STATE ANXIETY MODULATES THE LINK BETWEEN NEURAL PROCESSING OF ﬁDrexe]
HEARTBEATS AND SPONTANEOUS FLUCTUATIONS IN SUBJECTIVE AROUSAL

David Braun*', Lotus Shareef-Trudeau', Swetha Rao’, Christine Chesebrough?, Julia W. Y. Kam?3, Aaron Kucyi* IEP) National Institutes of Health

UNIVERSITY

' Department of Psychological and Brain Sciences > Northwell Health Feinstein Institutes for Medical Research * Department of Psychology
Drexel University, Philadelphia, PA Northwell Health, Manhasset, NY University of Calgary, Calgary, Alberta *Contact: dave.braun@drexel.edu

HO.W are sub!eotlve qual!tles of ongoing experience relafced Subjective arousal was inversely related to HEP, a pattern that was amplified for those higher in state anxiety
to interoceptive processing of heartbeats and state anxiety?

Interoception is neural processing of bodily signals W h . b - If) S b . I . . d .

and can be measured using the heartbeat evoked potential (HEP), Sub’ective ow activated of Completely activated at I S S u J eCt IVe a rO u S a o u J eCt IVe a ro u S a I I nte roce pt I O n [ a n a n X I ety

which involves averaging neural electrophysiological signals time-locked J energized were you

to features of the electrocardiogram (ECG)." arousal feeling?

o o Compltey deactivaec Subjective arousal is highly variable across people Lower subjective arousal is associated with greater HEP

Subjective arousal is an inner sense of energy

or activation, often measured through self report, and is distinct from Completely future oriented I B WW — P - - ---TT-T-TT-TTsTssTsTs T T T T ]

physiological arousal, which is often measured using Future Were your thoughts Y= 0 %_ | N\ - ~<—1

cardiophysiological measures such as heart rate and heart rate variability. thinking oriented towards the I g0 ‘ 5 WW \_./ 0.0 \ I e \,\//\ [
future? Qo ‘ g = \f\ | p=0.016 [

. . Not future oriented O 2 /OWW“\\/\*M = p- [
Interoceptive processing of heartbeats and + S S -0.4 \_:// :
subjective arousal spontaneously fluctuate at rest oot tentonsl o - S NN e A S SV é | !

i s _ : 0.8 . : — High Arousal |
2?:;{5; :rr:::;zciiz \L:arr:/ bjsed on s.pontaneous fluctuations in self- or Deliberate o it artional were ‘ \4 W N | St.atlstlcal analysis High Arouse !

ghts,® but the link between HEP and spontaneous thinkin your thoughts? 0 50 100 0 10 20 30 40 50 % I window I
fluctuations in subjective arousal is unclear. 9 ' - Su bjective arousal Trial 1.2 L e e e e e e e e e e e e e e —— -
e Each distribution reflects an example participant. Each timeseries reflects an example participant. 0.00 0.25 0.45 0.65
How HEP interacts with subjective arousal has Time (s) relative to heartbeat
implications for anxiety Seff-related compiesy shodtyes Subjective arousal is largely unrelated to physiological arousal
Anxiety involves dysregulated interoception, such as heightened or cif-reiate Were your thoughts . —_~
inconsistent sensitivity to bodily signals.* thinking about yourself? Time-on-task Heart rate variability Heart rate T BFyui=4.664 \>§ 0.5
Nothing about you I I ‘\'> - TU ~
How anxiety influences spontaneous fluctuations in v ——— SRR =— P —— P S 00 D
subjective arousal and HEP is unclear. Extremely difficult S = —— == z . g
Given associations between (i) anxiety and HEP® and (ii) anxiety and Difficulty How easy was it to L:J — — —— % D? 05
b | t thinking,® the int ti deroinni f . . disengage from your I yu e T — L '
:Ukr:.orm.a spontaneous |.n ing,® the interocep {ve un erplnnlng.so Disen gaging P = . 3 . . % &
jective arousal fluctuations could prove crucial to understanding P al = = — o T
anXiety. — E _—.__:E_ =——> ﬁ 0e+00 = bbb ssssiss 1.0 "
-1 0 T -1 0 T -1 0 1 Low ~ High High Arousal ~ Low Arousal SHALA 4 LAhA
Within-participant correlation with subjective arousal Arousal median split Arousal median split N K Time: 0.328 Time: 0.364
Subjective arousal is related to several other aspects of ongoing experience Subjective arousal is more associated with HEP for those high in state anxiety
o o o o o Future thinking Deliberate thinking Self-related thinking Difficulty Disengaging = GAD (trait) STAI-S (state) Low STAI-S High STAI-S
Participants let their mind wander and occasionally reported ' : : : T2 . S 05
0 <.001 — 0 <.001 = 0 <.001 —— 0 <.001 —_— > = A /\/\ A\ || A B Avadioe
o o o T | BFAIt=12078 —i= BF Alt = 477 —— - BF Alf = 35 — £ 903 r(50) = 0.21, p = 0.135 r(29)=0.4, p = 0.027 = 0.0 [ SA AW N [V A W
the nature of their experience while we recorded EEG & ECG s — =—— = E— g Z08 - . T e || N | N
= H< 04 ° c \ sl '
e &]EE :? : 'g | | ,H/f /»J/~
o T + 0.0|; s * ¢ . g 1 '
, , 3 00 02 04 0.6 00 0.2 04 0.6
. . — ! . O s oo ° ° . .
r(j How aC(’;Iva’[ed or Thought probes I ] "~ 0 A 0 T 5 1 S 0t 10 15 30 %0 30 40 &0 Time (s) relative to heartbeat
energized were you (13 items) Within-participant correlation with subjective arousal Survey Score ~ High Arousal  Low Arousal

inq?
x50 feeling’ Until response or W < > MN/\W
e E— :
timeout (12 s)
Completely Completely Cluster-based

negative positive permutation test

“Let your mind | ,'
. Low arousal High arousal
wander freely.

15-45s

Average heartbeat
o M\/Nw evoked potential in
N = 51 participants one pre-probe

Increased subjective arousal may suppress interoceptive processing of heartbeats, which may be adaptive during state anxiety

epoch. Probe onset
btai I rati . . . . . . . References
(obtain arousal rating) The nature of subjective arousal Increased subjective arousal may This suppression may be adaptive 1. Park & Blanke (2019). Neurolmage, 197, 502-511.
o . . . o 2.Sabat et al. (2025). Proceedings of the National Academy of Sciences, 122(6),
‘/ L T suppress processing bodily signals during states of anxiety 21380819
L Suppression ' : : : .

between subjective and . . : o . T . 3.Babo-Rebelo et al. (2016). Philosophical Transactions of the Royal Society B:

m S p———— How activated are Higher HEP during lower Processing bodily signals during: Suppressed heartbeat Anxious / Biological Sciences, 371(1708), 20160004

n suggest the need to you feeling? subjective arpusal may reflect prisesslile I ewdepced by 4.Khalsa & Lapidus (2016). Frontiers in Psychiatry, 7.
measure both when .downregu!atlon Of H|gh arousal redyced.HEP amp“tUde J' 5.Roos et al. (2021) Educational PsyChOlogy Review, 33(2), 579-618.
studying arousal. Low High interoception during during high arousal for y, 6. Kucyi et al. (2023). Nature Mental Health, 1(11), 827-840.

- high-arousal states. anxious individuals. 7.Ruby et al. (2013). PLOS ONE, 8(10), e77554.

_ _thinki i i i i Calm
” A » N Self- and future-thinking ~ Physiological vs. Subjective i ls-aen e aEies Ty Calls int N Acknowledgements

n el D EEREEL Elve) k) A | facilitate greater interoception Low arousal o A 4

be supported by high rousa a5 with meditation ’ ow arousd processing heartbeats during / This work was supported by the National Institute of Mental Health of
-10 -01 065 0 arousal. ' anxiety is generally . 4 the National Institutes of Health under award numbers R21MH129630
' Time (s) dysregulated® or adaptive. and R21MH127384 (to Aaron Kucyi).
@
HEEES




