underlying ventilatory changes (Carr et al.,
1994; Zaubler and Katon, 1996; Bogaerts et al., 2005; von Leupoldt and Dahme, 2007; von Leupoldt
et al., 2013). However, few of the aforementioned studies used objective measures for respiratory
perception, and the neural mechanisms that underlie the interrelationships between anxiety and
increased perception of respiratory sensations are poorly understood (von Leupoldt et al., 2013).

The respiratory-related evoked potential (RREP) is a useful non-invasive electrophysiological
method for studying the effects of anxiety on respiratory perception and its neural processing (von
Leupoldt et al., 2013). With a single inspiratory occlusion paradigm (which is similar to the oddball
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paradigm used to test auditory sensory gating), a past report
in healthy participants found that high anxious individuals
on average presented increased RREP peak amplitudes for
the long-latency peaks during negative emotional compared to
neutral stimulation, which is the opposite pattern found in
low anxious individuals (von Leupoldt et al., 2010, 2011). In
addition, respiratory sensory gating, similar to other types of
neural gating with exteroceptive stimuli such as sound and touch
(Adler et al., 1998; Arnfred et al., 2001), was used to investigate
central neural mechanisms of filtering repetitive respiratory
stimuli within a short time window (Chan and Davenport,
2010a). A paired occlusion stimulation paradigm can be used
to examine respiratory sensory gating by eliciting paired RREP
waveforms, where the second stimulus (S2) results in a smaller
N1 peak amplitude compared to the first stimulus (S1) in healthy
individuals (Chan and Davenport, 2008). The N1 peak, primarily
originating from the bilateral sensorimotor cortices, is thought
to reflect both first and second order processing of respiratory
sensory information in the cortex (Chan and Davenport, 2010a;
von Leupoldt et al., 2013). A smaller RREP N1 peak S2/S1 ratio
is indicative of an enhanced respiratory sensory gating function
(i.e., filtering out more redundant sensory information).

There has been a robust amount of literature testing sensory
neural gating in psychiatric disorders with exteroceptive, but
not interoceptive stimuli (Ludewig et al., 2002; Holstein et al.,
2010; Hunter et al., 2011; Markham and Koenig, 2011). These
studies found that individuals with diseases including panic
disorder and obsessive-compulsive disorder (OCD) had deficits
in prepulse inhibition and sensorimotor gating (Ludewig et al.,
2002; Kohl et al., 2013). It was reasoned that compromised sensory
gating functions are associated with sensory overload or sensory
“flooding” into the higher cortex, which may result in over-
perception (Adler et al., 1998). Interoceptive respiratory stimuli
have rarely been used to examine sensory gating of anxious
individuals in previous studies. A recent report using RREPs has
found that state anxiety modulated respiratory sensory gating, as
demonstrated by a larger N1 peak S2/S1 ratio in higher compared
to lower non-clinically anxious individuals (Chan et al., 2012).
However, it remains unknown how clinical levels of anxiety, such
as present in general anxiety disorder, are related to a similarly
altered neural processing of respiratory sensations.

Therefore, the purpose of this study was to examine respiratory
sensory gating elicited by a paired inspiratory occlusion paradigm
in patients with generalized anxiety disorder (GAD). It was
hypothesized that compared to a healthy control group, indivi-
duals with GAD would show a reduced respiratory sensory gating
function as demonstrated by an elevated N1 peak S2/S1 ratio.

Materials and Methods

Participants
This study was approved by the Chang Gung Medical Foundation
Institutional Review Board. A group of 20 patients with
the diagnosis of GAD were recruited from the psychiatric
outpatient clinic in a medical center located in northern
Taiwan. All patients were interviewed by a psychiatrist with the
mini-international neuropsychiatric interview (MINI), which is a

structured diagnostic interview for DSM-IV diagnoses (Sheehan
et al., 1998). Co-morbid diagnoses of substance abuse or psychosis
served as exclusion criteria. A group of age-matched healthy
controls (HCs) was recruited through public advertisements.
All participants reportedly had no history of respiratory,
cardiovascular, or neurological disease. All participants were
required not to take any prescribed medication for at least 12 h
before the experiment.

Experimental Procedure
After signing the informed consent, participants completed a
standard pulmonary function test (PFT) with a spirometer
(CardinalHealth Inc., Dublin,OH,USA). The PFTwas conducted
based on the guidelines of the American Thoracic Society
and European Respiratory Society (Miller et al., 2005). In
addition, participants were administered the Chinese-version
questionnaires of the Beck Anxiety Inventory (BAI; Beck and
Steer, 1990) and the Beck Depression Inventory-II (BDI-II; Beck
et al., 1996).

During the experiment, participants were instructed to sit
comfortably in an armed chair while breathing through a
mouthpiece with their nose occluded. The mouthpiece was
connected to a two-way non-rebreathing valve (Hans Rudolph
Inc., Kansas City, MO, USA). The inspiratory port of the non-
rebreathing valve was connected to a customized occlusion valve
(Hans Rudolph Inc., Kansas City, MO, USA). A solenoid of a
trigger box was connected to the occlusion valve and a pressure
tank through reinforced tubing (Chan and Davenport, 2010a).
The occlusion valve closure was manually controlled by the
experimenter in the adjacent room. The participants’ mouth
pressure was monitored and recorded at the center of the non-
rebreathing valve through a differential pressure transducer which
connected to the pneumotachograph amplifier (1110 series, Hans
Rudolph Inc., Kansas City, MO, USA) and a PowerLab signal
recording unit (ADInstruments Inc., Bella Vista, NSW, Australia).
For details of the respiratory apparatus setup, please refer to the
review of Chan and Davenport (2010a).

The RREP method was previously described in a few
comparable studies (Chan and Davenport, 2010b; Chan et al.,
2014). In the current study, the electroencephalography (EEG)
was sampled from cortical sites C3 and C4 at 1 kHz with a
40-channel EEG system (NuAmps, Compumedics Neuroscan
Inc., Charlotte, NC, USA), bandpass filtered from DC to 50 Hz
and referenced to the bilateral mastoids. Individual electrode
impedance was set below 5 kΩ. The participants were provided
with paired inspiratory occlusions of 150 ms each with a 500 ms
inter-stimulus-interval. The paired stimuli were provided at the
onset of inspiration randomly every 2–4 breaths. The onset of
occlusion was identified as the start of mouth pressure change
(Labchart V7, ADInstruments Inc., Bella Vista, NSW, Australia).
At least 100 paired occlusions were collected for data analysis
in every participant. The trigger box was set up to send parallel
markers to the Neuroscan 4.5 recording software (Compumedics
Neuroscan Inc., Charlotte, NC, USA). The participants were
instructed to keep breathing normally, rather than to stop
breathing, during inspiratory occlusions, and to count the number
of breaths they felt obstructed during the experiment.
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Data Analyses
For offline analysis, the EEG epoch was defined and extracted
from 200ms before to 1000ms after the respiratory occlusion, i.e.,
for S1 and S2 separately. The first 200 ms served as the baseline.
The signals were corrected for ocular movement using a built-
in algorithm of the analysis software (BrainVision Analyzer 2,
Brain Products GmbH., Gilching, Germany) and further filtered
between 1 and 50 Hz (12 dB/octave roll-off). The artifacts were
defined when greater than 100 and 60 µV, baseline to peak, for
the four eye electrodes and all other electrodes, respectively. After
the artifacts were extracted from the signals, the corresponding
epochs were then averaged for S1 and S2 separately. The RREP N1
peak amplitudes for S1 and S2 were identified in a time window
of 85–135 ms after occlusion onset at cortical sites C3 and C4 and
the S2/S1 ratios were calculated.

Separate one-way analyses of variance (ANOVA) were
performed to test for group differences in pulmonary function,
non-respiratory parameters, and S2/S1 ratios. Based on our a
priori hypothesis, the analyses for the N1 peaks were conducted
with a one-tailed test. The critical p value was set at <0.05.

Results

Twenty patients with the diagnosis of GAD and 20 age-matched
HC were recruited for this study. Data of two patients and two
controls were excluded due to incomplete EEG data, which left
the study with 18 patients (10 females and eight males) and 18
controls (nine females and nine males) for final analyses. The
demographic data and the pulmonary function results of the
two groups of participants are shown in Table 1. There was
no statistical difference regarding age and pulmonary function
between the two groups. The GAD group showed significantly
higher scores than the HC group for the BDI-II [F(1,35) = 10.31,
p < 0.01] and BAI [F(1,35) = 21.12, p < 0.001]. These scores (in
themid-range of the scales) indicated significantly higher levels of
depression as well as anxiety in the GAD patients, respectively.

Figure 1 shows group averaged S1 and S2 RREP waveforms of
the HC group (a) and the GAD group (b). The one-way ANOVA
results revealed that theGAD group showed a significantly greater
N1 S2/S1 ratio compared to the HCs at both electrode sites
[Figure 2; C3: 1.06 ± 0.65 and 0.58 ± 0.27, F(1,25) = 6.172,
p < 0.05; C4: 1.01 ± 0.38 and 0.67 ± 0.3, F(1,32) = 8.28,

TABLE 1 | Baseline characteristics of study groups (group mean ± SD).

Variables GAD patients Healthy controls

N 18 18

Age (years) 47 ± 8.9 42 ± 9.3

Gender (female/male) 10/8 9/9

FEV1 (L) 2.7 ± 0.9 2.9 ± 0.6

FEV1 of predicted value (%) 86 ± 9.3 81.6 ± 10.7

BDI-II score 15.9 ± 11.1 6.3 ± 6.1*

BAI score 13 ± 7.6 4.2 ± 3*

FEV1, forced expiratory volume in 1 sec; BDI-II, Beck Depression Inventory-II; BAI, Beck
Anxiety Inventory. *Indicates a significant difference between the GAD group and the
healthy control group (p < 0.05).

p < 0.01]. Further analyses on the S1 and S2 amplitudes for N1
showed that the HC group had significantly greater S1 amplitudes
compared to the GAD group at the C3 electrode [T(1,27)= 2.505,
p < 0.05]; however, the independent t-test did not show a
significant difference for the S1 amplitude at C4 [T(1,33)= 0.906,
p> 0.05]. Similarly, the analyses on the S2 amplitudes at electrodes
C3 and C4 did not show significant differences between the two
groups [T(1,25) = −0.32 and T(1,32) = −0.686, respectively,
p> 0.05].

Discussion

This study demonstrates that the paired inspiratory occlusion
paradigm is a feasible measure for investigating respiratory
sensory gating function in GAD patients. The results demonstrate
that individuals with GAD, compared to HCs, show a higher
RREP N1 S2/S1 ratio, which is suggestive of reduced respiratory
sensory gating. This might be related to altered perception of
respiratory sensations reported in the patient population.

The present findings are consistent with previous studies in
healthy non-clinical samples, in which elevated levels of state
anxiety and induced negative emotion were found to reduce
respiratory sensory gating as evidenced by RREP methodology
(Chan and Davenport, 2010b; Chan et al., 2012; Chenivesse et al.,
2014). For example, using a similar paradigm of paired inspiratory
occlusions in healthy individuals, Chenivesse et al. (2014) found
reduced respiratory sensory gating during unpleasant compared
to neutral emotional stimulation using affective picture series.
Chan and Davenport (2010b) observed greater S2/S1 ratios for
the RREP N1 peak during nicotine-withdrawal induced anxiety
in college-aged smokers. In addition, Chan et al. (2012) tested
the effect of state anxiety on the RREP in healthy college-aged
students and found that higher anxious individuals demonstrated
increased N1 S2/S1 ratios compared to lower anxious individuals.
The present study suggests that reduced respiratory sensory gating
is not only related to mild forms of state or trait anxiety, but
might also be evident in more chronic, clinically relevant forms
of anxiety such as in GAD. This increased afferent throughput of
respiratory sensory signals might lead to an increased awareness
of respiratory sensations and contribute to the altered perception
of respiratory sensations in patients with anxiety disorders.

In the present study, the group difference in the N1 S2/S1 ratio
was related to the fact that the HC group demonstrated higher
S1 amplitudes compared to the GAD group for the N1 peak,
at least for one out of two analyzed electrode sites. However,
in a previous study in healthy participants, it was found that
individuals with higher levels of anxiety had higher amplitudes
of S2, while no group differences were observed for S1 (Chan
et al., 2012). It can be speculated that the discrepancy between
the present results and the previous report may be related to the
counting task used in the present study, where participants were
required to count the number of obstructed breaths during the
experiment. Subsequently, the S1 N1 peak amplitude could have
been modulated by focused attention generated by counting the
stimulus, which needs to be explored further in future systematic
studies. However, the observed general effect of the present study
demonstrates a significantly smaller amplitude difference between
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FIGURE 1 | Group averaged waveform from the C4 electrode. (A) The black solid lines represents the averaged S1 and S2 waveforms of the healthy control
(HC) group (N = 18); (B) the black dashed lines represents the averaged S1 and S2 waveforms of the GAD group (N = 18).

FIGURE 2 | Averaged RREP N1 peak S2/S1 ratio (mean ± SD) at the C3 and C4 electrodes. The shaded bars represent the averaged S2/S1 ratios of the HC
group. The GAD group showed a significantly greater N1 S2/S1 ratio compared to the healthy controls at the C3 and C4 electrodes (p = 0.01 and 0.004, respectively).

S1 and S2 in GAD patients, which points toward higher sensory
throughput. Thus, the present results converge with the findings
of Chenivesse et al. (2014), who similarly found a reduction in
respiratory sensory gating to be more closely associated with an

amplitude modulation of S1 N1 and not S2 N1. The seemingly
unaffected S2 amplitude in the present GAD group might be a
function of the attentional processes for S1 acting on the neural
throughput. However, we cannot fully exclude the alternative
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explanation that the observed increase in the RREP N1 S2/S1
ratio in the GAD group is unrelated to the concept of central
neural gating and merely represent an altered neural response to
the first of two paired stimuli in this population. This would be
consistent with the notion of altered “gate-in ability” mentioned
by Hu et al. (2012) where they found increased auditory S1
amplitude in healthy compared to patients with schizophrenia
(Hu et al., 2012). Nevertheless, the extent to which a clinical
anxiety disorder impacts respiratory gating at the throughput is
unclear and requires further systematic investigation.

The present study is also in line with previous studies using
exteroceptive stimuli, which have similarly demonstrated that
several anxiety disorders are related to disrupted sensory gating
in modalities other than the respiratory modality (Neylan et al.,
1999; Ghisolfi et al., 2004; Hashimoto et al., 2008; Stewart and
White, 2008; de Leeuw et al., 2010; Nanbu et al., 2010). For
example, Hashimoto et al. (2008) tested auditory sensory gating
with a paired click paradigm in patients with OCD and found a
disrupted P50 S2/S1 ratio. Ghisolfi et al. (2004), using auditory
stimulation, reported significantly greater S2/S1 ratios in post-
traumatic stress disorder (PTSD) patients, compared to controls.
Moreover, Nanbu et al. (2010) found an impaired P50 gating
function in the OCD patients represented by elevated S2/S1 ratios
with auditory stimuli compared to the HCs. Taken together,
these past and the present findings suggest that impaired gating
functions in anxiety disorders are not specific for one sensory
modality, but can be observed across different interoceptive as
well as exteroceptive modalities.

Some cautions need to be exercised when generalizing the
results of the present study. Firstly, the study participants only
self-reported to have no diagnosis of a respiratory disease or acute
respiratory symptoms on the test day, such as experiencing a cold.
Secondly, our study did not differentiate between patients with
shorter disease duration and those with longer disease duration.

Since it is sometimes observed by clinicians that patients with
longer disease duration might also report rather reduced levels of
respiratory sensations than those with shorter disease duration,
future studies are encouraged to examine effect of disease duration
on respiratory sensory gating. Finally, we cannot fully rule
out residual effects of long-term anxiolytic, antidepressant, or
antipsychotic medications in the GAD group. Previous studies
have indeed demonstrated the potential modulating effects
of medications on sensory gating in patients with anxiety
disorders (Siegel et al., 2005; de Leeuw et al., 2010). Although
our participants were asked to refrain from medication intake
12 h before the experiments, effects of long-term treatments
remain unclear. Future studies are, therefore, encouraged to
systematically examine the various potential effects of different
treatments on respiratory sensory gating.

In summary, the present study suggests that patients with
GAD show a larger S2/S1 ratio for the RREP N1 peak, which is
suggestive of reduced respiratory sensory gating. Whether this
pattern of neural processing of respiratory information varies
between subgroups of GAD patients and the degree of anxiety
requires more investigation. Future research is needed to clarify
the effects of respiratory symptoms, medications, and duration
of the disease on respiratory sensory gating in patients with
GAD. Finally, GAD specific responses to the first of two paired
respiratory stimuli and the respective impact on the subsequent
gating ratio need further investigation.
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Social exclusion affects mental and physical health. The ability to regulate emotional
responses to social exclusion is therefore essential for our well-being. As individual
differences in detecting bodily signals (interoceptive sensitivity, IS) have been associated
with the ability of emotion regulation, we aimed at exploring whether IS fosters coping
with social exclusion and flexibility in emotion regulation. The first study investigated
subjective feelings and behavioral affiliation tendencies in response to ostracism using
a cyberball paradigm. Sixty-nine participants were assessed who differed with respect
to IS. The second study examined habitual emotion regulation processes focusing on
suppression and reappraisal as well as IS in 116 participants. Main results were that
the effect of ostracism on distress and behavioral affiliation tendencies were qualified by
IS—being ostracized had less impact on participants with stronger IS. Furthermore, Study
2 revealed that IS was associated with habitually stronger emotion regulation strategies.
We conclude that having access to bodily signals helps (IS) reducing aversive states
provoked by social exclusion, probably due to the fact that IS is associated with emotion
regulation strategies.

Keywords: interoception, interoceptive sensitivity, ostracism, emotion regulation, embodied cognition

Introduction

Social Exclusion and Health
Social exclusion is associated with adverse effects for mental and physical health (see e.g., Zöller
et al., 2010). Social exclusion, i.e., ostracism, is a ubiquitous phenomenon across the lifespan that
threatens the fundamental human need to belong to a group. According to Baumeister and Leary
(1995) the need to belong is a powerful, fundamental, and extremely pervasive motivation. Being
ostracized elicits social pain, loneliness, anxiety and sadness (e.g., Hawkley et al., 2011). Experimental
approaches to studying ostracism use behavioral manipulations that induce being excluded or
ignored, and one of the most frequent methods employed is cyberball (Williams, 2006). Cyberball is
a virtual ball toss game that participants play using a laptop or computer. Being socially rejected in
cyberball is associated with reduction in belongingness, self-esteem, and control as well as negative
affect such as anger and sadness (Sebastian et al., 2010).

While the cyberball paradigm was used in numerous studies, data on personality factors
that moderate feelings of exclusion caused by cyberball are sparse: Onoda et al. (2010) recently
demonstrated that participants with low self-esteem experienced increased social pain as compared
to individuals with higher trait self-esteem. Other moderator variables were not reported, especially
no effect of introversion-extraversion, individualism-collectivism, need for belonging, and loneliness
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(Williams, 2006). A possible moderator candidate stems from
research on emotion processing and emotion regulation, as being
socially excluded causes a variety of unpleasant feelings the
ostracized person has to deal with. A salient cue signaling how
comfortable people feel in social interactions is the space between
them, the “interpersonal distance” (see e.g., Perry et al., 2013,
2015). As cyberball causes social pain and negative affect, the
measure of interpersonal distance can be used tomonitor its effect
on the level later social interactions.

Emotion Regulation and Interoception
An important human ability is to regulate such negative emotions
caused by being socially excluded. There exist different strategies
to regulate one’s emotions (Gross and John, 2003; Ochsner et al.,
2004; Goldin et al., 2008; Pollatos and Gramann, 2012), and
individuals differ in their use of emotion regulation strategies with
implications for their well-being and social functioning (Gross
and John, 2003; Goldin et al., 2008). Füstös et al. (2013) state
that awareness of one’s emotional state is an essential variable for
emotionregulation, following that thisprocessmightalsobe linked
to the awareness of one’s bodily state. The perception of bodily
changes (interoception) is a central concept in several theories of
emotions (James, 1884; Damasio, 1994; Craig, 2004) that postulate
a relationship between interoceptive processes and emotions.

Having these results in mind one could assume that a higher
emotional arousal in emotion induction would also hamper the
ability to regulate emotions. But a recent study by Füstös et al.
(2013) demonstrated that the ability to perceive bodily signals
(interoceptive sensitivity, IS) facilitated the downregulation of
affect-related arousal when participants were instructed to use
reappraisal, a common emotion regulation strategy (Gross and
John, 2003; Goldin et al., 2008). Also Weiss et al. (2014) reported
a positive relationship between emotion regulation abilities as
assessed by questionnaire and IS.

Social Exclusion and Interoception
Füstös et al. (2013) assume that a greater sensitivity to one’s
bodily state facilitates the regulation of emotional responses. They
suggested that the detection of ongoing bodily changes is easier or
more accurate, and this might in turn facilitate the discrimination
and regulation of different emotional states (Füstös et al., 2013).
Whether these mechanisms might also facilitate the regulation
of unpleasant affect elicited as response to social rejection is
unclear till now. A study by Werner et al. (2013) supports this
assumption: Participants took part in a discussion round and
after a certain time they were excluded from the discussion. IS
modulated positive and negative affect and perceived acceptance
respectively rejection during exclusion. Whether the change in
subjective feelings caused by exclusion leads to motivational
engagement to overcome the situation and whether such a
behavior is also modulated by interoceptive processes was not
addressed in the former study. Ferri et al. (2013) hypothesized
that IS might contribute to interindividual differences concerning
social attitudes and interpersonal space; the social situation they
used in the study involved an experimenter who performed
movements at different distances from the participant’s hand.
This setup involves no direct social interaction, but the role of

interoceptive signals might be much more important in social
relevant situation as implemented in the cyberball paradigm.

The idea that perceiving internal signals more precisely
facilitates processes of comparisons of different internal states
related to emotions and their regulation in social relevant
situations would be supported when there is further evidence that
interoception interacts with emotion regulation in everyday life.
Emotion regulation strategies as assessed by questionnaire might
therefore an interesting tool to evaluate regulation capacities
in general. The idea that IS supports emotion regulation is in
accordance with data from Feldman Barrett et al. (2001) who
demonstrated that persons with highly differentiated emotion
experience could better regulate their emotions in everyday
situations.

Interoceptive Sensitivity—Measurement
Acommonmethod to assess interoception is the ability to perceive
one’s heartbeats accurately (Schandry, 1981; Critchley et al., 2004;
Dunn et al., 2007; Pollatos et al., 2008). This ability can be
measured by using validated and reliable heartbeat perception
tasks (Whitehead and Drescher, 1980; Schandry, 1981), in which
participants are instructed to perceive their own heartbeats
without feeling for their pulse. There is convincing evidence
that higher IS is associated with more intense feelings and
higher activation of underlying brain structures during emotional
stimulation (Wiens, 2005; Pollatos et al., 2007a; Dunn et al., 2010;
Füstös et al., 2013). IS was also associated with cognitive functions
like decision-making, selective attention or self-regulation during
physical exercise (Pollatos et al., 2007b;Werner et al., 2009b;Dunn
et al., 2010; Lenggenhager et al., 2013).

Aim of the Studies
To further elucidate whether IS interacts with feelings of social
exclusion and emotion regulation in general, we conducted a
study on healthy participants. We hypothesized that IS is related
to (1) better coping with social exclusion, (2) less motivation to
engage in behavior serving to overcome these feelings of exclusion,
and (3) better emotion regulation capacity and more flexibility
in general. To experimentally vary social exclusion we employed
a standardized paradigm (cyberball) known to affect well-being.
Additionally, as ostracism causes a threat to fundamental needs
(belonging, self-esteem, control, and meaningful existence, see
e.g., Jamieson et al., 2010) and therefore individuals are motivated
to fortify these needs, we used preferred interpersonal distance
(see Perry et al., 2013) as one measure to examine behavioral
tendencies to cope with the threat to the need for affiliation in
the ostracism paradigm. The second study builds on the first by
examining emotion regulation in general (using an established
self-report measure).

Materials and Methods—Study 1

Participants were screened for health status using an anamnestic
questionnaire. Exclusion criteria were any history of any axis 1
disorders, in particular anxiety disorders or depression according
to the Diagnostic and Statistical Manual of Mental Disorders
as well as drug use (except of contraceptives). All participants
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gave their written informed consent. They received an amount of
10€ for their participation. Sixty-nine female participants (mean
age 23.6, SD 3.7) were included in the main experiment. The
experiment was conducted in accordance with the Declaration of
Helsinki, the local ethics committee approved the study.

Procedure
First, IS was assessed. ECG electrodes were placed to the right
mid-clavicle and lower left rib cage. We used four heartbeat
counting phases (varying in length) in accordance with the
Mental Tracking Method suggested by Schandry (Schandry,
1981). Participants were asked to count their own heartbeats
silently and to report the number of counted heartbeats at the end
of the counting phase. IS was calculated according to the following
transformation:

1
4Σ(1 − (|recorded heartbeats–counted heartbeats|)/

recorded heartbeats)

The mean score was 0.70 (SD 0.14).
Then, electrodes were detached and the cyberball paradigm

started. As we also wanted to assess the effect of cyberball
on interpersonal relations, we slightly varied the paradigm in
the following manner: There were always two experimental
supervisors present up to this stage of the experiment.One of them
then left before the other experimental supervisor explained the
cyberball paradigm to participants. Participants were randomly
assigned to one of the three cyberball conditions: inclusion, social
exclusion and social exclusion due to pretended technical failure.
Technical failure condition was introduced to assess effects of
being implicitly excluded. Participants were told that they take
part in a mental visualization exercise in which they toss a ball
over the internet with two other players (see Hawkley et al.,
2011). Importantly, one of the other two players was the one
experimental supervisor that the participants had met before.
His/her photo was also depicted on the screen while the other
player was unfamiliar to the participant. Participants were told
that all persons involved in the procedure were connected via
internet. We also took a photo of the participant in the beginning
so that his/her photo was then used in the cyberball setting. Then
one of three conditions took place: In the inclusion condition,
participants receive the ball one-third of the time. In the social
exclusion and technical failure conditions participants receive the
ball only at the beginning and are then ignored. At the end of the
failure condition a screen appears with an error message in which
it is explained that due to connection problems of the internet the
participant was no longer connected with the other players.

Subjective mood was assessed as one outcome variable; this
was carried out immediately prior and directly after cyberball
using the German version of the Profile of Mood States (Dalbert,
1991). Nineteen items are rated on a seven-point Likert scale
comprising four aspects of negative (fatigue, depression, anger,
sadness, 13 items) and positive mood (six items), translated into
a negativity index (range 19–133) with higher scores reflecting
greater negativity.

Feelings of exclusion were evaluated as described by (Bolling
et al., 2011) using a 10-item questionnaire given to participants
immediately after playing cyberball. The items were taken from

the Needs Threat Scale that checks for distress following exclusion
(Eisenberger et al., 2003; Hawkley et al., 2011) as adapted by
Bolling et al. (2011). The Needs Threat Scale included statements
about feelings of control, belongingness, and self-esteem on a
Likert scale from 1= “not at all” to 5= “extremely.” Example items
were: “During the game, I felt ignored.”; “I felt rejected”; “I felt
like an outsider.” Consistent with previous research, we computed
as mean needs with higher scores reflect greater needs threat (see
also Hawkley et al., 2011).

We also assessed preferred interpersonal distance as suggested
by Perry et al. (2013), operationalized as distance chosen between
the participant and the one cyberball player who was also present
in the laboratory prior to cyberball and whose photograph had
been shown in the cyberball paradigm before. For the assessment
of interpersonal distance, the participant and the experimental
supervisor were placed directly facing each other with a start
distance of three meters, and then the experimenter approached
the participant until s/he said “stop” to signal a distance s/he
evaluated as appropriate. This procedure was chosen very similar
to the one suggested by Perry et al. (2013) in virtual reality to
assess one’s preferred interpersonal distance. Our exclusion took
also place on the screen with photos of the protagonist, while
the later assessment of the preferred interpersonal distance was
carried out in real space. The detailed instruction was to signal
the distance the participant felt comfortable with in accordance
to Perry et al. (2013). This preferred interpersonal distance was
noted in meters.

Study 2—Materials and Methods

Participants were screened with the procedure as applied in
Study 1. They received an amount of 5€ for their participation.
116 participants (27 male) took part, their mean age was 25.6 (SD
3.2). The local ethics committee approved the experiment.

Procedure
First, all participants filled in the German version of the Emotion
Regulation Questionnaire (Abler and Kessler, 2009) developed
by Gross and John (2003). The ERQ is one of the first validated
instruments for the investigation of emotion regulation processes.
The questionnaire tests two common regulation strategies:
suppression (example item: I control my emotions by not
expressing them) and reappraisal (example item: I control my
emotions by changing the way I think about the situation I’m in).
The German version of the ERQ consists of 10 items assessing
habitual reappraisal and suppression on a seven point scale.

Afterward, the heartbeat detection task as described in Study 1
was conducted. The mean heartbeat perception score was 0.71
(SD 0.16).

Data analyses
Study 1: We calculated three regression analyses using the
following dependent variables:

a. feelings of exclusion as measured by the needs index,
b. negative feelings as measured by the negativity index, and
c. preferred interpersonal distance.
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The variables a-c. as were z-standardized and then regressed on
the following variables:

d. z-standardized interoceptive sensitivity,
e. dummy 1 (codes: 0 = inclusion; 1 = technical failure;

0 = exclusion),
f. dummy 2 (codes: 0 = inclusion; 0 = technical failure;

1 = exclusion),
g. the interaction involving standardized interoceptive

sensitivity and dummy 1, and hour the interaction involving
standardized interoceptive sensitivity and dummy 2.

In accordance to Aiken and West (1991) simple slopes analyses
were applied with one SD above and below the mean IS score in
order to examine possible differences between participants with
high versus low IS.

Furthermore, Pearson’s correlation analyses were performed
between the needs index and interpersonal distance.

Study 2: One regression analysis (forward selection) with
reappraisal and suppression as predictors and interoceptive
sensitivity as criterion was carried out.

Results

Study 1
Table 1 summarizes the needs index, the negativity index and
preferred interpersonal distance evoked by the different cyberball
conditions.

The first regression analysis with a. the needs index as criterion
revealed that the criterion was explained by both dummies as well
as both interaction terms [F(5,63)= 83.77, p< 0.001, R= 0.93, R2

adjusted= 0.86]. A significant effect of condition was reflected in
significant effects of dummy 1 (T = 15.93, β = 0.86, p < 0.001)
and dummy 2 (T = 17.35, β = 0.93, p < 0.001). Crucially,
both interaction terms between IS and dummy 1 (T = −2.90,
β = −0.20, p< 0.01) as well as dummy 2 (T = −3.79, β = −0.26,
p< 0.001) were significant.

Figure 1 summarizes theses effects. Both social exclusion
conditions caused greater needs index scores as compared to the
mean scores in the social inclusion condition. Importantly, IS
qualified the effect of ostracism. High IS (one SD above mean)
was associated with less pronounced needs scores in both social
exclusion conditions as compared to low IS (one SD below mean).

With respect to the b. negativity index, the criterion was
explained by condition only [dummy 1: T = 4.87, β = 0.55,
p< 0.001; dummy 2:T = 4.80, β= 0.65, p< 0.001; F(5,68)= 9.28,
p < 0.001, R = 0.65, R2 adjusted = 0.38]. IS and both interaction
terms were not significant. These effects indicate an increase in
negative feelings for both social exclusion conditions (SE: mean
before 57.8, mean after 77.5; SET: mean before 56.8, mean after
74.6), while no change was observed after social inclusion (mean
before: 57.1, mean after 59.0).

We also obtained a significant positive correlation between the
needs index and the negativity index after cyberball (r = 0.57,
p< 0.001): Themore participants felt excluded, themore negative
feelings increased and vice versa.

The third regression analysis with c. interpersonal distance as
criterion showed that the criterionwas explained by dummy 2 and

TABLE 1 | Needs index, negativity index (before and after cyberball) and
preferred interpersonal distance contrasting the different conditions
(N = 69 total; N = 24; SE, social exclusion; N = 23; SET, social exclusion,
technical failure; N = 22; SI, social inclusion).

Mean(SD)

SE SET SI

Needs index 3.9 (0.7) 3.8 (0.7) 1.4 (0.3)
Negativity index
Before 57.8 (8.0) 56.8 (6.0) 57.1 (8.3)
After 77.5 (8.9) 74.6 (15.8) 59.0 (8.4)
Interpersonal distance (in m) 0.69 (0.17) 0.88 (0.25) 0.97 (0.14)

the interaction term between IS and dummy 2 [F(5,63) = 6.57,
p < 0.001, R = 0.58, R2 adjusted = 0.29]. Interpersonal distance
increased after exclusion only as reflected in the significant effect
of dummy 2 (T = −5.31, β = −0.64, p < 0.001), while dummy 1
was only marginally significant (T =−1.85, β=−0.22, p= 0.07).
The interaction term between IS and dummy 2 was significant
(T = 2.09, β = 0.34, p < 0.05). These effects are depicted in
Figure 2.

Preferred interpersonal distance was smaller after exclusion
(mean distance 0.69 meters) as compared to both exclusion with
technical failure explanation (mean 0.88 meters) and inclusion
(mean 0.97 meters). Higher IS (one SD above mean) was
associated with an decrease of interpersonal distance after social
exclusion, which was more pronounced for the group with low IS
(one SDbelowmean) and depicts the significant interaction effect.

In a last step we obtained a significant inverse correlation
between the needs index and interpersonal distance of r = −0.40
(p < 0.01) indicating that a greater threat of needs was associated
with a smaller interpersonal distance.

Study 2
ERQ Emotion Regulation and IS
Mean ERQ scores were 28.2 (SD 6.2) for reappraisal and 13.2
(SD 4.5) for suppression. The consecutive regression analysis
with IS as criterion and reappraisal as well as suppression as
predictors revealed significant effects of reappraisal (T = 3.14,
β = 0.27, p< 0.01) and suppression [T = 3.22, β = 0.28, p< 0.01;
F(2,113) = 9.71, p < 0.001, R = 0.38, R2 = 0.15]. Higher IS was
associated with both higher reappraisal and higher suppression.
These effects are depicted in Figure 3 (z-standardized scores for
all variables depicted).

Discussion

Our data provide new evidence for the relevance of the
perception of bodily signals regarding ostracism and emotion
regulation. Being socially rejected using the cyberball paradigm
is typically associated with a threat to elementary needs such as
belongingness, self-esteem or control, as well as an increase in
negative affect as demonstrated in former studies (Eisenberger
et al., 2003; Williams et al., 2006; Sebastian et al., 2010; Hawkley
et al., 2011). Importantly, IS moderated this effect: Higher IS
was found to be associated lower levels of (a) distress and (b)
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FIGURE 1 | Needs index after cyberball contrasting participants with high and low IS in the three experimental conditions (N = 69; ***p < 0.001;
**p < 0.01).

FIGURE 2 | Interpersonal distance after cyberball contrasting participants with high and low IS in the three experimental conditions (N = 69;
*p < 0.05).

behavioral affiliation tendencies following social exclusion. In
accordance with these results IS was correlated with higher scores
on the emotion regulation questionnaire.

These results are in accordance with Füstös et al. (2013)
who demonstrated that IS facilitates the downregulation of
affect-related arousal and corresponding neural activation when
applying reappraisal as emotion regulation strategy. Our results

are also in accordance to data on social exclusion in a
discussion as provided by Werner et al. (2013). They suggested
that individuals with high IS reduce aversive states by using
somatic information for self-regulation to a greater extent. One
possible explanation builds on data from Feldman Barrett and
co-authors (Feldman Barrett et al., 2001): Here, emotionally
differentiated participants reported a wide range of emotion

Frontiers in Psychology | www.frontiersin.org June 2015 | Volume 6 | Article 786 | 242

http://www.frontiersin.org/Psychology/
http://www.frontiersin.org
http://www.frontiersin.org/Psychology/archive


Pollatos et al. Ostracism and interoception

FIGURE 3 | Scatterplot between IS and both reappraisal and suppression (N = 116; z-scores depicted).

regulation strategies used in daily life. We assume that IS
facilitates the efficiency of different emotion regulation strategies
by providing a more fine-tuned feedback of the actual emotional
state. This is also the case in situations characterized by social
exclusion: Both the feelings of exclusion as well as the need
to affiliate as reflected by the interpersonal distance measure
were less pronounced when participants were rather good in
perceiving their bodily signals. We therefore suggest that IS
supports the effective down-regulation of negative affect and
associated bodily changes occurring during social exclusionwhich
might lead to a lower “cost” for the self. IS assessed in one
physiological system (the cardiac system) relevantly mediates
emotion regulation in situations evoking physiological activity
such as social exclusion. As suggested by Füstös et al. (2013), being
aware of one’s bodily signals might therefore constitute a positive
precondition for effective self-regulation of behavior. Supporting
this interpretation, data obtained in a public speech paradigm
showed that IS was associated with less self-reported state anxiety
before and during such a task (Werner et al., 2009a). And also
Lenggenhager et al. (2013) manipulated visceral feedback of their
participants and reported that heightened feedback regarding

one’s own visceral processes increased a self-centered perspective
and affected drive socioeconomic exchanges accordingly. In
contrast to these studies, Van ’t Wout et al. (2013) did not observe
a reliably significant relationship between IS and the acceptance
of unfair offers or habitual use of emotion regulation.

As expected, the need to affiliate as one coping mechanism
after social exclusion was higher after social exclusion. This
was only the case when no alternative explanation for
the experienced social rejection was provided, as social
exclusion with technical failure and social inclusion were
associated with comparable distance measures. The behavioral
measure—preferred interpersonal distance—was significantly
smaller after social rejection and positively correlated with
the experienced threat of needs. We interpret this result
as an indicator for a stronger tendency to socially affiliate
after rejection. Referring to the interaction between IS and
interpersonal distance after social rejection, we assume that IS
moderates affective processes and the coping with such negative
emotions as well as the behavioral tendencies to deal with the
outcome of such negative situations. In relation to our results,
interoceptive processesmight preserve the common resource used
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for self-regulatory processes. Self-regulation uses self-monitoring
and affective self-reaction (Maes and Karoly, 2005) which might
constitute abilities that are linked with bodily processes and
the conscious feedback of these processes as operationalized
by IS. Recent work supports this idea: Weiss et al. (2014)
could demonstrate that IS was positively correlated with self-
regulatory capacities as assessed by questionnaire. And also Koch
and Pollatos (2014) showed that IS is positively correlated with
greater adaptability as assessed by questionnaire in children. It
can be followed that interoception helps to preserve limited

resources involved in self-regulation, presumably by faster ormore
differentiated detection of bodily response changes occurring
in significant situations such as social rejection and might help
to constitute a feeling of higher control over one’s negative
experiences in everyday life.
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Here we present a theory of human trauma and chronic stress, based on the practice of
Somatic Experiencing® (SE), a form of trauma therapy that emphasizes guiding the client’s
attention to interoceptive, kinesthetic, and proprioceptive experience. SE™ claims that this
style of inner attention, in addition to the use of kinesthetic and interoceptive imagery,
can lead to the resolution of symptoms resulting from chronic and traumatic stress. This
is accomplished through the completion of thwarted, biologically based, self-protective
and defensive responses, and the discharge and regulation of excess autonomic arousal.
We present this theory through a composite case study of SE treatment; based on this
example, we offer a possible neurophysiological rationale for the mechanisms involved,
including a theory of trauma and chronic stress as a functional dysregulation of the
complex dynamical system formed by the subcortical autonomic, limbic, motor and arousal
systems, which we term the core response network (CRN). We demonstrate how the
methods of SE help restore functionality to the CRN, and we emphasize the importance
of taking into account the instinctive, bodily based protective reactions when dealing
with stress and trauma, as well as the effectiveness of using attention to interoceptive,
proprioceptive and kinesthetic sensation as a therapeutic tool. Finally, we point out that SE
and similar somatic approaches offer a supplement to cognitive and exposure therapies,
and that mechanisms similar to those discussed in the paper may also be involved in the
benefits of meditation and other somatic practices.

Keywords: trauma, stress, interoception, meditation, somatic experiencing, autonomic nervous system, premotor

system, core response network

INTRODUCTION
SE is a novel form of therapy, developed by Levine (1977, 1997,
2010) over the past 45 years. It focuses on resolving the symptoms
of chronic stress and post-traumatic stress. SE differs from cog-
nitive therapies in that its major interventional strategy involves
bottom-up processing by directing the client’s attention to inter-
nal sensations, both visceral (interoception) and musculo-skeletal
(proprioception and kinesthesis), rather than primarily cogni-
tive or emotional experiences. SE is not a form of exposure
therapy; it specifically avoids direct and intense evocation of
traumatic memories, instead approaching the charged memories
indirectly and very gradually, as well as facilitating the generation
of new corrective interoceptive experiences that physically contra-
dict those of overwhelm and helplessness. Why this is an effective
approach is the core theme of this paper.

SE shares this focus on internal awareness with traditional
methods of meditative movement, such as Yoga, T’ai Chi
and Qigong, as well as many forms of seated meditation
(Schmalzl et al., 2014). Less well-known Western-grown
therapeutic (“Somatic”) systems such as the Alexander
Technique (Stuart, 2013), the Feldenkrais method (Feldenkrais,
2005), and Continuum (Conrad-Da’oud and Hunt, 2007),
also use this general approach. The explanations and

suggestions in this paper apply to some extent to all of these
systems.

We believe that the sophisticated and precise theories and tech-
niques of SE offer a way of understanding the processes that
occur during mindfulness meditation, both the beneficial men-
tal, emotional and physiological effects of mindfulness meditation
and the flooding or dissociation that can occur when traumatic
memories surface. In addition, SE can suggest ways in which
mindfulness meditation practices could be modified to enable
meditators to process traumatic material, and traumatized peo-
ple to use mindfulness-based techniques to help them recover. At
the end of the paper we will elaborate on these ideas.

Over the past 15 years there has been a rapid increase in
research on interoception, its relation to the insular and anterior
cingulate cortices, and its relevance to the sense of self, cogni-
tion, and psychiatric disorders. Craig (2002) and Critchley et al.
(2004) have both clarified the efferent and afferent pathways link-
ing the organs to the cortex; Damasio (2003) and Craig (2010)
have each suggested a link between sense of self and interoceptive
awareness; Damasio, in his theory of somatic markers (Damasio
et al., 1996), has suggested interoception is involved in cogni-
tion and decision-making. Clear links have been found between
compromised interoceptive function and psychiatric disorders,

www.frontiersin.org February 2015 | Volume 6 | Article 93 | 246

http://www.frontiersin.org/Psychology/editorialboard
http://www.frontiersin.org/Psychology/editorialboard
http://www.frontiersin.org/Psychology/editorialboard
http://www.frontiersin.org/Psychology/about
http://www.frontiersin.org/Psychology
http://www.frontiersin.org/journal/10.3389/fpsyg.2015.00093/abstract
http://community.frontiersin.org/people/u/80278
http://community.frontiersin.org/people/u/190949
http://community.frontiersin.org/people/u/76466
mailto:mardi.crane@dartmouth.edu
http://www.frontiersin.org
http://www.frontiersin.org/Consciousness_Research/archive


Payne et al. Somatic experiencing: interoceptive trauma therapy

including depression (Avery et al., 2013), anxiety (Paulus and
Stein, 2010) and addiction (May et al., 2014). Mindfulness medi-
tation practices have been shown to improve insular functioning
and connectivity (Holzel et al., 2011) and to increase interocep-
tion (Farb et al., 2013), and insular function has been linked with
increased empathy (Singer et al., 2009). Very little research has as
yet explored the therapeutic utility of attending to interoception;
however see MacDonald (2007) and Price et al. (2007, 2012a).
At this point we are not aware of any published peer reviewed
studies of SE, neither case studies, clinical trials, nor tests of its
mechanisms. While a number of studies are currently under-
way, more research into SE and its methods and mechanisms are
needed. We hope the present paper will demonstrate the possibil-
ities involved in active and structured attention to interoceptive
and proprioceptive experience.

We will present a case study of the treatment of a client by
SE; this is a composite case, with illustrative episodes drawn from
several different cases in the authors’ files. The first-person per-
spective used for convenience during the narrative, also reflects a
composite practitioner. We are using this composite case format
as a way of succinctly presenting and illustrating the core ideas
of SE. Although the interactions are derived from actual clini-
cal experience, bias could be present in the authors’ selection of
which examples to include. We do not present the case study as
constituting evidence for any hypotheses, either concerning SE or
other neurophysiological theories discussed.

After each case episode, we will discuss our perspective on
the neurophysiology of the events and interventions. The case we
present is of post-traumatic stress and pain symptoms following
a car accident in which the client was not physically injured but
came very close to being killed. This is an example of a relatively
uncomplicated kind of trauma: an isolated event, happening to
an adult, with no significant complex relational or developmental
issues involved and no significant physical damage to the body or
brain.

CASE HISTORY
The following information is from an extensive pre-session ques-
tionnaire Simon was asked to complete before his first meeting
with me: Simon is 43 years old man, married with two adult
children; he is a middle-level manager at a supermarket chain,
normally a competent and well-organized man. Four months ago
he was in a car accident: he was driving home from work in
the late afternoon at 75 mph on an Interstate highway when a
tractor trailer went out of control just ahead of him, colliding
with several other cars. He was convinced that he was going to
die; but after sideswiping a couple of cars he ended up in the
breakdown lane. Apart from a few minor bruises he reported
being unhurt; his air-bag went off and he was wearing his seat
belt. He was, however, taken to a local emergency room for an
examination.

On arriving home that evening, he felt very shaken and teary,
but pushed away the impulse to cry and told himself that he
should “pull himself together.” The next morning he woke up feel-
ing depressed and anxious, and was unable to organize himself to
rent a car and get to work. He became angry with himself. The
following day he managed to rent a car and as he began driving

to work, he had a panic attack before getting onto the Interstate.
He was able to get to work by the back roads, but found himself
unable to concentrate at work.

Over the following 4 months he continued to feel “not him-
self”; he alternated periods of depression and anxiety with bouts
of extreme irritability and outbursts of anger, all of which had a
negative impact on his work and his marriage. He describes hav-
ing chronically cold hands and feet, a pounding heart, a knot in
his stomach and a fuzzy feeling in his head. Also he notes that
whenever he is outside, he has a tendency to be hyper-focused
on passing traffic to the point of being distracted from what he
is doing. After 2 months, at his wife’s urging, he went to see a
therapist, but got extremely angry at what he described as the
therapist’s implication that it was “all in his head.” He says that he
knows he should not be reacting this way, that it is not rational,
that after all “nothing really happened to him,” but feels com-
pletely powerless to change how he feels. Through a friend he
heard about Somatic Experiencing, and on being assured it was
“not talk therapy,” he decided to give it a try.

DEFINITIONS AND TERMINOLOGY
AUTONOMIC NERVOUS SYSTEM
When discussing the autonomic nervous system (ANS), pio-
neering researcher and Nobel prize winner in physiology and
medicine, Hess (1925) as well as early researcher Gellhorn (1970)
used the terms “ergotropic” (energy seeking) and “trophotropic”
(nutrition seeking) to point out that the two principal branches of
the ANS cannot be isolated from the somatic and central nervous
systems and the neuroendocrine system. The ergotropic system
includes activation of the sympathetic nervous system as well as
the motor and premotor system (increased muscle tension and
preparedness to act), the endocrine system (increased secretions
of a number of stress hormones), and the central nervous sys-
tem (increased sensory alertness), in a coordinated preparation
for strong energy expenditure (“fight or flight”). In contrast, the
trophotropic system involves these same systems in a prepara-
tion for rest, feeding and recuperation. This recognition of an
integrated response of the whole nervous system, especially the
integration of the autonomic and somatic systems, is central to
our thesis.

THE “CORE RESPONSE NETWORK” (CRN)
Unlike conventional psychotherapy which focuses largely on ver-
bal cognitive processes, the focus of SE is on the functioning of
the deeper, regulatory, levels of the nervous system, in particular
the autonomic nervous system (ANS); the emotional motor sys-
tem (EMS) (Holstege et al., 1996); the reticular arousal systems
(RAS) (Krout et al., 2002; Strominger et al., 2012); and the limbic
system (LS) (Heimer and Van Hoesen, 2006); these four subcor-
tical structures form what we term the core response network; see
Figure 1.

There is extensive evidence that these four networks inter-
act strongly (Gellhorn, 1970; Weinberg and Hunt, 1976; Hamm
et al., 2003; Critchley, 2005, 2013; Thompson, 2005; Coombes
et al., 2006; Hajcak et al., 2007; Sze et al., 2010; Kim et al., 2011;
Herbert and Pollatos, 2012; Price et al., 2012b; Norman et al.,
2014). The ANS can intensify or calm the activity of the viscera,
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FIGURE 1 | The Core Response Network (CRN). The CRN organizes
immediate, instinctive response to environmental challenges, prior to
extensive cortical processing. It includes the autonomic nervous system
(hypothalamus), the limbic emotional system (amygdala, hippocampus,
septal region), the emotional motor system (portions of the basal ganglia,
red nucleus, periaqueductal gray), and the reticular arousal systems. All
these systems interact strongly through multiple feed-back and
feed-forward connections, forming a complex dynamical system which can
enter various discrete functional and dysfunctional states.

alter blood circulation, trigger hormonal and endocrine activity,
change muscle tone, increase or decrease cognitive arousal, and
contribute to emotional experience (Norman et al., 2014).

The LS, including amygdala, hippocampus, and septal regions,
is central to fear- and pleasure-based experience and to the recall
of emotional significance (Heimer and Van Hoesen, 2006). This
network has strong bi-directional links to the ANS (Uylings
et al., 1999), and the RAS (Strominger et al., 2012), and trig-
gers emotion-specific movement and posture via the EMS (De
Gelder, 2006). The RAS involves multiple networks which trigger
arousal through several different pathways. It controls alertness
and orientation in different contexts, and interfaces strongly with
LS, ANS and EMS (Krout et al., 2002; Berntson and Cacioppo,
2007). The EMS involves multiple subcortical motor centers
[striatum, red nucleus, periaqueductal gray (PAG)] which are
involved in emotion-specific movements and postures which can
occur outside voluntary cortical control. It is primarily extra-
pyramidal. It is strongly influenced by ANS, LS and RAS, and
provides important kinesthetic and proprioceptive feedback to
them (Holstege et al., 1996; Holstege, 2013). The CRN responds
very quickly to arousing or threatening stimuli, with little input
from higher cortical evaluative processes (Porges’ “neuroception”
Porges, 2004).

This view is very similar to Panksepp’s concept of the core
self (Panksepp, 1998): a network of largely subcortical structures,
centered on the PAG, which are responsible for primal affective
experiences and their concomitant motor response organization.
We also note the similarity to Damasio’s concept of the “proto-
self” (Damasio, 2003) and Schore’s “implicit self” (Schore, 2011).
SE views this core system as the primary target for the treatment
of stress and trauma.

CORTICAL AREAS INVOLVED IN SE
We suggest that SE works by restoring optimal function to
this network by way of the interoceptive (insula/anterior cingu-
late) and premotor cortices (Critchley et al., 2003; Craig, 2009).
Although words are used in the process of SE therapy, they are
used to point to and elicit non-verbal experiences of internal
bodily sensation (interoception), sense of position and orien-
tation (proprioception), sensations of movement (kinesthesis),
and spatial sense. These are mediated respectively by the insular
and anterior cingulate gyrus (Critchley et al., 2003), the pre-
motor cortex (Desmurget and Sirigu, 2009), the parietal cortex
(Bartolomeo, 2006; Briscoe, 2009), as well as by the orbitofrontal
cortex (Roy et al., 2012). All these areas have very rich and direct
communication with the subcortical networks mentioned above,
and SE views them as the basis for voluntary intervention on the
dysregulated subcortical networks; see Figure 2.

STRESS
Since its first use in physiology, the word “stress” has been sub-
ject to multiple definitions and interpretations and the word is
often used imprecisely. Hans Selye acknowledged his poor com-
mand of English as responsible for a use at odds with that of
physics, where “stress” refers to the force acting on an object and
“strain” to the resulting distortion; Selye used the word to refer
to the response of the organism, and the word “stressor” came
to be used for the impacting situation (Rosch, 1986). Stressors
may broadly be divided into biological, where the stressor has an
unambiguous physical and physiological effect on the organism;
and psycho-social, where the effect of the stressor is determined
by the interpretation the organism makes of the external situa-
tion (Everly and Lating, 2013). Using the same word “stress” to
describe the organism’s response to these very different categories
of events is justified by Walter Cannon’s concept of the “stress
response” (Cannon, 1970), a supposedly unitary response of the
organism to any stressor regardless of its nature.

This early approach led to several difficulties, which have been
pointed out by many authors (Levine, 1977, 1986; Lupien et al.,
2006; Berntson and Cacioppo, 2007; McEwen and Wingfield,
2010; McVicar, 2013): first, although certain psycho-social situ-
ations may be referred to as “stressors,” the event can only be so
defined in relation to the response of a specific organism, render-
ing the definition meaningless (it no longer makes sense to assert
that a certain situation “is a stressor” in any absolute or general-
ized sense). Second, the division into physical and psycho-social
stressors neglects the fact that the general state of the organ-
ism influences its response to every kind of event, not merely
psycho-social events (Vosselman et al., 2014). Some individuals
have conclusively demonstrated voluntary (Kox, 2012) and teach-
able (Kox et al., 2014) control over functions usually believed to
be purely “physiological,” such as sympathetic thermogenesis and
inflammatory immune responses. The division into physiologi-
cal and psycho-social is a legacy of the now outmoded Cartesian
mind-body separation. Third, current research demonstrates that
even the response of the autonomic nervous system to sim-
ple physical stressors (pain, temperature, thirst. . . ) is extremely
nuanced and individually variable (Saper, 2002), and cannot be
summed up as unitary “stress response.” In an effort to resolve
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FIGURE 2 | Cortical control of the CRN. We suggest that the influence of
conscious conceptual thought processes on the CRN is relatively weak and
indirect, whereas the influence of those portions of the cortex mediating
interoceptive, proprioceptive and kinesthetic awareness is relatively strong
and direct. These areas include the insula and anterior cingulate cortex, which

have been hypothesized to be involved in cortical control of the ANS; and the
sensorimotor and (especially) pre-motor cortex, involved in kinesthetic and
proprioceptive experience and in planning and imagining movement, as well
as the parietal cortex involved in body schema, and the ventro-medial
prefrontal cortex.

these issues, attempts were made to define “good stress” and “bad
stress” (Selye, 1975), adding awkward and unwieldy concepts to
the mix (Levine, 1986).

Although current views of stress emphasize the role of cog-
nitive appraisal of the stress-inducing situation, recent writers
(Porges, 2004; Cohen, 2014) have pointed out that emotionally
charged and sudden situations are responded to very rapidly at
a sub-cortical level, involving the amygdalar complex and the
hippocampus, and not initially engaging the complex associa-
tive cortex with its capacity for reasoned decision. In fact much
psychological research (Bargh and Chartrand, 1999; Chaiken and
Trope, 1999; Cohen, 2014) demonstrates that even apparently
rational thought processes are strongly influenced by emotional
states. Conscious thought and unconscious emotional processes
influence each other reciprocally, it is not a one-way street.
Emotional processes equally influence the physical state at the
pre-motor level; reciprocally, the state of the body frames the
emotional response.

Since the 1920s, ideas about the functioning of the ANS
have evolved from a simple homeostatic linear reciprocal system
(Cannon, 1929; Selye, 1954), through concepts of homeody-
namics and allostasis (McEwen and Wingfield, 2003; Berntson
and Cacioppo, 2007) to the current framework of an allody-
namic system, capable of very complex self-regulatory behavior
involving feed-back and feed-forward loops and integration with
rostral brain centers (Berntson and Cacioppo, 2007). Predating
many of these developments, Levine, in his 1977 Ph.D. thesis
(Levine, 1977), suggests that the ANS (and related subcortical
structures) form a complex dynamical system (CDS) (Abraham
et al., 1990, 1992). He acknowledges Gellhorn’s seminal discovery

that, although under normal circumstances the sympathetic and
parasympathetic (or ergotropic and trophotropic) systems main-
tain a reciprocal relationship and return to baseline after distur-
bance (see Figure 3), following even moderately intense distur-
bance they can become “tuned” (Gellhorn, 1967a), chronically
biased in one direction, and can fail to return to baseline; see
Figure 4. In Gellhorn’s experiments, rats subjected to stressful
stimuli below a certain threshold demonstrated temporary eleva-
tion in sympathetic activation and diminished parasympathetic
tone, followed by a spontaneous return to baseline levels; however
if the stimulus exceeded a certain level of intensity or duration,
the ANS did not return to baseline and the rats remained in a
chronic state of elevated sympathetic and depressed parasympa-
thetic activity (Gellhorn, 1967a).

Under extreme and inescapable stress, the ANS may start
to respond in paradoxical ways, and even manifest simultane-
ous extreme activation of both sympathetic and parasympathetic
branches (Gellhorn, 1964a, 1968). Working with anesthetized
cats, Gellhorn clamped the trachea, inducing suffocation. There
was an initial extreme rise in sympathetic arousal, followed by
an even greater co-activation of the parasympathetic system.
This phenomenon has been verified by other researchers (Paton
et al., 2006), and is believed to underlie the well-recognized phe-
nomenon of “tonic immobility” (Nijenhuis et al., 1998a; Marx
et al., 2008), which is known to occur in both animals and
humans under conditions of extreme stress. Gellhorn’s animal
experiments clearly demonstrate this unexpected behavior of the
ANS (Gellhorn, 1970), and Levine clarifies the clinical implica-
tions of this phenomenon (Levine, 1977). Levine demonstrates
the use of the mathematics of catastrophe theory (Thom, 1989) to
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FIGURE 3 | Acute (mild) stress response. In response to a mild stressor
the ANS (and the whole CRN) responds with sympathetic activation,
accompanied by a reciprocal lessening of vagal (parasympathetic) tone.
Usually this activation will support an appropriate response to the stressor;
this response will be accompanied by proprioceptive feedback that the
response has been successfully completed. Sympathetic activation then
diminishes, vagal tone returns to normal, and the whole CRN resets to
normal resilient functioning.

explicate and predict the behavior of the ANS under extreme con-
ditions, and relates this model to clinical approaches to treating
PTSD and related conditions.

“Stress,” in the sense of an undesirable state, is defined by
Levine as the inability of the complex dynamical system of the ANS
to recover to normal functionality (Levine, 1977, 1986). This is
distinct from the current concept of allostatic load in describ-
ing stress. Allostatic load refers to the complex neurological
and endocrine changes (“wear and tear”) that result from hav-
ing to make continual adaptations to environmental challenges
(McEwen and Wingfield, 2003), but leave the exact nature of the
stress response itself still undefined. The “wear and tear” is the
effect of the stressed condition, and it may lead to circular patterns
of perpetuated disruption of normal functioning (Juster et al.,
2010). However Levine’s approach suggests that to be “stuck”
in a “stressed-out” or traumatized state is for the CRN to be
stuck in a dysfunctional dynamic mode which is, in principle,
fully reversible, and is not determined by the external situation
(Levine, 1986). This suggests that (again, in principle) someone
whose CRN is fully functional will not accumulate allostatic load
in response to challenging environmental circumstances and will
thus manifest extraordinary resilience.

TRAUMA
As with “stress,” the term “trauma” is used in different ways in
different contexts. In SE, a traumatic event is defined as an event
that causes a long-term dysregulation in the autonomic and core
extrapyramidal nervous system (Levine, 1977, 1997). The impli-
cation of this is that trauma is in the nervous system and body,
and not in the event; an event that is very traumatic to one person
may not be traumatic to another, as people differ very widely in
their ability to handle various kinds of challenging situations due

FIGURE 4 | Chronic stress response. If the stressor is above a certain
intensity or duration, the sympathetic response is more intense; if there is
an inadequate defensive response, the system as a whole may fail to reset
to normal functioning, remaining “tuned” to excess sympathetic and
deficient parasympathetic activation. This state may persist indefinitely,
giving rise to a state of “chronic stress,” where the system responds
inappropriately to environmental challenge with excess activation. Note that
this is not “allostatic wear and tear,” but an altered (dys-)functional state;
such a chronic state is a major contributor to allostatic over-load. Through
appropriate intervention, the system can be returned to a normalized, fully
functional state; but without such intervention the dysfunctional state may
last indefinitely.

to different genetic makeup, early environmental challenges, and
specific trauma and attachment histories.

This view implies a continuum of stress conditions; a chronic
but mild elevation of sympathetic response at one end, and
chronic extreme activation of both sympathetic and parasympa-
thetic (or more exactly, ergotropic and trophotropic) systems at
the other. At precisely what point the stress should be regarded
as “traumatic” is less important than the understanding of the
nature of the dysregulation of the nervous system; however,
the phenomenon (demonstrated in cats by Gellhorn, 1964a) of
extreme co-activation of sympathetic and parasympathetic sys-
tems under life-threatening conditions offers a compelling model
for the freeze, collapse, and dissociation often observed in PTSD
(Nijenhuis et al., 1998b; Halvorsen, 2014); see Figure 5.

PTSD
The medical term in common use, post-traumatic stress disorder
(PTSD), implies pathology; however SE, (which was developed
several years before the definition of PTSD in the DSM III) views
the trauma response as part of a natural, non-pathological process
that has been interrupted, and therefore prefers the term post-
traumatic stress syndrome (PTSS) (Levine, 1997). The criteria laid
out in DSM IV and V for the diagnosis of PTSD have been chal-
lenged by several authors (Shin and Handwerger, 2009; Bovin and
Marx, 2011; Scaglione and Lockwood, 2014) and impose limita-
tions not relevant to the theory of SE; most importantly, the DSM
V requires exposure to a situation which is threatening to life or
body, and limits the range of peri-traumatic emotion acceptable
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FIGURE 5 | Traumatic stress response. In the face of extreme challenge,
when either the situation is extremely threatening and overwhelms the
capacity of the organism to respond effectively, or if the response is
prevented in some way (restraint), there is first an extreme sympathetic
(ergotropic) activation with loss of vagal tone. With continued challenge,
there is a sudden intense co-activation of the parasympathetic (dorsal vagal)
system along with the sympathetic, leading to freeze, collapse or
dissociation. The ANS (and whole CRN) becomes locked into a
dysfunctional state of extremely high activation of both the sympathetic
and parasympathetic systems, and may oscillate erratically between
extremes. This may manifest as alternating depressive shutdown and
extreme anxiety or rage. This is not the result of wear and tear, but is a
specific dysfunctional state of operation of the complex dynamical system,
which through appropriate intervention can be returned to normal resilient
functioning.

for this diagnosis. Recent authors have pointed to the diversity of
various kinds of trauma, suggesting that a unitary diagnosis of
PTSD should be replaced by a spectrum of trauma-related disor-
ders (Bovin and Marx, 2011). The theories of SE might provide a
framework for such future classification.

DISCUSSION OF THESE CONCEPTS IN RELATION TO THE
CASE STUDY
Simon, the subject of the SE treatment, was exposed to a situation
he perceived as life-threatening, which triggered an emergency
(ergotropic) activation response involving the whole CRN: auto-
nomic visceral activation (ANS), immediate terror (LS), great
muscular tension (EMS), intense sensory arousal (RAS). That
evening his system began a trophotropic/parasympathetic com-
pensation (he felt teary), but he blocked that response. Crying
has been recognized as a spontaneous biological activity which
can lead to the restoration of balanced autonomic tone (Graèanin,
2014). Cortical appraisal can lead to intentional suppression of
emotional behavior or thoughts (Gellhorn, 1969; Wegner et al.,
1987; Gold and Wegner, 1995); this has been recognized as a
counterproductive, although common, strategy, and involves a
(mis-)use of cortical executive networks to interfere in the sponta-
neous self-regulatory action of the subcortical centers. The central

executive network (Szmalec et al., 2005) and the default mode
network (Raichle and Snyder, 2007), both involving the dorsal
prefrontal cortex, may be involved in this process. These networks
are both richly connected to verbal processing areas of the cortex,
and exert voluntary control based on held ideas and beliefs (Fogel,
2009); meditation and mindfulness practice have been shown to
reduce activity in these networks and instead promote activity in
the fronto-parietal network which is engaged in present-centered,
interoceptive awareness (Daprati et al., 2010). Conceptually and
verbally-mediated control may not take into account the present
emotional and physiological needs of the organism. The “mind-
ful” aspects of SE, the gentle encouragement of attention to
affective and interoceptive experience, may shift the cortex from
dorso-medially to ventro-medially controlled cortical networks
(Fogel, 2009) and facilitate spontaneous self-regulation (Herbert
and Pollatos, 2012).

Subsequently to Simon’s suppression of the tears, his system
continued to act as if the emergency situation were still present,
and normally neutral stimuli (traffic) took on a new aversive
meaning—his CRN remained in an activated state and failed to
return to baseline functioning, as a result of cortical executive
interference with the re-set process. Although the core emphasis
in SE is on restoring subcortical function, it is certainly important
to attend to faulty cortical appraisal, and this is best done through
methods reminiscent of conventional “cognitive restructuring”
(Meichenbaum et al., 2009), verbally addressing the mistaken
beliefs and appraisals.

It has been shown that the ANS is subject to both operant and
classical conditioning (Grings, 1960; Razran, 1961); a stimulus
(passing traffic) which is not inherently aversive may become cou-
pled with one that is highly aversive (an impending accident) such
that the former produces the same autonomic reactions as the lat-
ter. Simon’s description of his physical symptoms (“chronically
cold hands and feet, a knot in his stomach”) is consistent with
this view. However, unlike conventional or interoceptive expo-
sure therapies (McNally, 2007), SE is not based primarily on a
conditioning model, but rather a process model. It has been con-
clusively demonstrated that autonomic responses are subject to
classical conditioning (Razran, 1961), and while we do not doubt
that these processes play a role in stress-based dysfunction, the
stimulus/response model has long been recognized as inadequate
for explaining complex behavior. Control systems, such as the
systems involved in autonomic regulation, require feedback and
feed-forward loops which are not part of the explanatory frame-
work of conditioning theory (Haken, 1977). Although we do
not question the well-established knowledge concerning neuronal
dendritic modification in response to conditioning, the behavior
of complex neural networks are governed by higher-order prin-
ciples of dynamical systems theory (Haken, 2012). Thus, in SE,
symptoms are seen as due to a disorganized complex dynam-
ical system, rather than resulting from a simple conditioning
process (Levine, 1977). Fear conditioning extinction is the canon-
ical model for recovery from PTSD, especially through exposure
therapy (Rothbaum and Schwartz, 2002); however conditioning
theory states that, in the extinction process, a conditioned fear
response is not actually eradicated but only suppressed by com-
peting (positive) conditioned experiences (McNally, 2007); the
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implication of this, born out by experience, is that, although
fear de-conditioning is quick and effective, it is also easily dis-
rupted, as re-exposure to trauma-related cues easily reinstate the
fear response (Vervliet et al., 2013). By contrast, clinical experi-
ence in SE demonstrates a very robust change in fear responses
which are remarkably resistant to re-evocation; this is consistent
with the theory that clinical changes mediated by the SE process
are not primarily due to fear conditioning extinction but to a dis-
continuous alteration in CRN dynamical functioning; in terms
of dynamical systems theory, a shift to a different attractor basin
(Abraham et al., 1990, 1992).

Simon’s inability to have volitional control over his reactions is
also consistent with the idea that the dysfunctional ANS/CRN is
the core issue; the CRN is not normally under the direct control of
conscious volition, and is relatively unaffected by rational thought
processes (“he knows he should not be reacting this way, that it is
not rational, that after all ‘nothing really happened to him,’ but
feels completely powerless to change how he feels”; such com-
ments, in our clinical experience, are quite common). This points
to a drawback in “talk therapy” for trauma; the SE perspective is
that the CRN is most effectively addressed through interoceptive
and kinesthetic awareness.

Simon’s nervous system is now clearly dysregulated. It is
unable to return to baseline, and is oscillating between extremes
of activation (ergotropic, anxiety and rage) and shut-down
(trophotropic, depression and numbness). From the point of view
of SE, this current state of Simon’s nervous system is the relevant
fact, not the objective nature of the triggering event itself nor even
the conscious peri-traumatic experience (Simon’s experience at
the time of the traumatic event).

THE SESSIONS
Selected portions of the four SE therapy sessions are presented,
interspersed with commentary.

1ST SESSION, 1ST HALF
When Simon first came into the office, his shoulders were ele-
vated, his breathing high in his chest, his tread heavy; his face was
frowning, his jaw clamped, his eyes narrowed. I had the impres-
sion of a tense, defiant attitude; I imagined he was ready for a
confrontation, given his reaction to a prior “talk psychotherapy”
session. I greeted him, introduced myself, and offered him his
choice of chair—there were several different chairs in the room.
He seemed slightly disconcerted at being offered a choice; he
paused, looked around the room, took a deep breath, glanced
back at me, and settled purposively in the most comfortable-
appearing chair. As he shifted in the chair he looked at me again;
I imagined he might be wondering if he had taken my chair, and
could be feeling a bit defiant in anticipation of my reaction.

Me: Good choice. I think that’s the most comfortable, it’s for
the most important person here: you.

Simon: (looks at me with slight surprise, the frown lessens, he
moves in the chair again as if testing its comfort). OK.

Me: (sitting down) How does that feel?
Simon: Yeah, good, it’s comfortable, thanks. (He takes a deep

breath, closes his eyes for a moment, his shoulders drop,

his body appears to relax more into the support of the
chair. He opens his eyes again and looks at me; this is the
first time he has really looked at me).

Me: (I make brief direct eye contact with him, settling into
my own chair) Before we get started, I’d like you to
really notice how it feels in your body as you get more
comfortable in that chair. What’s that like physically?

Simon: (Moves his shoulders a little) Uh, well. . . I notice it in my
shoulders I guess. And my arms, they feel more relaxed.
(Frowns slightly as if concentrating.) I feel kind of, like
heavy I guess—a good heavy—and warmer. (Heaves a
sigh). I feel kind of relieved.

Me: OK good, relieved; and as you feel that, can you notice
any other areas of your body that feel, a bit, the same way?

Simon: (Pause, shifts his body a bit, appears to relax further;
closes his eyes) My chest feels more relaxed; and I
guess my legs feel better too, like they are resting more.
(Abruptly opens his eyes, his breathing speeds up a bit,
he tenses up a little) Shouldn’t we be talking about the
accident?

Me: (I make gentle relaxed eye contact) Yes, we will get to that
very soon, I do want to hear about it; but first, for what
we are doing here, it’s really useful for you to notice how
relaxed you can get; this will be really helpful. You know,
if you are about to climb a big mountain, you don’t just
head out dressed in a T-shirt; you first get good clothes,
boots, a guide—all the things you will need. Well, getting
in touch with good feelings in your body is like gathering
the things you need to deal with the difficult stuff later.
So. . . just noticing those relaxing feelings. . . how is that?

Simon: (his voice shifts, becomes more resonant and softer; he
moves his jaw slightly as if chewing) Good—actually I
feel really good, don’t remember when I felt this good
since the accident . . . (pause, sighs;) it’s been such a
strain. . . (his voice becomes a little throaty as if he were
about to cry, I notice slight tearing in his eyes. I recognize
sadness coming up, and I anticipate, based on his pat-
tern of “keeping it together,” that he may quickly tense
up against it, so I support this feeling).

Me: (In a soft voice) Yeah, such a strain. . . I understand. . . it’s
OK to feel that, just let yourself feel that, its fine. . . such a
relief to feel a little better. . .

Simon: Sorry, I don’t know why. . . . (Some more tears, then he
relaxes and settles, opens his eyes and looks at me; I meet
his gaze then look away, meet then avert, to show him I
am present and supportive, but not challenging him to
open up more than he already has; I am aware he could
easily feel ashamed at me seeing him so vulnerable.)

Me: Yeah. . . how are you doing now?
Simon: Wow, a lot better, feels like a big load off me. What. . . is

this normal?
Me: (I reassure him and explain some more about the SE

process; some of what I tell him is in the discussion
below. It is very useful for a client to have a clear under-
standing of the SE process, as much of it is unlike
anything else they may have experienced previously,
and is often somewhat counter-intuitive compared with
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their assumptions about what they need to do to free
themselves of trauma).

Discussion
The session begins the instant Simon walks through the door.
With the knowledge gleaned from the pre-session questionnaire
as background, I am immediately observing cues as to the state
of his nervous system, and am choosing to act in particular ways
on this basis. My initial goal therefore is to bring Simon into a
state of safety and comfort, in which his CRN is more balanced.
In SE this is known as “resourcing”; to put a person in touch with
positive inner feelings of safety, strength, comfort, and optimism,
so that they can begin to take the steps which can lead to sta-
ble restoration of balance. These are not abstract mental states
of well-being, but embodied experiences of positive feeling: an
important distinction in SE.

One of the principal ways I do this is through social engage-
ment, with the use of eye contact and voice. Porges (2007)
postulates that the ANS has three, not two, divisions. While
the sympathetic is associated with mobilization in response to
threat, the parasympathetic serves to support survival through its
two different evolutionary branches, the dorsal and ventral vagal
complexes. The evolutionarily older system, the dorsal vagal, pro-
motes shut-down and immobility, while a more recent branch,
the ventral vagal, governs social engagement. This includes the
supra-diaphragmatic vagus as well as the cranial nerves which
serve eye contact, speech, hearing and feeding behavior. Porges
suggests that the ventral vagal serves as a complex and nuanced
way of inhibiting excess sympathetic activation (“stress”) through
engaging socially with others. SE makes considerable use of this
system to promote nervous system balance. In addition to eye
contact and verbal interaction, I use whatever presents itself as
useful for putting him at ease and encouraging positive sensation–
in this case his choice of chair, though every situation is different
and it could just as well been his glance at a painting on the wall
or a certain kind of sigh. Notice that in the description I often use
the phrase “I imagine...” when describing my observation of his
inner state. This is intentional, and expresses the truth which, as
a therapist, I have to continually keep in mind: all I actually see
are certain outward behaviors; I then project what these mean in
terms of his inner state; but I could always be mistaken. So if I am
to have accurate observations, I must remember this and be ready
to change my evaluation if it is contradicted.

I am specifically guiding Simon to notice positive inner sensa-
tions as they arise. Most people, especially those who are stressed
or traumatized, tend to focus immediately on negative intero-
ceptive cues as harbingers of their distress. Damasio refers to
interoceptive cues as “somatic markers” (Damasio et al., 1996,
2000), which emerge into consciousness via the insula (the intero-
ceptive sensory cortex), and suggests they have a significant role in
contacting one’s instinctive or pre-conscious judgments about the
environment. By avoiding interoceptive cues one reduces one’s
capacity to evaluate the environment; by focusing on negative
cues only, one increases fear reactions. An important initial step
in SE is to draw the client’s attention to positive, non-aversive
somatic markers; this brings the ANS and subcortical emotional
centers into a less fearful state, as well as enhancing the connection

of the frontal cortical centers with the subcortical. Critchley
(Critchley et al., 2003, 2004; Critchley, 2013) suggests that the
insular and anterior cingulate cortices are the top level of control
for the ANS, forming a regulatory loop involving interoceptive
sensory and motor cortices, amygdala, hypothalamus, and brain
stem nuclei; one of SE’s effects may be to enhance the functioning
of this loop, thus promoting improved functioning of the subcor-
tical centers. This is accomplished by attention to interoception
rather than to cognition.

At first, the session description may seem like no more than a
relaxation induction. However, at a certain point Simon abruptly
shifts direction, tenses up, and brings his attention back to the
trauma (“Shouldn’t we be talking about the accident?”) This is an
example of a phenomenon which can also occur in meditation
or other relaxation-oriented therapies: deep relaxation may trig-
ger a sudden upwelling of aversive material (Everly and Lating,
2013); at the end of this paper we briefly suggest that the SE
perspective may offer effective ways of dealing with such diffi-
cult experiences, enhancing the therapeutic benefit of relaxation-
and mindfulness-oriented therapies. If he were to follow this
trauma-oriented impulse it would likely rapidly lead to a vicious
cycle of intense fear, sympathetic arousal, loss of clarity, intru-
sion of memories, increased distress, and a state in which further
therapeutic progress would be difficult (see Figure 6, below, for
an illustration). Yet Simon is correct: the trauma around the
accident cannot and should not be avoided indefinitely. My expla-
nation about “resource” makes sense to him and allows him to
return for a while to a subjectively pleasant state. This enables a
large, spontaneous shift: the reduced sympathetic tone allows a
parasympathetic increase, and with some more tears (Graèanin,
2014) comes a gentle sense of relief, an acknowledgment of the
strain he has been under. Had we tried to engage memories of the
accident full-on, the resultant sympathetic activation might have
blocked the possibility of this kind of gentle discharge. As it is,
he is left in a significantly more relaxed and functional state, pre-
pared to go a bit deeper in the rest of the session. This going back
and forth between charge/activation and discharge/deactivation
needs to be finely tuned. Too much of one or the other, and
the process of re-establishing balanced functioning is interrupted.
This distinguishes SE from exposure therapies, which do not tend
to avoid extremes of activation. SE terms this back and forth pro-
cess “pendulation.” When skillfully nurtured it tends to occur
spontaneously as the system seeks to restore balance (Levine,
1997, 2010).

Our view is that the subcortical systems (CRN) have intrin-
sic mechanisms for restoring inner regulation and autonomic
balance; it is the role of the SE therapist to facilitate this pro-
cess. Ongoing cortical executive suppression of behavior (crying,
tearing), thoughts or feelings is counterproductive to this spon-
taneous restorative process (Gellhorn, 1969). By creating a safe
environment and gently re-framing Simon’s interoceptive and
emotional experience, I enable him to withdraw suppressive cor-
tical control and to approach his inner experience in a graduated
(titrated) way. This reduces excess sympathetic arousal and conse-
quent suppression of frightening interoceptive experiences, which
in turn facilitates the intrinsic regulatory process of autonomic
discharge and the restoration of sympathetic-parasympathetic
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FIGURE 6 | The interaction of traumatic memory with the present

state. A present fearful or stressful state is experienced in part as
unpleasant interoceptive and proprioceptive feelings, including muscle
tension, stomach tension, trembling, weakness, constriction, increased
blood pressure (pounding pulse), decreased blood pressure (dizziness),
increased or decreased heart rate, cold sweaty hands, hyperventilation,
shallow breathing. Damasio terms these “somatic markers,” as they are
bodily experiences of emotionally and viscerally activated states,
consciously felt “markers” of subcortical states. These somatic markers
may activate memory traces that contain similar feelings. Such
trauma-related memory traces may be partly or wholly inaccessible to
ordinary conscious recollection, being procedural or implicit rather than
declarative and autobiographical. This means the person may not even be
aware that old memories are being activated. Consciously recognized or
not, the somatic markers connected to the old memories reinforce and
augment the present fearful state in a runaway positive feedback loop,
which can lead to terror, panic, rage, or shut-down. In response to these
aversive experiences (whether triggered by a present situation, conscious
memories, or implicit and procedural traumatic memories), the CRN
mobilizes a defensive response; given the circumstances, the response is
unlikely to succeed (unless carefully guided by a skilled therapist). Such
renewed failure may further disorganize the system and add to the
undischarged activation (re-traumatization).

balance. This approach can be contrasted to the more repeti-
tiously confrontative approach of exposure therapy (both conven-
tional and interoceptive) (Rothbaum and Schwartz, 2002; Wald
and Taylor, 2008); we believe SE accomplishes fear extinction
more quickly and with much less distress, probably via a dif-
ferent mechanism than that postulated for exposure therapies:
“biological completion,” as described below.

1ST SESSION, 2ND HALF
Me: OK, so let’s do something here. So what was the weather

like the morning of the incident?
Simon: Oh, the weather? Umm...I guess it was nice, yeah, a nice

day. I had no idea...
Me: (interrupting) OK Simon, see if you could just focus

on your memory of the weather when you first left the

house, before you even looked at the car! What were you
doing? Can you remember the sunshine, the tempera-
ture...?

Simon: Oh...OK...well, yeah, it was really clear, it was crisp.
Me: (noticing his breathing speed up and a slight trembling

in his hands) Hmmm, so, right now, what are you aware
of, Simon?

Simon: Well, I feel a little tense I guess...
Me: So it is just a little? Is that OK?

Simon: Yeah, not too bad... I can manage it.
Me: OK good, see if you could just allow that tension, just as

it is...what do you notice?
Simon: OK, well, my shoulders are a bit tense...I kind of feel a bit

shaky...
Me: OK, see if you can stay with that Simon, that’s fine, just

notice that little shakiness. Where do you sense that?
Simon: Yea, that’s strange, my hands are shaking...

Me: You’re doing great Simon, that’s good; just stay with your
awareness of the shaking...what happens next?

Simon: I feel the shaking spreading up my arms—this is weird–
Me: It’s OK, just see if you can be with it Simon, it’s just your

body releasing tension, just let it happen... (pause). . . and
what’s that like now?

Simon: Oh, I feel shaky all through my chest (voice thickens) I
feel a bit teary—what’s happening?

Me: You are just letting go of a bit of tension Simon, let it
happen (making eye contact).

Simon: (shakes visibly, sighs a few times, closes and opens his
eyes. Gradually the shaking subsides) Wow, that was
weird!

Me: How are you doing?
Simon: OK I guess, good. (Breathes deeply.) Fine. That was

weird!
Me: Simon, when the body gets tense it has natural ways

of shedding the tension—sometimes we cry or shake,
sometimes we yell or yawn, it’s just natural. But we are
not used to letting these things happen, so it’s unfamil-
iar. . . . So—you were telling me about the weather on that
morning....

Simon: Oh yeah...well, like I say, it was clear, crisp...I can remem-
ber my ears feeling cold, there was a bit of wind....

Me: Do you hear anything?
Simon: Well, the wind sound, the birds—some traffic in the

background....
Me: How do you feel in your body as you recall that?

Simon: Fine, I feel relaxed... hey, I just noticed that the sound of
the traffic doesn’t bother me right now!

Discussion
The second half of the first session demonstrates the core of
the methodology of SE. The first important concept is that of
“discharge.” The sympathetic nervous system mobilizes the body
for intense kinetic activity (“fight or flight”). Under normal cir-
cumstances this “biological energy” (the secretion of various
neuroendocrine substances and activation of certain neural path-
ways) is used to power intense muscular activity; when successful,
this arousal is part of a cycle involving mobilization, successful
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action, exhilaration, relaxation, and a return of the nervous sys-
tem to baseline functioning. However, under certain conditions
the ANS may get “stuck” in a state of excess activation; the mus-
cular activity does not happen or is not successful, the reciprocal
activation of the parasympathetic is not triggered by propri-
oceptive feedback, and the system does not return to balance
but continues to secrete activating neuroendocrine hormones
(Gellhorn, 1969). Gellhorn has clarified that the proprioceptive
feedback from intense muscular activity is the trigger for the
reciprocal activation of the parasympathetic (Gellhorn, 1964b).
Rats allowed to fight with each other after a stress-inducing expe-
rience recover much more quickly than rats kept separate and
thus unable to fight (Weinberg et al., 1980). Even in the absence
of this trigger, the nervous system nevertheless has ways it can
release the excess activation; this usually involves spontaneous
movement of the body (including gentle shaking and subtle pos-
tural changes), often accompanied by feelings of fear, sadness, or
relief (Levine, 2010). Drawing the client’s attention to the pro-
prioceptive and kinesthetic (somatic) markers of this “release”
process serves to enable a spontaneous re-balancing of the ner-
vous system. We have already discussed crying above; shaking and
trembling are very little referred to in the literature. There is slight
mention of trembling as a component of what has been called
“rape-induced paralysis” (Galliano et al., 1993), which is believed
to be closely related to “tonic immobility” (TI), an innate biolog-
ical reaction to extreme stress (Marx et al., 2008; Volchan et al.,
2011). From an SE point of view, this trembling or shivering is
an opportunity for therapeutic intervention; it is a sign of the
system’s attempt to begin restoring normal function. Shivering is
triggered in the pre-optic area and is associated with thermogen-
esis (Nakamura and Morrison, 2011). It helps maintain optimal
conditions for muscle function in preparation for vigorous defen-
sive activity. We speculate that the trembling observed in TI may
be a preparatory sympathetic reaction attempting to warm the
muscles in preparation for a defensive response. Encouraging this
physiological process could lead to vigorous sympathetic acti-
vation, the expression of blocked defensive reactions, and the
facilitation of a parasympathetic rebound to normal ANS func-
tion. An SE therapist would reassure the client that the shivering
is a natural process and encourage the movement to develop into
a possibly empowering response.

The second significant concept illustrated is titration. This
term is used in chemistry to describe the process where two
reagents (like a strong acid and strong base) are mixed drop
by drop to avoid the explosive reaction that would occur from
pouring them together quickly. It is also used to describe a
process of carefully and slowly introducing a new drug to deter-
mine the correct dosage for an individual. In the same way,
trauma must be approached very slowly, “drop by drop,” so
as to avoid unnecessary distress, flooding and potential re-
traumatization. Note the care with which I prevent Simon from
following his inclination to go straight to thoughts of the acci-
dent, and how we instead begin by attending to experiences
far removed from the trauma itself. Even these bring up some
degree of activation, but at an easily manageable level, such that
discharge can occur without undue distress. Once a little dis-
charge has happened, the ANS/CRN is in a somewhat more

balanced state, and Simon can then tolerate more discomfort of
arousal, discharge and further regulation and resilience in the next
go-round.

I anticipate that Simon might experience some re-activation
of the trauma during the coming week, but my expectation is
that a significant amount of the pressure has been let off, so he is
unlikely to experience a lot of distress, and I think he will return
next week with a more resilient system and well prepared for
deeper work.

2ND SESSION (PARTIAL)
Simon enters my office looking noticeably happier than last time.
His posture is more upright and he is smiling. He greets me
warmly, we shake hands, he sits again in the same seat. We make
brief direct eye contact.

Me: So, how’s it going?
Simon: On the way home I got a little freaked out by the highway

again, but I knew it was going to be OK. But, I certainly
felt a lot better.

Me: Alright, that makes sense; tell me, what were the good
feelings like after the session?

Simon: Oh, I felt really relaxed, all that tension dropped away; it
felt like such a relief. (He sighs and settles into the chair)

Me: And what are you noticing in your body while we are
sitting here talking right now?

Simon: I feel good—must be this chair! (Smiles mischievously
and laughs).

Me: So. . . let’s come back to that morning, remembering how
that was...what do you notice happening in your body as
you recall that morning?

Simon: I feel fine, no problem, I can remember that scene fine.
Me: So, where was the car? (At this point I observe Simon

carefully for the first signs of activation; I want to elicit
some activation to work with, but not so much as to lead
down the slippery slope toward overwhelm).

Simon: (calmly) In the garage.
Me: OK, so, do you remember how you got to it?

Simon: Yes, I went and lifted the garage door.
Me: OK, simply remember doing that, and notice how you

feel as you explore that image.
Simon: (still appearing relaxed) Well, I see myself opening the

garage door...I am going to the car door...I am getting in...
Me: (noticing Simon’s shoulders come up, his breathing get-

ting more rapid) OK, let’s pause for a moment. What do
you notice?

Simon: (suddenly closing his eyes, sitting forwards in the chair,
twisting his body a bit to the left, hunching his head
down; his voice sounds tight) Oh Jesus that was so scary,
I really thought I was going to die!

Me: (firmly) OK Simon, slowly begin to open your
eyes...Simon, look at me, right here. (Simon slowly opens
his eyes, at first he looks at me vacantly, his breath rapid)
You’re fine Simon, you are right here, it’s OK. Just see me,
right here. (Simon’s eyes come back into focus, his breath
slows).

Simon: Oh damn, what happened?
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Me: (in a calm voice) It’s fine, we just went a bit too quickly.
Look around the room a bit, tell me three things that you
see.

Simon: (focusing on the room, his voice calmer and slower)
OK...I see the walls...your picture there...the window...

Me: Can you feel the chair?
Simon: Yes—the magic chair! (Chuckles) That’s better!

Discussion
Despite my attempt to keep things slow, Simon slipped into the
“trauma vortex”; the memory of getting into the car triggered
an intense recollection of the accident accompanied by strong
activation of the ANS and the rest of the CRN, and I had to
act quickly to bring him back to the present so that his ner-
vous system could regain its balance. In SE one is walking the
tightrope between not enough activation, in which case there is
no discharge because there is no activation to discharge; and full-
blown reactivation of the trauma memory, in which aspects of
the trauma are relived and the person again experiences over-
whelm. This can actually be harmful, and can compound the
original trauma. Such a “dive” into the black hole, the “vortex
of trauma,” involves a self-reinforcing positive feedback loop, in
which the proprioceptive and interoceptive feedback (somatic
markers Damasio et al., 1991, 1996) from the neurally encoded
memory trace (engram), becomes a trigger for further activa-
tion (Liu et al., 2012); a runaway loop which can lead to extreme
simultaneous activation of both sympathetic and parasympa-
thetic (dorsal vagal) bringing about a dissociated state within
seconds; see Figure 6. One of the tasks of SE is to interrupt
this destructive loop. To this end, SE uses concurrent evoca-
tion of positive interoceptive experiences, which may help alter
the valence of the disturbing memories (Quirin et al., 2011);
this process has been demonstrated in rats (Redondo, 2014).
Other aspects of the mechanism whereby SE prevents the trau-
matic positive feedback loop are discussed below as “biological
completion.”

3RD SESSION (PARTIAL)
In the rest of session 2, Simon has been able to return to the mem-
ories of getting into the car, driving to the location of the accident,
and seeing the first signs of the accident about to happen (the
truck ahead of him starting to lose control). At each step he has
experienced discharge of various kinds, including shaking, crying,
and angry gestures, each time successfully returning to balance
with an increasing sense of well-being and capacity. His phobia of
driving has diminished considerably but he still has tension in his
arms. Two nights ago he woke from a nightmare drenched in cold
sweat.

After an initial greeting and check-in, we begin where we had
left off the previous session.

Me: OK Simon, if you feel ready: let’s come back again to the
moment you first saw the wheels of the truck scoot out
sideways. Can you get there?

Simon: Yes, OK, I can see that, a puff of smoke at the wheels and
they kick sideways.

Me: (Noticing a slight twisting of his body to the left and a
hunching of his shoulders forward) And what else do you
notice?

Simon: My shoulders are killing me!
Me: What is that like?

Simon: They’re on fire, they feel like they are being twisted off!
Me: And then . . . what happens now?

Simon: Oh, it’s like I have to turn the damn wheel! I can’t turn
the wheel! I’m going to die!

Me: OK Simon, just feel yourself trying to turn the wheel!
Slow it way down! You can give yourself all the time you
need, feel what your shoulders are wanting to do!

Simon: (grimaces, groans; very slowly his arms start to move)
But I couldn’t do it!

Me: But now can you let yourself do what you couldn’t do
then; give yourself all the time you need...that’s it, keep it
slow, really feel it—what you couldn’t do then, but now
you can. . . that’s it, take your time. . . .

Simon: (slowly, with the appearance of a sustained effort, com-
pletes the gesture of turning the wheel, then slowly relaxes
and heaves a huge sigh.) I did it!

Me: What happened, what did you do?
Simon: I turned the wheel even though I was afraid I couldn’t.

I got out of the way! I went right past, I could see him
behind me crashing but I was free!

Me: Great! How does all that power feel?
Simon: It feels fantastic, I feel free, my shoulders feel so light, I

don’t think I have ever felt like this!

Discussion
The SE term for this phenomenon is “biological completion.” The
ANS and affective subcortical centers are not separate from the
somatic, musculoskeletal nervous system. Indeed Panksepp’s can-
didate for the neural substrate of core self (Panksepp, 1998), the
PAG, is principally recognized as a nucleus involved in the prepa-
ration of instinctive defensive responses. Affective and ANS acti-
vation have a direct and immediate effect on the somatic system
by way of the EMS (Holstege et al., 1996; Holstege, 2013). Via the
reticular formation, the ANS and associated affective and motoric
structures change the gamma efferent supply to the muscles, alter-
ing the spinal reflexes, muscle tone, and posture in preparation
for the movements of fight or flight appropriate to the situation
(Bosma and Gellhorn, 1947; Loofbourrow and Gellhorn, 1949;
Gellhorn, 1964b). These instinctive affective-motoric (Boadella,
2005) patterned responses have developed to ensure survival;
they therefore have an extremely powerful drive to completion.
Their organizing nuclei depend partly on proprioceptive feed-
back from the somatic system to confirm successful completion
of the response (Loofbourrow and Gellhorn, 1949; Gellhorn and
Hyde, 1953). This is closely related to the phenomena observed by
Gellhorn that, absent proprioceptive feedback, the ANS does not
reset to baseline (Gellhorn, 1964b). When the survival response
is incomplete, ineffective, or prevented, the preparation for the
response may persist indefinitely unabated, resulting in continued
sympathetic, and in extreme cases concurrent parasympathetic,
activation (Gellhorn, 1967b, 1969). This results in a maladaptive
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organization of the CRN, as the precipitating situation in fact
no longer exists. This persistent maladaptation of the CRN is
the essence of the stress/trauma state. The organism is no longer
actually responding to present conditions, challenging or not,
but is locked into an unresolved state of persistent inappropriate
activation.

The view of SE is that it is possible to facilitate the comple-
tion of this biological defensive response (see Figure 7). This is
done through interoceptive and proprioceptive awareness, and
may involve imagined “playing out” of a successful resolution
of the original (unsuccessful) situation. In other words, this is
NOT re-exposure to memory of the original trauma; nor is it a
suppression of those memories and feelings. Instead it is a re-
working, on a felt subcortical level, which enables the person to
have, for the first time, an experience of successful completion of
the subcortical instinctive defensive response (Quirin et al., 2011).

The canonical animal model for PTSD is threat coupled with
restraint. Restraint alone, without threat, does not induce trauma;
nor does threat without restraint (Philbert et al., 2011). The
defensive escape response has to be prevented; only then do
trauma symptoms develop (Shors et al., 1989). Tellingly, Ledoux
found that in rats conditioned through such a procedure to a
trauma-like fear response, if they were placed in the same experi-
mental situation and allowed to complete an escape response, the
fear conditioning immediately disappeared (Amorapanth et al.,
2000).

FIGURE 7 | De-potentiation of positive feedback loop by SE. The
procedures of SE can de-potentiate the disturbing trauma-linked implicit
and procedural memories. Titration and the co-evocation of supportive and
empowering interoceptive experiences calm the extreme arousal and
facilitate accurate awareness of the interoceptive and proprioceptive cues.
The client becomes able to identify the urge toward completion of the
biological defensive response; and, in the safe and supportive context
created by the therapist, is able to complete the blocked defensive
response, through imagery and subtle movement. This will often be
accompanied by autonomic discharge in the form of heat, trembling, tears,
and so on. Once the proprioceptive experience of biological completion has
occurred, the memories lose their intense charge, and may now integrate
into the hippocampal autobiographical timeline like ordinary memories.
Now that the client’s nervous system is in a more functional state, the
client has more resilience and a greater capacity to tackle any remaining
trauma-related memories.

When the person is finally able to stay fully present to
their interoceptive and proprioceptive experience, the interrupted
movement (incomplete at the time of the trauma) can then
fulfill its meaningful course of action. This gives rise to pro-
prioceptive feedback in the nervous system that tells the ANS
that the necessary action has (finally) taken place, so that the
sympathetic system can stand down (Gellhorn, 1967b; LeDoux
and Gorman, 2001). Careful visual attention, on the part of the
therapist, can often detect the interrupted movement behind
chronic muscular tension as revealed in very small spontaneous
motions; guiding the client to slow things down and take the
time they need is essential in order that they can bring these
subtle sensations to consciousness. During the precipitating trau-
matic event, everything happens so fast that they are unable at
the time to complete the instinctive survival response; however a
fully conscious “replay” of the procedural memory of the event
can provide the opportunity for the establishment of a new set
of proprioceptive-interoceptive experiences (Mishkin et al., 1984;
Redondo, 2014). Sometime just imagining performing the move-
ments brings relief. Studies have shown that imagined movement
activates very wide areas of the brain, especially the pre-motor
areas which are strongly linked to the autonomic and emotional
centers (Decety, 1996; Fadiga et al., 1998; Oishi et al., 2000).

Procedural memory (as distinct from declarative and episodic
memory) is the memory of how to do things (Squire, 2004), such
as riding a bicycle. It is believed to be encoded in the neostriatum
rather than the hippocampus (Mishkin et al., 1984), and is not
accessible via thoughts or images but via physical sensation (pro-
prioception and kinesthesis) (Mishkin et al., 1984). SE suggests
that in a highly stressful situation, vivid procedural memories of
the incomplete innate survival actions are laid down, which later
intrude and interfere with normal functioning. The intensity of
the intrusion is due to the powerful survival imperative embedded
in the intrinsically affective content of these defensive reactions; as
long as the system does not experience completion, the survival
imperative continues to operate, and the person feels as if the sit-
uation is still happening; this of course is a well-recognized aspect
of PTSD. The SE interventions described enable the procedural
memories to complete their biological imperative and therefore
cease to intrude.

This phenomenon of biological completion is clearly related
to that described above as “discharge,” and the necessity for
a neuro-muscular (ergotropic) discharge in order to trigger a
parasympathetic “reset” (Gellhorn, 1969). This may be a par-
tial explanation for the beneficial effect of vigorous exercise on
anxiety and depression (Hötting and Röder, 2013). Our clinical
experience seems to indicate, however, that not just any mus-
cular activity will do: profound shifts seem to occur when the
activity corresponds to the movement that was interrupted in the
precipitating event. I was able to notice subtle hints of the move-
ment (of trying to turn the wheel) manifesting in Simon’s body.
Once I drew his attention to these, he was able to become aware
of the incomplete impulse; the completion of this very specific
impulse was crucial in enabling the release of the chronic muscu-
lar, autonomic and neuroendocrine activation. It is very unlikely
that ordinary voluntary vigorous exercise, even if it had used those
same muscles, would have brought about comparable results.
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4TH SESSION (PARTIAL)
By now, Simon has completed a lot of work. He has revisited most
of the traumatic memories, has experienced considerable auto-
nomic and somatic discharge, and is feeling a great deal better.
He sleeps well, is able to concentrate and drives without anxiety.
However there is still a mildly “spacy” quality to his presence, and
he acknowledges that he does not feel “fully back to myself.” I am
aware that we have not yet addressed the actual moment of the
accident, which involved violent chaotic motion of the car, out
of his control, and the certainty that he was about to die. I sus-
pect the remaining slight dissociation is related to this, and I judge
him sufficiently resilient to be able to comfortably handle this last
step.

At this point, I ask Simon to recall the first time after the acci-
dent at which he really took in that he was OK. He recalled his
first interaction with his wife at the hospital, immediately after
the accident, recounting a tearful reunion. He had assured his wife
that he was fine, exclaiming, “it was a miracle, and I’m OK!” I ask
him to notice the feeling in his body as he recalled that scene; he
describes a sense of relief, but his expression is a bit flat, without a
lot of depth, as if he were recognizing the fact of his survival, but
somehow not fully taking it in.

Then I ask him to return to the memory of the moment before
the car spun out of control.

Simon: I can feel the steering wheel like iron in my hands—I can
see the truck’s trailer ahead start to slide sideways—oh
God—(I notice his face get pale).

Me: Let’s slow down Simon. Feel the chair underneath you. . .
Simon: (orienting to me a bit) OK. . . .

Me: OK Simon, I’m going to ask you to do something here to
help slow things down—it may seem a little strange.

Simon: (still tense, but clearly curious) OK. . . .
Me: We’re going to make a sound together, like this: Voooooo

(very deep and resonant).
Simon: (smiles a little.) You want me to. . . .

Me: Together now: Vooo. . . .
Simon: (Simultaneously) Voooo..

Me: And again, feel it in your belly: Voooo. . .
Simon: (noticeably more relaxed) Vooo. . .

Me: And what do you notice?
Simon: (takes a deep breath) I can feel my legs, my lower body. . . .

Me: What is that like?
Simon: It feels good, solid. . . I can feel warmth in my legs.

Me: Good, let yourself feel that, take some time. . . now very
gently, touch on that memory again, nice and slow.

Simon: Yes. . . I can see the trailer ahead. . .
Me: And what else do you notice?

Simon: I’m gripping the wheel—the lights are so close. . .
Me: The brake lights?

Simon: Yes. . . my jaw is so tight, there’s nothing I can do, I’m so
scared. . . .

Me: Notice your jaw—what is your jaw doing?
Simon: It’s shaking, my teeth are chattering.

Me: Ok just let that happen, let your teeth chatter. . . and what
else are you noticing?

Simon: I’m shaking all over, I can’t breathe, I feel really scared.

Me: You’re doing fine, just let it happen, you are OK, it’s your
fear and all those pent up tears.

Simon: (shakes and trembles violently, breathes deeply) Oh God,
I don’t want to die!.... Oh my Lord. . . I just saw a picture!
When I was 7 I fell off my bike, I couldn’t breathe. My
dad got mad and made me get back on the bike and told
me he was proud I didn’t cry. I so much wanted to please
him, even though I was just a little kid. (Tears start to
flow freely down Simon’s cheeks as he sobs gently.) I was
so scared, so scared. . . . I think he was scared too; my dad.
I think I never really cried after that, not till just now.

Me: You’re doing great, let the shaking and tears happen, just
feel it. . . they’ve been there for such a long time. . . .
(Things settle over a few minutes. Then I notice Simon’s
body starts to gently jerk in the chair.)

Me: What happens now?
Simon: I’m losing control! It’s spinning! The car is spinning.

Me: Slow it down, let’s see if you can slow it down like you did
before. Feel it, stay with it, it’s OK.

Simon: (Gradually his body slows down, comes to rest. He is
gently trembling.) I’m alive! I’m alive! (He takes deep
spontaneous breaths.)

Me: How does that feel, to be alive?
Simon: (Continuing to sob, though now they appear to be tears

of relief and joy.) It’s wonderful! I’m alive, I can feel. I
thought I was dead, I’m alive! (Gradually the tears sub-
side, his breathing slowly returns to normal, he opens his
eyes. He has a quality of intense vitality in his gaze, a soft-
ness and aliveness through his body; he looks at me more
directly and openly than he has since he started sessions.)

Me: Yes, you are alive. You can feel the joy of being alive
through your whole body. Really feel that!

I tell him this is the natural state of his being that becomes avail-
able when there are no obstructions. I also explain to him that we
all carry many layers of obstruction from past trauma that we may
not even remember, that this opening-up is an ongoing process. I
suggest that he come in for one more appointment in a month, so
we can follow up if there are any remaining issues.

Discussion
All the key elements of SE are demonstrated here: presence,
embodied resource, titration, pendulation, discharge, and biolog-
ical completion. Simon is now sufficiently resourced, as a result
of the increased resilience of his nervous system gained through
the previous work, that he is able to tolerate, befriend and stay
fully present to the great fear of dying and the disorienting expe-
riences of being jerked around in the car. The importance of the
bodily sensations is clear: the interoceptive experience of shak-
ing and trembling, the kinesthetic/proprioceptive experiences of
being jerked around in the car. Titration is evident in the empha-
sis on slowing down; the use of the “vooo” sound helps generate
positive interoceptive sensation to support his capacity to stay
present to the extreme fear. We believe that vocalizations like
“vooo,” as well as chanting or even song, help to shift the nervous
system out of shutdown and then from a sympathetic-dominant
to a parasympathetic-dominant state. Mechanisms involved may
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include (Jerath et al., 2006; Raupach et al., 2008; Chan et al., 2010;
Busch et al., 2012; Sano et al., 2014): increased afferent signaling
from the diaphragm due to stretching by prolonged exhalation;
increased visceral afferent impulses from the abdomen due to
sound vibration; and resetting the breathing to a more parasym-
pathetic pattern by lessening CO2 loss by slowing the breath
rhythm and extending the exhalation. The deep pitch of the sound
may also play a role.

Due to Simon’s increased resilience, he does not need nearly
as much titration at this stage as he needed at the beginning. He
is able to remain present, and to become fully conscious of the
events that he had already experienced, but had not been able to
“digest” before now.

Not until he has been able to digest the experiences (and expe-
rience biological completion) is he able fully to recognize that he
has survived. In normal experience, the brain lays down a nar-
rative of life experiences in memory, which can be recalled in
sequence and are experienced as belonging to a specific time in
the past. This happens in the hippocampus. In parallel, “implicit”
memories (Roediger, 1990; Schacter et al., 1993) are laid down in
other parts of the brain, including “how-to” memories, probably
in the striatum (Reber, 2013), and emotional priming memo-
ries in the amygdala (Reber, 2013); there is also evidence that
trauma-related memories may be stored in the precuneus and
the retrosplenial cortex (Sartory et al., 2013). The trauma-related
memories may not form part of a coherent sequential timeline
(Van der Kolk and Fisler, 1995), and therefore can be experienced
as vivid sensory “flashbacks”: still present, not having receded
into the past (Sartory et al., 2013). It has been shown that stress
interferes with explicit, autobiographical memory, but not with
implicit memory (Luethi et al., 2008); and that stress-related
implicit memories can persist indefinitely, even in the absence
of conscious recollection of the precipitating situation (Packard
et al., 2014). This is believed to be at the root of the pervasive,
timeless quality of trauma-related memories (Stolorow, 2003).
Only when they have been fully assimilated and assigned to the
hippocampal timeline can they become integrated and experi-
enced as “just a memory,” in the past; and only then can one
experience oneself as being fully present. In this session, Simon’s
recovery of the memory of his father making him get back on
the bike is pivotal. Although the memory may have been acces-
sible to him prior to the session as a normal autobiographical
memory, aspects of the experience (the fear of not being able
to breathe, the pushing down of his tears in order to please his
father) were encoded as implicit and procedural traumatic mem-
ory. The car accident is “layered” on top of the earlier trauma;
the bike episode lessened his resilience and impeded his capacity
to spontaneously recover from the car accident through emo-
tional, autonomic and motor discharge. The conscious visual
and interoceptive-proprioceptive-kinesthetic recall of this memory
facilitated completion of the interrupted discharge, and enabled
a spontaneous cognitive re-evaluation of the past event (recogniz-
ing his father’s fear and the role it played in his actions). Clinical
experience in SE shows that such cognitive re-evaluations often
emerge spontaneously during or shortly after the autonomic and
kinesthetic discharges take place. We believe that the subcorti-
cal state plays a very significant role in creating and maintaining

the faulty cognitive structures, and that cognitive restructuring
happens much more easily as the CRN is restored to normal
functioning.

SOMATIC EXPERIENCING: DEFINING THE SYSTEM
When a person is exposed to overwhelming stress, threat or
injury, they develop a fixed and maladaptive procedural mem-
ory that interferes with the capacity of the nervous system to
respond flexibly and appropriately. Trauma occurs when these
implicit memories are not neutralized. The failure to restore flex-
ible responsiveness is the basis for many of the dysfunctional and
debilitating symptoms of trauma.

In response to threat and injury animals, including humans,
execute biologically based, non-conscious action patterns that
prepare them to meet the threat by defending themselves. The
very structure of trauma, including activation, freezing, dissocia-
tion, and collapse, is based on the evolution of survival behaviors
(Bolles, 1970; Nijenhuis et al., 1998a; Baldwin, 2013). When
threatened or injured, all animals draw from a “library” of possi-
ble responses. We orient, dodge, duck, stiffen, brace, retract, fight,
flee, freeze, collapse, etc. All of these coordinated responses are
somatically based–they are things that the body does to protect
and defend itself.

Animals in the wild recover spontaneously from this state;
involuntary movements, changes in breathing patterns, yawning,
shaking, and trembling, release or discharge the intense biologi-
cal arousal; these phenomena have been observed repeatedly by
one of the authors (PAL) over 45 years of clinical experience,
and confirmed through numerous anecdotal accounts by those
who work professionally with wild animals; however we have not
been able to find any significant treatment of these phenomena in
the peer-reviewed literature. In humans, a variety of factors can
thwart this “resetting” of the nervous system: fear of the discharge
process itself, prolongation of the traumatic situation, complex
cognitive and psycho-social considerations, cortical interference.
This failure to reset leaves the nervous system stuck in a dysregu-
lated state. It is when the spontaneous “reset” fails that we see lasting
post-traumatic symptoms.

The bodies of traumatized people portray “snapshots” of their
unsuccessful attempts to defend themselves in the face of threat
and injury. Trauma is a highly activated incomplete biological
response to threat, frozen in time. For example, when we pre-
pare to fight or to flee, muscles throughout our entire body
are tensed together in specific patterns of high-energy readiness.
When we are unable to complete these appropriate actions, we
fail to discharge the tremendous energy generated by our sur-
vival preparations. This energy becomes fixed (as a snapshot)
in specific patterns of neuromuscular readiness or collapse (i.e.,
mobilization or immobilization). The person then remains in
a state of acute and then chronic arousal and dysfunction in
the central nervous system. Traumatized people are not suffer-
ing from a disease in the normal sense of the word—they have
become stuck in a hyper-aroused or “shutdown” (dissociated)
state. It is difficult if not impossible to function normally under
these circumstances.

SE avoids asking clients to relive their traumatic experiences,
rather it approaches the sensations associated with trauma only
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after establishing bodily sensations associated with safety and
comfort; these become a reservoir of innate, embodied resource
to which the individual can return repeatedly as they touch, bit
by bit (titration), on the stress-associated sensations. Biological
completion and autonomic discharge occur in controlled and
manageable steps as the therapist guides the client in attending
to visceral sensation or subtle motor impulses associated with
incomplete defensive responses.

OTHER “BODYMIND” SYSTEMS
We believe that the mechanisms elucidated here explain the effec-
tiveness of traditional Asian bodymind systems as well as Western
Somatic disciplines and body-oriented psychotherapy. We also
believe these mechanisms explain the value of the emphasis on
bodily experience, breathing, posture, and balanced muscle tone
in seated mindfulness meditation, and extend current theories
about the mechanisms behind the long-term beneficial effects of
this practice.

In the practice of mindfulness meditation, as well as other
forms of contemplative practice, challenging physical and emo-
tional experiences often arise (Kaplan et al., 2012). At times these
experiences can pose significant challenges to mental and emo-
tional health, and may lead to the abandonment of the practice.
We believe that the SE perspective offers a way of understanding
and working with such issues. Although it is beyond the scope of
this paper to give an exhaustive treatment, we wish to offer some
reflections.

A painful or disturbing interoceptive or proprioceptive expe-
rience may be pointing to the necessity for some kind of “bio-
logical completion.” Simply maintaining a neutral awareness
may not lead to resolution if movement impulses and imag-
ined movements are unconsciously impeded; and many medi-
tation traditions do discourage movement. The question, “what
does it feel like my body wants to do?” can often reveal the
obstructed impulse, the completion of which may restore comfort
and ease.

During contemplative practice, a disturbing experience may
arise too intensely or too quickly, resulting in overwhelm and a
reactive suppression of the feeling. However, neither overwhelm
nor suppression are productive strategies. Temporarily diverting
awareness to a positive, safe experience, such as the support of
the ground or positive imagery, can allow one to regain inner bal-
ance; then a consciously “titrated” process of returning attention
to the disturbing experience one little bit at a time may facilitate
the assimilation of the experience.

The emphasis in mindfulness meditation on remaining
detached from discursive thought may sometimes encourage a
remote or uninvolved attitude toward arising images, feelings, and
insights. We believe that such an attitude may subtly impede the
opening-up, de-conditioning process intrinsic to meditation. SE
encourages an active, curious exploration of arising phenomena,
which is nonetheless not conceptually based. We believe that a
familiarity with this form of exploration can inform the practice
of mindfulness.

Finally, SE focuses especially on interoceptive and propriocep-
tive experiences, and puts these in a broad, meaningful frame-
work that can enable one to understand directly the meanings,

motivations and implications of such experiences. Traditional
Asian practices that emphasize bodily experience, in their full
forms, also provide such frameworks (for instance Qigong, Laya
Yoga, Tibetan Tsa-Lung practices), but these frameworks may
not be appropriate, available, or comprehensible to the Western
practitioner. SE provides a broad and sensitive framework firmly
rooted in Western scientific understanding, yet also in con-
cert with the above traditional approaches, to help guide one’s
encounters with difficult material. Moreover it does so without
diverting the practitioner into psychological analysis, which may
be a significant diversion from the intent of body-focused and
meditative practices.

SUMMARY
While trauma is a nearly ubiquitous human experience, the
manifestations of trauma-induced symptoms vary widely. When
the nervous system has become “tuned” (Gellhorn, 1967a) by
repeated exposure to long-term stress or trauma, the result is
manifest in the symptoms of PTSS. Failure to resolve PTSS can
evolve into multiple co-morbidities involving the cognitive, affec-
tive, immune, endocrine, muscular, and visceral systems. SE is
designed to direct the attention of the person to internal sensa-
tions that facilitate biological completion of thwarted responses,
thus leading to resolution of the trauma response and the creation
of new interoceptive experiences of agency and mastery (Parvizi
et al., 2013).
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A Corrigendum on

Somatic Experiencing: using interoception and proprioception as core elements of trauma

therapy

by Payne, P., Levine, P. A. and Crane-Godreau, M. A. (2015). Front. Psychol. 6:93. doi:
10.3389/fpsyg.2015.00093

Introduction

In our recent paper, Somatic Experiencing: Using interoception and proprioception as core ele-
ments of trauma therapy (Payne et al., 2015), we stated: “At this point we are not aware of any
published peer-reviewed studies of SE, neither case studies, clinical trials, nor tests of its mech-
anisms.” Unfortunately, we overlooked several papers dealing in whole or in part with Somatic
Experiencing R© (SE). We wish here to remedy this oversight, with sincere apologies to the authors.

In the peer-reviewed literature, there are two descriptive papers offering brief case studies with
commentary on the practice of SE (Levine, 2003; Heller and Heller, 2004); four outcome studies
of the use of SE in natural disasters (Leitch, 2007; Parker et al., 2008; Leitch and Miller-Karas,
2009; Leitch et al., 2009); one qualitative study of Gestalt Therapy and SE for back pain (Ellegaard
and Pedersen, 2012); one outcome study of military stress resilience training partly based on SE
(Stanley et al., 2011) (see also Stanley, 2014); and three hypothesis articles theorizing about aspects
of neuroscience pertinent to SE. Two of the latter present conceptual models specifically relevant to
SE although they do not focus exclusively on SE (Van der Kolk, 2006; Ruden, 2008); one deals solely
with SE (Hricko, 2011). In addition there is one paper not published in a peer-reviewed journal,
which addresses ways of measuring the physiological effects of SE (Whitehouse and Poole-Heller,
2009).

Descriptions of SE

These papers offer case descriptions, with commentary on the principles of SE.
Levine (2003): Panic, biology, and reason: Giving the body its due.
Levine’s paper discusses the origins of SE, critiques Beck et al.’s (1985) cognitive approach to anx-

iety disorders, and uses animal behavior as a window on human trauma response. It also presents
two detailed case reports.

Heller and Heller (2004): Somatic Experiencing in the Treatment of Automobile Accident
Trauma.

264

http://www.frontiersin.org/Psychology
http://www.frontiersin.org/Psychology/editorialboard
http://www.frontiersin.org/Psychology/editorialboard
http://www.frontiersin.org/Psychology/editorialboard
http://www.frontiersin.org/Psychology/editorialboard
http://dx.doi.org/10.3389/fpsyg.2015.00423
http://www.frontiersin.org/Psychology
http://www.frontiersin.org
http://www.frontiersin.org/Psychology/archive
https://creativecommons.org/licenses/by/4.0/
mailto:peter.payne@dartmouth.edu
http://dx.doi.org/10.3389/fpsyg.2015.00423
http://www.frontiersin.org/journal/10.3389/fpsyg.2015.00423/full
http://community.frontiersin.org/people/u/80278
http://community.frontiersin.org/people/u/190949
http://community.frontiersin.org/people/u/76466
http://journal.frontiersin.org/article/10.3389/fpsyg.2015.00093/full


Payne et al. Corrigendum: Somatic Experiencing trauma therapy

Heller presents a case study of trauma due to automobile acci-
dent, using this as a vehicle to clarify the principles and tech-
niques of SE in a manner similar to our own paper (Payne et al.,
2015).

SE as a Trauma Intervention in Natural

Disasters

All four papers present a summary of the principles of SE, and
make a case for the use of biologically-based interventions as a
brief, early intervention for trauma, especially in non-Western
cultures. All studies demonstrate significant benefits for the use of
SE. All studies discuss the inevitable limitations of studies under
field conditions. None of the studies is randomized and fully con-
trolled, but details of themethods are clearly provided. Blinding is
largely absent due to its impracticability under these conditions.

Leitch (2007): Somatic Experiencing Treatment with Tsunami
Survivors in Thailand: Broadening the Scope of Early Intervention.

This paper offers an exploratory study of the use of a brief (1
or 2 sessions) SE-based intervention [Trauma First Aide, devel-
oped by Miller-Karas and Leitch (2007), and now called the
Trauma Resiliency Model™ (TRM)] with 53 survivors of the
2004 tsunami in Thailand. At 1 year follow-up, 90% of partici-
pants reported partial to complete remission of symptoms.

Parker et al. (2008): Somatic Therapy Treatment Effects with
Tsunami Survivors.

Parker presents a similar study of victims of the same tsunami
in southern India. A 75-min SE-based intervention was provided
to 150 participants with symptoms of trauma. Several outcome
measures were taken at immediate post, 4-week and 8-month
follow-up, with significant results indicating substantial benefit.
At intake, 80% or participants had one or more PTSD symp-
toms of arousal and intrusion, and 50% had avoidance symp-
toms; at 8 months follow-up, 90% had significant or complete
improvement.

Leitch et al. (2009): Somatic Experiencing treatment with Social
Service workers following hurricanes Katrina and Rita.

This paper describes using 1 or 2 sessions of TRM with
Social Service workers in the aftermath of hurricanes Katrina and
Rita. The treatment group showed significant reduction in PTSD
symptoms and increased resilience at 3–4 months follow-up.

Leitch and Miller-Karas (2009): A case for using biologically-
based mental health intervention in post-earthquake China:
Evaluation of training in the trauma resiliency model.

This paper documents the provision of TRM training to 350
disaster responders in Sichuan province, China, after the 2008
earthquake. Ninety seven percent of respondents believed the
training would be moderately to very useful in their work.

SE in Military Resilience Training

Stanley et al. (2011):Mindfulness-Based Mind Fitness Training: A
Case Study of a High-Stress Predeployment Military Cohort.

Stanley presents an outcome study of Mindfulness-Based
Mind Fitness Training (MMFT), derived from SE, TRM, and
Mindfulness, with a group of 34 Marine reservists. Increased
mindfulness correlated with time spent practicing and with
reduced stress.

SE and Gestalt Therapy for Back Pain

Ellegaard and Pedersen (2012): Stress is Dominant in Patients with
Depression and Chronic Low Back Pain.

Ellegard offers a qualitative study, using a phenomenological-
hermeneutic approach, of 6 patients with non-specific low back
pain receiving Gestalt Therapy and SE. The study does not enable
a separation of the effects of Gestalt Therapy from SE.

Neuroscience Models Relevant to SE

Van der Kolk (2006): Clinical Implications of Neuroscience
Research in PTSD;

Ruden (2008): Encoding States: A Model for the Origin and
Treatment of Complex Psychogenic Pain;

Hricko (2011): Whole brain integration in the clinical
application of Somatic Experiencing.

These studies review aspects of neuroscience supportive of
the SE approach, and offer conceptual models similar to our
own (Payne et al., 2015). Van der Kolk emphasizes evidence sup-
porting the usefulness of attending to interoception and propri-
oception, and the SE concept of biological completion. Ruden
offers hypotheses compatible with SE theory about the neuro-
logical mechanisms behind the role of trauma in complex pain.
Hricko makes a case for the importance of “right brain liter-
acy” (Hricko, 2011) in SE trauma therapy, referencing research
by Schore, Porges and others.

Physiological Measurement in SE

Whitehouse and Poole-Heller (2009): Heart rate in trauma: Pat-
terns found in Somatic Experiencing and trauma resolution.

Although it does not appear in a peer-reviewed journal, this
paper is nonetheless worthy of mention. It is an informal but
suggestive investigation of the use of physiological monitoring
to track changes in the nervous system during SE therapy. This
is particularly important because SE claims to work primarily
via the autonomic nervous system (and other subcortical areas)
(Levine, 1977, 2003; Payne et al., 2015). Although some of the
measures usedmay be open to alternate interpretations, his paper
offers a valuable methodological perspective. He also presents
hypotheses about the correlation of these variables with various
stages of SE therapy, and offers examples of measurements taken
during SE treatment.

Summary

Taken together, these papers offer evidence supporting continued
research into SE. The papers on disaster response in particular,
although not definitive, are strongly suggestive of the efficacy
of SE as an early, low-dose, culturally flexible intervention for
victims and providers in the context of natural disasters.
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Quadrato Motor Training (QMT) is a whole-body movement contemplative practice
aimed at increasing health and well-being. Previous research studying the effect
of one QMT session suggested that one of its means for promoting health is
by enhancing cognitive flexibility, an important dimension of creativity. Yet, little is
known about the effect of a longer QMT practice on creativity, or the relative
contribution of the cognitive and motor aspects of the training. Here, we continue
this line of research in two inter-related studies, examining the effects of prolonged
QMT. In the first, we investigated the effect of 4-weeks of daily QMT on creativity
using the Alternate Uses (AUs) Task. In order to determine whether changes in
creativity were driven by the cognitive or the motor aspects of the training, we
used two control groups: Verbal Training (VT, identical cognitive training with verbal
response) and Simple Motor Training (SMT, similar motor training with reduced
choice requirements). Twenty-seven participants were randomly assigned to one of
the groups. Following training, cognitive flexibility significantly increased in the QMT
group, which was not the case for either the SMT or VT groups. In contrast to
one QMT session, ideational fluency was also significantly increased. In the second
study, we conducted a pilot longitudinal structural magnetic resonance imaging
and diffusion tensor imaging (4-weeks QMT). We report gray matter volume and
fractional anisotropy changes, in several regions, including the cerebellum, previously
related to interoceptive accuracy. The anatomical changes were positively correlated
with cognitive flexibility scores. Albeit the small sample size and preliminary nature
of the findings, these results provide support for the hypothesized creativity-motor
connection. The results are compared to other contemplative studies, and discussed
in light of theoretical models integrating cognitive flexibility, embodiment and the motor
system.

Keywords: Quadrato Motor Training, creativity, cerebellum, MRI, embodiment
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Introduction

Creativity, Training, and Health
The lexeme in the English word creativity comes from the
Latin term creō, meaning “to create, make.” Thus, creativity
means bringing into being, as it involves generation of
novelty and transformation of existent information (Chávez-
Eakle et al., 2007). Creativity requires, as well as generates,
new information that transcends informational boundaries,
yet is integrated with existing information in a manner
exhibiting value (Horan, 2007). Behaviorally, the first component,
namely the generation of new information, can be measured
by divergent thinking tests; whereas the second component,
concerning existing information constraints, can be measured
by convergent thinking tests. Here we focus on divergent
thinking, studying ideational fluency and cognitive flexibility,
two important measures of creativity. Specifically, cognitive
flexibility is diminished in several neurodegenerative conditions,
such as Parkinson’s (Tomer et al., 2002). Thus, sustaining
and improving cognitive flexibility may serve a significant
role in maintaining cognitive and emotional well-being and
health (Schmid, 2005). In the current study, we aimed at
investigating the link between flexibility of behavior and
cognitive flexibility. To this end, we employ Quadrato Motor
Training (QMT by Patrizio Paoletti – see below), which
requires constant flexibility in the movement and behavior,
and assess its impact on cognitive flexibility and ideational
fluency using the AUs Task (Chermahini and Hommel,
2010).

The QMT is a whole-body movement meditation, aimed
at improving well-being, by enhancing attention, coordination
and cognitive flexibility (Ben-Soussan et al., 2013, 2015). The
QMT requires a state of enhanced attention, as it combines
dividing attention to themotor response and cognitive processing
for producing the correct direction of movement to the
next point in the Quadrato space (Ben-Soussan et al., 2013;
see Figure 1). QMT can further be viewed as ‘Mindful
movement,’ due to the increased awareness it requires to
the body and its location in space. Mindful movement is a
general term for practices that involve bringing awareness
to the detailed experience of movement (Kabat-Zinn, 2009),
such as walking meditation, Yoga and Tai Chi. Similar to

FIGURE 1 | The Quadrato Motor Training (QMT). (A) A graphical
illustration of the QMT. (B) A participant during the QMT while waiting for the
next instruction (left) and following the instruction (right).

other Mindful movement practices, QMT requires balance
control, which is known to integrate inputs from the motor
cortex, cerebellum, and basal ganglia, as well as feedback from
vestibular and proprioceptive systems required to maintain
an upright posture (Chang et al., 2010, 2014; Wayne et al.,
2014). In line with that, a previous study demonstrated
that a month of daily QMT practice significantly enhanced
cerebellar oscillatory function (Ben-Soussan et al., 2014a). Yet,
in comparison to other Mindful movement practices, QMT
has the advantage of being a relatively short training (possibly
several minutes), and can be practiced in limited spaces.
These unique aspects render the QMT a technique warranting
scientific exploration, with the future aim of implementing
this technique in various health-promoting and educational
setups.

We have previously reported that a single session of QMT
increased cognitive flexibility, but not fluency, as well as
improved spatial cognition and reflectivity (Ben-Soussan et al.,
2013, 2014b) in contrast to two different control groups
controlling for cognitive and motor load.

Long-term effects of a month of daily QMT on divergent
thinking were previously studied in comparison to simple
walking training (WT; Venditti et al., 2014). Both fluency and
flexibility increased only in the QMT group (Venditti et al.,
2014). These significant differences might have stemmed from
the cognitive aspect of the contemplative movement (QMT),
relatively missing from the non-contemplative simple walking
(WT).

This has led us in the present study (Study A) to
compare 4-weeks of daily QMT to two control groups,
tapping on the cognitive and motor aspects of the QMT:
Verbal Training (VT, identical cognitive training with
verbal response) and Simple Motor Training (SMT, similar
motor training with reduced choice requirements). At the
same time, the present study replicates the 1-month QMT
in a different language. In this study, we predicted that:
(1) cognitive flexibility would increase following QMT
compared to the other control groups, while (2) fluency
is predicted to increase in both the QMT and the VT
groups.

A direct continuation of Study A is to start uncovering
the possible underlying mechanism mediating QMT-induced
enhancement in divergent thinking. Indeed, a fascinating and
under-explored aspect of creativity is its possible connection
to the motor system, suggested by several authors (Cotterill,
2001; Dietrich, 2004; Chávez-Eakle et al., 2007; Vandervert et al.,
2007; Carruthers, 2011; Koziol et al., 2012). Building on the
previously hypothesized creativity-motor connection, we set out
in the pilot Study B to examine a possible correlation between
change in divergent thinking measures and structural changes
in brain regions related to motor activation. To this end, we
employed structural Magnetic Resonance Imaging (sMRI), and
investigated structural changes and AU scores following 4-weeks
of daily QMT. Here, we predicted that: (1) QMT would induce
anatomical changes in motor regions; and (2) anatomical changes
in motor regions would be correlated with increased cognitive
flexibility.
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Study A

Methods
Participants and Design
Twenty-seven female students (mean ± SD age: 24 ± 3 years)
participated in the study, none of whom practiced QMT before.
All were right-handed with no medical history that might affect
their performance. Since gender-dependent differences have been
frequently observed in both the motor and the cognitive realms
(Baron-Cohen and Hammer, 1997) we chose to focus here on
females. The study was conducted in the EEG/MEG unit at the
Gonda Brain Research Center, and was approved by the ethics
committee of Bar-Ilan University.

Upon entering the lab, the participant signed a written
informed consent. Subsequently, participants were seated in a
quiet room, in front of a computer screen and completed the
AU Task. All data were collected both before and after 4 weeks
of daily practice. Participants were randomly allocated to one of
three groups: (1) Quadrato Motor Training (QMT- three choices
and whole-body response); (2) SMT (one choice and whole-
body response); and (3) VT (three choices and verbal response).
Although the initial group sizes were identical (n = 9 each), the
final number of participant finishing the 4-weeks training varied
between the groups (QMT, n = 6; SMT, n = 7; and VT, n = 5).

Training Groups
Quadrato Motor Training
The QMT, by Patrizio Paoletti, requires standing at one corner
of a 0.5 m×0.5 m square and making movements in response to
verbal instructions given by an audio tape recording. There were
three optional directions of movement. The instructions direct
participants to keep the eyes focused straight ahead, hands loose
at the side of the body. They are also told to immediately continue
with the next instruction and not to stop due to mistakes. At each
corner, there are three possible directions to move (for example,
from corner 1 the participant can move to corner 2, to corner 3 or
to corner 4). The training thus consists of 12 possible movements
(3 directions × 4 corners): 2 forward, 2 backward, 2 left, 2 right
and 4 diagonals. The participant is required to move from one
corner to another according to the number on the recording. For
example, if the sequence required is 1, 2, 1, 2, 1, 2, 3, 2, 4, 3, 1. . ..
this means moving to the first corner, then to the second, then
back to the first, and so on (see Figure 1). The daily training
consisted of a sequence of 69 commands, lasting 7 min. For
additional data regarding the training groups, see Ben-Soussan
et al. (2013).

Simple Motor Training
The SMT group moved from corner to corner on the square
in exactly the same manner as the QMT group (pace, duration,
auditory cue), but their movement was consistently 1-2-3-4-1 etc.
This group also practiced with the same recordings as the QMT
group. However, while the QMTgroup was told that each number
represented a different corner of the square, the SMT group was
told to simply begin at a certain corner and to continue to the
next corner clockwise in response to the instructions. That is,
regardless of the number specified on the tape, they alwaysmoved

in the same sequence. This reduced the uncertainty regarding the
direction of the movement, compared to the QMT group. The
SMTgroup thus provided a control of similar motor performance
but with reduced cognitive demands.

Verbal Training
The VT group was designed to control for the motor load
while keeping the same cognitive load and uncertainty. The
participants, who were instructed to only make verbal responses,
stood 1 m in front of the square, but did not move on the corners
at all. Instead, they responded to the taped commands verbally by
stating what direction of movement would be required in order
to reach the corner specified by the command. For example, for
a movement from corner 1 to corner 2, they were required to say
“straight.” All other training parameters were kept identical to the
QMT (pace, duration, auditory cue).

The Alternate Uses (AUs) Task
The AU Task is an established measure assessing creativity
(Guilford et al., 1978). Twomain features of creativity are fluency,
defined as the total number of ideas generated, and flexibility,
defined as the tendency to generate a heterogeneous pool of
responses, or to use a variety of categories and themes when
producing ideas (Guilford, 1950; Guilford et al., 1978; Runco,
1986). Flexibility conveys information that is not conveyed by
fluency (Guilford, 1968; Runco, 1986). This task was chosen
here as it was previously used to assess change in cognitive
flexibility following motor training (Netz et al., 2007; Venditti
et al., 2014).

In a previous study with the aim of examining changes in
creativity following training (reported in Ben-Soussan et al.,
2013), we clustered a 908-word database developed by Levy-
Drori and Henik (2006), using hierarchical cluster analysis, and
grouped those words having similar ratings of concreteness,
availability of context and familiarity assigned by Levy-Drori
and Henik. Concreteness was rated by them on a scale from
one to seven, where “1” indicated very low concreteness (very
abstract word) to “7” which indicated a very concrete word.
Availability of context was defined as ranging from 1 to 7, with
“1” indicating that it is very difficult to think of a context and
“7” indicating that it is very easy. Familiarity was defined as
ranging from “1” indicating that it is not very familiar and “7”
indicating that it is very familiar. We then chose 18 words from
the three largest clusters for which the level of concreteness,
similarity on familiarity and availability features were highest (see
Supplementary Table S1). These 18 words were divided into two
groups (nine words in each group). A total of 60 participants
received one of the two lists, and were asked to produce as many
AUs as possible, 1 min being allocated for each item. Each word
was shown on a single page on which the participant had to
write down the various uses. The scores for each word were
analyzed by counting the number of AUs produced. The words
were then divided into six sets of three words so that each set
had a similar rating for familiarity, concreteness and availability.
One of the sets (set d) resulted in higher fluency scores (see
Supplementary data, where corrections maintain all reported
results).
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The presentation order of each set of words was
counterbalanced using a Latin square (see Supplementary
Table S2). Three names of objects were shown on a computer
screen before the training and after the training (at the beginning
and at the end of the month). Six pairs of sets (e.g., a–f) were
used with internal order counterbalanced across six participants.
The internal order of the three items per set (Table S1 in
supplementary material) was presented in a random manner.
Importantly, sets a, b, c, d, e, and f each appear once in each
ordinal position.

In this task, the participant is required to name as many
different ways in which a given item might be used, within a
certain time frame (1 min). The fluency score was defined as
the mean number of uses given by the participant for the three
items. On the basis of all the uses made by the participants, 10
independent categories were defined across all the items. These
included broad categories of usage such as “a weapon” or “a
costume.” The flexibility score was defined as the mean number
of different categories employed by the participant across all three
words presented (Russ, 1998). Hence, in order to calculate the
flexibility score, all responses for a given item were first divided
into the different independent categories. Two independent
judges who were naïve to the identity of the participants and
their training groups scored the test independently for flexibility,
and consistency between judges was tested. We examined the
correlation between the scores of the two judges using a two-
tailed Pearson correlation coefficient test. A high correlation was
found between scores given by the two judges both in the scores
before the training and after the training: r = 0.88 and 0.86,
n = 18, respectively.

Statistical Analysis
We ran a Group (QMT, SMT, VT)× Training (pre, post) analysis
of variance (ANOVA) for creativity (separately on fluency and
flexibility scores). Then, post hoc paired t-tests were conducted.

Results
The first ANOVA, conducted for fluency, revealed a main effect
for Training [F(1,15) = 8.80, MSE = 17.25, p = 0.01], with
post-training being generally higher compared to pre-training
(Figure 2A). Albeit the Group × Training interaction was
not significant [F(2,15) < 1], we tested directly each group’s
effect on fluency, to better evaluate the results compared to
our previous studies. Post hoc t-tests showed that fluency
significantly increased only in the QMT group [t(5) = −4.21,
p < 0.01], and not in the SMT or VT groups [t(6) = −0.31,
t(4) = −1.33, ns, respectively]. The second ANOVA conducted
for flexibility similarly yielded a main effect for Training
[F(1,15) = 8.01, MSE = 5.81, p < 0.05]. In addition, a significant
Group × Training interaction was found [F(2,15) = 5.20,
MSE = 0.727, p < 0.05]. For the QMT group, flexibility
significantly increased [t(5) = −3.20, p < 0.05] in contrast to the
SMT and VT groups who showed no change following training
(see Figure 2B).

Importantly, correcting for AU set d did not change these
results (see supplementary materials).

FIGURE 2 | Change in creativity as a function of Group and Training.
(A) Fluency and (B) Flexibility. Data are expressed as mean ± SEM, ∗p < 0.05.

Study B

Methods
Participants and Design
Three healthy women participated in this pilot study (mean± SD
age: 41.5 ± 11.4 years), none of whom practiced QMT before,
with no previous head injury which might have affected their
brain structure. In this study, the QMT sequence consisted of
258 commands, and lasted 12 min. The reason for the change
in procedure was due to the fact that this study is a part of a
larger study conducted with the longer QMT practice paradigm
aimed at examining longer sequences for neurodegenerative
disease. The study took place at the St. Andrea Hospital, Rome.
Upon entering the lab, the participant signed a written informed
consent. sMRI was acquired immediately after the AU Task.
The study was approved by the ethical committee of Università
Campus Bio-Medico di Roma. The AUs task was employed
similarly to the one reported in Study A, with different sets
given to the participants before and following a month of QMT
training. The AU task was completed prior to entering the
magnet.

MRI Data
MRI Scans
For each subject, high-resolution 3D T1-weighted sMRI and
diffusion tensor imaging (DTI) data were acquired at the
beginning (pre-QMT) and after 4-weeks of daily QMT practice
(post-QMT) using a Siemens MAGNETOM Sonata (Erlangen,
Germany) 1.5 T scanner (sMRI: 3D T1-weighted MP-RAGE
sequence, TR = 3000 ms, TE = 4.38 ms, flip angle = 15◦,
matrix = 192 × 192, FOV = 240 mm2, 160 sagittal
slices, voxel size = 1.25 mm × 1.25 mm × 1.20 mm;
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DTI: 12 non-collinear direction sequence, TR = 7100 ms,
TE = 94 ms, flip angle = 90◦, matrix = 256 × 192,
FOV = 240 mm × 320 mm, b = 0 and 900 s/mm2, 48 axial slices,
voxel size = 1.25 mm × 1.25 mm × 3.0 mm). We computed two
anatomical measures: gray matter (GM) volume, and fractional
anisotropy (FA). GM volume is a measure of the amount of
cortical GM corresponding to each region and is computed using
both surface area and cortical thickness (Frye et al., 2010). FA is
a marker of white matter integrity, which is thought to reflect
anatomical features of white matter, such as axon caliber, fiber
density and myelination (Scholz et al., 2009).

Image Analysis
The sMRI data were analyzed using the voxel-based
morphometry technique (VBM, Good et al., 2001). DTI
data were analyzed using the Tract-Based Spatial Statistics
(TBSS, Smith et al., 2006); SMRI were longitudinally processed
with VBM2 toolbox1 of SPM22. In short, pre-QMT images
were aligned to the T1 template and, then, post-QMT images
were co-registered to the pre-QMT T1-aligned scans. All scans
were bias corrected and segmented into gray and white, and
CSF compartments. GM maps were normalized to MNI atlas
space (1 mm × 1 mm × 1 mm voxels) and smoothed using
an 8 mm FWHM Gaussian kernel. Preprocessing of DTI data
was conducted with FSL3. DTIs were corrected for motion and
eddy currents distortions and then skull-stripped using the Brain
Extraction Tool (BET; Smith, 2002). Maps of FA were computed
by fitting a tensor model to the raw diffusion data using the
FMRIB’s Diffusion Toolbox (FDT). These maps were projected
onto a mean FA tract skeleton, before applying voxelwise
within-subject statistics to compare them between time points,
as described elsewhere (Scholz et al., 2009).

Statistical Analysis
Voxel-based morphometry technique data were analyzed using a
general linear model (GLM). Anatomical localization was carried
out with the MSU–MNI Space Utility toolbox of SPM using
the AtlasQuery FSL tool. Statistical analysis of TBSS data was
performed by using a permutation-based inference tool for non-
parametric statistical thresholding. Pre- and post-QMT FA and
VBM data were compared by using a paired t-test, with subject’s
age as a covariate, controlling for the potential effect of this
variable (Luders et al., 2009). Significance level for the t-tests was
set with a minimum cluster size of 700 voxels for the GM volume
(Brubaker et al., 2010) and one of 100 voxels or more for the FA
as the cluster-size threshold (Ocklenburg et al., 2013).

Results
Alternate Uses Task
Similar to the results of Study A, flexibility significantly improved
following 4-weeks of daily QMT [t(2) = −6.05, p < 0.05;
Figure 3]. Although fluency also increased, it did not reach
significance [t(2) = −0.39, ns].

1http://dbm.neuro.uni-jena.de/vbm/
2http://www.fil.ion.ucl.ac.uk/spm/
3http://www.fmrib.ox.ac.uk/fsl

FIGURE 3 | Change in creativity as a function of Training for Flexibility.
Data are expressed as mean ± SEM, ∗p < 0.05.

Brain Anatomy Results
Voxel-based morphometry technique analysis results showed
significant (p < 0.001, uncorrected) GM volume increases,
localized in left and right cerebellum, and frontal areas, mainly in
the inferior frontal and middle frontal gyri (Table 1; Figure 4A).
FA analysis results showed significant (p < 0.01, uncorrected)
increases localized mainly in the middle cerebellar peduncles
(Table 2; Figure 4B).

We then examined the correlation between the anatomical
changes and changes in flexibility, both of which significantly
increased post-training. Multiple regression analyses were
performed to investigate whether GM and FA map changes were
correlated with the change in flexibility, as previously reported
for a similar group size (Ben-Soussan et al., 2015). We used the
results of VBM and TBSS analyses as explicit masks to ensure that
only the appropriate GM and fiber ROI which changed following
the training were included in the analysis (Denier et al., 2013).
These masks were subsequently inserted as explicit masks in two
correlation analyses with flexibility, one for the GM and one for
the FA.

As seen in Figure 5A, a positive correlation (p < 0.005, n = 3)
was found between change in flexibility and the GM increment
in the right cerebellum and the superior frontal gyrus (Table 3).
In addition, a positive correlation (p < 0.05) was found between
increased flexibility and FA changes, mostly located in the left
corticospinal tract and the middle cerebellar peduncles (Table 4;
Figure 5B).

Discussion

QMT Improves Divergent Thinking Creativity
The results of Study A show that 4-weeks of daily QMT practice
induce increased cognitive flexibility and ideational fluency,
which was not the case in either the SMT group or in the
VT group, representing the motor and cognitive aspects of the
training, respectively (Figure 2). This is in line with our first
hypothesis, and with two previous studies. In the first relevant
study, we reported findings regarding the effects of a single
session of QMT (Ben-Soussan et al., 2013), where a similar
increase in flexibility was observed in contrast to SMT or VT.
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TABLE 1 | Significant increases in GM volume after 4-weeks of daily QMT.

Coordinates

k p-value Z-value x y z Hemisphere Lobe Region BA

1584 0.000 3.63 24 −52 −22 Right cerebellum Anterior lobe Culmen

Posterior lobe Cerebellar tonsil

Declive

Tuber

Uvula

1128 0.000 3.79 −6 13 65 Left cerebrum Frontal lobe Medial frontal gyrus 6

Middle frontal gyrus 6

Superior frontal gyrus 8

851 0.000 4.07 −15 21 −23 Left cerebrum Frontal lobe Inferior frontal gyrus 47

Middle frontal gyrus 11

Orbital gyrus 47

Subcallosal gyrus 47

Superior frontal gyrus 11

706 0.000 4.34 −17 −37 −29 Left cerebellum Anterior lobe Culmen

580 0.000 4.32 −32 −62 −33 Left cerebellum Posterior lobe Cerebellar tonsil

Culmen

Declive

Pyramis

Tuber

Uvula

Anterior lobe Culmen

471 0.000 3.88 −37 −5 −7 Left cerebrum Sub-lobar Claustrum

Extra-nuclear 13

Temporal lobe Superior temporal gyrus 38

297 0.000 4.10 −54 −37 −3 Left cerebrum Temporal lobe Middle temporal gyrus 21

Superior temporal gyrus 22

262 0.000 4.18 11 28 −33 Right cerebrum Frontal lobe Orbital gyrus 11

Rectal gyrus 11

102 0.001 3.19 21 −6 −38 Right cerebrum Limbic lobe Parahippocampal gyrus 35

Uncus 36

Cluster extension (k), which represents the number of contiguous voxels passing the threshold of ≥100. All clusters meet the significance level set at p < 0.001
uncorrected. Neuroanatomical labels are referred to the Talairach coordinates x, y, z, by means of the MSU SPM tool.

TABLE 2 | Significant increases in FA values after 4-weeks of daily QMT.

Coordinates

k p-value x y z WM structures

283 0.010 102 102 41 Middle cerebellar peduncle

59 0.004 94 107 38 Corticospinal tract L

31 0.008 100 62 40 Anterior thalamic radiation L

27 0.008 54 71 74 Posterior thalamic radiation R

The number of voxels (k) represents the number of voxels belonging to certain
WM structures. Significance level set at p < 0.01 uncorrected. Neuroanatomical
localization was obtained using AtlasQuery FSL tool with JHU White-Matter
Tractography and the JHU ICBM-DTI-81 White-Matter Labels as reference atlases.

However, no significant change was reported for fluency. Our
results show that the increase in flexibility was not significantly
different between one session and 4-weeks of training, possibly
suggesting that participants might have reached a ceiling effect in
the AU task after one session, underscoring the need to utilize

in the future different tasks to assess QMT-induced cognitive
flexibility. Yet, as opposed to one session of training (Ben-
Soussan et al., 2013), long-term QMT also increased ideational
fluency, which is probably mediated by an accumulated effect of
daily QMT sessions. Yet, the fluency results should be treated
with caution as the Group × Training interaction was not
significant. We further acknowledge the reduction in statistical
power given participant attrition, in part because participants
who successfully complete all follow-up measurements may have
differed from those respondents lost to attrition. Nevertheless, no
baseline differences were found in the AU scores between those
who continued and those who dropped out (see Supplementary
data and Table S4).

In another recent study, we examined the effects of a month
of daily QMT as opposed to simple WT, tapping the motor
aspect of QMT (Venditti et al., 2014). This study reported
increased flexibility and fluency following QMT but not WT.
Our results replicate the previous results in the QMT group,
as expected. This demonstrates that there is no language bias
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FIGURE 4 | Neuroplasticity following longitudinal (4-weeks) daily QMT.
(A) Significant increases in GM volume (p < 0.001, uncorrected) projected
onto the glass brain; (B) Significant increases in FA values (p < 0.01,
uncorrected) onto brain template. Red-yellow color scale is related to the
p-values (in which yellow is highest).

affecting the results, as the current study was conducted with
Hebrew speakers, whereas the previous study was conducted with
Italian speakers. Importantly, while we hypothesized an increase
in fluency following VT, tapping the cognitive aspect of the QMT,
no change in fluency occurred in both the VT and SMT groups.

FIGURE 5 | Significant correlations between change and GM volume
(A,B) FA values. Red-yellow color bar range is based on min-max statistical
threshold. Refer to corresponding supplementary tables for more
neuroanatomical and statistical details (n = 3).

This suggests that the combination of the cognitive and motor
aspects of the QMT, and not the cognitive aspect per se, renders
the fluency enhancement. Put differently, we suggest that this
stems from the complexity of the movement, indicating that it

TABLE 3 | Positive correlation between flexibility values and GM maps showing volume increases after 4-weeks of daily QMT.

Coordinates

k p-value Z-value x y z Hemisphere Lobe Region BA

612 0.000 3.73 21 −56 −37 Right cerebellum Anterior lobe Culmen

Posterior lobe Cerebellar tonsil

Declive

301 0.001 4.41 −6 18 62 Left cerebrum Frontal lobe Superior frontal gyrus 6, 8

292 0.001 3.47 −29 −64 −32 Left cerebellum Posterior lobe Cerebellar tonsil

Pyramis

Tuber

Uvula

Culmen

Declive

Anterior lobe Culmen

248 0.002 3.83 −37 −2 −7 Left cerebrum Sub-lobar Extra-nuclear 13

Claustrum

235 0.000 3.76 −25 22 −18 Left cerebrum Frontal lobe Inferior frontal gyrus 47

Middle frontal gyrus 11

180 0.005 3.55 −37 9 58 Left cerebrum Frontal lobe Middle frontal gyrus 6

Superior frontal gyrus 6

133 0.002 3.83 −37 −4 −5 Left cerebrum Temporal lobe Middle temporal gyrus 21

Superior temporal gyrus 22

65 0.001 3.35 5 31 −28 Right cerebrum Frontal lobe Orbital gyrus 11

Rectal gyrus 11

k ≥ 100; p < 0.005 uncorrected. Refer to Table 1 for a detailed explanation of the table layout.
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TABLE 4 | Positive correlation between flexibility values and FA maps
showing increases after 4-weeks of daily QMT.

Coordinates

k p-value x y z WM structures

21 0.018 96 101 37 Corticospinal tract L

5 0.047 102 101 41 Middle cerebellar peduncle

Significance level set at p < 0.05 uncorrected. Refer to Table 2 for a detailed
explanation of the table layout.

is the combination of the motor and cognitive aspects embedded
in QMT, which is important for increasing fluency.

In Study B, flexibility again significantly increased, as expected
(Figure 3). Yet, although a trend was observed for fluency, it
did not reach significance, possibly due to the small sample size.
However, the possibility that the discrepancy between the results
of Study A and Study B in terms of fluency is due to the altered
QMT sequence in the second study (12 min in Study B vs.
7 min in Study A) cannot be ruled out. Therefore, the effect of
QMT sequence length on different aspects of creativity should
be further examined, underlying the importance of examining
additional sequences of the QMT.

QMT as a Mindful Practice
Our results are in line with the proposal that contemplative
practices increase creativity (Horan, 2007), albeit early evidence
is inconsistent with that, possibly due to the wide variety
of meditation techniques and creativity measures employed
(Horan, 2007; Lippelt et al., 2014). Although there are many
meditative techniques, we adopt here the conceptualization of
Lutz et al. (2008), grossly dividing meditation into two forms:
focused attention – learned control over the focus of one’s
attention by using a stable object with the goal of quieting the
mind, and open monitoring (OM) – maximizing the breadth
and clarity of maintained attention in order to bring higher
momentary awareness to internal processes (the latter includes
for example Mindfulness and Zen). Importantly, when focusing
only on studies investigating the effect of OM techniques on
creativity, the overall picture is of OM practices increasing
divergent thinking (Cowger and Torrance, 1982; Zabelina et al.,
2011; Colzato et al., 2012; Greenberg et al., 2012; Ding et al.,
2014).

Here, we wish to draw attention to the mindful nature of
QMT, supported by the similarity of the training effects in
enhancing divergent thinking. Mindful practices have been
noted in the literature using varied terminology depending
on the discipline called upon, including “the act of becoming
more aware,” “a reflective act,” or “mindfulness” (Depraz
et al., 2000). It has been claimed that the mindful act has
three interdependent phases: a first phase of suspension
from the habitual act of allowing the mind and body
to go where they want; a second phase of redirection
of attention inwardly; and a third phase of receptivity
toward the experience (Depraz et al., 2000). Mindfulness
meditation, as conceptualized in the Western tradition,
incorporates all three phases (Kabat-Zinn, 2009). Similarly,

QMT can be thought of as training in all the above three
phases. First, one suspends the automatic movement. Then,
one redirects attention toward the external cue and the
internally generated movement. Finally, one quietly stands
in a receptive manner in between instructions, without
correcting motor or decision errors. QMT is also dependent
on the moment by-moment re-investment of attention. In
support of that, we reported increased ability to respond in a
non-habitual fashion following 5–12 min QMT (Moore and
Malinowski, 2009; Ben-Soussan et al., 2014b). To sum, QMT
can be considered to be a Mindful Movement practice, and
similarly to other OM practices, leads to increased divergent
thinking.

Structural Changes Following QMT
Structural changes in GM volume were found mainly in the
left and right cerebellum, as well as in the left frontal lobe,
whereas the main FA increase was found in the middle cerebellar
peduncle (Figure 4). The changes in the cerebellum and the
frontal cortex could be explained by their role in the acquisition
of motor sequences (Exner et al., 2002). The cerebellum is
important for the integration of somatosensory and motor
information relevant to coordinate context-dependent planning
and execution of coordinate motion (Ivry, 2000; Tesche and
Karhu, 2000). Although interoception was not directly measured
here, it is important to note in the context of this special issue,
that the cerebellum is closely linked to interoceptive awareness
reflecting explicit awareness of bodily processes (Critchley et al.,
2004; Mercader et al., 2010). The left frontal regions, mainly
in the inferior frontal and middle frontal gyri, are related to
motor learning, action observation and intention understanding
(Exner et al., 2002; Dapretto et al., 2005). In addition, both
the inferior frontal and the middle frontal gyri (see Table 1)
have been consistently related to working memory and response
inhibition (Leung et al., 2002; Morin and Michaud, 2007;
Swick et al., 2008) and selection among competing alternatives
(Paulesu et al., 1993) which may increase following QMT.
Notably, the spatial proximity of the GM and FA increases
in the cerebellum following the training suggests that the
QMT-induced increase in GM volume is related to an altered
organization of underlying white matter pathways. Importantly,
we have previously reported that following 3-months QMT
cerebellar GM volume and FA increased, in positive correlation
with increased brain-derived neurotrophic factor (BDNF) level
(Ben-Soussan et al., 2015), a neurotrophin closely linked to
interoceptive awareness (Mercader et al., 2010). In addition,
QMT was previously reported to increase cerebellar low-rhythm
activity (Ben-Soussan et al., 2014a). This has led to a theoretical
account emphasizing the cerebellum as an important candidate
which possibly mediates the QMT effects on well-being (Ben-
Soussan et al., 2015). The current anatomical results provide
further support to such a proposition, and show that 1-month
QMT is sufficient to induce measurable cerebellar anatomical
alterations.

The current results are in line with previous meditation
studies which have found activation in areas closely linked to
motor learning, such as the frontal gyrus and the cerebellum.
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For example, Pagnoni and Cekic (2007) reported increased GM
volume in Zen meditation practitioners compared to matched
controls, especially in the putamen which is closely involved in
the control of voluntary movement (Nambu et al., 2002). This
result was interpreted as being related to the cognitive processes
engaged by meditation, and especially to the conscious regulation
of attention and posture (Pagnoni and Cekic (2007). Vestergaard-
Poulsen et al. (2009) examined the effects of Tibetan Buddhist
meditation, and found that in addition to increased GM density
in the medulla oblongata, left superior and inferior frontal gyri,
and left fusiform gyrus, an increment was found in the anterior
lobe of the cerebellum in the meditator group compared to the
control group. In addition, Hölzel et al. (2011) studied the effect
of mindfulness-based stress reduction (MBSR) in meditation-
naïve participants, before and after 8-weeks of training. In
addition to other regions, they found increased GMdensity in the
cerebellum in theMBSR group compared to controls. Hölzel et al.
(2011) address their cerebellar-related results in relation to its role
in the regulation of emotion and cognition. They further mention
the claimmade by Schmahmann (2004), that in the sameway that
the cerebellum regulates the rate, force, rhythm, and accuracy of
movements, it also regulates the speed, capacity, consistency, and
appropriateness of cognitive and emotional processes.

Compared to sitting meditation, the anatomical examination
of whole-body movement-based contemplative practices is
surprisingly rare. One exception is a recent study examining
the effects of Tai Chi Chuan (TCC), a whole-body contemplative
practice involving movement, such as weight-shifting between
the right and left legs and asymmetrical diagonal leg movements
(Wei et al., 2013). Wei et al. (2013) demonstrated that TCC
practitioners showed greater cortical thickness in prefrontal
cortex and temporal cortex relative to the matched control
group. Interestingly, neuroimaging studies have consistently
shown similar findings following aerobic exercise, as this
was shown to lead to increased gray and white matter
volume in the prefrontal cortex of older adults (Colcombe
et al., 2006). In addition, greater amounts of physical
activity, such as walking, are associated with sparing of
prefrontal and temporal brain regions of late adulthood
(Erickson et al., 2010). Taken together, the above studies
show that both sitting and movement contemplative practices
induce neuroplasticity in motor regions. This strengthens
the claim that the results shown here might not be due
to the movement per se, but involve higher cognitive
modulation.

Creativity and the Motor System
Albeit the small sample size and the preliminary nature of the
findings, a positive correlation was found between increased
flexibility and cerebellar changes, both in the GM volume and the
FA values (Figure 5). Due to the low power of the correlation
analysis, this finding should be treated as being suggestive,
but can still guide the hypotheses of future larger studies.
This correlation supports the previously suggested link between
creativity and themotor system (Dietrich, 2004; Carruthers, 2011;
Koziol et al., 2012). For example, Cotterill (2001) suggested that:
“If cognition is linked to overt or covert movement, intelligence
becomes the ability to consolidate individual motor elements into
more complex patterns, and creativity is the outcome of a race-
to-threshold process which centers on the motor areas.” (p. 1).
Similarly, Carruthers (2011) wrote: “creativity lies in the assembly
and activation of action-schemata, with creative thoughts arising
subsequently from the mental rehearsal of those actions” (p.
437). The creativity-motor connection has been advanced to the
point that it has been provocatively claimed that: “we were not
born to think. We were born to move. Human creative ideas
are nothing in the absence of the manual dexterity that allows
tools to be made, complex architecture to be constructed, art to
be created, and instruments to be played” (Koziol et al., 2012,
p. 515).

The motor-creativity hypothesized connection was previously
supported by several reports. For example, a positive correlation
was found between figural and verbal creativity and cerebral
blood flow in the right cerebellum (Chávez-Eakle et al., 2007).
Takeuchi et al. (2010) measured GM volume using voxel-based
morphometry and found a positive correlation between divergent
thinking and the right dorsolateral prefrontal cortex and the
bilateral striata. In accord with our anatomical results, other
reports have also emphasized the involvement of the cerebellum
and the precentral gyrus in creative processes (Cotterill, 2001;
Chávez-Eakle et al., 2007; Vandervert et al., 2007). The current
findings also provide preliminary insight regarding the possible
relationship between anatomical changes in motor-related areas
and creativity.

Supplementary Material

The Supplementary Material for this article can be found
online at: http://journal.frontiersin.org/article/10.3389/fpsyg.
2015.01021
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Anxiety and anxiety sensitivity are positively related to accuracy in the perception of
bodily sensations. At the same time, research consistently reports that these traits are
positively related to bias, resulting in the report of more and more intense symptoms that
poorly correspond with physiological dysfunction. The aim of this study was to test the
relationship of accuracy and bias in interoception. Furthermore, we tested the impact of
individual differences in negative affect and symptom report in daily life on interoceptive
accuracy and bias. Individuals higher in symptom report in daily life and negative
affect were marginally more accurate in an interoceptive classification task in which
participants were asked to identify different respiratory stimuli (inducing breathing effort)
as belonging to a high or low intensity category. At the same time, bias in overestimating
intensity of stimuli was significantly increased in participants higher in symptom report
and negative affect, but only for more ambiguous stimuli. Results illustrate that
interoceptive accuracy and bias need to be considered independently to understand
their interaction with psychological factors and to disentangle (mis)perception of bodily
sensations from liberal or conservative perceptual decision strategies.

Keywords: classification, interoception, bias, accuracy, decision strategies, sensitivity, negative affect, symptom
report

Introduction

Nothing is closer to us than our own body but few things seem so elusive than the perception of
bodily sensations. The brain is not passively ‘measuring’ signals from the body, but these signals
interact with emotions and influence decision-making, behavior, and attention which in turn can
change (perception of) bodily signals (Damasio, 1994; Craig, 2004). It is thus little surprising that
correlations between self-reported bodily sensations and physiological changes are usually low in
healthy individuals and in patients with somatic disease (e.g., Banzett et al., 2000; Petersen et al.,
2011). Research consistently reports that negative affect, anxiety, and anxiety sensitivity are related
to stronger nocebo effects (Van den Bergh et al., 1997, 2004) and higher levels of symptom report
(Watson and Pennebaker, 1989; Petersen et al., 2011). Furthermore, in anxiety disorders, elevated
self-report of somatic sensations is combined with a tendency for catastrophizing interpretations
(e.g., Barlow, 1988; Barsky et al., 1994; Carleton et al., 2014).

In contrast to these low correlations between self-report and physiology particularly in
individuals high in negative affect, a meta-analysis reports medium to strong effect sizes for a
positive relationship between accuracy in heartbeat detection and psychological variables such as
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anxiety sensitivity and anxiety (Domschke et al., 2010). Higher
anxiety sensitivity is also related to lower detection thresholds
for respiratory stimuli (Petersen and Ritz, 2011). Furthermore,
a study measuring respiratory-related evoked potentials (RREPs)
in participants watching negative emotional pictures found
increased later components of RREPs in individuals higher
compared to lower in anxiety (von Leupoldt et al., 2011).
The authors interpreted these increases as higher motivated
attention toward respiratory signals in more anxious individuals
in negative affective contexts.

Thus, while individuals higher in negative affective states and
traits seem to be more biased in interoception, they seem at
the same time to be more accurate. Attempts to reconcile these
seemingly paradox findings are faced with a methodological
challenge. Research on interoceptive accuracy uses mostly
heartbeat detection tasks (e.g., Domschke et al., 2010). In
one type of heartbeat detection task, participants are asked to
decide whether a sound signal is matching their heartbeat (e.g.,
Asmundson et al., 1993; Harver et al., 1993). Data collected in
such a task could be used to differentiate bias and accuracy
in a signal detection approach. Unfortunately, performance
levels are around chance in the majority of participants, raising
questions about the usefulness of this paradigm (Jones, 1994;
Domschke et al., 2010). Most studies on interoception use
another type of heartbeat detection task and follow a mental
tracking paradigm in which participants are instructed to count
their heartbeats during intervals of different length (Schandry,
1981). This paradigm, however, cannot differentiate sensitivity
and bias.

Confounding sensitivity and bias means to lose crucial
information. At the same level of sensitivity, individuals can
apply liberal or conservative decision strategies which may result
in very different forms of coping behavior following either a
liberal “better safe than sorry” or a conservative “wait and see”
approach (Macmillan and Creelman, 2004; Lynn and Barrett,
2014).

Making perceptual decisions and classifying bodily sensations,
for example, as symptom or as benign sensation, is an inherent
part of interoception (Petersen et al., 2014) and may present a
challenge (Carleton et al., 2014). A headache may be painful, but
perhaps not painful enough to take medication; breathlessness
may be strong, but perhaps not strong enough to signal that we
should stop exercise; heartbeat may be elevated, but probably
not a sign of a heart disease. Although these sensations are
clearly above detection threshold they are ambiguous regarding
their category. We cannot be 100% sure about classification
of ambiguous sensations at the border of two interoceptive
categories, but we can optimize decision strategies by weighting
the risk of missing a symptom against the risk of false alarms,
that is, the risk of classifying a benign sensation as pathological
(Griffiths et al., 2008). These processes of forming probabilistic
beliefs about bodily sensations have been suggested to underlie
interoception at every stage of information processing and may
not always be deliberate or even consciously accessible (Edwards
et al., 2012).

In this study, we tested the relationship between accuracy and
bias in an interoceptive classification task in which participants

were asked to correctly categorize different respiratory stimuli
(respiratory loads increasing breathing effort) as belonging to
either a low or a high intensity category and to indicate their place
within these categories by labeling them as A1, A2, A3, A4, B1, B2,
B3, and B4, with increasing numbers being related to increasing
stimulus intensity (Petersen et al., 2014). A novel feature of this
study is that we tested classification of a number of stimuli
varying in intensity and assigned to two categories. Most signal
detection paradigms test only one (usually low intensity) stimulus
representing the signal against signal absent trials (for exceptions,
see Kepecs et al., 2008; Yang et al., 2014). Interoceptive categories,
however, usually subsume a range of different signals (e.g., signs
of airway obstruction in asthma may come in different degrees
of intensity and a variety of symptoms on multiple dimensions
may fall in the category ‘cold symptoms’) and an important task
is to classify ambiguous signals as belonging to one of various
sensation classes.

We tested accuracy in the classification of multiple stimuli
as belonging to one of two intensity categories. Furthermore,
we tested how bias changes across the different stimuli within
interoceptive categories. We expected that it would be more
challenging to classify sensations closer to the border of
two interoceptive categories than for more prototypical/central
sensations, for example, a stimulus which is not clearly high
or low, but moderate. It is important to note that also if non-
categorization information would be given, an A1 stimulus
would be more easily classified as low than an A4 stimulus.
We tested whether interoceptive bias would be higher for more
ambiguous sensations and whether individual differences in
negative affect and symptom report in daily life would affect
this bias. Higher increase in bias toward the shared category
border could be interpreted a strategy to rather risk false alarms
than to miss signals which indicated potential harm (Lynn and
Barrett, 2014). Lower increase in bias toward the category border
could be interpreted as the category border being incorporated
into interoceptive decision-making, serving as a red flag and
reducing misclassification particularly for stimuli at this category
border.

We expected that higher bias for more ambiguous stimuli
(better safe than sorry approach ignoring the category border)
would lead to more accurate results in the classification task (as
predicted by Lynn and Barrett, 2014), explaining the seeming
paradox of higher bias and higher accuracy in individuals with
negative affective expectations toward symptoms or high in
general negative affect.

Materials and Methods

Participants
Participants were 54 women (mean age 21.04 years, SD = 1.8)
without known chronic or acute disease. They were selected
based on prescreens for high and low habitual report of bodily
symptoms in daily life using the Checklist for Symptoms in Daily
Life (Wientjes and Grossman, 1994). Participants completed
this symptom checklist consisting of 39 bodily sensations (e.g.,
tingling in arms and hands, back pain, etc.) with regard to
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how often they had experienced these sensations within the last
year (scale 1 never −5 very often). The questionnaire has good
reliability (Chronbach’s alpha 0.70–0.90, Wientjes and Grossman,
1994). The pre-screen was filled in by 355 individuals and mean
score was 91.95 (SD= 18.59). We invited participants with values
in the symptom checklist of either higher than 80 or lower than
60 consecutively from this prescreen list.

Participants completed the same checklist also after the
laboratory appointment. After the task, four participants from
the high symptom reporter group did no longer reach high
values on the symptom checklist and were excluded from the
analysis. Thirteen of the participants in the low symptom report
group reached values of 61–75 on the symptom checklist after
the task (which induced symptoms), and were included in the
low symptom report group. This resulted in n = 25 for the
low symptom report group and n = 25 for the high symptom
report group. Participants signed informed consent prior to
participation. They received course credit or reimbursement
for participation. The study was approved by the local ethics
committee.

Instruments
We induced feelings of breathing effort by presenting eight
different respiratory loads using the instrument Powerbreathe
K5 (POWERbreathe International Ltd., Southam, UK). The
instrument allows gradually increasing breathing resistance at
inhalation by reducing the diameter of the breathing port. We
used the software Breathelink to program presentation of loads.
Exhalation was unrestricted. Resistances of the eight respiratory
loads were chosen to ensure that differences between adjacent
breathing loads could be distinguished by healthy volunteers,
but were similar enough to leave an uncertainty margin for
classification (7, 9, 11, 14, 18, 23, 28, and 37 cmH2O).

Participants completed the Checklist for Symptoms in
Daily Life (Wientjes and Grossman, 1994) twice during the
experimental session. Firstly, they were asked to indicate which of
the symptoms they had perceived in the last year to test whether
results of the pre-screen were reliable. Secondly, we asked them
to indicate which symptoms they had experienced during the
actual task. We used the Positive and Negative Affect Schedule
(Watson et al., 1988), a five point rating scale assessing negative
and positive affect within the last 4 weeks with ten mood related
adjectives as items for each subscale.

Protocol
At the start of the protocol, participants signed an informed
consent form giving information about the study. In the first
block of the interoceptive classification task, we presented the
eight loads in random order, each load four times for two
breaths. During presentation, the label of the load was presented
on a computer screen (label A1 together with the 6 cmH2O
load, A2 – 9 cmH2O, A3 – 11 cmH2O, A4 – 14 cmH2O,
label B1 – 18 cmH2O, B2 – 23 cmH2O, B3 – 28 cmH2O,
and B4 – 37 cmH2O). Participants were instructed that in the
following block, they would have to solve a categorization task.
They were asked to memorize the sensation and the label so
that they would be able in a second block, when loads were

presented without label, to indicate the correct category (A or
B) and the location of the stimulus within its category (1–
4). In previous studies, we found that participants are able
to distinguish and label eight different loads assigned to two
categories after this training procedure above chance level
(Petersen et al., 2014). Furthermore, in a study comparing a group
of participants receiving category information and a control
group receiving the information that stimuli were labeled with
numbers only (increasing consecutively from lowest to highest
stimulus), we found that categorization and an arbitrary category
boundary indeed change perception of interoceptive stimuli.
Differentiation between stimuli falling into the same categories
was reduced and discrimination between categories was more
pronounced in the experimental compared to the control group
(Petersen et al., 2014, Study 1). Similar results were found in
studies on visual perception using arbitrary category boundaries
in a similar paradigm (Tajfel and Wilkes, 1963; Corneille et al.,
2002), and in a study using an odor classification paradigm where
mice were trained to classify six odor stimuli as belonging to one
of two similar odor categories (Kepecs et al., 2008).

In Block 2, loads were presented again in pseudo-randomized
order with 18 presentations per load, that is, 144 load
presentations overall, with two breaths per load presentation. We
presented the loads in a way that each load was preceded at least
once by every other load to reduce the impact of order effects.
Participants were asked to classify each load by assigning the
correct labels (A1–B4). They did not receive feedback on their
performance. After Block 2, participants completed the PANAS,
the symptom checklist for symptoms last year, and the symptom
checklist for symptoms directly after the task. Finally, we asked
them to answer demographic questions on age, height, weight,
and chronic or acute disease.

Data Analysis
We used SPSS 20 for all analyses and used the SPSS syntax for c
and d’ indices proposed by Stanislaw and Todorov (1999). We
calculated d’class measures reflecting how accurate participants
were in distinguishing categories A and B. In contrast to signal
detection, classification is a choice between two types of signals
and not between signal and noise. Still, the formula is identical,
only that A or B is treated as ‘noise’ and the other category as
‘signal.’ We calculated one mean d’class index as mean of a d’Aclass
(treating A as signal and B as noise) and d’Bclass (treating B as
signal and A as noise).

Furthermore, we used signal detection analysis to calculate
classification criteria cclass. We calculated cclass = −(z(H) +
z(F))/2, with z(H) as z-transformed hit rates of rating A if a
load of Category A was presented, and z(F) as z-transformed
false alarm rates of reporting A1 if a load from B was presented.
This resulted in four cclass indices per category (cclassA1, cclassA2,
cclassA3, cclassA4, cclassB1, cclassB2, cclassB3, and cclassB4) . Thus, cclass
reflects bias, taking into account classification errors and correct
classification with c indices below zero indicating a liberal bias
and c indices above zero indicating a conservative bias.

In a classification paradigm, the meaning of the terms liberal
and conservative depends on the standard used. A tendency to
require little evidence to classify a stimulus as B is liberal in a
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“better safe than sorry” approach, if missing B is regarded to
be more costly than missing A. We calculated cclass indices in
a way that the term ‘liberal’ refers to a decision strategy that
favors classifying A as B for stimuli actually belonging to A, or
classifying B as A for stimuli actually belonging to B. In other
words, a liberal tendency in our analysis is a strategy that favors
misclassification. We expect this liberal tendency to be strongest
for more ambiguous stimuli and to become weaker for clearly
high or clearly low stimuli.

We tested in a univariate analysis of covariance (ANCOVA)
whether d’class would differ between groups of high and low
habitual symptom reporters, controlling for negative affect and
symptoms experienced during the task as covariates. In further
repeated-measures ANCOVAs we tested whether cclass values
would be significantly reduced as functions of closeness to
the shared category border between A and B. The within-
individual factor was Classification with four levels of the within-
individual factor Classification per category (cclassA1, cclassA2,
cclassA3, cclassA4/cclassB1, cclassB2, cclassB3, cclassB4). We included
Symptom Report (high/low) as between-individual variable to
test whether individuals higher in habitual symptom report
would show more liberal tendencies to assign stimuli to the
B category. Again, we included negative affect and symptoms
experienced during the task within the ANCOVA model as
covariates.

As alternative way of analysis, we performed an individual
regression slopes analysis, following the procedure described
by Pfister et al. (2013). In this analysis, we tested whether
the individual regression slopes of participants indicating a
decline toward a more liberal bias from A1 to A4 and an
increase to more conservative bias from B1 to B4 would be
steeper for participants in the High Symptom Report group.
We compared the single slopes in a one way ANCOVA with
negative affect as covariate and symptoms reported directly
after the task included as control variable. Furthermore, we
calculated the absolute value for the slopes across Categories
A and B and compared, whether steepness of slopes would
differ between A and B in a repeated-measures ANCOVA
with negative affect as covariate, controlling for symptoms
experienced during the task. Furthermore, in the supplemental
material we present data on accuracy of differentiation within
categories.

Results

Table 1 summarizes mean values across groups of high and
low symptom reporters for self-report scales. We tested group
differences in a t-test for independent groups.

Accuracy of Classification
High symptom reporters were marginally more accurate
classifying loads as A or B, main effect for Symptom Report
F(1,49) = 3.60, p = 0.064, η2

p = 0.073 (Figure 1). Effects for
negative affect and symptoms reported during the task were not
significant, Fs < 1.

Misclassifications and Response Bias
Classification bias cclass per load became less conservative toward
the shared category border between A and B in both groups, but
this decrease was significant only for Category A F(3,44) = 18.27,
p < 0.001, η2

p = 0.555, and not for Category B F(3,44) = 2.06,
p = 0.119, η2

p = 0.123 (Figure 2, statistics are reported with
the covariate Negative Affect). Please note that the lack of

FIGURE 1 | Accuracy in classifying loads as belonging to A or B. Error
bars represent standard errors of the mean.

FIGURE 2 | Cclass values calculated from z-transformed correct
identification rates of a load as A or B and z-transformed false alarm
rates. Error bars represent standard error of the mean.

TABLE 1 | Participants’ characteristics (standard deviation in parentheses).

Symptom experienced last year Negative affect Symptoms experienced during the task

Low symptom reporters 60.12∗ (SD = 7.05, range: 42–75) 16.84∗ (SD = 7.10, range: 10–34) 57.04∗ (SD = 9.24, range: 41–75)

High symptom reporters 99.88 (SD = 14.06, range: 81–138) 24.48 (SD = 7.84, range: 11–28) 78.68 (SD = 16.47, range: 41–107)

∗p < 0.001.
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significant results for Category B does not necessarily imply
that the effect for Category A was larger than for Category
B. In the next section, we report a comparison of effects with
individual slope analysis. The decrease in Category A, was
significantly stronger in high symptom reporters, interaction
Classification X Symptom Report F(3,44) = 3.97, p = 0.014,
η2
p = 0.213. This interaction was non-significant for category

B, F(3,44) = 1.65, p = 0.192, η2
p = 0.101. In other words,

across Category A, participants high in habitual symptom report
showed a more pronounced change from a conservative to
a liberal criterion than participants low in habitual symptom
report. Also after exclusion of the covariate Negative Affect
from this model, the interaction effect of Classification X
Symptom Report remained significant, F(3,44)= 3.18, p= 0.033,
η2
p = 0.175.
For Category A, the interaction of the within-individual factor

Classification with the covariate Negative Affect was marginally
significant, F(3,44) = 2.29, p = 0.092, η2

p = 0.135, but not for
Category B, F(3,46) = 2.06, p = 0.120, η2

p = 0.123. None of the
other effects was significant (all Fs < 1.18).

Post hoc tests revealed that none of the single cclass indices
differed significantly between groups regardless whether negative
affect was included in the model or not (all ps > 0.103). We
performed explorative post hoc tests with t-tests for independent
groups to test whether the cclass index for A4 indicated
indeed a liberal bias or only a less conservative bias. This
explorative t-test testing differences from zero, suggests that
only for high habitual symptom reporters, cclass for A4 was
significantly smaller than zero, that is, only in this group bias
changed significantly from conservative to liberal t(24)= −2.327,
p = 0.027.

Individual Slopes Analysis
Individual slopes analysis revealed that the shift toward a liberal
bias (as expressed in a negative slope for Category A) was
stronger in the High Symptom Report group (mean: −0.386,
SD= 0.143) compared to the Low Symptom Report group (mean:
−0.357, SD = 0.126), F(1,47) = 4.59, p = 0.037, η2

p = 0.089.
The effect of negative affect was non-significant and we report
statistics without including negative affect as covariate. For
Category B, the shift to a more conservative bias from B1 to
B4 did not differ significantly between groups of Low (mean:
0.366, SD = 0.159) and High Symptom Report (mean: 0.293,
SD = 0.184), F(1,47) = 2.34, p = 0.128, η2

p = 0.049. Comparing
the absolute value of single slopes (ignoring the direction of slope)
in a repeated-measures ANCOVA revealed that the steepness
of slope was marginally higher for Category A (mean: 0.375,
SD = 0.125) than for Category B (mean: 0.339, SD = 0.155),
main within-individual effect F(1,46) = 3.27, p = 0.077,
η2
p = 0.065. The interaction with the between-individual factor

Symptom Report was significant, F(1,47) = 4.64, p = 0.036,
η2
p = 0.090. While for participants from the Low Symptom

Report group the absolute amount of slopes for Category A
(mean: 0.357, SD = 0.126) and B (mean: 0.366, SD = 0.158)
were not significantly different (p = 0.828), the absolute
amount of slopes differed significantly for the High Symptom
Report group between Category A (mean: 0.392, SD = 0.125)

and B (mean: 0.311, SD = 0.150) with a steeper slope for
Category A. In other words, change in bias across categories
was stronger for category A than for Category B, but only in
the High Symptom Report group. Again negative affect had
no significant effect and including it did not change patterns
of significance and we report results without including this
covariate.

Correlations between Bias and Accuracy
Correlations (Pearson’s correlation coefficient, two-tailed,
Figure 3) between d’class and cclass were negative for category
A, but significant for stimulus A4 only. In other words, higher
accuracy was related to a more liberal decision criterion for
the stimulus at the category border of A. This ‘better safe than
sorry’ approach for this particularly ambiguous stimulus was
related to overall better classification results. Furthermore, d’class
was significantly positively related to cclass for stimulus B1 and
B2, that is, higher accuracy was related to a more conservative
decision criterion (being reluctant to decide that stimuli B1 and
B2 belonged to A) for stimuli at the border of category B. None
of the other correlations was significant, p > 0.053.

Discussion

Participants higher in symptom report in daily life scored higher
on negative affect and reported more symptoms during the
experimental task. They were also marginally more accurate
in the interoceptive classification task. This is consistent
with results of prior research showing a relationship between
interoceptive accuracy/awareness and negative affective traits
and states (e.g., Domschke et al., 2010; Petersen et al., 2011;
von Leupoldt et al., 2011). A novel finding of this study
is that classification strategies changed across categories. Bias
became more liberal with increasing closeness to the border
between categories. This change from conservative to more
liberal decision strategies was significantly stronger in high
symptom reporters and positively related to classification
sensitivity d’class. Furthermore, for Category A (but not for B),
the decline of individual slopes was steeper in the High compared

FIGURE 3 | Correlation coefficients between cclass indices and d’class

(∗∗p < 0.01).
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to the Low Symptom Report group. Thus, the information
that there was a category border between A4 and B1 was
effectively reducing bias toward the category border, but only in
participants who did not have strong affective expectations about
stimuli.

Results confirm hypotheses proposed recently in signal
detection research. Lynn and Barrett (2014) have suggested that
increased uncertainty about visual stimuli will lead to more
extreme decision strategies in signal detection tasks. These more
extreme strategies for more ambiguous stimuli are suggested
to optimize decision-making and behavior (Lynn et al., 2012).
Lynn and Barrett (2014) give the example of a person who
walks more carefully in a dimly lit room compared to a
brightly lit room (i.e., under higher or lower ambiguity of
visual signals). Optimizing speed relative to sight allows avoiding
injury or breaking objects. They suggest that “extreme bias may
reflect not an impairment, but a normal adaptive mechanism
that offsets the single impairment, poor sensitivity” (Lynn and
Barrett, 2014, p. 1670). Calibrating bias to increased uncertainty
for ambiguous sensations (closer to category borders) may be
highly adaptive. More extreme decision strategies under higher
ambiguity (closeness to category borders) were more successful
in the present study. Higher classification accuracy (d’class) was
related to more bias at the borders of categories and increased
bias in this laboratory task was related to bias in symptom report
in daily life.

It is important to note that the border of the two neutrally
labeled categories A and B was not intrinsically meaningful,
as it would be the case for a border that marks a transition
between a sensation and a symptom category (e.g., increased
airway resistance which is either benign or indicates an
oncoming asthma attack). It could be questioned whether
arbitrary category boundaries as such affected perception.
Prior research using a design with an experimental group
receiving category information and a control group for which
stimuli were numbered consecutively from lowest to highest
without categories has found that arbitrary category boundaries
between categories A and B affect interoception (Petersen
et al., 2014, Study 1). Differentiation between categories was
increased compared to differentiation within categories in the
experimental group (receiving category information) compared
to differentiation between identical stimuli in control groups
(not receiving category information). Similar effects have also
been found for visual perception (e.g., Tajfel and Wilkes, 1963;
Corneille et al., 2002). Furthermore, a study testing classification
decisions in mice which were trained to classify six odor stimuli
as belonging to two categories (which shared a boundary and
for which similarity between stimulus A3 and B1 was the
same as between A3 and A2) found that detection of higher
ambiguity for stimuli closer to category boundaries does not
require meta-cognition and that ambiguity determines speed
of decisions, overall accuracy, and is correlated with prefrontal
cortex activity (Kepecs et al., 2008). For meaningful category
labels and borders, or a paradigm which would trigger meta-
cognition in participants about the costs of misclassifying stimuli,
results might be even stronger than observed in this minimal
paradigm using neutral labels.

It is tempting to speculate that the observed increasingly
liberal bias for ambiguous stimuli at category borders in high
symptom reporters may be a first step toward interoceptive
threat-generalization. If a stimulus at a category border is
consistently misclassified as belonging to amore intense category,
this may lead in the long run to establishing a new and lower
category border. This process may continue until more and
more stimuli, which were initially in a low (or “safe sensation”)
category, are subsumed in a higher (or “dangerous symptom”)
category. Following this lead, fear-generalization in anxiety
disorders (Lissek et al., 2008) may be interpreted as increasingly
more liberal strategies spreading from category borders to more
and more stimuli within a category.

Ambiguity of sensations because of their location close to
a category border and their no longer clearly low or clearly
high magnitude may be clinically as relevant as ambiguity
related to a poor signal to noise ratio of sensations (i.e.,
minimal stimulation such as heartbeat at rest). Research on the
role of uncertainty in panic disorder found that intolerance
of uncertainty was substantially and significantly related to
symptom report in panic disorder even after controlling
for anxiety sensitivity (Carleton et al., 2014). Results from
this correlation study suggest that patients seemed to find
uncertainty about the decision whether a clearly detectable
sensation is a sign of pathology (or not) at least as aversive
as the sensation as such. Probing deeper into interoceptive
classification strategies in anxiety disorder, future research should
test whether the relationship of negative affective states and
traits and interoceptive accuracy and bias is mediated by
increased feelings of aversiveness related to uncertainty about
classification of sensations as pathological or benign. Trait
constructs such as intolerance for ambiguity which are closely
related to anxiety may be interesting in that regard (Birrell et al.,
2011).

Negative affect was increased in individuals high in habitual
symptom report. Negative affect has been suggested to be
related to a general lack of inhibition and not specifically to
interoception (Bogaerts et al., 2015), but again, our results suggest
that this effect is not a general effect across all types of stimuli
within a category, but higher for more ambiguous stimuli. The
relationship between negative affect and perceptual bias has been
confirmed in a large number of studies (e.g., Bar-Haim et al.,
2007; Cisler and Koster, 2010), but testing decision strategies
under uncertainty may help to shed light on the processes
underlying this relationship.

A limitation for generalization of the present results
is that categories were distinct and defined only by one
dimension (inspiratory resistance). Interoceptive categories are
multidimensional and may overlap on some dimensions and
be distinct on others. Sensations experienced during an asthma
attack, for example, and sensations related to panic attacks
belong to two distinct diagnostic categories, but are partly
overlapping in how they are experienced by patients (Lehrer
et al., 2002). Multidimensionality and overlap of categories in
interoception may increase ambiguity of sensations, which in
turn may lead to more extreme forms of bias for ambiguous
sensations.
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A further important limitation of this study is that we included
only young female participants. Attention to interoceptive
stimuli as well as expression of negative affect and fear
may be higher in women than in men. Future research
needs to address gender and age differences in interoceptive
classification.

Conclusion

The relationship between sensitivity and bias is not uniform
across interoceptive categories. To understand the relationship
between interoception and individual difference variables,
paradigms are needed which do not confound sensitivity and bias
and vary the degree of ambiguity stimuli have regarding their
classification.
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Background: Physical activity (PA) is associated with positive health outcomes, whereas
physical inactivity is related to an increased risk for various health issues including obesity
and cardiovascular diseases. Previous research indicates that interindividual differences
in the perception of bodily processes (interoceptive sensitivity, IS) interact with the degree
of PA in adults. Whether there is a similar relationship between PA and IS in children
has not been investigated yet. Therefore, the aim of this study was to investigate the
interaction between IS and PA during physical performance tasks and in everyday
situations. Methods: IS was assessed using a heartbeat perception task in a sample
of 49 children within the health promotion program “Join the Healthy Boat” which is
implemented in several primary schools in the southwest of Germany. PA was examined
using a physical performance task, assessing the distance covered during a standardized
6-min run. In a subsample of 21 children, everyday PA was measured by a multi-sensor
device (Actiheart, CamNtech, Cambridge, UK) during five consecutive days with more
than 10 h of daily data collection. Results: Children with higher IS performed better in
the physical performance task. Additionally, based on energy expenditure defined as
metabolic equivalents, IS was positively correlated with the extent of light PA levels in the
morning and afternoon. Conclusion: Our findings reveal that IS interacts positively with
the degree of PA in children supporting the idea that interoception is important for the
self-regulation of health-related behavior.

Keywords: interoceptive sensitivity, physical performance, metabolic equivalent, childhood/youth, interoception,
self-regulation

Introduction

The feedback of afferent signals arising from within the body to the brain and their perception is
commonly known as interoception (Vaitl, 1996; Cameron, 2001), while the sensitivity in perceiving
bodily signals is known as interoceptive sensitivity (IS). Referring back to the emotion theories of
James (1884) as well as Schachter and Singer (1962), who postulated that there is no emotional
experience without the perception of bodily changes, a substantial body of research demonstrates
evidence for the suggested close link between interoception and emotional processes in recent
decades (for reviews, seeWiens, 2005; Herbert and Pollatos, 2008). Furthermore, the somatic marker
theory of Damasio (1994, 1999) emphasized the relevance of visceral and somatosensory feedback
from the body to the brain, mapped in distinct higher brain areas, for the emergence of emotions
and the regulation of one’s behavior. Thus, Damasio inspired studies that demonstrated the benefit
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of a person’s high degree of bodily sensitivity to regulate emotional
decisionmaking (e.g.,Werner et al., 2009; Dunn et al., 2010, 2012)
as well as to process emotions (Wiens et al., 2000; Barrett et al.,
2004; Pollatos et al., 2005; Herbert et al., 2007a). Furthermore, the
feedback of internal bodily signals is related to the self-regulation
of physical activity (PA). The self-perception of bodily signals, like
breathing or other internal bodily processes based on cardiovas-
cular activity, might influence the amount of physical effort, when
undertaking PA and is known as the self-control of physical load
(Pennebaker and Lightner, 1980; Herbert et al., 2007b).

Moreover, one study investigated the regulation of PA in rela-
tion to interoceptive processes (Herbert et al., 2007b) and high-
lighted that these two processes might interact positively with
each other. In this study, Herbert et al. (2007b) instructed their
participants, aged 20–40, to cycle on a bicycle ergometer for a
constant period of time (15min), whilst being free to control their
cycling pace. Results showed that good heartbeat perceivers set
their physical endeavor to a lesser extent, demonstrating a more
enhanced perception of their exhaustion and of their internal
bodily states, than poor heartbeat perceivers. Furthermore, good
heartbeat perceivers revealed lower changes in their heart rate,
stroke volume and cardiac output. This suggested that participants
with higher IS where those who at the same time regulated better
their physical load in a performance task. Moreover, Herbert et al.
(2007b) implemented this study in terms of regulating physical
load in a performance task (cycling task). However, it remains
a rather open question whether interoceptive processes do also
interact with PA in terms of day to day PA (i.e., in terms of PA
under free-living conditions). Lastly, in this study there was no
evidence found showing that physical fitness does play a role when
differentiating the good from the bad heartbeat perceivers.

On the other hand, but in line with this question, two older
studies suggested that a higher state of fitness might be advan-
tageous for better IS (Borg and Linderholm, 1967; Montgomery
et al., 1984). Montgomery and Jones (1984) also found that the
best predictor for IS in men is the body’s fat content. In agreement
with these results, Herbert and Pollatos (2014) also demonstrated
an inverse relationship between the body mass index (BMI)
and IS in adults, and that overweight and obese individuals are
less accurate in perceiving bodily signals. These studies suggest
that interoceptive processes and individual differences in IS are
important for physical fitness or weight status in adults and are
of high importance to health-related questions. Although being
overweight is established in childhood and youth, there is scant
research in examining these questions in children.

Most of the aforementioned studies assess and quantitate IS in
terms of people’s ability to perceive their own heartbeat. Assess-
ment of heartbeat perception in adults has been shown to be
sufficiently reliable (Schandry, 1981; Mussgay et al., 1999), to
have substantial interindividual differences (Ehlers and Breuer,
1992; Domschke et al., 2010) and to correlate with the ability to
detect changes in other autonomic innervated organs (Whitehead
and Drescher, 1980; Harver et al., 1993; Herbert et al., 2012).
One of the most frequently used methods to measure cardiac
sensitivity is the Mental Tracking Method proposed by Schandry
(1981; Dunn et al., 2007; Herbert et al., 2007b; Pollatos et al., 2009;
Ainley et al., 2012). A recent study by Koch and Pollatos (2014a)

adapted this method for children by shortening the intervals
used. In spite of the great importance of interoceptive processes
for health processes, only a few studies exist that assess IS in
children. To our knowledge, there are only four studies that
assess heartbeat perception in children, either using the original
Schandry paradigm (three trials with the length of 35, 25, and
45 s; see Eley et al., 2004, 2007; Schmitz et al., 2012) or the
adapted version (Koch and Pollatos, 2014a,b). The internal con-
sistency of the shorter adapted version was found to be excellent
(Cronbach’s α = 0.91) in a large sample of about 1350 children
aged between 6 and 11 years (Koch and Pollatos, 2014a). Addi-
tionally, Koch and Pollatos (2014a) investigated the distribution
of cardiac sensitivity in relation to general emotional processing
and found correlations to interpersonal emotional intelligence
and adaptability. Relevant findings were the associations between
interoceptive processes and anxiety symptoms (panic and social
anxiety) in small samples of eight to 12-year-old children (Eley
et al., 2004, 2007; Schmitz et al., 2012). Furthermore, cardiac sensi-
tivity in children can be seen as a dynamic developmental process,
that has weaker but yet similar characteristics and relations to
emotional parameters than found in adults (Koch and Pollatos,
2014a).

The scope of the present study was to investigate the inter-
relation between PA in a performance task and in day to day
activities (under free-living conditions) with IS in a main sample
of 49 primary school children and moreover in a subsample
of 21 in the context of the “Baden Württemberg Study,” which
evaluated the effectiveness of the health promotion program “Join
the Healthy Boat” in Southwestern Germany. Taking into account
the majority of the studies regarding this matter in adults (Borg
and Linderholm, 1967; Montgomery et al., 1984; Herbert and
Pollatos, 2014) and the lack of studies in this field among children,
we hypothesized that a healthy and fit physical state is associated
with higher IS in children. This should be reflected in a better
performance when participating in a physical task as well as in
a higher level of daily PA in children. Furthermore, considering
the results of the study from Herbert et al. (2007b), we further
hypothesized that children with a higher IS will also demonstrate
a finer ability to regulate their PA, in comparison to children with
low IS.

Materials and Methods

Participants
Participants were children of the third wave of a larger on-going
intervention study (“Join the Healthy Boat—Primary School”,
Schreiber et al., 2014). Our data derived from a subsample of
the Baden-Württemberg Study, which evaluated the health pro-
motion program “Join the Healthy Boat—Primary School” in the
south-west of Germany. Protocol and study design of the Baden-
Württemberg Study have been depicted elsewhere (Dreyhaupt
et al., 2012). In total, 1047 children in the age of 9.59 (SD = 0.63)
years from third to fourth grade were recruited from primary
schools in the federal state of Baden-Württemberg, after legal
guardians had provided written informed consent. Approval for
the study was obtained from the Ministry of Education as well as
from the University’s Ethics Committee.
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For logistical reasons (scope of measurements of the Baden-
Württemberg study and distances between schools) objective PA
assessments and IS measurements were only carried out in dif-
ferent schools in the region of Ulm and among fewer children.
The sample used in the present analyses consisted of 49 children
and the subsample of 21 respectively with complete data on all
variables of interest. Children were tested individually with regard
to IS in a separate room at school. Additionally, all participants
filled out questionnaires regarding their health status, in order to
fulfill all criteria for participating in this study. In total, there were
49 healthy participants, 20 girls (40.8%) and 29 boys (59.2%) with
a mean age of M = 9.72 years (SD = 0.58) in the main sample. In
the subsample of the study, there were 21 children in total, 10 boys
(47.6%) and 11 girls (52.4%) with a mean age of M = 9.97 years
(SD = 0.39).

Performance Task for Physical Fitness
For the measurement of children’s physical fitness, the 6 min run-
performance task was conducted. The Dordel-Koch-Test (Dordel
andKoch, 2004; Graf et al., 2004) is conducted in order tomeasure
the developmental state of the participant’s basic motoric skills
in accordance to intensity, coordination and endurance of the
movement. The 6 min run is a subtask of the Dordel-Koch-Test,
which assesses a person’s aerobic endurance. It could be compared
to a screening test, in which cardiopulmonary stamina is being
measured. The participants of this task had to run around a
volleyball field (round length 54 m) for 6 min. The last round was
announced by the instructor of the task, who, afterward, marked
the rounds already covered by the children. For the evaluation of
this task, the aggregation of the number of completely covered
rounds and the distance of the last round were calculated.

The 6-min-run task is a highly standardized assessment tool,
which is frequently used not only because it is extremely time-
saving, but also relatively simple to conduct and unambiguous.
For this reason, it has a high level of objectivity. As far as the norm
values are concerned, the reliability and objectivity are r= 0.91 for
the total sample. Von Haaren et al. (2008) also reported reliability
values that swayed between r = 0.61 and 0.92. Moreover, they
compared the results regarding the VO2max (among others an
essential indicator for the aerobic stamina) between the 6-min-
run performance and a treadmill test and they noticed a strong
connection between those two performance tasks (r = 0.69).

Measurement of Daily Physical Activity
Within the context of the Baden-Württemberg study, daily PA was
measured in a subsample of 21 primary school children, in order
to examine if current PA recommendations of at least 60 min
MVPA (moderate to vigorous PA) per day were met, not only
during school time, but also during spare time. After the informed
consent of the parents, PAwasmeasured via amulti-sensor device
(Actiheart®, CamNtech Ltd., Cambridge, UK).

The Actiheart® is a light multi-sensor device that combines
recordings of the accelerometer (in counts per minute) and of
heart rate (in beats per minute). This multi-sensor device was
attached using two standard electrocardiograph electrode pads
on the children’s chest. The children were instructed to follow

their daily routine while wearing the Actiheart® and not to remove
the device even during sleep for five consecutive days (á 24 h).
Energy expenditure based on metabolic equivalents (METs) was
calculated by the Actiheart® software using a branched model
approach, previously validated in children (Corder et al., 2007).
For this specific recording, a 15-s epochs recording interval was
selected. Besides heart rate and accelerometry data, gender, age,
body weight, and height were also taken into account in order to
assess MET levels. MET was divided into three categories: seden-
tary (<1.5 METs), light (1.5–3.0 METs), moderate to vigorous
(>3.0–6.0 METs) (Pate et al., 1995).

For data assessment, some specific criteria had to be fulfilled in
order for the data to be included in the analysis. Only recordings
with at least 10 h of daily data collection were included in this
sample. Moreover, recordings of 5 days in total were selected, in
which at least 1 daywas aweekend day and the rest wereweekdays,
so as to secure a high reliability among children (see also Trost
et al., 2000). All recordings between 11 pmand 6 amwere removed
as this time was considered as normal sleeping time. Additionally,
recordings that included more than 45 min of sedentary activity,
between 9 pm and 11 pm, were also extracted. Furthermore,
recording periods of 100 min or more with zero activity counts
were also removed. Hesketh et al. (2014) suggested three possible
day-segmentations that might correspond to the daily program of
the preschool and school children in the UK. We chose a similar
day-segmentation, because of the resemblance to the German
primary school system. Therefore, each day was divided in three
periods, as follows: morning (6 am–12 pm), afternoon (12–5 pm)
and, lastly, evening (5–11 pm).

Heartbeat Perception Task
For the heartbeat perception task, cardiac activity was recorded
using themobile heart frequencymonitor RS800CX (Polar Electro
Oy, Kempele, Finland). Polar watches are mobile devices that
enable easy, non-invasive recording of inter-beat-intervals and
were used to assess IS in other studies with children (Koch and
Pollatos, 2014a,b). Validity and reliability compared to alternative
ECG measurement devices have been proven in children and
adults (Radespiel-Tröger et al., 2003; Kingsley et al., 2005;Gamelin
et al., 2008; Nunan et al., 2008). Due to the fact that the study
took place in the school setting, the strap with the electrodes
was attached to both hands and secured on a table. Signals were
sampled at 1000 Hz and analyzed by the corresponding Polar
ProTrainer five software (version 5.40.172).

The heartbeat perception task was performed following the
Mental TrackingMethod, proposed by Schandry (1981) and iden-
tical to the children’s version implemented by Koch and Pollatos
(2014a). After a short practice interval of about 10 s, there were
three intervals of 15, 20, and 18 s, separated by two standard
resting periods of 20 s. During each interval, participants were
precisely instructed to silently count their own heartbeats by
concentrating on their heart activity while not being allowed to
check their pulse or to attempt any other physical manipulations
(e.g., holding their breath) that could facilitate the detection of
heartbeats. Participants were seated and were given no informa-
tion as to the length of the intervals or their performance. The
test supervisor signaled the beginning and the end of the counting
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phases by announcing “start” and “stop.” Participants were asked
to verbally report the number of counted heartbeats straight after
the “stop” signal. IS was determined via the heartbeat perception
score, which represents the mean score across the three intervals
andwhich is calculated according to the following transformation:

1/3Σ[1 − (|recorded heartbeats
− counted heartbeats|/recorded heartbeats)]

Higher scores indicate higher IS, so that the maximum score of 1
indicates absolute accuracy of heartbeat perception.

Body Mass Index
Children’s body weight and height were taken according to the
International Society for the Advancement of Kinanthropy (ISAK;
Stewart et al., 2011), with children wearing only underwear and
no shoes. More specifically, body weight was measured to the
nearest 0.05 kg, using calibrated electronic scales (Seca 862,weigh-
ing and measurement systems, Hamburg, Germany). Using a
stadiometer, height was measured to the nearest 0.1 cm (Seca
213, weighing and measurement systems, Hamburg, Germany).
BMI was calculated (kg/m2) and converted to BMI percentiles
(BMIPCT) based on national reference data for German children
(Kromeyer-Hauschild et al., 2001).

Statistical Analyses
Continuous variables were summarized as mean and standard
deviation; frequencies were used to analyze nominal and ordinal
variables. Continuous variables were compared using the two-
sample t-test and analysis of variance (ANOVA). Regression anal-
yses as well as Pearson correlations and partial correlations were
conducted to investigate the relationship between IS, age and
gender, BMI and the activity measures.

As far as physical performance is concerned, one hierarchical
regression analysis (linear mixed effects regression model, for-
ward stepping) was carried out with IS, BMI and the interaction
term IS × BMI as predictors and performed distance as criterion.

As far as everyday PA is concerned, we calculated partial corre-
lations between mean activity at different activity levels and while
controlling for age and BMI.

All statistical analyses were conducted using Statistical Package
for Social Sciences (SPSS, version 21). Because of the explorative
nature of this study, no adjustment for multiple testing was made
(Altman, 1991; Victor et al., 2010). A p value less than 0.05
was considered significant. The results of all statistical tests are
interpreted in an exploratory sense.

Results

Sample Descriptives
Sample characteristics on relevant variables are shown in Table 1.

Interoceptive Sensitivity as Assessed by
Heartbeat Perception
The mean heartbeat perception score for the main sample was
0.59 (SD = 0.18). Moreover, there was a minimum score of

TABLE 1 | Characteristics of the main and subsample.

N1 = 49 N2 = 21

Female, n (%) 20 (40.8) 11 (52.4)
Age (years) 9.72 (0.56) 9.97 (0.39)
BMI (kg/m2) 17.33 (2.57) 16.59 (2.26)
BMIPCT 48.04 (27.58) 44.19 (25.89)
Heartbeat perception score 0.59 (0.18) 0.56 (0.16)

All values are mean (SD) unless stated otherwise; N1, main sample; N2, sub-sample; BMI,
body mass index; BMIPCT, BMI percentiles; SD, standard deviation.

0.16 and a maximum of 0.91 regarding the heartbeat percep-
tion in the overall sample. Taking into account the possible
interrelation between gender and heartbeat perception, a two-
sample sample t-test was conducted, resulting in boys (M = 0.62,
SD = 0.19) and girls (M = 0.55, SD = 0.17) not differing in
their IS [t(46) = 1.2, p = 0.24]. The same finding occured after
comparing gender and heartbeat perception in the subsample
[t(19)= 1.9, p= 0.07]. No significant gender difference was found
after considering BMIPCT as a covariate. Accordingly, a one way
ANOVA was conducted in order to examine heartbeat perception
and age, after dividing age in three categories. No differences were
found between these variables [F(2,45) = 0.46, p = 0.63] in the
main sample and in the subsample, respectively [F(1,19) = 0.07,
p= 0.79].

Physical Fitness
In the physical performance task, boys covered a mean distance
of 1003.6 meters (SD = 138.5), whereas girls’ mean covered
distance was 904.97 meters (SD = 131.77). Moreover, boys and
girls showed significantly different physical performances in the
6-min-run [t(45)= 2.45, p= 0.02, d= 0.73]. The distance covered
in 6 min were classified, according to Jouck (2008) in different
grades from 1 to 6, taking into account not only the gender but
also the age. Mark one refers to an excellent physical performance
and mark six to a poor physical performance. As far as minimum
and maximum marks of the participants go, there was a deviation
ranging from2 to 6.On the subject of differentiating the physically
fit toward physically non-fit children, a dichotomisation of the
median value was implemented, resulting in physically fit children
having either 2 or 3 as a mark, in comparison to non-physically fit
children, who gained the marks 4, 5, or 6. Finally, 31 participants
in this study were classified as physically fit, and 18 as physically
non-fit. The data showed no significant difference between the
different age groups and physical fitness of the main sample
[F(2,44) = 1.32, p= 0.27].

Relationship Between IS and Physical Fitness
In order to examine the relationship between IS and physical
fitness, we conducted a linear mixed effects regression analysis
(forward stepping) with the covered distance of the 6 min run-
performance task as criterion, and BMI, IS and the interaction
term of BMI × IS as predictors. The criterion was explained by
BMI (T = −2.07, β = −0.28, p = 0.04), IS (T = 2.02, β = 0.29,
p = 0.04) and the interaction between both [T = 2.14, β = 0.32,
p = 0.04; F(3,45) = 5.09, p = 0.00, R = 0.50, R2 = 0.25]. These
effects are depicted in Figure 1.
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More specifically, a higher IS is associated with a greater cov-
ered distance which implies a higher physical fitness. Moreover, a
higher physical fitness is positively associated with the interaction
between IS and BMI. Therefore, Figure 1 depicts a positive inter-
action between high IS, covered distance and BMI, but a strong
negative interrelation between low IS, covered distance and BMI.
In other words, Figure 1 reveals a positive correlation between
physical fitness and BMI among good heartbeat perceivers and a
negative correlation between physical fitness and BMI among bad
heartbeat perceivers.

Daily Physical Activity
In total, 21 children, forming the subsample of the study, had
valid PA data for five consecutive days with a mean daily wear
time of 846 min (corresponding to about 14 h, M = 846.2 min,
SD = 207.1; see Table 2).

Boys (M = 237.5, SD = 61.02) and girls (M = 178.2, SD =

63.10) differ as far as their light PA in the evening is concerned
[t(19) = 2.18, p = 0.04, d = 0.95]. Moreover, the data showed
a difference regarding sedentary activity [t(19) = 1.27, p = 0.02,
d = 1.1], with girls (M = 115.04, SD = 88.15) being more seden-
tary in the evening in comparison to boys (M = 35.8, SD = 50.7).
Concerning MVPA there was also a gender-specific difference
[t(19)= 3.9, p= 0.01, d= 1.7]. MVPA in the morning was higher
for boys (M = 44.6, SD = 30.2) in comparison to girls (M = 5.5,

FIGURE 1 | Interaction between IS (low and high), covered distance
and body mass index (BMI); Low BMI, normal BMI, high BMI: based on
the national reference data for German children (Kromeyer-Hauschild
et al., 2001); DV: dependent variable; classification of low and high IS
according to the method of median split.

SD = 12.6). Concerning age, there was no significant difference
between the three age groups and the different levels of PA.

Relationship Between IS and Daily Physical
Activity
Examining the relationship between IS and daily PA, we con-
ducted partial correlations after setting BMI and children’s age
as control variables. There was a statistically significant correla-
tion between IS and light PA, more specifically in the morning
(r = 0.39, p = 0.04) and in the afternoon (r = 0.39, p = 0.04),
showing that higher IS was positively related to more light PA in
the morning and afternoon hours. This interrelation is depicted
in Figure 2.

Discussion

The present study investigated the interrelation between IS and
PA among primary school children. Our results demonstrate,
firstly, that IS is a determinable measure in children, indicating
that primary school children differ considerably in their ability to
perceive ongoing signals stemming from the heart. This is in line
with recent data from a large representative sample of about 1350
children (Koch and Pollatos, 2014a). Secondly, further findings
of this study highlight that physical fitness and IS are positively
associated, showing that higher IS is related to a greater distance
covered in the 6min running performance task. These findings are

FIGURE 2 | Partial correlations between interoceptive Sensitivity (IS)
and physical activity (PA) in the morning and in the afternoon, after
controlling for body mass index (BMI) and age; HBP_Score: heartbeat
perception score.

TABLE 2 | Children’s average daily physical activity levels in minutes segmented across the day.

Daily total (min/day) (SD) Morning (min/day) (SD) Afternoon (min/day) (SD) Evening (min/day) (SD)

Recorded time 846.2 (207.1) 299.5 (75.8) 250.7 (82.8) 296.0 (85.0)
Sedentary PA 156.1 (70.4) 58.2 (77.6) 20.6 (29.9) 77.3 (81.8)
Active PA 690.1 (203.9) 241.3 (117.2) 230.1 (116.6) 218.7 (110.2)
Light PA 636.6 (187.9) 217.2 (87.9) 213 (81.2) 206.4 (67.7)
MVPA 53.5 (70.6) 24.1 (29.9) 17.1 (33.6) 12.3 (22.4)

All values depicted are in minutes/day; in parentheses: SD, standard deviation; PA, physical activity; Active PA, sum of light PA and MVPA; MVPA, moderate to vigorous physical activity;
morning: 6 am–12 pm; afternoon: 12–5 pm; evening: 5–11 pm.
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not in line with previous studies regarding IS and physical fitness
among adults, for example the study from Herbert et al. (2007b),
where good and poor heartbeat perceivers did not differentiate in
their fitness level.

Furthermore, results concerning physical fitness and IS
revealed also the role of the BMI in this motif. More specifically,
these findings indicate that childrenwith a normal BMI and a high
physical fitness (according to the 6-min-run) showed a higher
IS than those children with a normal BMI but a lower fitness
state. Lastly, children with a high BMI and high physical fitness
indicated also, surprisingly, a higher IS than those children with
a high BMI and a lower physical fitness. Thus, good heartbeat
perceivers were these children with a normal to high BMI and
with a greater fitness state. These findings could be explained by
the fact that BMI could play a role in the degree of IS but the
most important factor is one’s physical state. In other words, IS
does not seem to decline when a child has a high BMI but also at
the same time rather good physical fitness. This is in accordance
with a few older studies in adults reporting that a higher state
of fitness is advantageous for better IS (Borg and Linderholm,
1967; Montgomery et al., 1984). In contrast, children with a lower
physical fitness but with higher BMI seemed, in this study, to be
bad heartbeat perceivers. In respect to the possible limitations
regarding this finding, the use of BMI instead of BMIPCT when
referring to children and the absence of use of alternative anthro-
pometric measurements, such as skin-fold thickness or body girth
etc. (Chen et al., 2002), should not be neglected.

Moreover, our daily PA related outcomes reveal a positive asso-
ciation between IS and light daily PA in the morning as well as
in the afternoon. No significant correlations were observed with
the moderate to vigorous activity level, though. This result could
be partly due to the fact that our sample was quite small and
only 6 (28.6%) participants of the total sample met current PA
recommendations of at least 60 min MVPA per day. Referring to
former research, there are substantial methodological differences
whether daily activity was assessed by self-report or by the use of
objective measurements like the Actiheart device in the present
study, and which cut-off points were used when determining
MVPA (see Borracino et al., 2009; Aznar et al., 2011; Ekelund
et al., 2011; Kettner et al., 2013). Being sensitive to one’s bodily
signals might constitute a positive precondition for effective self-
regulation of behavior, as it was suggested for the field of emotion
regulation (see Füstös et al., 2013). Taking both obtained results
together, we can show that both in a performance task as well as
in day to day life, IS interacts positively with PA suggesting that the
ability to accurately perceive bodily signals is crucially associated
with more fitness and daily activity in young children. Therefore,
a link between IS and other health-related outcome variables is to
be assumed, such as demonstrated in adults (Herbert and Pollatos,
2014) or in children (Koch and Pollatos, 2014a,b).

The fact that we observed positive correlations between IS,
physical fitness and light daily PA generates further questions
regarding the regulation of PA. A former study by Herbert et al.
(2007b) demonstrated that when participants were instructed to
cycle on a bicycle ergometer at a speed they felt comfortable
with, good heartbeat perceivers covered a shorter distance as com-
pared to poor heartbeat perceivers. The good heartbeat perceivers

indicated a more self-controled physical workload, by perceiving
better their internal bodily signals and regulating their fatigue.
In contrast to the instruction given by Herbert and co-workers,
the 6-min performance task used in this study focused on how
fit children were with the clear instruction to run as fast and as
far as possible in a certain time. The instruction when undertak-
ing everyday PA was to keep on undertaking normal activity as
usual, which implied that the participant was not in a situation
where his/her performance was being evaluated. Therefore, we
hypothesize that higher PA might favor the development of a
better ability to identify internal body signals as assessed by IS.
The exact developmental mechanisms of interoception remain yet
unclear, due to the lack of prospective studies and in general stud-
ies concerning the distribution of cardiac sensitivity in children
(Koch and Pollatos, 2014a). Future studies should focus on this
research gap and assess PA and IS in a longitudinal fashion.

In accordance to former research, we found some gender differ-
ences in daily activity between boys and girls (Riddoch et al., 2004;
Jago et al., 2005; Borracino et al., 2009). Moreover, in examining
physical fitness, our results suggest that boys are more physically
fit than girls. This can be explained by the physiology of the
male body and more specifically, by the fact that males have a
greater muscle mass than females, which implies a greater ability
of achieving high levels of PA. This finding is in the same line with
the study of Li et al. (2007), who concluded that males covered
a greater 6 min walk distance than females in the performance
task. Moving on to age and PA, our results reveal that 9–11-year-
old participants undertook the same amount of PA. These results
are in line with other studies, which suggest that children under
the age of 13 indicate the same levels of PA (Strauss et al., 2001).
We did not find any difference in IS according to gender, like
other studies with adults (Katkin et al., 1981; Jones et al., 1984;
Jones, 1995), while Koch and Pollatos (2014a,b) showed a small
but significant difference with higher IS in boys. We assume that
the sample size is small to show such an effect.

To sum up, our study demonstrated that IS is not only deter-
minable but also diverse among primary school children, empha-
sizing the fact that IS is based on individual differences and age.
Further studies could shed light on the developmentary processes
of IS through the life span. Taking into account the lack of
studies in this field, in the present study we tried to scrutinize
the role of PA and IS in children and our findings demonstrate
the first evidence regarding the interaction between physical fit-
ness and IS in young children. Further research is necessary to
examine the specific role of BMI as well as the direction of the
observed interaction, e.g., by training physical fitness in chil-
dren and assessing concomitant interoceptive processes, and by
using alternative anthropometric measurements apart from BMI
(such as skin-fold thickness etc.). In specific, we demonstrated
that physical fitness could contribute to a higher IS and in its
turn, IS might be trained using PA (Schandry and Weitkunat,
1990). We assume that improving children’s perception of their
body signals could contribute to a more effective way of reg-
ulating health-related behavior, e.g., by a finer ability to tune
their physical load in everyday situations and to prevent exhaus-
tion more effectively. Our results suggest that IS constitutes an
important factor associated with PA during childhood. This issue
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deserves further exploration, by researching a larger sample of
children, thanks to the great significance of IS and PA over the
life span.

Acknowledgments

The school-based health promotion programme “Join theHealthy
Boat” and its evaluation study were financed by the Baden-

Württemberg Foundation, which had no influence on the content
of this paper. Further, the authors would like to thank all mem-
bers of the programme “Join the Healthy Boat” for their input,
as well as: the Institute of Epidemiology and Medical Biometry,
Ulm University, the Institute of Psychology and Pedagogy, Ulm
University, all assistants who were involved in the performance
of measurements, and especially all teachers and families for their
participation.

References

Ainley, V., Tajadura-Jiménez, A., Fotopoulou, A., and Tsakiris, M. (2012). Looking
into myself: changes in interoceptive sensitivity during mirror self-observation.
Psychophysiology 49, 1504–1508. doi: 10.1111/j.1469-8986.2012.01468.x

Altman, D. G. (1991). Practical Statistics for Medical Research. London: Chapman &
Hall/CRC Texts in Statistical Science.

Aznar, S., Naylor, P. J., Silva, P., Pérez, M., Angulo, T., Laguna, M., et al. (2011).
Patterns of physical activity in Spanish children: a descriptive pilot study. Child
Health Care Dev. 37, 322–328. doi: 10.1111/j.1365-2214.2010.01175.x

Barrett, L. F., Quigley, K. S., Bliss-Moreau, E., and Aronson, K. R. (2004). Intero-
ceptive sensitivity and self-reports of emotional experience. J. Pers. Soc. Psychol.
87, 684–697. doi: 10.1037/0022-3514.87.5.684

Borg, G., and Linderholm, H. (1967). Perceived exertion and pulse rate during
graded exercise in various age groups. Acta Med. Scand. 181, 194–206. doi:
10.1111/j.0954-6820.1967.tb12626.x

Borracino, A., Lemma, P., Ianotti, R., Zambon, A., Dalmasso, P., Lazzeri, G.,
et al. (2009). Socio-economic effects on meeting PA guidelines: comparisons
among 32 countries. Med. Sci. Sports Exerc. 41, 749–756. doi: 10.1249/MSS.
0b013e3181917722

Cameron, O. G. (2001). Interoception: the inside story—amodel for psychosomatic
processes. Psychosomatic Med. 63, 697–710. doi: 10.1097/00006842-200109000-
00001

Chen, W., Lin., C. C., Peng, C. T., Li, C. I., Wu, H. C., Chiang, J., et al. (2002).
Approaching health body mass index norms for children and adolescents
from health-related physical fitness. Obes. Rev. 3, 225–232. doi: 10.1046/j.1467-
789X.2002.00064.x

Corder, K., Brage, S., Mattocks, C., Ness, A., Riddoch, C., Wareham, N. J., et al.
(2007). Comparison of two methods to assess PAEE during six activities in chil-
dren.Med. Sci. Sports Exerc. 39, 2180–2188. doi: 10.1249/mss.0b013e318150dff8

Damasio, A. R. (1994). Descartes’s Error: Emotion, Reason and the Human Brain.
New York, NY: Grosset/Putnam.

Damasio, A. R. (1999). The Feeling of What Happens: Body and Emotion in the
Making of Consciousness. New York, NY: Harcourt Brace.

Domschke, K., Stevens, S., Pfleiderer, B., and Gerlach, A. L. (2010). Interoceptive
sensitivity in anxiety and anxiety disorders: an overview and integration of neu-
robiological findings. Clin. Psychol. Rev. 30, 1–11. doi: 10.1016/j.cpr.2009.08.008

Dordel, S., and Koch, B. (2004). Dordel-Koch-Test: A Motor Test for the Assessment
of Motor Performance in Childhood and Youth. Fitness Test According to Dordel
and Koch. Köln: Manual.

Dreyhaupt, J., Koch, B., Wirt, T., Schreiber, A., Brandstetter, S., Kesztyüs, D., et al.
(2012). Evaluation of a health promotion program in children: study protocol
and design of the cluster-randomized BadenWürttemberg primary school study
[DRKS-ID: DRKS00000494]. BMC Public Health 12:157. doi: 10.1186/1471-
2458-12-157

Dunn, B. D., Dalgleish, T., Ogilvie, A. D., and Lawrence, A. D. (2007). Heartbeat
perception in depression. Behav. Res. Ther. 45, 1921–1930. doi: 10.1016/j.brat.
2006.09.008

Dunn, B. D., Evans, D., Makarova, D., White, J., and Clark, L. (2012). Gut feelings
and the reaction to perceived inequity: the interplay between bodily responses,
regulation, and perception shapes the rejection of unfair offers on the ultimatum
game. Cogn. Affect. Behav. Neurosci. 12, 419–429. doi: 10.3758/s13415-012-
0092-z

Dunn, B. D., Galton, H. C., Morgan, R., Evans, D., Oliver, C., Meyer, M., et al.
(2010). Listening to your heart. How interoception shapes emotion experi-
ence and intuitive decision making. Psychol. Sci. 21, 1835–1844. doi: 10.1177/
0956797610389191

Ehlers, A., and Breuer, B. (1992). Increased cardiac awareness in panic disorder.
J. Abnorm. Psychol. 101, 371–382. doi: 10.1037/0021-843X.101.3.371

Ekelund, U., Tomkinson, G., and Armstrong, N. (2011). What proportion of youth
are physically active? Measurement issues, levels and recent time trends. Br. J.
Sport Med. 48, 859–865. doi: 10.1136/bjsports-2011-090190

Eley, T. C., Gregory, A. M., Clark, D. M., and Ehlers, A. (2007). Feeling anxious: a
twin study of panic/somatic ratings, anxiety sensitivity and heartbeat perception
in children. J. Child Psychol. Psychiatry 48, 1184–1191. doi: 10.1111/j.1469-
7610.2007.01838.x

Eley, T. C., Stirling, L., Ehlers, A., Gregory, A. M., and Clark, D. M. (2004). Heart-
beat perception, panic/somatic symptoms and anxiety sensitivity in children.
Behav. Res. Ther. 42, 439–448. doi: 10.1016/S0005-7967(03)00152-9

Füstös, J., Gramann, K., Herbert, B.M., and Pollatos, O. (2013). On the embodiment
of emotion regulation: interoceptive awareness facilitates reappraisal. Soc. Cogn.
Affect. Neurosci. 8, 911–917. doi: 10.1093/scan/nss089

Gamelin, F. X., Baquet, G., Berthoin, S., and Bosquet, L. (2008). Validity of the Polar
S810 to Measure R-R Intervals in Children. Int. J. Sports Med. 29, 134–138. doi:
10.1055/s-2007-964995

Graf, C., Koch, B., Dordel, S., Schindler-Marlow, S., Icks, A., Schüller, A., et al.
(2004). Physical activity, leisure habits and obesity in first-grade children.
Eur. J. Cardiovasc. Prev. Rehabil. 11, 284–290. doi: 10.1097/01.hjr.0000129740.
30593.18

Harver, A., Katkin, E. S., and Bloch, E. (1993). Signal-detection outcomes on
heartbeat and respiratory resistance detection tasks in male and female subjects.
Psychophysiology 30, 223–230. doi: 10.1111/j.1469-8986.1993.tb03347.x

Herbert, B. M., Muth, E. R., Pollatos, O., and Herbert, C. (2012). Interocep-
tion across Modalities: on the relationship between cardiac awareness and
the sensitivity for gastric functions. PLoS ONE 7:e36646. doi: 10.1371/jour-
nal.pone.0036646

Herbert, B. M., and Pollatos, O. (2008). Interozeptive sensitivität, gefühle
und verhaltensregulation. Z. Neuropsychol. 19, 125–137. doi: 10.1024/1016-
264X.19.3.125

Herbert, B. M., and Pollatos, O. (2014). Attenuated interoceptive sensitivity in
overweight and obese individuals. Eating Behav. 15, 445–448. doi: 10.1016/
j.eatbeh.2014.06.002

Herbert, B. M., Pollatos, O., and Schandry, O. (2007a). Interoceptive sensitivity
and emotion processing: an EEG study. Int. J. Psychophysiol. 65, 214–227. doi:
10.1016/j.ijpsycho.2007.04.007

Herbert, B. M., Ulbrich, P., and Schandry, R. (2007b). Interoceptive sensitivity and
physical effort: implications for the self-control of physical load in everyday life.
Psychophysiology 44, 194–202. doi: 10.1111/j.1469-8986.2007.00493.x

Hesketh, K. R., McMinn, A. M., Ekelund, U., Sharp, S. J., Collings, P. J., Harvey, N.
C., et al. (2014). Objectively measured physical activity in four-year-old British
children: a cross sectional analysis of activity patterns segmented across the day.
Int. J. Behav. Nutr. Phys. Act. 11:1. doi: 10.1186/1479-5868-11-1

Jago, R., Anderson, C., Baranowski, T., and Watson, K. (2005). Adolescent patterns
of physical activity: differencies by gender, day and time of day.Am. J. Prev. Med.
28, 447–452. doi: 10.1016/j.amepre.2005.02.007

James, W. (1884). What is an emotion? Mind 9, 188–205. doi: 10.1093/mind/os-
IX.34.188

Jones, G. E. (1995). “Constitutional and physiological factors in heartbeat per-
ception,” in From the Heart to the Brain. The Psychophysiology of Circulation-
Brain Interaction, eds D. Vaitl and R. Schandry (Frankfurt: Peter Lang-Verlag).
173–192.

Jones, G. E., O’Leary, R. T., and Pipkin, B. L. (1984). A comparison of Brener-Jones
andWhitehead procedures for assessing cardiac awareness. Psychophysiology 21,
143–148. doi: 10.1111/j.1469-8986.1984.tb00196.x

Frontiers in Psychology | www.frontiersin.org April 2015 | Volume 6 | Article 502 | 292

http://www.frontiersin.org/Psychology/
http://www.frontiersin.org
http://www.frontiersin.org/Psychology/archive


Georgiou et al. Physical activity and interoception

Jouck, S. (2008). Dordel-Koch-Test (DKT)-Ein Test zur Erfassung der Motorischen
Leistungsfähigkeit im Kindes- und Jugendalter. Köln: Dissertation, Deutsche
Sportschule.

Katkin, E. S., Blascovich, J., and Goldband, S. (1981). Empirical assessment of
visceral self-perception: individual and sex differences in the acquisition of
heartbeat discrimination. J. Pers. Soc. Psychol. 40, 1095–1101. doi: 10.1037/0022-
3514.40.6.1095

Kettner, S., Kobel., S., Fischbach, N., Drenowatz, C., Dreyhaupt, J., Wirt, T., et al.
(2013). Objectively determined physical activity levels of primary school chil-
dren in south-west Germany. BMC Public Health 13:895. doi: 10.1186/1471-
2458-13-895

Kingsley, M., Lewis, M. J., and Marson, R. E. (2005). Comparison of Polar 810s
and an ambulatory ECG system for RR intervalmeasurement during progressive
exercise. Int. J. Sports Med. 26, 39–44. doi: 10.1055/s-2004-817878

Koch, A., and Pollatos, O. (2014a). Cardiac sensitivity in children: sex differences
and its relationship to parameters of emotional processing. Psychophysiology 51,
932–941. doi: 10.1111/psyp.12233

Koch, A., and Pollatos, O. (2014b). Interoceptive sensitivity, body weight and
eating behavior in children: a prospective study. Front. Psychol. 5:1003. doi:
10.3389/fpsyg.2014.01003

Kromeyer-Hauschild, K., Wabitsch, M., Kunze, D., Geller, F., Geiß, H. C., Hesse,
V., et al. (2001). Percentiles of body mass index in children and adolescents
evaluated from different regional German studies. Monatsschr. Kinderheilkd.
149, 807–818. doi: 10.1007/s001120170107

Li, M., Yin, J., Au, J. T., So, H. K., Tsang, T., Wong, E., et al. (2007). Stan-
dard reference for the six-minute-walk test in healthy children aged 7 to
16 years. J. Respir. Crit. Care Med. 176, 174–180. doi: 10.1164/rccm.200607-
883OC

Montgomery, W. A., and Jones, G. E. (1984). Laterality, emotionality and
heartbeat perception. Psychophysiology 21, 459–465. doi: 10.1111/j.1469-8986.
1984.tb00227.x

Montgomery, W. A., Jones, G. E., and Hollandsworth, J. G. (1984). The effect of
physical fitness and exercise on cardiac awareness. Biol. Psychol. 18, 11–22. doi:
10.1016/0301-0511(84)90022-X

Mussgay, L., Klinkenberg, N., and Rüddel, H. (1999). Heart beat perception in
patients with depressive, somatoform, and personality disorders. J. Psychophys-
iol. 13, 27–36. doi: 10.1027//0269-8803.13.1.27

Nunan, D., Jakovljevic, D. G., Donovan, G., Hodges, L. D., Sandercock, G. R.
H., and Brodie, D. A. (2008). Levels of agreement for RR intervals and
short-term heart rate variability obtained from the Polar S810 and an alter-
native system. Eur. J. Appl. Physiol. 103, 529–537. doi: 10.1007/s00421-008-
0742-6

Pate, R. R., Pratt, M., Blair, S. N., Haskell, W. L., Macera, C. A., Bouchard, C.,
et al. (1995). Physical activity and public health. A recommendation from
the Centers for Disease Control and Prevention and the American College
of Sports Medicine. J. Am. Med. Assoc. 273, 402–407. doi: 10.1001/jama.1995.
03520290054029

Pennebaker, J. W., and Lightner, J. M. (1980). Competition of internal and exter-
nal information in an exercise setting. J. Pers. Soc. Psychol. 39, 165–174. doi:
10.1037/0022-3514.39.1.165

Pollatos, O., Kirsch, W., and Schandry, R. (2005). On the relationship between
interoceptive awareness, emotional experience and brain processes. Cogn. Brain
Res. 25, 948–962. doi: 10.1016/j.cogbrainres.2005.09.019

Pollatos, O., Traut-Mattausch, E., and Schandry, R. (2009). Differential effects of
anxiety and depression on interoceptive accuracy.Depress. Anxiety 26, 167–173.
doi: 10.1002/da.20504

Radespiel-Tröger, M., Rauh, R., Mahlke, C., Gottschalk, T., and Mück-Weymann,
M. (2003). Agreement of two different methods for measurement of heart
rate variability. Clin. Auton. Res. 13, 99–102. doi: 10.1007/s10286-003-
0085-7

Riddoch, C. J., Andersen, L. B., Wedderkopp, N., Harro, M., Klasson-Heggebo, L.,
Sardinha, L. B., et al. (2004). Physical activity levels and patterns of 9-and 15-yr-
old european children. Med. Sci. Sports Exerc. 36, 86–92. doi: 10.1249/01.MSS.
0000106174.43932.92

Schachter, S., and Singer, J. E. (1962). Cognitive, social and physiological determi-
nants of emotional state. Psychol. Rev. 69, 379–399. doi: 10.1037/h0046234

Schandry, R. (1981). Heart beat perception and emotional experience. Psychophys-
iology 18, 483–488. doi: 10.1111/j.1469-8986.1981.tb02486.x

Schandry, R., and Weitkunat, R. (1990). Enhancement of heartbeat-related brain
potentials through cardiac awareness training. Int. J. Neurosci. 53, 243–253. doi:
10.3109/00207459008986611

Schmitz, J., Blechert, J., Krämer, M., Asbrand, J., and Tuschen-Caffier, B. (2012).
Biased perception and interpretation of bodily anxiety symptoms in child-
hood social anxiety. J. Clin. Child Adolesc. Psychol. 41, 92–102. doi: 10.1080/
15374416.2012.632349

Schreiber, A., Kesztyus, D., Wirt, T., Erkelenz, N., Kobel, S., Steinacker, J., et al.
(2014). Why do mothers encourage their children to control their weight? A
cross-sectional study of possible contributing factors.BMCPublic Health 14:450.
doi: 10.1186/1471-2458-14-450

Stewart, A., Marfell-Jones, M., Olds, T., and Mike Marfell-Jon. (2011). International
Standards for Anthropometric Assessment. Potchefstroom: International Society
for the Advancement of Kinanthropometry.

Strauss, R. S., Rodzilsky, D., Burack, G., and Colin, M. (2001). Psychosocial cor-
relates of physical activity in healthy children. Arch. Pediatr. Adolesc. Med. 155,
897–902. doi: 10.1001/archpedi.155.8.897

Trost, S. G., Pate, R. R., Freedson, P. S., Sallis, J. F., and Taylor, W. C. (2000). Using
objective physical activity measures with youth: how many days of monitor-
ing are needed? Med. Sci. Sports Exerc. 32, 426–431. doi: 10.1097/00005768-
200002000-00025

Vaitl, D. (1996). Interoception. Biol. Psychol. 42, 1–27. doi: 10.1016/0301-
0511(95)05144-9

Victor, A., Elsäßer, A., Hommel, G., and Blettner, M. (2010). Judging a plethora of
p-values how to contendwith the problem ofmultiple testing—part 10 of a series
on evaluation of scientific publications. Dtsch. Arztebl. Int. 107, 50–56.

Von Haaren, B., Härtel, S., Seidel, I., Schlenker, L., and Bös, K. (2008). Die validität
des 6-Minuten-Laufs und 20m shutthle runs bei 9- bis 11-jährigen Kindern.
Dtsch. Z. Sportmed. 62, 351–355.

Werner, N. S., Jung, K., Duschek, S., and Schandry, R. (2009). Enhanced cardiac
perception is associated with benefits in decision-making. Psychophysiology 46,
1123–1129. doi: 10.1111/j.1469-8986.2009.00855.x

Whitehead, W. E., and Drescher, V. M. (1980). Perception of gastric contrac-
tions and self-control of gastric motility. Psychophysiology 17, 552–558. doi:
10.1111/j.1469-8986.1980.tb02296.x

Wiens, S. (2005). Interoception in emotional experience. Curr. Opin. Neurol. 18,
442–447. doi: 10.1097/01.wco.0000168079.92106.99

Wiens, S., Mezzacappa, E. S., and Katkin, E. S. (2000). Heartbeat detection and the
experience of emotion.Cogn. Emot. 14, 417–427. doi: 10.1080/026999300378905

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Copyright © 2015 Georgiou, Matthias, Kobel, Kettner, Dreyhaupt, Steinacker and
Pollatos. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) or licensor are credited and that
the original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Psychology | www.frontiersin.org April 2015 | Volume 6 | Article 502 | 293

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Psychology/
http://www.frontiersin.org
http://www.frontiersin.org/Psychology/archive


ORIGINAL RESEARCH ARTICLE
published: 09 September 2014
doi: 10.3389/fpsyg.2014.01003

Interoceptive sensitivity, body weight and eating behavior
in children: a prospective study
Anne Koch1* and Olga Pollatos 2

1 Department of Psychology, Faculty of Human Sciences, University of Potsdam, Potsdam, Germany
2 Department of Health Psychology, Institute of Psychology and Education, Ulm University, Ulm, Germany

Edited by:

Wolf E. Mehling, University of
California, San Francisco, USA

Reviewed by:

Jessica Sänger,
Heinrich-Heine-University of
Düsseldorf, Germany
Barney Dunn, University of Exeter,
UK

*Correspondence:

Anne Koch, Department of
Psychology, Faculty of Human
Sciences, University of Potsdam,
Karl-Liebknecht-Str. 24-25, D-14476
Potsdam, Germany
e-mail: anne.koch@uni-potsdam.de

Previous research indicates that interindividual differences in the ability to perceive one’s
own bodily signals (interoceptive sensitivity, IS) are associated with disordered eating
behavior and weight problems. But representative and prospective data in children are
lacking and therefore, the exact nature of these observed associations remains unclear.
Data on IS measured by heartbeat perception ability in 1657 children between 6 and
11 years of age were collected on the basis of two measurement points with a year
distance in time. Stability of the construct and its prospective association with different
food approach behaviors [assessed via parent questionnaires (Children’s Eating Behavior
Questionnaire and Dutch Eating Behavior Questionnaire)] as well as with weight status
were analyzed via structural equation modeling. Main results were that only in overweight
children external and emotional eating behavior were predictive for later IS, whereas no
such relation was found in normal weight children. There was no direct relation between
IS and body mass index. For the first time, we could show that eating behavior and IS
in middle childhood are prospectively related to each other. But surprisingly, our data
indicate that altered interoceptive processes rather follow than precede non-adaptive
eating behavior patterns in overweight children. This suggests a possible crucial role
of faulty learning mechanisms in eating behavior early in life, undermining the later
confidence in one’s body.

Keywords: body weight, children, eating behavior, heartbeat perception, interoceptive sensitivity, overweight

INTRODUCTION
Examining the factors that influence children’s overweight and
eating behavior is of great relevance given the rising prevalence
of overweight and obesity in childhood. One possible associated
intrapersonal factor is a low ability to perceive and process own
inner bodily signals or states, also known as interoceptive sensitiv-
ity (IS; Craig, 2002; Herbert et al., 2013; Herbert and Pollatos,
2014). Interoception includes the perception of physical sensa-
tions related to internal organ function, such as respiration, heart-
beat or satiety (Vaitl, 1996), it has been linked with activations in
specific brain areas including the right insula (Craig, 2009) and its
essential role for emotion processing, emotion regulation as well
as decision-making has repeatedly been demonstrated (Bechara
and Naqvi, 2004; Pollatos et al., 2005; Füstös et al., 2013; Terasawa
et al., 2013). But being interoceptively sensitive to body signals
on or beyond a conscious level is not automatically identical
to being interoceptively aware, since not all interoceptive infor-
mation enters consciousness and whether we become subjective
aware of them, evaluate them and whether we act according to
them depends strongly on cognitive processes including atten-
tion, appraisal, beliefs, memories, or attitudes (Mehling et al.,
2009). Thus, an accurate perception of bodily sensations and
being aware/confident of these bodily changes in terms of how to
interpret and/or handle them seem to represent distinct processes
and should not be conflated.

However, most of the research so far has investigated intero-
ceptive processes in relation to eating behavior and weight by
referring to the term interoceptive awareness (Fassino et al., 2004;
Merwin et al., 2010). In her psychosomatic theory, Bruch was the
first who suggested that patients with eating disorders and/or obe-
sity “have in common the inability to identify hunger correctly
or to distinguish it from other states of bodily need or emo-
tional arousal” (Bruch, 1973, p. 45). This illustrates the common
use of interoceptive awareness (IA) as a metacognitive construct,
addressing difficulties in the identification or interpretation of
internal [emotional and gastrointestinal (such as hunger and sati-
ety)] stimuli (Jacobi et al., 2004). Again, it is important to note
that there is a distinct and clear difference between IS and IA,
though both expressions were used from researchers of both areas
in almost the identical way (see Garfinkel and Critchley, 2013 for
further information).

There is little question that eating disorder patients and over-
weight persons suffer from low IA as assessed by questionnaires
and demonstrated in numerous cross-sectional studies in dif-
ferent age groups (e.g., Leon et al., 1993; Golay et al., 1997;
Fassino et al., 2004; Sim and Zeman, 2004; Matsumoto et al.,
2006; Clausen et al., 2011). Most studies used the subscale inte-
roceptive awareness of the Eating Disorder Inventory (EDI), a
questionnaire that has become a standard tool in investigating
behavioral and psychological characteristics of eating disorders
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in children, adolescents and adults (Garner et al., 1983; Garner,
1991, 2004). However, longitudinal evidence on the role of intero-
ceptive processes for eating behavior is scarcer. Low IA was found
to be predictive of disordered eating in adolescent girls (Leon
et al., 1995), and a similar result was obtained by Gustafsson et al.
(2010) who reported that higher IA seemed to be a protective fac-
tor against the development of disordered eating in adolescent
girls. Likewise, deficits in IA were found to be predictive of illness
severity 5–10 years later in adult anorexic patients (Bizeul et al.,
2001). In other studies that considered a multivariate model, IA
was not predictive for eating disorder symptoms in the total sam-
ple of adolescents (Killen et al., 1994, 1996; Leon et al., 1999)
but univariate differences were found by comparing eating disor-
der symptomatic and asymptomatic groups (Killen et al., 1994,
1996). Therefore, the role of IA as risk factor is still described
as unclear and variable in its specificity. One possible reason for
that might be that the IA EDI subscale does not assess one sin-
gle construct. It comprises two interrelated but rather distinct
dimensions: deficits in awareness and identification of emotions
and deficits in awareness and identification of hunger and sati-
ety. This dichotomy is supported by a relatively weak internal
consistency of the IA scale (Eberenz and Gleaves, 1994). Further,
this scale might be limited in its assessment of true IA and in its
reliance on self-report, since individuals with deficits in aware-
ness may not be able to accurately report on these deficits and
vice versa.

Besides considering IA via self-report questionnaires, few stud-
ies have begun to investigate the rather “pure” physiological
aspect of interoception, that is the sensitivity to bodily signals,
IS, in relation to eating behavior and weight in adults. The study
of Herbert and Pollatos (2014) lately showed reduced IS in over-
weight and obese individuals as well as an inverse correlation
between BMI and IS in this group, while no such relationship
was observed for normal weight individuals. Concerning eating
pathologies, Pollatos et al. (2008) found decreased IS in female
anorexia nervosa patients, which was not correlated with the IA
EDI subscale, whereas Klabunde et al. (2013) found deficits in IS
in female patients recovered from bulimia nervosa. In contrast
to this, Eshkevari et al. (2014) recently reported no IS deficits,
but greater IA problems in females with eating disorders. Lately,
Herbert et al. (2013) showed that higher IS significantly predicted
higher intuitive eating and especially those eating facets that have
been suggested to be associated with the awareness of hunger and
satiety and the willingness to eat in order to satisfy hunger rather
than to eat for external and emotional reasons. Furthermore,
Herbert et al. (2013) found that IS negatively predicted body
mass index (BMI). Moreover, the study of Ainley and Tsakiris
(2013) demonstrated that IS was significantly negatively corre-
lated with self-objectification; the tendency to regard one’s body
and self primarily as “objects” from the outside, valuing appear-
ance over function, a characteristic typically found in eating
disorders.

All of these studies used standard tasks to assess IS deficits,
heartbeat perception tasks that measure the correspondence
between actual heart rate and subjective judgment (Vaitl, 1996).
There are two main approaches for the task: the signal detec-
tion or tracking method, originally proposed by Schandry (1981;

Dunn et al., 2007; Herbert et al., 2007; Pollatos et al., 2009; Ainley
et al., 2012), which assesses one’s accuracy in detecting his or
her heartbeats by counting them in a given time interval and the
signal discrimination method, which presents a series of external
stimuli (typically tones or lights) and requires the participant to
judge whether the stimuli are simultaneous with his or her own
heartbeat (Whitehead and Drescher, 1980; Eshkevari et al., 2014).
While the detection task is widely used, it has been suggested
to be influenced by expectancies or guesses about heart rate or
other factors such as attention or motivation (e.g., Windmann
et al., 1999). Nevertheless, a convincing body of evidence exists
showing that both methods correlate with each other and are con-
gruent with effects of IS on emotions (for reviews see Vaitl, 1996;
Wiens, 2005). It could be demonstrated that heartbeat perception
is associated with a more finely tuned self-regulation of behav-
ior according to one’s bodily needs (Herbert et al., 2007) and
that it correlates with the ability to detect changes in other auto-
nomically innervated organs, such as the activity of the stomach
(Whitehead and Drescher, 1980; Herbert et al., 2012b). This high-
lights its role as an indicator of a generalized sensitivity for visceral
processes in situations evoking interoceptive signals (Herbert and
Pollatos, 2012), even during food deprivation and feeling hungry
(Herbert et al., 2012a). Recently, for the first time, we presented
a modified child version of the tracking method assessing heart-
beat perception in relation to physical and emotional parameters
in a large group of children (Koch and Pollatos, 2014). However,
longitudinal data on heartbeat perception is completely missing
so far in any age group, although this would be very important to
consider in terms of interrelations between IS, body weight and
eating behavior.

To summarize, the perception and processing of internal
body signals seems to be a crucial factor for eating behavior
and body weight, most of the research has investigated this
relation via self-reported IA, only a few cross-sectional studies
used a more objective physiological measure of IS via heartbeat
perception, merely in adult females. Although in all of these
studies IS has been hypothesized or described as a possible bio-
logical trait or preceding factor for eating behavior and body
weight (Pollatos et al., 2008; Ainley and Tsakiris, 2013; Herbert
et al., 2013; Klabunde et al., 2013; Herbert and Pollatos, 2014),
nothing is known about its relevance and its development in
children. Furthermore, questions remain as to whether intero-
ceptive processes are cause or consequence, and whether they
should be regarded as biological, perceptual, or cognitive prob-
lem, in terms of whether they are innate or modifiable or whether
they relate primarily to pure detection or interpretation deficits
or both.

Research on eating behavior in children and especially the one
on the etiology of childhood overweight or obesity usually refers
to the already mentioned psychosomatic theory (Bruch, 1964)
as well as the externality theory (Schachter, 1968, 1971; Rodin,
1981), distinguishing two overeating styles, emotional overeating
(overeating in response to negative emotions such as anxiety or
sadness) and external overeating (eating in response to external
food cues such as sight and smell, regardless of the internal states
of hunger and satiety). Although often co-occurring, both eating
behavior styles refer to independent constructs and both might
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be manifested independently of each other (Van Strien et al.,
2009). Emotional overeating with its difficulties in distinguish-
ing hunger from other aversive internal states is possibly a result
of inappropriate learning experiences early in life, like parental
food controlling practices (e.g., pressure to eat, using food for
comfort or for rewarding purposes) in which there is insufficient
regard for the real needs of the child (Snoek et al., 2007; Van
Strien and Bazelier, 2007; Kröller et al., 2013). Externality theory
on the other side focuses on the external (food) environment as a
determinant of eating behavior, explaining overeating as a result
of an elevated responsiveness to environmental food cues, mean-
while ignoring internal, physiological hunger and satiety signals
(Schachter, 1971). For example Jansen et al. (2003) found reduced
appetitive responses in normal weight children, whereas over-
weight children did not adjust their food intake after smelling or
tasting food cues.

The Dutch Eating Behavior Questionnaire (DEBQ) is one of
the most widely used and validated instruments for assessing eat-
ing behavior in children and adults. It explores both emotional
as well as external eating and significantly differentiates between
obese and non-obese children/adults on these eating styles (Braet
and Van Strien, 1997; Franzen and Florin, 1997; Caccialanza et al.,
2004; Van Strien and Oosterveld, 2008). Van Strien (2000) found
that IA as assessed by questionnaire predicted emotional eating
in contrast to external eating in young females. Furthermore,
the Children’s Eating Behavior Questionnaire (CEBQ; Wardle
et al., 2001) is another validated parent-rated questionnaire that
assesses a broader spectrum of eating style dimensions, not nec-
essarily independent of one another in children. Four of its eight
scales indicate “food approach” behavior and thus positive incli-
nations for eating, whereby overweight children generally score
higher on all of them (Sleddens et al., 2008; Viana et al., 2008;
Webber et al., 2009; Santos et al., 2011). Besides the subscale
emotional overeating, the scales enjoyment of food and food
responsiveness measure an elevated interest in food as well as
responsiveness to food cues and the scale desire to drink reflects
the desire of children to have drinks to carry around them (Wardle
et al., 2001).

The aim of the present study was to shed light on possible
relations between IS, body weight and different eating behav-
iors in children using a longitudinal perspective. Next to the fact
that to our knowledge no study investigated these associations
so far, we wanted to examine possible causality or directionality
between eating behavior and IS using a large representative sam-
ple. We examined the interrelationships between individual IS as
assessed by a heartbeat perception task and BMI, using a two-
wave research design. First, in an exploratory cross-lagged analysis
we inspected whether IS had an influence on BMI or vice versa.
The second relevant focus of this study centers on the prospective
association between IS and children’s “food approach” behavior.
Given the found results of an elevated “food approach” behav-
ior primarily in overweight, we examined whether the relations
between these variables differed relative to BMI-status in a multi-
group model. We hypothesized a negative relation between “food
approach” behavior styles and IS, especially in overweight chil-
dren in contrast to normal weight children, whereas the direction
of this association was of exploratory nature.

MATERIALS AND METHODS
STUDY DESIGN, PARTICIPANTS AND PROCEDURE
Data for this study were retrieved from a longitudinal study on
intrapersonal developmental risk factors in childhood and ado-
lescence (PIER study), for which approval was obtained from
the local Ethics Committee as well as from the Ministry of
Education. It was conducted among elementary school children
from first to fourth grade in the surrounding area of Potsdam in
the federal state of Brandenburg, Germany, after legal guardians
had provided written informed consent. The study included two
assessments, approximately separated by a 1-year time interval
(M = 273 days, SD = 55 days) and started in 2012 (baseline, Time
1 (T1), see also Koch and Pollatos, 2014). At baseline, 1657 chil-
dren between 6 and 11 years of age from first to third grade were
recruited from 32 elementary schools. At Time 2 (T2) 47 chil-
dren (2.8%) were absent. Dropout analyses revealed no effects for
sex, BMI, educational attainment of the mother or eating behav-
ior (ps > 0.10). However, children who had dropped out were
significantly younger (M = 8.08, SD = 0.88) and had a lower
heartbeat perception (HBP) score (M = 0.46, SD = 0.23) com-
pared to those who completed both assessments (Mage = 8.39,
SDage = 0.95; t(1653) = 2.19, p < 0.05, d = 0.34; MHBP-Score =
0.55, SDHBP-Score = 0.26; t(1449) = 2.00, p < 0.05, d = 0.33).

At each time point of data collection, children were tested indi-
vidually with regard to the same various psychological variables
in a separate room in school on 2 days within 1 week for 1 h
per day, while primary caregivers completed a questionnaire at
home. Children received a small gift and a cinema voucher for
their participation both times.

In total, participants at T1 were 52.1% female and 47.9% male
with a mean age of M = 8.38 years (SD = 0.95) and at T2 51.9%
were female and 48.1% were male with a mean age of M = 9.13
years (SD = 0.93).

HEARTBEAT PERCEPTION TASK
As more precisely described in Koch and Pollatos (2014) the
heartbeat perception task was performed following the Mental
Tracking Method proposed by Schandry (1981) in a modified
child version. A short training interval of about 10 s was followed
by three intervals of 15, 20, and 18 s, separated by two standard
resting periods of 20 s. During each interval, children counted
their own heartbeats by concentrating on their heart activity,
while they were seated and not permitted to attempt any physical
manipulation.

Meanwhile, children’s actual cardiac activity was recorded
using the mobile heart frequency monitor RS800CX (Polar
Electro Oy, Kempele, Finland), a mobile device that enables the
easy, non-invasive and –reactive recording of inter-beat-intervals
and whose validity and reliability compared to alternative ECG
measurement devices could be shown in children and adults
(Radespiel-Tröger et al., 2003; Kingsley et al., 2005; Gamelin et al.,
2008; Nunan et al., 2008). The strap with the electrodes was
attached to both hands and fixed to a table. Signals were sampled
at 1000 Hz and analyzed by the corresponding Polar ProTrainer
5 software (version 5.40.172), which relies on the HRV analysis
software of the University of Kuopio, Finland (Niskanen et al.,
2004).
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IS was then determined via the mean score across the three
intervals (HBP-Score), calculated according to the following
transformation:
1/3 � [1 - (|recorded heartbeats - counted heartbeats| /recorded
heartbeats)].

Higher scores indicate higher sensitivity to heartbeats, so that
the maximum score of 1 indicates absolute accuracy of heartbeat
perception and the minimum score of 0 indicates that the child
did not perceive any of his or her heartbeats, while a score of
0.5 indicates that on average the child detected every other heart-
beat. The internal consistency of the task was excellent both times
(Cronbach’s α T1: 0.91, T2: 0.90).

DEMOGRAPHIC MEASURE
Mother’s self-reported educational attainment was distinguished
from 1 (= no educational degree) to 6 (= university degree).

BODY MASS INDEX AND WEIGHT STATUS
Height and weight of each child were determined using standard
procedures in light clothing without shoes to the nearest 0.1 kg
and 0.1 cm by means of calibrated digital scales and calibrated
ultrasound measurement devices. BMI was calculated as the stan-
dard ratio of weight in kg divided by the square of height in
meters. To correct for age and sex, individual BMI-values were
converted to z-scores (BMI-SDS values, standard deviation score
values) based on the national reference data for German children
(Kromeyer-Hauschild et al., 2001). Those were used to determine
the child’s weight status.

In the normal weight group, we incorporated those children
who were between 10 and 90th BMI percentile at both time points
(n = 1215, 629 girls, 586 boys) and in the overweight group those
children who were over the 90th BMI percentile at both time
points (n = 175, 89 girls, 86 boys) according to the German and
European guidelines (Poskitt, 1995; see also Kurth and Rosario,
2007).

EATING BEHAVIOR QUESTIONNAIRE DATA
For the assessment of children’s eating behavior the four “food
approach” subscales emotional overeating, food responsiveness,
desire to drink and enjoyment of food of the CEBQ (Wardle
et al., 2001) as well as the subscale external eating of the DEBQ
(Braet and Van Strien, 1997; Franzen and Florin, 1997) were
used.

In case of a missing German translation, the particular item
was translated into German and back translated by a native
English speaker. Due to time constraints, we only included
three items with the highest factor loadings according to Wardle
et al. (2001) and Van Strien et al. (1986) for each scale while
avoiding redundancy concerning the contents. However, the fac-
torial structure remained the same, while the internal consis-
tency was acceptable to good (Cronbach’s α T1: 0.72–0.89; T2:
0.75–0.90).

Parents were asked to rate their child’s eating behavior for the
CEBQ on a five-point Likert scale (never, rarely, sometimes, often,
always; 1–5) and for the DEBQ on a four-point Likert scale (never,
seldom, sometimes, often; 1–4). A high score on the scales reflects
higher levels of the particular eating behavior.

DATA ANALYSES
For preliminary analyses, the Statistical Package for Social
Sciences (SPSS, version 21) was used.

Then, a cross-lagged model was tested for relations between
heartbeat perception and BMI and structural equation model-
ing (SEM) was used to evaluate the latent factor structure of the
five eating styles in a measurement model as well as to further
explore the relationship between heartbeat perception and eat-
ing behavior over time using maximum likelihood estimation in
Mplus Version 7.10 (Muthén and Muthén, 1998-2012). By analyz-
ing the constructs as latent variables, random measurement errors
were controlled for.

To deal with missing values, we employed full-information
maximum likelihood (FIML) estimation for all analyses, which
has been found to be very efficient for incomplete data (Enders,
2001). In the current study, the rate of missing data was under
12.5% for children’s data (HBP-Score: T1: 12.4%, T2: 11.9%;
BMI: T1: 0.8%, T2: 3.1%) and under 30% for parents’ data (T1:
19.4—20.3%, T2: 28.2—29.2%).

Sex was dummy coded (0 = girls, 1 = boys) and standardized
coefficients for all paths were estimated.

Besides Chi-Square (χ2) we used Root Mean-Square Error
of Approximation (RMSEA), Comparative Fit Index (CFI) and
Standardized Root Mean Square Residual (SRMR) to evaluate the
goodness of fit since the traditional χ2– Test has been shown to be
highly sensitive to slight deviations from perfect fit in large sam-
ples (Brown, 2006). A RMSEA and a SRMR of 0.05 and below
and a CFI of 0.90 and above indicate a good fit to the data (Hu
and Bentler, 1999; Kline, 2005).

RESULTS
DESCRIPTIVES AND CORRELATIONS
Means and SDs of the main observed study variables, as well
as bivariate correlations at both time points are presented in
Table 1. Main results indicated that in general, BMI-SDS was
positively correlated with all eating behavior styles and was nega-
tively correlated with the educational attainment of the mother
within time and across time. All of the eating behavior styles
were positively inter-correlated, indicating that they all related to
each other and apparently, they all represented “food approach”
behavior. Age was not significantly correlated with any eating
behavior, but it was slightly positively correlated with the HBP-
Score at T2, so that we considered age as covariate in further latent
analyses.

GROUP DIFFERENCES BETWEEN OVERWEIGHT AND NORMAL WEIGHT
CHILDREN
We also tested differences in the main study variables between
normal weight and overweight children. As expected, results indi-
cated that overweight children had higher mean scores on all
eating behavior scales at both time points than normal weight
children (ts ≥ 3.94, ps < 0.001). Further, overweight children
had mothers with significantly lower educational levels than nor-
mal weight children (overweight children: M = 4.17, SD = 1.00,
normal weight children: M = 4.91, SD = 0.99; t(186.04) = 8.34,
p < 0.001, d = 0.74). There were no weight status differences in
age across time points and no differences in IS between both
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groups at T1. However, overweight children showed a signifi-
cant lower HBP-Score than normal weight children at T2 (over-
weight children: M = 0.53, SD = 0.24, normal weight children:
M = 0.57, SD = 0.24; t(1259) = 1.98, p < 0.05, d = 0.17, see
Figure 1).

HEARTBEAT PERCEPTION AND BODY MASS INDEX
To examine the association of IS and BMI-SDS, we tested a cross-
lagged model in which we included stability paths of BMI-SDS
and HBP-Score, covariances among the residuals of the two con-
structs within time as well as cross-lagged paths between both,
while controlling for age, sex and educational attainment of the
mother. This allowed us to examine the continuity of constructs
over time as well as the covariances between the constructs within
and over time that are over and above what may have already
occurred previous time.

As can be seen in Figure 2, BMI-SDS showed a high stability
over the 1-year test period (β = 0.91, p < 0.001), while the HBP-
Score showed a relatively low stability (β = 0.33, p < 0.001).
There was neither a cross-sectional nor a prospective association
between the two variables in the sample.

FIGURE 1 | Heartbeat perception scores for both measurement points

(T1 and T2) contrasting overweight and normal weight group. Error
bars represent standard error of means. ∗p < 0.05.

FIGURE 2 | Structural model for reciprocal time-lagged effects between

heartbeat perception (HBP) and body mass index standard deviation

score (BMI-SDS). Controlled for age, sex, and educational attainment of
the mother. Displayed are standardized estimates. ∗∗∗p < 0.001.
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MEASUREMENT MODEL OF EATING BEHAVIOR
A measurement model including all eating behavior styles in one
single model, in which all latent eating behaviors were allowed to
covary and errors of the same indicators were allowed to covary
over time, was first examined in order to determine whether
the observed variables loaded onto the latent variables they are
intended to measure and whether error terms related to each
other in expected ways. The measurement model fit the data
adequately, with χ2

(df = 345) = 724.82, p < 0.001, RMSEA = 0.03,
CFI = 0.98, SRMR = 0.03. All manifest variables significantly
loaded on their hypothesized latent variables (standardized factor
loadings: 0.56–0.93, ps < 0.001). Next, to ensure measurement
invariance of the latent constructs over time, factor loadings,
intercepts and error terms were set to be equal across time. The
model fit the data equally well [χ2

(df = 380) = 823.10, p < 0.001,
RMSEA = 0.03, CFI = 0.98, SRMR = 0.03], with all fit indices
remaining stable, so that we concluded from this finding of strict
temporal measurement invariance, that eating behaviors were
assessed equally across the study period in our sample, offering
an excellent basis for longitudinal investigations involving these
constructs.

HEARTBEAT PERCEPTION AND EATING BEHAVIOR
In the context of SEM, we then tested reciprocal relations between
HBP-Score and eating behaviors after controlling for construct
stability and concurrent cross-sectional correlations. Therefore,
each T2 eating behavior style was predicted by its T1 measure
as well as the T1 HBP-Score, whereby the T2 HBP-Score was
predicted by its T1 measure as well as all T1 eating behaviors, con-
trolling for age, sex, educational attainment of the mother, BMI-
SDS and cross-sectional relations. Model fit of this model was
good [χ2

(df = 520) = 1211.75, p < 0.001, RMSEA = 0.03, CFI =
0.97, SRMR = 0.03], showing considerable stability of the con-
structs over the 1-year test period, with stability coefficients of

the eating scales ranging from 0.51 to 0.77. There was a slight sig-
nificant negative cross-sectional association between HBP-Score
and enjoyment of food of −0.07 (p < 0.05) at T1. However, there
was no other cross-sectional or prospective association between
HBP-Score and eating behavior styles in the total sample.

Given our hypotheses involving weight status differences, we
conducted multiple-group analyses comparing patterns of rela-
tions among variables in the subsamples of normal weight com-
pared with overweight children. The multi-group approach has
the advantage of being able to test the equality of parameters
between groups through restrictions. The assumption of strict
measurement invariance across groups was also made and again,
we controlled for age, sex, educational attainment of the mother
and cross-sectional relations. The result of this analysis with infor-
mation on the good model fit in the notes can be found in
Figure 3.

The constructs showed comparable stability values in both
groups as was found in the total sample. Stabilities of the HBP-
Score did not significantly differ between overweight and normal
weight group (p = 0.52). We found no significant cross-sectional
or prospective associations between eating behaviors and HBP-
Score in the normal weight group. However, we found that
external eating behavior at T1 was a strong negative predictor
(β = −0.64, p < 0.01) and emotional overeating at T1 was a
positive predictor (β = 0.25, p < 0.05) for the HBP-Score at T2
in the overweight group. By using the analysis option MODEL
CONSTRAINTS, we tested the equality of both β-estimates in
the groups. Results showed that both β-estimates significantly dif-
fered between normal weight and overweight children (p < 0.05).
There was also a significant association between HBP-Score and
desire to drink over time, namely that the HBP-Score at T1 was
a slight positive predictor for desire to drink at T2 (β = 0.16,
p < 0.05) in the overweight group of children. However, the
direct comparison of the β-estimates between the groups did not

FIGURE 3 | Results of multi-group structural equation analysis

evaluating the reciprocal effects between heartbeat perception and

eating behavior across normal weight and overweight children.

Model fit: χ2
(df=1040) = 1987.08, p < 0.001, CFI = 0.94, RMSEA = 0.04,

SRMR = 0.05. Controlled for age, sex, educational attainment of the
mother and cross sectional relations. For the sake of clarity, only

significant standardized estimates of path coefficients over time are
presented. See the text for further information on the exact
measurement model. Standardized coefficients for overweight children
are reported outside parentheses and standardized coefficients for normal
weight children are reported inside parentheses. ∗∗∗p < 0.001, ∗∗p < 0.01,
∗p < 0.05
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reach significance (p = 0.10), so that we abstain from further
interpretation of this finding.

DISCUSSION
The present study targeted the role of IS measured with a heart-
beat perception task in relation with BMI as well as eating
behavior in children over time. For the first time we showed a 1-
year stability of the heartbeat perception score in children as well
as prospective relations to external and emotional eating behavior
in overweight children, while no association was found in normal
weight children.

In agreement with earlier studies (Sleddens et al., 2008; Viana
et al., 2008; Webber et al., 2009; Santos et al., 2011), we found sig-
nificant stronger appetitive responses to food in overweight and
obese children compared with normal weight children as indi-
cated by higher scores on the CEBQ “food approach” scales as well
as on the DEBQ external eating scale at both points of measure-
ment. This is further support of the theory that already obese and
those at risk of developing obesity exhibit heightened responses
to external food cues, while ignoring internal hunger and sati-
ety signals (Schachter, 1971; Jansen et al., 2003). Interestingly, the
mother’s educational level was significantly negatively related to
BMI as well as to the majority of investigated eating behaviors,
which once again suggests a propagated incidence of overweight
in lower educated families with usually lower socio-economic
states (Wang and Lim, 2012). Further, all five examined eating
behaviors showed considerable stability over the 1-year test-
ing interval and no associations with age, indicating an already
reasonable stable eating pattern in elementary school children.

We found no direct relation between IS and BMI, neither
cross-sectionally nor prospectively. This is in line with most other
studies (e.g., Gardner et al., 1990; Khalsa et al., 2009; Koch and
Pollatos, 2014), except of Herbert et al. (2013) who found a
negative association. However, the authors included only adult
female participants with a relatively limited BMI range of 20–
25. Nevertheless, by directly comparing normal and overweight
children in the current study, overweight children showed signifi-
cantly lower IS only at T2, which might indicate a later developing
influence of higher body weight on interoceptive processes or
maybe a non-linear relation we were not able to detect in the
total model and which might deserve further investigation over
time. Since lower IS could be demonstrated in adult overweight
(Herbert and Pollatos, 2014), changes in IS in the first elemen-
tary school years might reflect influential factors for stability and
increase of overweight into adulthood.

Relating to our second main question of the study, we could
show that in a model that considers various “food approach”
behaviors, no meaningful cross-sectional or prospective associ-
ations between IS and eating behaviors were found in the total
sample or in normal weight children. However, when applying the
same model in overweight children compared to normal weight
children, external eating turned out to be a negative predictor and
emotional eating turned out to be a positive predictor for later
IS in overweight children only. Since we found those prospective
relations only in overweight children, who also showed the gen-
eral tendency to score higher on “food approach” behaviors, it
appears that exceeding a critical “threshold” in rather problematic

eating seems to be necessary in order to diminish the confi-
dence in detecting bodily sensations over time. More precisely,
one might interpret the prospective negative relation of external
eating and heartbeat perception in line with externality theory
(Schachter, 1968, 1971; Rodin, 1981) and thus as a developing
perceptual deficit of internal signals or a decreased internal locus
of control when eating primarily externally driven.

In contrast, it seems rather surprising that emotional overeat-
ing was a prospective positive predictor for later IS. But referring
to the psychosomatic theory (Bruch, 1964), this association could
be seen as a developing “interpretation” deficit, as according to
this theory, emotional eating primarily takes place as escape from
aversive physical sensations which are “misinterpreted” as hunger
or that is to say (over)eating is used as an appearing useful emo-
tion regulation strategy in the short term. Previous research could
repeatedly show that emotionally cued eaters can be character-
ized as having more emotional and psychological disturbances
and negative self-feelings of physical competence (e.g., Van Strien
et al., 1995; Braet et al., 1997; Macht, 2008). Equally, studies found
that particular children with obesity report decreased levels of
self-esteem, higher levels of sadness, loneliness and nervousness
compared to normal weight children (Strauss, 2000; Wardle and
Cooke, 2005; Puhl and Latner, 2007), which might be especially
crucial for the critical age of school entrance when obesity preva-
lence rates significantly increase (Yoshinaga et al., 2004; Nader
et al., 2006).

Therefore, research shows that overweight children frequently
experience negative emotional states, which might give them the
“permission” to eat and as a consequence, a higher alertness for
those frequently occurring negative conditions of the body seems
to take place over time. Another similar possible explanation for
the relation between emotional eating and higher scores on the
HBP-task in overweight children might be the fact that earlier
studies found that both IS (Eley et al., 2004, 2007; Domschke
et al., 2010) as well as emotional eating (Van Strien et al., 1995;
Goossens et al., 2009) are related to greater anxiety in adults and
children. So it might be that higher levels of emotional eating
lead to higher anxiety as the children rely on this type of cop-
ing method that provides short term relief but no effective help
and maybe increased anxiety symptoms in the long term. So, the
possible moderating or mediating role of anxiety might be worth
to consider in future studies.

Hence, according to our results and to what Bruch (1973)
postulated, it might be possible that altered sensitivity for bod-
ily signals and thus a decreased confidence in as well as deficits
in handling those signals result from already existing rather food
approach eating patterns that are a consequence of faulty learn-
ing experiences early in infancy, when caretakers do not provide
food merely to assuage hunger, but in response to all expressions
of e.g., distress or negative emotionality (Snoek et al., 2007; Van
Strien and Bazelier, 2007; Kröller et al., 2013). For the first time,
the present study suggests to give an answer about the possi-
ble direction of these relations, namely that altered perception of
body signals actually rather follows non-adaptive eating behavior
patterns in overweight children.

However, it is important to note that when considering the
positive association between emotional eating and heartbeat
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perception, it appears not to be enough to perceive interocep-
tive signals adequately, but the results suggest that the further
handling of these signals (e.g., drawing attention to them or
appraising them as negative or positive and act accordingly in
order to manage them) seems to be a separate essential process
that seems to be determined by (over)eating behavior. This is in
line with results of Herbert et al. (2013) showing that IS and the
subjective appraisal of interoceptive signals as aversive or pleas-
ant were independently associated with intuitive eating behavior.
The authors also explained their findings by stating that indi-
vidual interoception accuracy and the evaluation of these body
signals are independent processes, both related to eating accord-
ing to one’s needs and not because of emotional states or external
distractors. Hence, it seems reasonable that Pollatos et al. (2008)
and Eshkevari et al. (2014) did not find an association between
IS (measured via heartbeat perception) and IA (measured via
the corresponding EDI subscale), since even according to our
results, sensitivity toward internal bodily signals does not nec-
essarily imply a correct identification or interpretation of e.g.,
emotions or hunger and therefore a “correct” acting according
to these signals or vice versa (Mehling et al., 2009). But without
further follow-up studies on the sample used in this study this
assumption remains of speculative nature. Future investigations
could also benefit from including data on both, IS and IA, in order
to further explore this supposition and thus the question of inte-
roceptive deficits being a perceptual or rather a cognitive relevant
factor for eating and weight problems.

A good broader candidate for explaining the found diver-
gent associations of IS with external and emotional eating only
in overweight is the escape theory of eating by Heatherton and
Baumeister (1991). It incorporates elements of externality and
psychosomatic theory. Although originally postulated for binge
eaters, this theory might also apply for more general non-clinical
overeating. The authors proposed that eating is motivated by a
desire to escape from self-awareness which may be characterized
by low self-esteem together with a high self-focus resulting from
difficult (perceived) expectations and standards. Low levels of
thinking and emotional distress (anxiety and depression) occur,
which according to this theory result in a dampening of affect
and at the same time in an attention narrowing and reliance on
immediate environmental stimuli. These assumptions have been
supported by research suggesting that a state of uncontrollable
negative affects enhances the reactions of overweight persons to
external cues (Slochower et al., 1981; Slochower, 1983). So, in this
way, emotions and environment may operate conjointly to pro-
duce overeating, which relating to our results, is expressed in a
higher self-focus when eating emotionally induced and a lower
self-focus when eating externally driven. Interestingly, none of the
other “food approach” behaviors was found to be directly related
to IS, indicating that these eating styles are important character-
istics for the description of (over)eating patterns in overweight
children, but do not seem to directly affect IS.

Our study should be placed within the context of strengths and
limitations of the used design. First, we examined a large repre-
sentative sample with respect to sex and weight status distribution
of children. To our knowledge, it is the first study to longitudinally
evaluate the relationship between IS, BMI and eating behavior in

children in a well-controlled and low measurement error imply-
ing analysis. However, we used subjective parent ratings of eating
behavior through questionnaires, which might be considered as
rather uncertain or biased, while the direct measurement of eating
behavior in children could be even more illuminating in further
studies (Borrell, 2011). Besides that, although usually showing
reliable results (Wardle et al., 2001) parent report of eating behav-
ior might differ from self-report of children, which could also
interrelate with the variables of this study. It could further be
interesting to investigate sex-based differences in the relation
between IS and “food approach behavior” in overweight, since
especially girls and females were found to be prone to eat when
perceiving stress, worries and tension (Torres and Nowson, 2007;
Nguyen-Rodriguez et al., 2009). Unfortunately, the sample size
in this study was too small to reliably explore this question on
a latent basis with the set up model. Since heartbeat perception
showed only a relatively low stability in the child sample and
no longitudinal comparison to other studies is feasible, we can
only speculate about possible underlying developmental changes
during puberty. It would be interesting to further observe this
development and its relation to eating and weight disorder trends
in the time interval of adolescence when vulnerability to these
problems increases.

We conclude that, while no direct longitudinal association of
IS with body mass index seems to exist in children, only in over-
weight, external and emotional eating behavior can be predictive
for later IS, whereas no such relation can be found in normal
weight children. As intervention programs for overweight chil-
dren and adults that focus on the appreciation of and confidence
in one’s body signals as well as appetite awareness and mindful-
ness (e.g., Bacon et al., 2005; Daubenmier et al., 2011; Bloom
et al., 2013) have shown promise for the treatment of overweight
and obesity, this study gives further support of the relevance of
this topic, although showing that altered IS follows dysfunctional
behavior. So, more than this, our results underline that over-
weight and obese children should learn other coping mechanisms
than eating when faced with emotional arousal and/or external
food cues in order not to fall in a higher alertness toward negative
emotional/bodily states or in an complete attentional withdrawal
from own body signals and as an result in an orientation toward
external signals.
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The multidimensional assessment of interoceptive awareness (MAIA) is an instrument
designed to assess interoceptive awareness.The aim of this study was to adapt the original
MAIA scale to Spanish and to analyze its psychometric properties in a Chilean popula-
tion. The MAIA was administered to 470 adults, aged 18–70 years, 76.6% women and
23.4% men, residents of the provinces of Valparaíso and Concepción, Chile. Exploratory
factor analysis reduced the scale from 32 to 30 items. Confirmatory factor analysis supports
a structure of eight interrelated factors (Noticing, Not-Distracting, Not-Worrying, Attention
Regulation, Emotional Awareness, Self- Regulation, Body Listening, and Trusting), similar
to the original scale ( 2χ (371) = 659.78, p = 0.0001; CFI = 0.92,TLI = 0.91, RMSEA = 0.056
and SRMR = 0.059).The Spanish version showed appropriate indicators of construct validity
and reliability, with a Cronbach’s α of 0.90 for the total scale, and values between 0.40 and
0.86 for the different subscales. Similar to previous studies, low reliability was observed in
two of the eight scales (Not-Distracting and Not-Worrying), thus further revision of these
subscales is suggested.The Spanish version of MAIA proved to be a valid and reliable tool
to investigate interoceptive awareness in the Chilean population.

Keywords: interoceptive awareness, body awareness, multidimensional assessment of interoceptive awareness,

psychometrics properties, mind–body

INTRODUCTION
This article presents the adaptation into the Spanish language
of the multidimensional assessment of interoceptive awareness
(MAIA) self-report instrument developed by Mehling et al. (2012),
and the evaluation of its psychometric properties in the Chilean
population.

Interoceptive awareness relates to the conscious perception of
our internal state. Originally introduced by Sherrington (1906),
the term interoception has been linked to visceral sensitivity,
meaning the ability to detect the signals coming from our “inter-
nal milieu.” Recently, this term has been redefined as the sense of
the physiological condition of the body and not only the viscera
(Craig, 2002). This redefinition expands the notion of interocep-
tion, placing it as the afferent pathway of the autonomic nervous
system. Under this view, afferent signals from the various tissues
of the body, which contribute to the regulation of physiological
parameters, constitute “a basis for the subjective evaluation of
one’s condition,” in other words, the basis for interoceptive aware-
ness. The link between interoception and interoceptive awareness
opens the door to the potential mechanisms underlying the rela-
tionship between organic function of our body and our mental
and emotional experience.

The meaning of “interoceptive awareness,” however, varies
depending on the discipline and on the method used to evaluate it.
For example, a method widely used to assess interoceptive aware-
ness is cardiac monitoring. This method measures the person’s
ability to detect his or her own heartbeat. In such a case, the

internal state refers to the heartbeat signal, and interoceptive
awareness is defined as the ability to count one’s own heartbeats.
However, if we evaluate interoceptive awareness using the method
of stimulation of the gastrointestinal tract, the internal state refers
to the induced stimulation on the gastrointestinal tract and intero-
ceptive awareness is defined as the ability to detect gastrointestinal
signals. Typically, high interoceptive awareness assessed using such
methods is related to maladaptive personality traits associated
with states of anxiety and emotional liability (Schandry, 1981;
Ehlers and Breuer, 1992). It is not clear whether such methods
assess what Craig (2002) refers to with “subjective evaluation of
one’s condition, that is, how you feel.” This description seems
closer to a more global awareness of our internal state, such
as being able to identify whether we feel at ease, or distressed.
This kind of interoceptive awareness is heightened through prac-
tices, such as Yoga and Mindfulness Meditation, which develop
a particular kind of attention toward the body and toward the
person’s internal state, characterized by a receptive attitude (i.e.,
Ditto et al., 2006; Kabat-Zinn, 2008). While interoceptive aware-
ness assessed by the methods measuring cardiac or gastrointestinal
awareness focuses on perturbed physical states, awareness devel-
oped through these practices has a beneficial impact in a person’s
physical and mental health (i.e., Chow and Tsang, 2007; Davis
et al., 2007; Rosenzweig et al., 2007; Morone et al., 2008). These
differences highlight that different ways of attending to the body,
some adaptive while others not, might be grouped under the same
concept.
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The scale adapted in the present study aims to contribute in
distinguishing these different modes of interoceptive awareness to
serve as a tool for experimental interoception research, and for
assessment of mind–body therapies.

Multidimensional assessment of interoceptive awareness was
developed through a systematic mixed-methods process involving
reviewing the current literature, specifying a multidimensional
conceptual framework, evaluating prior instruments, develop-
ing items, and analyzing focus group responses to scale items
by instructors and patients of body awareness-enhancing thera-
pies (Mehling et al., 2012). It was refined by cognitive interviews,
and items were field-tested in students and instructors of mind–
body approaches. Field test data were submitted to an iterative
process using multiple validation methods, including exploratory
cluster and confirmatory factor analyses, comparison between
known groups, and correlations with established measures of
related constructs (Mehling et al., 2012). The resulting 32-item
multidimensional instrument is composed of eight subscales: (1)
Noticing: the awareness of uncomfortable, comfortable, and neu-
tral body sensations; (2) Not-Distracting: the tendency to ignore
or distract oneself from sensations of pain or discomfort; (3)
Not-Worrying: emotional distress or worry with sensations of
pain or discomfort; (4) Attention Regulation: the ability to sus-
tain and control attention to body sensation; (5) Emotional
Awareness: the awareness of the connection between body sen-
sations and emotional states; (6) Self-Regulation: the ability
to regulate psychological distress by attention to body sensa-
tions; (7) Body Listening: actively listening to the body for
insight and (8) Trusting: experiencing one’s body as safe and
trustworthy.

Multidimensional assessment of interoceptive awareness’s con-
vergent and divergent validity was tested using different published
measures of constructs related to body awareness. Aspects of
mindful attention and body awareness were assessed with the
Five Factor Mindfulness Questionnaire (FFMQ), the Private Body
Consciousness Subscale (PBCS) of the Body Consciousness Ques-
tionnaire and the Body Responsiveness Questionnaire (BRQ).
Aspects of anxiety as a state or trait, or as distress in response
to bodily symptoms or pain, were assessed with the physical con-
cern subscale (ASI-PC) of the Anxiety Sensitivity Index (ASI),
the Pain Catastrophizing Scale (PCS) and the State-Trait Anxiety
Inventory (STAI), which assessed convergent validity of the MAIA
Not-Worrying subscale.

Multidimensional assessment of interoceptive awareness has
been translated into nine languages. To our knowledge, the only
adaptation to date that has published the assessment of its psycho-
metric properties is the German version. Bornemann et al. (2014)
analyzed whether the factor structure of the English MAIA would
replicate in the German version. The exploratory factor analy-
sis (EFA) showed that the German version has eight factors that
group items in the same manner as the English version, with the
exception of item 19 that loaded Emotional Awareness and Body
Listening equally.

This article presents the translation and adaptation proce-
dure of the MAIA tool to a Spanish version, and the eval-
uation of its psychometric properties applied to a Chilean
population.

METHODS
PARTICIPANTS
The sample consisted of 470 participants, aged between 18
and 70 years (M = 30.52, SD = 10.60), from the provinces
of Valparaíso and Concepción, Chile. 76.6% were female and
23.4% male with no statistically significant differences in age
(t(207.479) = 0.567, p = 0.572). The sample included undergradu-
ate students (n = 205; 43.6%), graduate students (n = 98; 20.9%),
university professionals from different areas (n = 142; 30.2%) and
people with secondary or lower level of education (n = 25; 5.3%).

INSTRUMENT
The MAIA is a self-administered instrument developed by Mehling
et al. (2012) to measure eight dimensions of interoceptive body
awareness. It has a total of 32 items tested on a Likert scale, with
six levels of ordinal response coded from 0 (never) to 5 (always),
generating a total direct score on a scale that ranges from 0 to
160 points. The number of items and reliability established by
Cronbach’s alpha (α), vary among the subscales: noticing (four
items, α = 0.69), Not-Distracting (three items, α = 0.66), Not-
Worrying (three items, α = 0.67), Attention Regulation (seven
items, α =0.87), Emotional Awareness (five items, α = 0.82), Self-
Regulation (four items, α = 0.83), Body Listening (three items,
α = 0.82) and Trusting (three items, α = 0.79). The Spanish ver-
sion of the scale preserved the extension, format and dimensional
structure of the original version.

PROCEDURE
The Institutional Bioethics Committee of the University of
Valparaíso (Chile) approved the study. Three stages were con-
ducted for the translation and adaptation of the questionnaire:
translation, cognitive interviews and survey.

Spanish translation
The translation was based on the original English version of MAIA.
Before carrying out the translation, agreement was obtained from
the first author of the scale [Wolf Mehling (W.M.)]. A forward–
backward translation was performed comprising the following
steps:

• Three independent forward translations were made: two by
bilingual Spanish native translators who didn’t know the con-
struct and one by a bilingual Spanish native person who was
familiar with the construct.

• The three versions were compared and, after consensus
between the two translators and the project manager, a single
document was drafted.

• An English native bilingual translator, who was not famil-
iar with the construct, performed the back-translation into
English.

• Divergences between the back-translation and the original
English version were identified and discussed with the first
author of the original scale. For the items where cross-language
agreement could not be reached, Spanish sentences were
reworded.

Cognitive interviews
The cognitive interviews sample included thirteen people aged
21 to 72 (M = 42.8; SD = 15.6), with education level
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from high school to graduate school. Five persons were “body
awareness-experienced.” Two persons had chronic pain. The
sample was primarily female (n = 10).

Interviewees were asked to complete the MAIA and note next
to each item whether they had any doubts or comments. On com-
pleting the survey, they filled a Participants Information Form
and a cognitive interview was conducted. One half of partici-
pants were asked in-depth questions for all items while the other
half were asked in-depth questions where they had noted con-
cerns, or that had been identified as potentially conflicting by our
research team. Interviews began with “Did this item make sense
to you?” followed by “can you elaborate?” For the items identi-
fied as potentially conflicting, specific questions were elaborated.
Results from the cognitive interviews were discussed with the first
author of the scale, and changes were made when considered
appropriate.

Survey
The scale was self-administered using a web platform with the
exception of 90 undergraduate students who completed a paper
survey. In both modalities (web-survey and paper), participants
were explained the purpose of the study, were informed that they
would not be compensated for their participation, that they were
free to respond and that by agreeing to answer the scale they were
giving their informed consent to participate in the study. In the
web version this information was presented before the scale. In
addition, it was explained that the research manager could be
reached by email to respond to any questions concerning the
study.

A participants information form was used to collect the demo-
graphic characteristics of participants (age, gender, educational
level, presence of chronic pain, treatment, medication, and level
of practice in five different body–mind techniques). This was fol-
lowed by the Spanish version of the MAIA, after which there were
two additional questions assessing whether participants had any
problems with any of the scale items.

A pre-test with 12 subjects was conducted for the web-survey
to verify comprehensiveness, ease of use of the web interface, and
that data were correctly recorded, stored, and able to be exported.
The mean duration of the survey was about 9 min, which was
judged acceptable. The web platform used was Surveygizmo.

DATA ANALYSIS
Missing values were imputed using the Markov Chain Monte Carlo
(MCMC) method. From the total of 470 responses per item, there
were 1–7 missing values in 28 items.

To evaluate the factorial structure of the scale, a cross-validation
procedure was implemented where the total sample (n = 470) was
randomly divided in two subsamples: a training sample (n = 220,
46.8%) and a validation sample (n = 250, 53.2%). The training
sample was used to carry out an EFA to identify the factor struc-
ture of the MAIA. Estimation of the factors was performed by
factoring the Pearson correlation matrix by the maximum like-
lihood (ML) method with an oblique Promax rotation. Parallel
analysis (PA), the goodness of fit index (GFI) and the root mean
square error of approximation (RMSEA) were used to select the
factors. The validation sample was used to perform confirmatory

factor analysis (CFA), testing the factorial structure obtained with
the EFA.

Factor loadings with a minimum value in the range of ±0.30
were considered as building criteria for the EFA model (Hair et al.,
2010). In the CFA, a good fit for a model was considered when the
chi-square statistic (χ2) was not significant, the root mean square
error of approximation (RMSEA) <0.08 and comparative fit index
(CFI), GFI index and non-normed fit index (NNFI or TLI) > 0.95
(Hu and Bentler, 1999; Kline, 2011; West et al., 2012).

Cronbach’s alpha coefficient was used to establish the reliability
of the scale and subscales. To examine associations between items
and relationship between subscales, the Pearson correlation matrix
was used.

Statistical analyses were performed using IBM SPSS Statistics
20 (IBM Corp.), IBM SPSS AMOS 18 (IBM Corp.) and FACTOR
9.30 (Lorenzo-Seva and Ferrando, 2006) programs.

RESULTS
TRANSLATION AND COGNITIVE INTERVIEWS
From the cognitive debriefing interviews we identified four main
conflicting issues. These were discussed with the first author of the
original scale (W.M.)

• Twelve out of thirty two items are formulated using “Puedo. . .”
(I can. . .). This formulation appeared ambiguous to sev-
eral interviewees since they didn’t know whether they should
respond what they potentially could do, or what they actually
do. This remark, more than a translation issue, was intentional
in the design of the original scale. After discussion with W.M.,
we decided to leave the original formulation.

• The reverse item 5 was formulated using negation, which con-
fused several interviewees. Mehling et al. (2013) also reported
problems with item 5 and suggested: “. . .this item may have to
be dropped or reworded in any future studies.” Consulting with
W.M., we reformulated item 5, removing the negation: instead
of “I do not notice (I ignore) physical tension or discomfort until
they become more severe,” the Spanish version was “Noto la ten-
sión física o el malestar solamente cuando se vuelve muy severo”
[I notice physical tension or discomfort only when they become
very severe].

• The reverse item 6 in the original English version (I distract
myself from sensations of discomfort) was formulated using an
affirmation. However, in Spanish, the formulation “me dis-
traigo”was considered an active voluntary attitude that differed
from the connotation in English. We translated this item using
a negation: “No me doy cuenta de las sensaciones de malestar”
[I don’t notice sensations of discomfort]. Some interviewees
expressed confusion regarding this formulation. However, the
negation was maintained following discussion with W.M.

• Some participants described certain items as lacking in context
to situate an affirmation. For instance, some interviewees didn’t
understand item 15 (I can refocus my attention from thinking to
sensing my body), or found it awkward, arguing that it depends
on the context whether they would do that. Following review
with W.M, we considered that this was a general issue of the
MAIA depending on the participant’s familiarity with mind–
body practices. Thus, we decided not to change the item.
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• Although generally participants did not have problems with
item 7 (When I feel pain or discomfort, I try to power through it),
through the interviews we realized that the term “sobrepasar”
used to translate “to power through it” was ambiguous. When
asked what do they do to “sobrepasar” there was a variety of
responses, and each participant attributed a different meaning
to the word. After discussing with the first author of the original
scale, we changed this item to: “Cuando siento dolor o malestar
intento ignorarlo y continuar con lo que estaba haciendo” [When
I feel pain or discomfort, I try to ignore it and to carry on with
what I was doing].

SURVEY
The assessment of assumptions necessary for the use of factor anal-
ysis showed a Kaiser–Meyer–Olkin (KMO) sampling adequacy of
0.884, and a significant Bartlett test of sphericity (χ2 = 3416.8;
p < 0.001). This supports factor analysis as an appropriate model
for analyzing the data. Since the items of the scale had an ordi-
nal polyatomic response, assumption of a multivariate normal
distribution is not met. Assessment of skewness and kurto-
sis showed that most values were in the range −1 and 1 (see
Table 1). There were seven items that exceeded this criterion,
but remained in the range −1.5–1.5: only Item 2 was outside
this range. This allows inferring an approximation of each item
to a Normal distribution (Lloret-Segura et al., 2014). Such statis-
tics, coupled with the property that each item has six response
levels, enables the use of the ML method to estimate the model
parameters. This method has demonstrated robustness when the
assumption of multivariate normality fails, and when there is
an approximately normal univariate distribution (Forero et al.,
2009).

Using the training sample (n = 220) successive factorial solu-
tions were obtained using ordinary least squares (OLS) and ML
method combined with the oblique rotations Direct Oblimin,
Promin, and Promax. Factor solutions with six, seven, and eight
factors were analyzed.

Results of the six-factor solutions generate a single factor for
items 5, 6, 7, 8, and 9, but showed several factor loadings lower
than 0.30. Items from 19 to 28 formed a single factor with fac-
tor loadings higher than 0.60. Solutions based on seven factors
tended to differentiate two factors amongst items 5, 6, 7, 8, and
9. Items from 19 to 28 remained as a single factor, with fac-
tor loadings higher than 0.60 Among solutions based on eight
factors, a model was found with loadings greater than or equal
to 0.30, where seven of the eight factors comprised three or
more items. The eight factors model achieved the greatest qual-
ity and was used to perform the CFA. As an analytic strategy, we
used the ML method with normalized Promax rotation calcu-
lated with FACTOR 9.30. The factor structure matrix is shown in
Table 2.

The commonalities reproduced by the rotated factor solu-
tion ranged between.36 and.93, where the eight extracted factors
explained 67.2% of the total variance. The factorial structure had
low factor loading in items 8 (0.29) and 9 (0.27), which does not
allow specifying the Not-Worrying subscale. The remaining factor
loadings were above.40, considered significant for a sample size of
200 (Hair et al., 2010).

Table 1 | Univariate descriptives statistics for the items (n = 220).

Item Mean Confidence

interval (95%)

Variance Skewness Kurtosis

Item 1 3.841 3.62 4.06 1.652 −1.146 0.853

Item 2 4.182 3.99 4.38 1.267 −1.669 2.762

Item 3 3.336 3.09 3.58 2.032 −0.674 −0.310

Item 4 3.782 3.54 4.02 1.971 −1.112 0.381

Item 5 2.400 2.15 2.65 2.104 0.061 −0.925

Item 6 3.277 2.96 3.59 3.282 −0.658 −1.022

Item 7 2.205 1.94 2.47 2.399 0.400 −0.806

Item 8 2.809 2.54 3.08 2.445 −0.318 −0.913

Item 9 2.136 1.87 2.40 2.336 0.252 −0.927

Item 10 2.045 1.78 2.31 2.352 0.257 −1.024

Item 11 2.850 2.59 3.11 2.328 −0.239 −0.936

Item 12 3.232 2.98 3.48 2.105 −0.544 −0.624

Item 13 3.077 2.81 3.35 2.444 −0.552 −0.760

Item 14 3.245 3.00 3.49 2.076 −0.628 −0.483

Item 15 3.345 3.12 3.57 1.653 −0.498 −0.269

Item 16 2.777 2.54 3.01 1.855 −0.068 −0.676

Item 17 3.127 2.89 3.36 1.820 −0.512 −0.336

Item 18 3.627 3.39 3.87 1.907 −0.974 0.199

Item 19 3.827 3.60 4.05 1.716 −1.238 0.970

Item 20 4.027 3.82 4.23 1.399 −1.294 1.053

Item 21 3.991 3.77 4.22 1.682 −1.390 1.278

Item 22 4.086 3.89 4.28 1.306 −1.308 1.218

Item 23 2.764 2.51 3.02 2.153 −0.305 −0.689

Item 24 2.655 2.41 2.90 2.008 −0.172 −0.730

Item 25 3.323 3.07 3.58 2.164 −0.690 −0.375

Item 26 2.841 2.58 3.10 2.252 −0.310 −0.912

Item 27 2.886 2.62 3.15 2.319 −0.304 −0.854

Item 28 2.355 2.09 2.62 2.392 0.074 −0.993

Item 29 2.400 2.14 2.66 2.240 −0.076 −0.942

Item 30 3.150 2.89 3.41 2.300 −0.405 −0.811

Item 31 3.200 2.94 3.46 2.269 −0.496 −0.701

Item 32 3.645 3.42 3.88 1.774 −0.987 0.318

Considering the results of the EFA, items 4 and 8 were removed
from the analysis since they did not contribute to the factor where
they theoretically belong. Thus, the rotated factorial matrix was
established for the instrument with 30 items (see Table 3).

Similar to the original scale, a structure of eight factors
produced the best fit, however, item 9 achieved a factor load-
ing of 0.23, considered insignificant for the sample size (Hair
et al., 2010). Higher factor loadings for item 9 were achieved when
the sample size increased: it was thus maintained to preserve the
Not-Worrying subscale. The factor loadings of the other scale
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Table 3 | Items, communality and exploratory factor analysis (EFA) loadings Spanish version of MAIA.

Noticing FL C Emotional Awareness FL C

1 Cuando estoy tenso(a) noto dónde se ubica la

tensión en mi cuerpo.

0.73 0.77 18 Noto cómo mi cuerpo cambia cuando estoy

enojado(a).

0.58 0.75

2 Me doy cuenta cuando me siento incómodo(a) en

mi cuerpo.

0.66 0.80 19 Cuando algo anda mal en mi vida puedo sentirlo

en mi cuerpo.

0.51 0.71

3 Cuando estoy cómodo(a) lo noto en partes

específicas de mi cuerpo.

0.46 0.60 20 Noto que mi cuerpo se siente diferente después

de una experiencia apacible.

0.75 0.76

Not-Distracting

21 Noto que puedo respirar libre y fácilmente

cuando me siento cómodo(a).

0.78 0.73

5 Noto la tensión física o el malestar solamente

cuando se vuelve muy severo.

0.53 0.66
22 Noto cómo mi cuerpo cambia cuando me siento

contento(a)/feliz.

0.82 0.89

6 No me doy cuenta de las sensaciones de malestar. 0.43 0.39 Self-Regulation

23 Cuando me siento sobrepasado(a) puedo

encontrar un lugar tranquilo dentro de mi.

0.62 0.78
7 Cuando siento dolor o malestar intento ignorarlo y

continuar con lo que estaba haciendo.

0.43 0.51

Not-Worrying

24 Cuando dirijo la atención hacia mi cuerpo siento

calma.

0.80 0.86

9 Si siento algún malestar me empieza a preocupar

que algo no ande bien.

0.23 0.45
25 Puedo utilizar mi respiración para reducir la

tensión.

0.81 0.99

10 Puedo sentir alguna sensación física desagradable

sin preocuparme por ella.

0.48 0.60
26 Cuando estoy atrapado(a) en mis pensamientos

puedo calmar mi mente concentrándome en mi

cuerpo/respiración.

0.85 0.85

Attention Regulation Body Listening

11 Puedo prestar atención a mi respiración sin ser

distraído(a) por lo que pasa a mi alrededor.

0.69 0.71 27 Estoy a la escucha de la información que envía

mi cuerpo sobre mi estado emocional.

0.77 0.95

12 Puedo tener conciencia de mis sensaciones

corporales internas aun cuando hay muchas cosas

sucediendo a mi alrededor.

0.69 0.81 28 Cuando estoy alterado(a), me tomo el tiempo

para explorar cómo se siente mi cuerpo.

0.79 0.83

13 Cuando estoy conversando con alguien puedo

prestarle atención a mi postura.

0.62 0.66

14 Puedo volver a concentrarme en mi cuerpo si

estoy distraído(a).

0.79 0.86

15 Puedo re-dirigir mi atención desde mis

pensamientos a mis sensaciones corporales.

0.66 0.65

16 Puedo prestar atención a todo mi cuerpo incluso

cuando una parte de mi siente dolor o malestar.

0.71 0.73

17 Soy capaz de concentrarme conscientemente en

mi cuerpo de manera global.

0.77 0.78

29 Escucho a mi cuerpo para saber qué hacer. 0.70 0.73

Trusting

30 En mi cuerpo, estoy en casa. 0.80 0.90

31 Siento que mi cuerpo es un lugar seguro. 0.97 0.95

32 Confío en mis sensaciones corporales. 0.68 0.78

Method for factor extraction: ML, Maximum Likelihood; Method the rotation: Normalized Promax. FL, Factor loading; C, Communality.

items varied from.43 to.97, which were considered satisfactory.
The goodness of fit statistics of the model were χ2

(223) = 327.337
(p < 0.001), a CFI = 0.96, a GFI = 0.99, a TLI = 0.93 and a
RMSEA = 0.046.

The observed χ2 value leads us to reject the hypothesis of an
exact fit of the model. Considering that this statistic has the ten-
dency to reject models when working with samples moderate to
large in size (West et al., 2012), and the satisfactory values for the
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other indices, the results indicate a good fit for the eight factors
model.

The reliability of the total scale based on the 30 items is 0.90
(Cronbach’s alpha based on standardized elements = 0.91, with
reliability coefficients that vary between 0.40 and 0.86).

The subscale–subscale correlations analysis indicates higher
associations between Self Regulation and Body Listening
(r = 0.681, p < 0.01) and between Attention Regulation and Body
Listening (r = 0.654, p < 0.01). The Not-Distracting subscale
correlates poorly with Trusting (r = 0.189, p < 0.01) and demon-
strates an inverse correlation with Not-Worrying (r = −0.133,
p < 0.05). Not-Worrying does not show significant correlations
with the other subscales. The item-scale correlations belonging
to the subscales Not-Worrying and Not-Distracting have scores
between −0.078 and 0.107. This indicates that these items do not
differentiate people with high and low scores on the total scale.
Correlations and reliability values for each subscale are presented
in Table 4.

The second step of the analysis consisted in using the validation
sample to perform CFA of the eight factors model. Through the
CFA four models were built. Model 1 had eight correlated factors
with factors loadings in the range of 0.35 and 0.96. Not all factors
were significant. Model 2 included the covariance between the
errors of the items 1–2, 1–3, 12–15, 13–14, 18–19, and 25–26. Item
6 was removed due to its low factorial load. This model yielded
factor loadings between 0.40 and 0.97, all statistically significant
(p < 0.001). This model had better indicators of goodness of fit
than model 1. Model 3 preserved the covariance that had been

incorporated in model 2 but eliminated the covariance between
the factors Not-Worrying and Trusting; Not-Worrying and Atten-
tion Regulation; and Not-Worrying and Emotional Awareness.
The indicators of goodness of fit did not significantly improve
in this model. Finally, Model 4 removed the Not-Distracting fac-
tor: after removal of the covariance between this factor and other
factors of the scale, the items of Not-Distracting resulted insignif-
icant. The indicators of goodness of fit did not improve in this
model. Goodness of fit statistics of the four models are presented
in Table 5.

The various models achieved through CFA present goodness
of fit statistics similar to those of the original scale (Mehling et al.,
2012). Model 2 presents significant factor loadings for the eight
factors and the best goodness of fit statistics, therefore it was
accepted as the model that best fits the data (see Figure 1).

DISCUSSION
The aim of this study was to translate and adapt the MAIA into
the Sapanish language, and to assess its psychometric properties
in a Spanish speaking population. The Spanish tool was tested in a
sample of 470 participants aged between 18 and 70 years, from the
provinces of Valparaíso and Concepción, Chile. The adaptation
was developed using a forward–backward translation, preserving
the extension, format and the dimensional structure of the origi-
nal scale. The cognitive interviews indicate comprehensiveness in
most items. We identified difficulties in comprehension for items
5, 6, 7, and 15. Item 5 was reworded in order to avoid negation.
Item 7 was reworded in order to better match the original meaning.

Table 4 | Pearson product-moment correlations among the eight MAIA scales and Cronbach’s alpha.

1 2 3 4 5 6 7 8

1. Noticing 0.637

2. Not-Distracting 0.040 0.487

3. Not-Worrying −0.010 −0.133* 0.402

4. Attention Regulation 0.474** 0.090 0.018 0.861

5. Emotional Awareness 0.480** −0.056 −0.096 0.436** 0.817

6. Self-Regulation 0.285** 0.099 0.010 0.576 0.409 0.851

7. Body Listening 0.399** 0.113 −0.031 0.654** 0.437** 0.681** 0.832

8. Trusting 0.294** 0.189** −0.021 0.519** 0.330** 0.577** 0.547** 0.855

Cronbach’s alpha on the diagonal.
*p < 0.05, **p < 0.01 (bilateral).

Table 5 | Confirmatory factor analyses model fit indices.

S-B χ2 df p CFI TLI RMSEA (IC 90%) SRMR

Model 1 754.545 377 0.0001 0.894 0.878 0.063 (0.057–0.070) 0.060

Model 2 659.778 371 0.0001 0.919 0.905 0.056 (0.049–0.063) 0.059

Model 3 658.721 375 0.0001 0.908 0.905 0.056 (0.054–0.065) 0.059

Model 4 744.200 347 0.0001 0.919 0.908 0.060 (0.053–0.068) 0.072

This fit-index was estimated with AMOS-18.
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FIGURE 1 | Structural model of adaptation to Spanish of multidimensional assessment of interoceptive awareness (MAIA). Path diagram model 2,
standardized estimates.

The EFA favored a model with a factorial structure of eight
dimensions with low factorial loading for items 8 and 9. Items
4 and 8 were removed because they did not contribute to the
factors that they theoretically belong to. A new rotated factorial
matrix was established for the 30-item scale. This matrix showed
a factorial structure of eight dimensions, similar to the original
instrument, but with minor loading for item 9. We observed
higher factorial loadings for item 9 as the sample size increased,
we therefore decided to keep this item to preserve the dimension
Not-Worrying.

The low contribution of item 4 (Noto cambios en mi respiración
tales como cuando se hace más lenta o más rápida, [I notice changes
in my breathing. such as whether it slows down or speeds up.]) to the
subscale Noticing might be due to the order of this item following
three items that refer explicitly to the experience of noticing a
particular sensation in the body. The content of item 4 could be
interpreted as relating to a “function” of the body rather than to
the body itself.

The low contribution of item 8 (Cuando siento dolor físico me
enojo, [When I feel physical pain. I become upset]) to the subscale
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Not-Worrying might be due to a translation issue. The word
“upset” was translated as “enojo”: this word refers to the emo-
tion anger and not to worry, which is what the subscale assesses. It
is challenging to convey the meaning of ‘upset’ as used in English
in the Spanish language.

Five of the eight scales showed alphas above 0.8, which indicate
a good internal consistency. The reliability of the subscales Notic-
ing (0.637), Not-Distracting (0.487) and Not-Worrying (0.402) is
questionable. The reliability of the subscale Noticing was lower
than found by Mehling et al., 2012 (0.69), Mehling et al., 2013
(0.74) and Bornemann et al., 2014 (0.76). Removing item 4 and
reducing the subscale Noticing to three items might have weak-
ened its reliability. Reliability usually increases when the number
of items in the scale is increased (Cohen and Swerdlik, 2006). Low
reliability of the subscale Not-Distracting might be due to: (a) the
formulation using negation of item 6; (b) the small number of
items in this subscale; and (c) the underlying construct. Accord-
ing to Mehling et al. (2012), the Not-Distracting subscale assesses
the tendency not to use distraction to cope with discomfort, or
not to ignore nor power through unpleasant sensations: these, in
theory, are related to higher body awareness. In other words, this
subscale assesses the ability to acknowledge, observe and attend
unpleasant sensations. However, formulating this construct in its
reverse form might lead to confusion; under certain circumstances
I prefer to ignore a given sensation does not necessarily mean I
am unable to acknowledge it and to be aware of it. It is unclear if
“Cuando siento dolor o malestar intento ignorarlo y continuar con lo
que estaba haciendo” [When I feel pain or discomfort, I try to ignore
it and to carry on with what I was doing] means I do not acknowl-
edge the sensation. It might simply mean that even if I acknowledge
it, it doesn’t paralyze me and I can carry on with what I was doing.
This subscale also presented low consistency in the English (0.66
in Mehling et al., 2012; 0.48 in Mehling et al., 2013) and German
versions (0.56 in Bornemann et al., 2014), which might indicate
that the underlying construct needs revision. The other possibil-
ity is that this subscale appears clearer to a particular sub-group,
such as experts of body–mind practices. The results of the studies
mentioned prior also support this possibility.

The low number of items (two), one with very low loading,
likely explains the low consistency observed in the Not-Worrying
subscale. Others have also observed low consistency here (0.67
in Mehling et al., 2012; 0.58 in Mehling et al., 2013; and 0.65 in
Bornemann et al., 2014).

Subscale–subscale correlations analysis showed moderately
high correlations between Body Listening and all the other sub-
scales except Not-Worrying and Not-Distracting. These two
subscales showed no correlation or low correlation with all other
subscales. Mehling et al. (2013) report similar findings, indicat-
ing high association between Body Listening and Self-Regulation,
and Body Listening and Emotional Awareness, as well as a lack of
correlation of Not-Distracting and Not-Worrying with the other
subscales.

The CFA supported a factorial structure of eight dimensions
with goodness of fit statistics similar to the original scale.

One limitation of the present study is the small sample size and
the relative lack of its representativeness biased by sex and educa-
tional level. The small sample size affects the conformation of the

factorial structure and hinders the goodness of fit of the model,
which has factorial loadings close to 0.40, at the limit for samples
of around 200 participants (Hair et al., 2010; Lloret-Segura et al.,
2014). This effect is particularly noticeable in item 9, where the
load factor improved when larger samples sizes were modeled in
the EFA.

While the translation and adaptation of the instrument was
conducted considering various international guidelines, such as
those outlined by Muñiz et al. (2013), it is suggested to con-
tinue the linguistic adjustment, particularly for items 6 and 8,
which mainly affect the Not-Distracting and the Not-Worrying
subscales: the reverse structure of these might pose added diffi-
culty for respondents (Hartley, 2013). These factors have less than
the minimum three items and thus threaten the dimension assess-
ment (Long, 1983; Bollen, 1989; Abad et al., 2011), affecting the
reliability of the subscales. In several solutions, these items did
not reach sufficient statistical significance to load for a factor. This
resulted in overlapping of the dimensions in some solutions, while
grouping others into a single factor, hence, not discriminating
satisfactorily.

We recommend reconsidering the order of the items in the scale.
In the MAIA items are grouped by subscales and not randomly
distributed as in Likert scales. Ordering items randomly prevents
the establishment of a pattern of automatic responses. This also
applies for reverse items, which were grouped within two subscales
(Not-Distracting and Not-worrying), rather than being randomly
distributed.

Regarding the questionable behavior of the Not-Distracting
and Not-Worrying subscales, and that difficulties in these scales
have been reported in other studies, we suggest revising these
items. One solution could be to include items that better assess
the construct measured by these factors, for example reverse items
in their affirmative forms. Further, adding items in these subscales
to include a minimum of four per factor might aid to promote the
internal consistency of the scale, and its reliability.

Future development of the MAIA in the Chilean popula-
tion should explore and provide evidence for convergent and
divergent validity. Further studies with clinical and non-clinical
populations, or samples with specific characteristics, are required
to explore the differential performance of the items. Finally,
applying item response theory (IRT) to model individual subject
responses for a given ability may further enhance research efforts
in this population. These developments would facilitate the future
use of the scale in a professional context, beyond the research
setting.

CONCLUSION
The Spanish version of the MAIA showed satisfactory psychome-
tric properties. An eight-factor model was built from the EFA,
similar to the original scale. CFA confirmed the eight correlated
factors model (Model 2). This model shows satisfactory good-
ness of fit statistics: χ2

(371) = 659.78, p = 0.0001; CFI = 0.92,
TLI = 0.91 and RMSEA = 0.056 (IC 90%: 0.049–0.063). Alto-
gether, these indices support the adequacy of the eight-factor
model, with a goodness of fit similar to the original scale.

Regarding the subscales Not-Worrying and Not-Distracting,
the low value of their reliability coefficients, the covariance

www.frontiersin.org February 2015 | Volume 6 | Article 120 | 315

http://www.frontiersin.org/
http://www.frontiersin.org/Consciousness_Research/archive


Valenzuela-Moguillansky and Reyes-Reyes Psychometric properties of MAIA in Chilean population

between the errors for some items and the low factor loadings
suggest a revision of these is warranted.

To conclude, the present study shows that the Spanish adap-
tation of MAIA is an appropriate tool to assess interoceptive
awareness in the Chilean population. This favors the use of this tool
for research purposes, and provides the possibility to study vari-
ables associated with psychological well-being, physical well-being
and other interventions in the field of human health.

ACKNOWLEDGMENTS
This work was supported by CONICYT (Comisión Nacional de
Investigación Científica y Tecnológica) – PAI (concurso nacional
de apoyo al retorno de investigadores desde el extranjero)- FOLIO
82130040.

REFERENCES
Abad, F. J., Olea, J., Ponsoda, V., and García, C. (2011). Medición en Ciencias Sociales

y de la Salud. Madrid: Editorial Síntesis.
Bollen, K. A. (1989). Structural Equations with Latent Varibles. New York, NY: Wiley.

doi: 10.1002/9781118619179
Bornemann, B., Herbert, B. M., Mehling, W. E., and Singer, T. (2014). Differential

changes in self-reported aspects of interoceptive awareness through three months
of contemplative training. Front. Psychol. 5:1504. doi: 10.3389/fpsyg.2014.
01504

Chow, Y. W. Y., and Tsang, H. W. H. (2007). Biopsychosocial effects of qigong as a
mindful exercise for people with anxiety disorders: a speculative review. J. Altern.
Complement. Med. 13, 831–839. doi: 10.1089/acm.2007.7166

Cohen, R. J., and Swerdlik, M. E. (2006). Pruebas y Evaluación Psicológicas.
Introducción a las Pruebas y a la Medición, 6th Edn. México: McGraw Hill.

Craig, A. D. (2002). How do you feel? Interoception: the sense of the physiological
condition of the body. Nat. Rev. Neurosci. 3, 655–666. doi: 10.1038/nrn894

Davis, L. W., Strasburger, A. M., and Brown, L. F. (2007). Mindfulness: an inter-
vention for anxiety in schizophrenia. J. Psychosoc. Nurs. Ment. Health Serv. 45,
23–29.

Ditto, B., Eclache, M., and Goldman, N. (2006). Short-term autonomic and car-
diovascular effects of mindfulness body scan meditation. Ann. Behav. Med. 32,
227–234. doi: 10.1207/s15324796abm3203-9

Ehlers, A., and Breuer, P. (1992). Increased cardiac awareness in panic disorder.
J. Abnorm. Psychol. 101, 371–382. doi: 10.1037/0021-843X.101.3.371

Forero, C. G., Maydeu-Olivares, A., and Gallardo-Pujol, D. (2009). Factor anal-
ysis with ordinal indicators: a monte carlo study comparing DWLS and ULS
estimation. Struct. Equ. Modeling 16, 625–641. doi: 10.1080/10705510903203573

Hair, J. F., Black, W. C., Babin, B. J., and Anderson, R. E. (2010). Multivariate Data
Analysis, 7th Edn. Wilmington, DE: Pearson Prentice Hall.

Hartley, J. (2013). Some thoughts on Likert-type scales. Int. J. Clin. Health Psychol.
13, 83–86.

Hu, L., and Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance structure
analysis: conventional criteria versus new alternatives. Struct. Equ. Modeling 6,
1–55. doi: 10.1080/10705519909540118

Kabat-Zinn, J. (2008). Full Catastrophe Living: Using the Wisdom of Your Body and
Mind to Face Stress, Pain, and Illness. 15th Edn. New York, NY: Random House.

Kline, R. B. (2011). Principles and Practice of Structural Equation Modeling, 3rd Edn.
New York, NY: Guilford Press.

Lloret-Segura, S., Ferreres-Traver, A., Hernández-Baeza, A., and Tomás-Marco, I.
(2014). El análisis factorial exploratorio de los ítems: una guía práctica, revisada
y actualizada. Anal. Psicol. 30, 1151–1169. doi: 10.6018/analesps.30.3.199361

Long, J. S. (1983). Confirmatory Factor Analysis. Newbury Park, CA: Sage.
Lorenzo-Seva, U., and Ferrando, P. J. (2006). FACTOR: a computer program to fit

the exploratory factor analysis model. Behav. Res. Methods Instrum. Comput. 38,
88–91. doi: 10.3758/BF03192753

Mehling, W. E., Daubenmier, J., Price, C. J., Acree, M., Bartmess, E., and Stewart,
A. L. (2013). Self-reported interoceptive awareness in primary care patients with
past or current low back pain. J. Pain Res. 6, 403–418. doi: 10.2147/JPR.S42418

Mehling, W. E., Price, C., Daubenmier, J. J., Acree, M., Bartmess, E., and Stewart, A.
(2012). The multidimensional assessment of interoceptive awareness (MAIA).
PLoS ONE 7:e48230. doi: 10.1371/journal.pone.0048230

Morone, N. E., Greco, C. M., and Weiner, D. K. (2008). Mindfulness meditation for
the treatment of chronic low back pain in older adults: a randomized controlled
pilot study. Pain 134, 310–319. doi: 10.1016/j.pain.2007.04.038

Muñiz, J., Elosua, P., and Hambleton, R. (2013). Directrices para la traduc-
ción y adaptación de los test: segunda edición. Psicothema 25, 151–157. doi:
10.7334/psicothema2013.24

Rosenzweig, S., Reibel, D. K., Greeson, J. M., Edman, J. S., Jasser, S. A., McMearty,
K. D., et al. (2007). Mindfulness-based stress reduction is associated with
improved glycemic control in type 2 diabetes mellitus: a pilot study. Altern. Ther.
Health Med. 13, 36–38.

Schandry, R. (1981). Heart beat perception and emotional experience. Psychophysi-
ology 18, 483–488. doi: 10.1111/j.1469-8986.1981.tb02486.x

Sherrington, C. S. (1906). The Integrative Action of the Nervous System. New York:
C Scribner’s sons.

West, S. G., Taylor, A. B., and Wu, W. (2012). “Model fit and model selection in
structural equation modeling,” in Handbook of Structural Equation Modeling, ed.
R.H. Hoyle (New York, NY: Guilford Press), 209–231.

Conflict of Interest Statement: The authors declare that the research was conducted
in the absence of any commercial or financial relationships that could be construed
as a potential conflict of interest.

Received: 31 December 2014; accepted: 22 January 2015; published online: 11 February
2015.
Citation: Valenzuela-Moguillansky C and Reyes-Reyes A (2015) Psychometric proper-
ties of the multidimensional assessment of interoceptive awareness (MAIA) in a Chilean
population. Front. Psychol. 6:120. doi: 10.3389/fpsyg.2015.00120
This article was submitted to Consciousness Research, a section of the journal Frontiers
in Psychology.
Copyright © 2015 Valenzuela-Moguillansky and Reyes-Reyes. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, pro-
vided the original author(s) or licensor are credited and that the original publication in
this journal is cited, in accordance with accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these terms.

Frontiers in Psychology | Consciousness Research February 2015 | Volume 6 | Article 120 | 316

http://dx.doi.org/10.3389/fpsyg.2015.00120
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Consciousness_Research/
http://www.frontiersin.org/Consciousness_Research/archive


http://www.frontiersin.org/

	Cover
	Frontiers Copyright Statement
	Interoception, Contemplative Practice, and Health
	Table of Contents
	Editorial: Interoception, Contemplative Practice, and Health
	Author Contributions
	Acknowledgments
	References

	Interoception, contemplative practice, and health
	Introduction
	Introducing Interoception
	Interoception and Well-Being
	Motivation for the Present Paper

	Interoception in Psychology, Neuroscience, and Contemplative Traditions
	Toward a Science of Interoception
	Integrating Contemplative Insights
	Integration Challenges
	Regulation through Simulation
	The Predictive Coding Model of Interoception

	Interoception in Health, Disease, and Well-Being
	Presence and Agency
	Interoceptive Training in Clinical Practice
	Clinical Examples in Patients with PTSD or Chronic Pain

	Contemplative Practices for Revitalizing Interoception: The Example of Mindfulness
	Enhanced Sensitivity
	Enhanced Non-Reactivity
	Enhanced Regulation
	Enhanced Insight
	Enhanced Presence and Agency
	Increased Positive Experiences
	Embodied Effects
	A Caveat on the Primacy of Interoceptive Processing

	The Road Ahead
	Other Elements of Traditional Contemplative Approaches to Interoception
	Future Research Directions
	Concluding Remarks

	Acknowledgments
	References

	On the Origin of Interoception
	Introduction
	Scope of Relevance
	Interoceptive Conditioning
	Pain and Interoception

	Communicating on Interoception

	History Of A Concept
	Etymology
	Semantic Evolution

	Aspects Of Interoception
	Exogenous versus Endogenous Origins
	Visceroceptor, Visceroceptive, Visceroception – A Reference to Efferent Innervation
	The Dictionary Definition
	Definition as Based on Efferent Innervation
	Definition as Based on "Typical" Sensory Properties
	Implications
	Overview of "Visceroceptor, Visceroceptive, Visceroception – A Reference to Efferent Innervation"

	The Homeostatic Afferent Pathways and Early CNS Processing of Homeostasis
	Interoception as Integrated Percept

	Conclusion
	Author Contributions
	References

	Interoception and stress
	Introduction
	Structure of this Review
	Physiological Stress Axes
	The Ascending and the Descending Branch of the Brain{protect --}Body Axis

	Method
	Results
	Terminology and Definition
	Methodology to Assess Interoception
	Interoceptive Sensibility
	Interoceptive Accuracy
	Psychophysiological Methods

	Synthesis of Findings on Interoception and Stress
	Chronic Stress and Dysregulation of Physiological Stress Axes (Path a)
	Acute Stress and Interoception (Path b)
	Laboratory Stress Tests
	Interoceptive Accuracy Assessed with Heartbeat Perception Tasks
	Psychophysiological Indicators of Interoceptive Signal Processing

	The Sympatho-Adreno-Medullary Axis and Interoception
	The HPA Axis and Interoception
	Dysregulation of Physiological Stress Axes and Interoception (Path c)
	Interoception and the Generation of Physical Symptoms (Path d)
	Physical Symptoms and Stress (Path e)

	Neuroendocrine Pathways
	Psychobiological Mechanisms Involved in Interoception and Stress
	Anxiety and Interoception
	Attention and Interoception
	The Role of Interoceptive Signal Processing in Stress Effects on Memory and Learning
	Intuitive Decision Making

	Integration and Outlook
	Author Contributions
	Acknowledgments
	References

	Cross-cultural differences in somatic awareness and interoceptive accuracy: a review of the literature and directions for future research
	Part 1: cross-cultural differences in somatic awareness and interoceptive accuracy
	Part 2: explaining cross-cultural variation in somatic awareness and interoceptive accuracy
	Part 3: cultural practices and interoception
	Part 4: culture, interoception, and psychopathology
	Conclusion
	References

	Addendum: Cross-cultural differences in somatic awareness and interoceptive accuracy: a review of the literature and directions for future research
	Author Contributions
	Acknowledgments
	References

	Neural activity during interoceptive awareness and its associations with alexithymia—An fMRI study in major depressive disorder and non-psychiatric controls
	Introduction
	Methods
	Participants
	Psychometric Measures
	fMRI Paradigm
	MRI Data Acquisition and Pre-Processing
	Higher-Level Statistical Analyses (Regression, MANOVA, Group Comparisons)

	Results
	Comparing Patients Suffering from Major Depressive Disorder (MDD, n = 16) to Non-Psychiatric Controls (NC, n = 30) (fig1Figure 1) and Determination of NC Subgroups
	Group Comparisons between NC with High-Alexithymic Traits (NC-highDD, n = 14), Low-Alexithymic Traits (NC-lowDD, n = 16) and MDD (n = 16) (fig2Figure 2)

	Discussion
	sACC: Decreased Neural Activity in Response to IA in High-Alexithymic Controls and Major Depressive Disorder
	Insula: Increased Neural Activity in Response to IA in High-alexithymic Controls, but Aberrant in Major Depressive Disorder
	Limitations

	Conclusions
	Author Contributions
	Acknowledgments
	Supplementary Material
	References

	Brain mechanisms of short-term habituation and sensitization toward dyspnea
	Introduction
	Materials and Methods
	Participants
	Induction of Dyspnea and Measurement of Respiratory Parameters
	fMRI Data Acquisition
	Experimental Protocol
	Data Analysis

	Results
	Ratings
	Personality Traits
	Respiratory Parameters
	fMRI

	Discussion
	Author Contributions
	Acknowledgments
	Supplementary Material
	References

	Emotional Experience and Awareness of Self: Functional MRI Studies of Depersonalization Disorder
	Introduction
	Participants and Methods
	Experimental Procedure and Data Analysis
	fMRI Hardware and Data Acquisition

	Results
	Behavioral Data
	Skin Conductance Response (SCR) Data
	Group Comparisons: All Controls (n = 25) vs. DPD Patients at Time 1 (n = 14)
	Group Comparisons: DPD Patients at Time 2, Improvers (n = 5) vs. Non-improvers (n = 5)

	Functional MRI Data
	Group Data: Controls (n = 25)
	Group Data: DPD Patients, Time 1 (n = 14)
	Group Data: DPD Patients at Time 2, Improvers (n = 5)
	Group Data: DPD Patients at Time 2, Non-improvers (n = 5)
	Group Comparisons: Controls (n = 25) vs. all DPD Patients at Time 1 (n = 14)
	Group Comparisons: DPD Patients at Time 2, Improvers (n = 5) vs. Non-improvers (n = 5)
	Comparison Between Improvers at Time 1 and Time 2


	Discussion
	Author Contributions
	Funding
	References

	Attenuated sensitivity to the emotions of others by insular lesion
	Introduction
	Materials and Methods
	Cases
	Case A
	Case B
	Case C

	Age Matched Healthy Control
	Materials and Procedures
	Heartbeat Perception Task
	The Time Estimation Task
	Emotional Sensitivity Task


	Results
	Emotional Sensitivity Task
	The Heartbeat Perception Task

	Discussion
	Acknowledgments
	References

	Differential changes in self-reported aspects of interoceptive awareness through 3 months of contemplative training
	Introduction
	Materials and methods
	Ethics
	Samples
	Samples for questionnaire validation
	Samples in the intervention study

	Construction and validation of the german maia
	Translation
	Assessment of psychometric properties

	Training study
	Training group
	Retest control group

	Post-training questionnaire

	Results
	Psychometric properties and validation
	Longitudinal training-related changes in maia
	Dependency of training effect on practice duration and practice appreciation

	Discussion
	Limitations

	Conclusion
	Acknowledgments
	Supplementary material
	References

	Effects of Mindfulness-Based Cognitive Therapy on Body Awareness in Patients with Chronic Pain and Comorbid Depression
	Introduction
	Methods
	Participants
	Measures
	Multidimensional Assessment of Interoceptive Awareness (MAIA)
	Pain Catastrophizing Scale (PCS)
	Quick Inventory of Depressive Symptomatology—Clinician Rated (QIDS-C16)

	Procedure
	Intervention
	Statistical Analyses

	Results
	Participant Characteristics
	Scale Properties
	Effects of MBCT on Body Awareness
	Body Awareness As Mediator

	Discussion
	Self-Regulation
	Emotional Awareness
	Not Distracting
	Noticing and Attention Regulation
	Pain Catastrophizing
	Limitations

	Conclusion
	Author Contributions
	Acknowledgments
	References

	The effect of meditation on regulation of internal body states
	Introduction
	Methods
	Participants
	Tasks
	Infusion Protocol
	Infusion Delivery
	Procedure
	Psychophysiological Measures
	Data Analysis

	Results
	Participants
	Mean Heart Rate Change
	Mean Heart Rate
	Epoch 1
	Epoch 2
	Epoch 3

	Highest and Lowest Heart Rates
	Automated Heart Rate and Blood Pressure
	Automated Heart Rate
	Systolic Blood Pressure
	Diastolic Blood Pressure

	Individual Heart Rates
	Subjective Experience
	Post Analysis
	Vipassana vs. Healthy Comparison
	Kundalini vs. healthy Comparison
	Kundalini vs. Vipassana

	Discussion
	Support
	Acknowledgments
	References

	Psychophysiology of duration estimation in experienced mindfulness meditators and matched controls
	Introduction
	Materials and Methods
	Design
	Participants
	Instruments
	Heart Beat Perception Task
	Freiburg Mindfulness Inventory (FMI)
	The Attention Network Test (ANT)
	Divided Attention
	Visual and Auditory Duration Reproduction

	Physiological Recordings
	Data Reduction and Statistical Analysis

	Results
	Study Sample
	Heart Beat Perception Scores
	Attentional Capacities
	Duration Reproduction Tasks
	Psychophysiological Changes in Duration Reproduction Tasks
	Cardiac Periods
	Skin Conductance Levels
	Slopes of Cardiac Periods during the Encoding Intervals of the Auditory and Visual Reproduction Tasks
	Slopes of Skin Conductance Levels during the Encoding Intervals of the Auditory and Visual Reproduction Tasks

	Correlational Analyses
	Attentional Capacities
	Heart Beat Perception Scores
	Reproduced Duration and Duration Reproduction Accuracy


	Discussion
	Acknowledgments
	Supplementary Material
	References

	Heartfelt empathy? No association between interoceptive awareness, questionnaire measures of empathy, reading the mind in the eyes task or the director task
	Introduction
	Experiment 1
	Method
	Participants
	Procedure
	Interoceptive Awareness (IA)
	The Interpersonal Reactivity Index

	Results
	Discussion of Experiment 1

	Experiment 2
	Method
	Participants
	Procedure
	Questionnaire of Cognitive and Affective Empathy

	Results
	Discussion of Experiment 2

	Experiment 3
	Method
	Participants
	Procedure
	‘Reading the Mind in the Eyes’ Task

	Results
	Discussion of Experiment 3

	Experiment 4
	Method
	Participants
	Procedure
	The ‘Director Task’

	Results
	Discussion of Experiment 4

	General Discussion
	Acknowledgments
	References

	Investigating the relationship between interoceptive accuracy, interoceptive awareness, and emotional susceptibility
	Introduction
	Materials and Methods
	Participants
	Instruments and Procedures
	Italian Translation of the MAIA
	Emotional Susceptibility Scale
	Heartbeat Perception Task
	General Procedure

	Data Analysis

	Results
	Psychometric Properties and Factorial Structure of the Italian MAIA
	Heartbeat Perception Task
	Inter-constructs Relationships

	Discussion
	Acknowledgments
	References

	The relationships between interoception and alexithymic trait. The Self-Awareness Questionnaire in healthy subjects
	Introduction
	Materials and Methods
	Participants
	Materials and Methods
	Statistical Analysis

	Results
	Discussion
	References
	Appendix

	Interoceptive fear learning to mild breathlessness as a laboratory model for unexpected panic attacks
	Introduction
	Materials and Methods
	Participants
	Stimuli and Apparatus
	Stimuli
	Breathing Apparatus
	Skin Conductance
	Startle Eyeblink Response
	US Expectancy Dial
	Post-Experimental Contingency Assessment
	Software

	Procedure
	Response Definition, Scoring, and Statistical Analysis

	Results
	Pre-Exposure
	US-Expectancy
	Startle Eyeblink EMG
	Respiratory Rate
	Tidal Volume (VT)
	Skin Conductance Response

	Replication of Pappens et al. (2013)
	US-Expectancy
	Startle Eyeblink EMG
	Respiratory Rate
	Tidal Volume (VT)
	Skin Conductance Response

	Analysis on Subgroup of `Unaware' Participants
	US Expectancy
	Startle Eyeblink EMG
	Respiratory Rate
	Tidal Volume (VT)
	Skin Conductance Response


	Discussion
	Acknowledgments
	References

	Respiratory sensory gating measured by respiratory-related evoked potentials in generalized anxiety disorder
	Introduction
	Materials and Methods
	Participants
	Experimental Procedure
	Data Analyses

	Results
	Discussion
	Acknowledgments
	References

	When interoception helps to overcome negative feelings caused by social exclusion
	Introduction
	Social Exclusion and Health
	Emotion Regulation and Interoception
	Social Exclusion and Interoception
	Interoceptive Sensitivity—Measurement
	Aim of the Studies

	Materials and Methods—Study 1
	Procedure

	Study 2—Materials and Methods
	Procedure
	Data analyses

	Results
	Study 1
	Study 2
	ERQ Emotion Regulation and IS


	Discussion
	Acknowledgments
	References

	Somatic experiencing: using interoception and proprioception as core elements of trauma therapy
	Introduction
	Case History
	Definitions and Terminology
	Autonomic Nervous System
	The ``Core Response Network'' (CRN)
	Cortical Areas Involved in SE
	Stress
	Trauma
	PTSD

	Discussion of these Concepts in Relation to the Case Study
	The Sessions
	1st Session, 1st Half
	Discussion

	1st Session, 2nd Half
	Discussion

	2nd Session (Partial)
	Discussion

	3rd Session (Partial)
	Discussion

	4th Session (Partial)
	Discussion


	Somatic Experiencing: Defining the System
	Other ``Bodymind'' Systems

	Summary
	Acknowledgments
	References

	Corrigendum: Somatic Experiencing: using interoception and proprioception as core elements of trauma therapy
	Introduction
	Descriptions of SE
	SE as a Trauma Intervention in Natural Disasters
	SE in Military Resilience Training
	SE and Gestalt Therapy for Back Pain
	Neuroscience Models Relevant to SE
	Physiological Measurement in SE
	Summary
	Acknowledgments
	References

	 Embodied cognitive flexibility and neuroplasticity following Quadrato Motor Training
	Introduction
	Creativity, Training, and Health

	Study A
	Methods
	Participants and Design
	Training Groups
	Quadrato Motor Training
	Simple Motor Training
	Verbal Training

	The Alternate Uses (AUs) Task

	Statistical Analysis
	Results

	Study B
	Methods
	Participants and Design
	MRI Data
	MRI Scans
	Image Analysis


	Statistical Analysis
	Results
	Alternate Uses Task
	Brain Anatomy Results


	Discussion
	QMT Improves Divergent Thinking Creativity
	QMT as a Mindful Practice
	Structural Changes Following QMT
	Creativity and the Motor System

	Supplementary Material
	References

	Interoception and symptom reporting: disentangling accuracy and bias
	Introduction
	Materials and Methods
	Participants
	Instruments
	Protocol
	Data Analysis

	Results
	Accuracy of Classification
	Misclassifications and Response Bias
	Individual Slopes Analysis
	Correlations between Bias and Accuracy

	Discussion
	Conclusion
	Author Contributions
	Supplementary Material
	References

	Interaction of physical activity and interoception in children
	Introduction
	Materials and Methods
	Participants
	Performance Task for Physical Fitness
	Measurement of Daily Physical Activity
	Heartbeat Perception Task
	Body Mass Index
	Statistical Analyses

	Results
	Sample Descriptives
	Interoceptive Sensitivity as Assessed by Heartbeat Perception
	Physical Fitness
	Relationship Between IS and Physical Fitness
	Daily Physical Activity
	Relationship Between IS and Daily Physical Activity

	Discussion
	Acknowledgments
	References

	Interoceptive sensitivity, body weight and eating behavior in children: a prospective study
	Introduction
	Materials and Methods
	Study Design, Participants and Procedure
	Heartbeat Perception Task
	Demographic Measure
	Body Mass Index and Weight Status
	Eating Behavior Questionnaire Data
	Data Analyses

	Results
	Descriptives and Correlations
	Group Differences Between Overweight and Normal Weight Children
	Heartbeat Perception and Body Mass Index
	Measurement Model of Eating Behavior
	Heartbeat Perception and Eating Behavior

	Discussion
	Author Contributions
	Acknowledgments
	References

	Psychometric properties of the multidimensional assessment of interoceptive awareness (maia) in a chilean population
	Introduction
	Methods
	Participants
	Instrument
	Procedure
	Spanish translation
	Cognitive interviews
	Survey

	Data analysis

	Results
	Translation and cognitive interviews
	Survey

	Discussion
	Conclusion
	Acknowledgments
	References

	Back Cover



