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Brain – body interactions



The senses 
Exteroception 

Proprioception 

Interoception refers to the process by which the nervous system senses, 
interprets, and integrates signals originating from within the body, providing a 
moment-by-moment mapping of the body’s internal landscape across conscious 
and unconscious levels (Khalsa et al., 2018)

Interoception



Quadt, Critchley & Garfinkel 2018 
Annals New York Academy of Sciences
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Schandry 1981 

Katkin et al., 1983 / Whitehead et 
al., 1977  



Interoceptive accuracy: emotion 



Terasawa et al., 2012, SCAN

Neural substrate: Insula

Critchley et al., 2004, Nature Neuroscience

Zaki et al., 2012, Neuroimage



Autism Spectrum Condition (ASC)
• Comorbid Anxiety (23-60%). 
• Altered insula reactivity and 

connectivity 

Ebisch et al., (2011)

left posterior 
insula as a seed

Neurodevelopmental condition 
displaying alterations in emotion 
recognition in self and other. 

#ActuallyAutistic



Autism and interoception
Interoceptive 

accuracy
Interoceptive self-

report

Interoceptive accuracy in children 
and adolescents aged 6-18 

Palser et al., 2018

Garfinkel et al., 2016 Garfinkel et al., 2016

Control                       ASC 

Interoceptive error - anxiety



Training protocol 

Feedback

Baseline

(Schandry 1981)

Accuracy

Autonomic 
control

Regulation



Interoceptive training
Heartbeat discriminationHeartbeat tracking
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Clinical Trial: Autism (N=120)

Interoceptive training    

Exteroceptive training 

𝚫 Anxiety 

𝚫 Anxiety

𝚫 Emotion

𝚫 Emotion



Results Teaser

Sussex Neuroscience Day ** Neurovisceral mechanisms across 
the spectrum ** @LisaQuadt
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Results Teaser

Sussex Neuroscience Day ** Neurovisceral mechanisms across 
the spectrum ** @LisaQuadt
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Results Teaser

Sussex Neuroscience Day ** Neurovisceral mechanisms across 
the spectrum ** @LisaQuadt

-0.5 0.0 0.5 1.0 1.5 2.0

-20

-10

0

Tracking Accuracy Change score (Final-Baseline)Tr
ai

t A
nx

ie
ty

 C
ha

ng
e 

sc
or

e 
(F

in
al

-B
as

el
in

e)



-0 .2 0 .2 0 .4 0 .6 0 .8

-1 0

-5

5

1 0

D  In te ro c e p tiv e  a c c u ra c y  (F -B )

D
 A

le
x

it
h

y
m

ia
 (

D
D

F
) 

(F
-B

)
[r=-0.47, p=0.009] 

[r=-0.31, p=0.11] 

[t(29)=2.42, p=0.022] [t(29)=1.19, p=0.25] [t(32)=-5.26, p<0.001]

As the inner channel gets clearer, 
the outer channel gets more quiet        

Reduction of sensory 
overload

When I notice the impacts of anxiety on 
my body I am more aware of them and am 

able to reassure myself that it is just a 
physical reaction. I am better at taking 

deep breaths and trying to slow my 
breathing and heart rate down, rather 

than letting it spiral. 

Not worrying and enhanced 
regulation

I believe it has increased my awareness 
of hunger and as a result I remember to 
eat/drink/go to the toilet

Generalized bodily awareness



Conclusions

• Interoception is  the  sensing of internal bodily 
sensations 

• Interoception can influence emotion and 
interoceptive error is related to anxiety

• Interoceptive accuracy is reduced in some autistic 
individuals 

• Interoceptive training: new treatment for anxiety
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