WORKSHOP 1: ASSESSMENT
What interoceptive assessments are most relevant for mental
health?(2 responses)
The broad types breakdown is sensibility and awareness. But awareness can be further broken down into
online monitoring and offline knowledge.
Type of assessments are dependent on the disorder in question. When studying autism for example, the
question is about how much interoceptive awareness exists at all. With eating disorder we may want to
look at how interoceptive awareness impacts intervention outcomes. It seems like breathing and pain are
common modalities to study in lots of disorders, but things like taste and alexithymia are more important
in eating disorders.
The assessment of mind-body disconnect is important. We want to look at the difference in the patients
perception of their own interoceptive ability versus their actual ability. This may be a root cause of anxiety
and other disorders. In general we want to look at the neurological pathways that go with psychological
presentation of interoceptove processes.
Many people are afraid to port old assessments in to study a new disorder. The old assessments may not
be relevant to a new disorder so there are no results in the study. Conversely, there may be results that
are over general, so interventions based on studies of ultimately unrelated assessments don't work.
An evaluation of energy production at the cellular level. How are the mechanisms that drive an anxiety
response (e.g. to low blood sugar, epinephrine, high CO2) affected by energy production? One may look
at excessive production of glutamate and GABA to begin to better understand the feedback loops that
may be at play.
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How can current interoceptive paradigms provide novel insights for
mental health?(6 responses)
Interoception can be used to preemptively identify those that are susceptible to disorders. Starting in
eating disorders but needs expanding. Or it could be used to inform the best treatment option. Using mid
insula activation to inform treatment
They can help in specifying patient groups but they need to be more specific when it comes to specific
deficit under study
• Problem: How interoceptive awareness can impact well being, how can we cultivate it to promote health
and well being, to identify mechanisms and then target them in mental health
- What are the novel paradigms?
o Would need to assess what is the relationship between the sensory experience and their understanding
of this bodily sensation.
o We need a set of perturbation methods. Do so in a controlled fashion that is not hurtful to the subject,
that we can bring them to clinical practice
♣ E.g., Interesting devices:
• noninvasive vagal nerve stimulation
♣ E.g., Glucose tolerance test, safe cheap, easy to administer, meaningful
• Strength of it that it shows you how the system gets rid of glucose and then you see how the system is
functioning
♣ A test that somehow interrogates the system so that you can say, this person functional wiring is or is
not is not functioning within the right set of parameters. There is value in setting computation models
(Bayesian) to intrinsically answer how the system actually works, so that it can be tested with such a
paradigm o What is in our ballpark actually
♣ Cardiac interoception
♣ Gastric interoception
♣ Respiratory interoception
• Breathing load manipulation
o Subjective response shows aversiveness
o But difficulty is the subjective to objective measurement. Modest relationship
We need to assess interoception within a broader context- at varying organ system levels, at varying
developmental levels, within a disorder specific context, and in directing goal oriented behavior.
EMA could be used to assess interoceptive awareness.
It is important to first define which system you are studying. Then, one must define the perturbation that
modulates the system.
-Two oppositional approaches: reductionistic vs constructionistic
Looking at multiple levels (at least more than one) is important for mental health
- Pathological associations with different levels and symptoms (are panic disorder patients only different
with perceiveing heartbeat sensations, or does it occur across levels? )
Does conscious awareness of lower processes matter, and why should it matter? For regulatory
purposes, to control the system?
- If awareness matters, is it the awareness itself, or what we subsequently do with it?
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- Does awareness engender catastrophization, or resilience?
- Is awareness necessarily important for disorders? What is it you are misinterpreting? What is the correct
approach if a person reports awareness (or symptoms), but there is not evidence/signal?
- Response: The awareness/symptom report itself is a signal, regardless of what is happening in the
body. The way you respond to a symptom changes what you do (e.g., hypervigilance vs. mindful
responses), and this has an impact on your health
- Improving symptom perception in a discriminatory, non-judgmental way represents one possible
solution. But you cant do that with someone who is catastrophizing.
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What should the next generation of interoceptive assessment look
like?(8 responses)
More brain imaging could prove useful, since it’s more of an objective way of collecting data. Also, having
a website or app where potential patients can go and peruse symptoms and almost self-diagnose
themselves before actually coming to the Physician. More efficient for both the patient and physician. It
should be some kind of assessment where we can link subjective and objective aspects of interoception.
We should attempt to move completely away from self reports, but how?
1. Address the naming problem in assessments Currently we have an organ based system but perhaps
we should look at more globally impactful factors . Eg. glucose metabolism and cytokines impact all
organs.
2. Address the measurements issues such as time scale (seconds vs millisecond), rate of change, covarying measurements (heart rate and breathing), and technology to make measurements
(comprehensive high resolution body sensors, EEG, fMRI).
3. Bring in a developmental perspective such as children and geriatrics as well as individual differences,
like personality.
The next generation of assessment should broaden focus to different domains and different layers of
processing.
In regards to different domains, this would entail broadening the focus beyond cardiac interception (i.e.,
moving beyond heartbeat counting). This is important because interoception across different domains
may not correlate highly with one another and the different domains may be differentially important for
different populations (i.e., cardiac perception may not be crucial for pain patients).
In regard to different layers, the group recognized the importance of furthering and refining our
assessment of cognitive biases, interpretations, and individualized theories of their own interoceptive
responses.
The importance of developing assessments across different intensities was also recognized (i.e.,
assessing interception during exercise or other states of being rather than simply during rest). Lastly, the
importance of linking across layers (how physiological or neural responses relate to biases or
interpretations) was discussed.
Future measures of interoception should include metacognitive awareness of accuracy/sensitivity, along
with accuracy itself, as a way of generating an overall interoceptive profile for an individual. This could
provide a more useful tool for the assessment of mental health, as overconfidence in one’s own accuracy
may lead to somatic or panic-related symptoms present in anxiety disorders.
Past interoceptive assessments have largely focused on the heart, so the next generation should try to
broaden that scope. For example, we could build a battery of assessments including the bladder,
stomach, lungs, and even chemical markers like blood sugar and cytokines. We should also put a focus
on interoceptive accuracy, so that we can get a better measurement of the disconnect between reported
sensation and fact. We could also put together a framework similar to RDOC to relate integration between
different systems.
We discussed about different levels of interoceptive abnormal signals from within body, sensory
pathways, primary sensory processing and high level (metacognitive-self control) processing and then
different modalities (cardiac, gastric, etc) in interoception. We will have a matrix that should be explored in
different mental health disorders to see how different cells in this matrix can diagnose and differentiate
these disorders.
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Need to have paradigms which attenuate symptoms.
Relationship between signal and brain process. Are they tracking, is the perception associated with this
tracking, or is it the awareness of the process that matters?
Is the process the same in someone having a panic attack but thinks its an MI, versus the person who is
actually having an MI
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WORKSHOP 2: INTEGRATION
How can animal research inform (or not inform) the understanding of
human interoceptive processing?(4 responses)
Animal Models of interoception could be useful if there are reliable ways in which to measure the “feeling”
induced in the animal. You need quantifiable outcomes which are difficult to do. So, animal models can
only be useful for a mechanistic approach. You’d have to fully take it to a human model to fully understand
interoception.
- Loss of subjective measurement of interoceptive awareness in animals, as well as the behavioral
equivalent of interoceptive awareness pose a challenge for translational research,
- Ideas
o Manipulating gene expression, knockout genes, lesioning to understand its effects on the interoceptive
system
o Testing intereoception at different stimulus intensity, pushing the thresholds which may be unethical in
humans
o The effects of deprivation or chronic stress on interoceptive processes and the role this might play in
development or maintenance of mental illness
o Training animals to discriminate between high and low heart rate, followed by manipulation of conditions
to see impact on ability to discriminate
Animal models can help us differentiate between neural mechanisms versus higher cognitive processes.
However, due to large differences in neuroanatomy (and other respects), questions of how well findings
extrapolate still remain. Also questions about sense of self and how animals represent cognitively what
they're sensing.
While animal research can help to identify the specific neural processes involved in the processing of
visceral sensations, it will never be able to measure the subjective dimension of interoceptive experience.
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How can we integrate how the body talks to the brain, and how the
brain talks to the body?(8 responses)
Computational modeling to understand how the brain is integrating expectation and experience
A greater emphasis on body focused treatments. We need to help facilitate flexibility in interpretation of
body sensations.
Placebo research. Manipulate expectations. Expectations imply predictions. See how predictions interact
with evidence to create that interoceptive perception. Top-down mechanisms. Both interact to create a
person. Also, brain plasticity. Stroke victims. At first they can’t do things like recognizing speech, but then
they come back. Did brain build new neurons, or just reprogram existing ones? We have to understand
that integration process and then manipulate it in order to treat those with mental illnesses.
There are two prominent views on how we interpret the relationship between the brain and body. One is
that interoceptive input is the same as input from other sensory systems in the body such as visual
signals. The other view is that interoception is a coupled, integrated system. Which one you choose
depends on your research question.
Because there are multiple ways of analyzing interoception, we need improved measures. Ideally, we
would like to measure brain and body with the most comprehensive methods possible in addition to
developing enhanced mathematical models. We need measurements at a temporal resolution that is fast
enough to pick up on fast changes (such as vagal nerve changes and heart rate variability) in addition to
being able to catch slower response mechanisms that may occur in the body. Then, we could hopefully
map interoceptive processes on different levels. We also need to answer more basic questions first. For
example, we need to have a better understanding of the brain integrates interoceptive signals.
How do we think about metacognition or abstract representations of what’s going on with interoceptive
feeling states and signals? How is this different from other sensory modalities?
Integration of brain/body assessment should consider methods that:
(1) assess multiple domains of response (cardiac, respiratory, hormonal) simultaneously (which presents
many challenges)
(2) take into account the differences in temporal resolution across these domains and assessments (i.e.,
hemodynamic response versus cardiac versus hormonal)
(3) perturb the system(s) in a way that is generalizable to the clinic (non-invasive)
(4) are able to perturb the system repeatedly (to assess brain or behavioral responses to those
perturbations) or perturb the system in a way that there is a temporal response that can be modeled
reliably (to relate to other responses).
(5) allow for imaging of more than just the brain; for example, the brain and the heart or the brain and the
autonomic ganglia in the spinal cord.
(6) use perturbations of brain response (i.e., through stimulation or through modifying expectancies) in
addition to perturbations of physiological responses to assess for changes in the interoceptive system.
Main theme of the conference!
Neuromodulatory techniques, like fMRI neurofeedback (yay!)
First we need to know the brain network in control, to find the key node (i.e. insula). We can also look for
models of what modulates the key nodes.
Interoceptive prediction, specifically eveluate prediction vs. outcome. Check dissociation.
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Could use multidimensional recording, eg EEG and other signals all on the brain at the same time. See if
it changes to mood state.
Try DBS or TMS. DBS is hard because no good or ethical placebo. TMS is difficult to isolate target.
Learning/reteaching. Minimize the difference between anticipation and outcome.
Constantly trying to develop new treatments – do we change the brain to change the behavior or
compensate with insight. Iterative process, find out about one that informs the other.
Restructure environment to be successful. Elevate awareness and know when you can trust signals from
your body.
Sympathetic vs parasympathetic control – need basic understanding of autonomic function. Which areas
responsible for parasympathetic control.
More lesion studies and autonomic failure syndrome patient studies
One way to integrate communication between the brain and body is to model it as prediction errors in a
hierarchical system. It may be that prediction errors occurring in the periphery, which are lower in the
hierarchy are handled without conscious awareness, but errors that propagate to the top become
consciously available. Craving substances like particular foods/drugs could be modeled as prediction
error, where the memory of that substance is compared to the current absence of that substance. It’s also
worth noting that some interoceptive stimuli have hedonic/affective value associated with them (pain,
satiation), but others may not have intrinsic hedonic value.
1. Un-explored area is to study physiological difference across gender and pregnancy changes and the
changes in how the meaning of these physiological changes also changes across pregnancy. This can be
a contributor to mental health illness related to pregnancy.
2. Reassessing disturbing physical experiences with cognitive processing
1. Can you increase the gap between the experience and the response in order to avoid immediate
reactions.
2. Cue modulation, e.g. smoking that is associated with other life events. Can you change the meaning of
the cues.
3. Need to study the role of hormone effect of memory consolidation and interoceptive conditioning and
the role of internal processing to quiet internal cues, e.g. hunger in anorexic patients or autistic patients,
as a way to increase processing of external stimuli.
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How can we move beyond single system assessments of
interoceptive experience?(1 response)
How can we move beyond single system assessments of interoceptive experience? Why do we need a
single model or system to describe all aspects of the interoceptive processing? We think we need a
matrix with dimensions like localization of interoceptive abnormal signals, modality of interoceptive
signals, and level of evidences from molecular to behavioral levels. Then, we should think about
diagnostic measures and interventions for each cell in this matrix.
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WORKSHOP 3: PSYCHOPATHOLOGY
What mental health and disease processes have interoception at their
core?(6 responses)
Almost everything. Lack of interoceptive awareness could be at core of high blood pressure and other
kinds of psychiatric illnesses. More infectious diseases could still be interoceptive, since they deal with
inflammation, immune responses, etc. It’s a tough position because there’s no consensus about whether
interoception awareness is important or not.
The diminished feeling of pleasure present in anhedonia can be considered a deficit of interoceptive
experience.
Mental health and disease processes will likely have a distruption in interoception, but not necessarily at
their core. Phantom limbs provide a unique example where sensation doesn't match reality. Try inverting
the question for practice.
Autism often has hypersensitivity in exteroception and impaired sensitivity in interoception.
Discussed in our group (many more to be included): Generalized anxiety disorder, Tourette's, migraines,
chronic pain conditions, depression, panic disorder, addiction and craving, eating disorders.
The group felt that most mental health disorders (substance use, psychosis, anxiety, developmental
disorders, etc.) potentially have aspects of interception at their core, as interception may be a more
basic/primary process than others. However, the specific aspect that is core may be different for different
disorders or different individuals. It may be more helpful to think about this in RDoC framework of the role
that various interoceptive processes play. With further research, we might want to try and tease apart
whether interoceptive processes are the cause or consequence of the disorder. This would most likely
require further developmental research. Developmental research would be helpful in identifying factors
that influence interoceptive processes, such as affective touch and social connectedness, etc.
The development of an RDoC perspective would allow for more personalized medicine approaches to
treatment.
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What will diagnostic, prognostic, or treatment interoception biomarkers
look like?(4 responses)
Treatment: Has to be some sophistication with which we can measure the signal in real-time.
Biofeedback. Development. How can we change the brain if we don’t know how interoception develops
within it?
- A biomarker that separates patients along different disease dimensions; i.e., a differential diagnosis
approach rather than one where diagnosis is based on a collection of symptoms. This would allow to
separate pathological from adaptive processes
- A clinical test with corresponding potential dimensions of psychopathology
o These could be behavioral readouts, brain readouts, etc.
- We need biomarkers that relate to circuits and mechanisms involved
o For example, dopaminergic system involved in psychosis
- We also need to know where in the systems is there a breakdown
- Finally, we need to be able to track and predict changes in the body as a result of disease progression
or treatment to then know when, where, and how to intervene
- What would you do if you could record from every single neuron in the body? How would you use that
data?
o Reduce, develop a model of homeostatic regulation, how do the brain and body communicate,
then be able to perturb at different points along the system
-

Neurofeedback as a tool of perturbation and where the system is affected.

Imaging phenotypes are promising, but seem clinically impractical.
A good biomarker will be sensitive and specific. It’s one thing to show group differences, but effect sizes
in this field tend to be small, making it impossible to classify an individual as belonging to a particular
group. Since we have trouble classifying subject using individual dimensions, we may need to use a
combination of measures as a unified biomarker. This may come from a combination of interoceptive
accuracy scores in different systems, self-report scores, and physiological measurements. Additionally,
we may either measure the system at rest or during a disturbance. Wearable sensors are becoming
widely available, so we can begin to look at longer term monitoring which opens up the ability to look at
the timecourses of processes rather than a single cross sectional measurement.
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How can interoception research help develop new mental health
treatments?(5 responses)
Use of flotation tank as interoceptive exposure as part of treatment for depression. Using somatomap in
therapy as a way to communicate and internal experience.
Syndromes like fibromyalgia or IBS, that are not, at their core interoceptive disorders, may be treated by
blocking interoceptive pathways so that patients don’t feel the symptoms.
Mindfulness based stress reduction such as body scanning which helps to focus on one body part and be
aware of the body sensation without judgment.
Pain
Interoceptive exposure
CBT with and without distraction
CBT for IBS (exposure to belly symptoms)
Anticipation of pain interoception, decouple anticipation of prior from sensation (precision weighting)
Depression
Behavioral activation is like exposure to positive interoception
Malaise/somatic symptoms
Relearn memories
Interoceptive awareness could be a factor in differences, biomarker for treatment options
PTSD
Dissociation
Mindfulness yoga – positive body experiences (body presence and mindfulness)
Specific physiological symptoms
Instead of working on reducing negative mental symptoms work on increasing positive physical
EMDR
OCD: is the urge related to interoceptive awareness?
Possibly reduce interoceptive awareness
Many symptoms based on conditioning
Smart phone app
For example a pneumatic belt with bluetooth connectivity for shallow breathing training
Use interoceptive measures to augment traditional therapies through body movement and exercise,
develop instruction sets to make sports-related activities more effective at being interoceptive
experiences. We discussed whether the goal is to enhance or reduce interoception (e.g. dampen
sensation of respiration in people who experience panic attacks).
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Questions for keynote speakers
Keynote 1: Oliver Cameron (5 responses)
Would you consider taste an interoceptive sense and, if so (or if not), why (or why not)?
Rather than defining the senses by our notions of 'outside' or 'inside', can't we define them based upon
the specific neural pathways involved in their perception?
Is interoception still defined as "interoception" if the awareness of bodily processes are inaccurate (i.e.
Placebo/nocebo)?
What are some of the most important principles for thinking about similarities and differences between
perception-action loops associated with interoception, and loops associated with exteroception?

Keynote 2: Hugo Critchley (4 responses)
Does the 3 dimensional model distinguish between being over and under confident in self-perceived
calibration estimates?
How do you explain the fact that barorecepor stimulation increases fearful face detection while it also
decreases pain intensity? Is baroreceptor stimulation good for pain but bad for anxiety?
Are there similar heart rate systole facilitation effects for angry faces or sexual stimuli?
Many recent neuroimaging papers featuring a cardiac interoception paradigm have highlighted the activity
of not just insular cortex, but also supplementary motor aream (also see recent meta-analysis in PTRSB).
What role do you think the SMA plays in interoceptive attention/awareness?

Keynote 3: Ralph Adolphs(1 response)
Should we expect clean distinctions for what is and is not an emotion? Is hunger an emotion, a feeling, or
both? Is hunger emotional with respect to the motivational and body modification aspects, and a feeling
with respect to the sensory and awareness consequences of it? But to what extent can these emotional
and feeling aspects be separated? Is the situation analagous to the way that perception and action
become blurred at high levels of abstraction?
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Questions for workshop panelists
Workshop 1: Assessment (4 responses)
From Dr. Pollatos' talk, what evidence is there that TMS can modulate interoception? Please say more.
I am a developmental psychologist. My question for the panel is, do you believe that there are periods
during the lifespan when interoception becomes more or less relevant to individuals? For example, during
adolescence when changes in the physical body become incredibly salient, would you expect scores on
assessments of interoception to be different than during early adulthood when bodily functioning remains
relatively stable? What other periods of life would you expect scores of interoception to vary?
Can we hear more about precision weighting and mindfully attending to pain?
How do we understand the role of avoidance in anxiety disorders? for example PA patients feel their body
strongly, but they avoid that sensations

Workshop 2: Integration (1 response)
Is 4462 breathing more effective than other breathing methods for increasing vagal tone?

Workshop 3: Psychopathology (0 responses)
Workshop 4: Roadmap (1 response)
Yogi Berra said, "if you don't know where you are going, you'll end up somewhere else." Can we
formulate a timeline of priorities and goals?
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