Heart Rate Variability as an Autonomic Indicator of Response Delay due to
Intention Holding

Yen-Hsuan Hsu?, Chia-Ying Weng?!, Bo-Cheng Hsu!

!Department of Psychology, National Chung Cheng University, Chiayi County,
Taiwan

Synopsis

The study examined the association between performance slowing due to intention-holding and
autonomic activity. Participants engaged in a cognitive task while simultaneously holding an
intention, during which heart rate variability was measured. The intention-related slowing was
guantified by residualizing reaction time against a baseline condition. Results showed that
greater slowing was associated with older age and additionally with lower task-related RMSSD,
and that there was a significant interaction between age and task-related RMSSD. The findings
indicate that lower vagal tone during task performance may serve as an autonomic marker of
behavioral cost associated with intention holding, especially in older age.

Background

When individuals maintain a pending intention while performing another task, their ongoing task
reaction time (RT) typically slows, a well-established phenomenon referred to as intention-
related performance cost. This response delay is commonly considered to reflect the cognitive
control demand or the additional monitoring required to detect cues for future actions. Although
intention-holding has been extensively investigated in cognitive and neuroimaging studies, its
potential association with autonomic activity is not yet fully understood. Meanwhile, the updated
version of the neurovisceral integration theory proposes that the brain anticipates upcoming task
demands and adjusts autonomic states to optimize adaptive behavior through hierarchical
regulation across multiple levels of the nervous systems (1). Therefore, the present study aimed
to examine the association between intention-related response delay and the task-related
autonomic activity that reflects regulatory engagement.

Methods

The present study is a secondary analysis of data from a larger project. Healthy participants (N =
94) aged between 31 and 84 (Mean = 58.32, SD = 13.15) completed a pictorial categorization
task while simultaneously holding an intention to execute an additional action. Heart rate
variability (HRV) was measured for a five-minute resting period and during task performance.
The root mean square of successive differences (RMSSD) was used as an index of cardiac
vagal control. The cognitive task included an ongoing-task-only condition (baseline) and an
intention-holding condition. The intention-related response delay was quantified using the
residualized RT, calculated by regressing RTs in the intention-holding condition onto RTs in the
baseline condition. Performance-based memory and executive functions were evaluated using
standardized neuropsychological tests, including the Chinese Version Verbal Learning Test and
the Trail Making Test.

Results

Table 1 presents the results of hierarchical regression analyses predicting response delay during
the intention-holding condition. Older age was a significant predictor of greater response delay (p



<.001). Task-related RMSSD was entered at a later stage of the model, accounting for
additional variance (p = .01) beyond the effects of demographic variables, heart rate, resting-
state HRV and cognitive abilities (ps > .05). Additionally, a significant interaction between age
and task-related RMSSD was observed (p = .001), indicating that the association between
RMSSD and intention-related response delay was stronger among older participants.

Table 1. Hierarchical regression analysis predicting intention-related response delay

Rz ARZ AF P™odel B B Pcoeft.
Model
Step 1 0.16 0.16 3.37 0.008
Age 2.40 0.41 < 0.001
Education -0.60 -0.03 0.834
Sex 12.84 0.05 0.622
Heart rate 0.36 0.06 0.587
Heart disease -3.07 -0.02 0.857
Step 2 0.42 0.01 0.70 0.497
Executive function @ -6.49 -0.07 0.515
Memory function P 14.18 0.12 0.284
Step 3 0.42 <0.01 0.03 0.874
Resting-state RMSSD 1.99 0.02 0.874
Step 4
Task-related RMSSD 0.49 0.06 6.53 0.012 -20.16 -0.26 0.012
Step 5 0.58 0.09 11.33 0.001
Age x RMSSD -2.09 -0.32 0.001

2 |Interference Index derived from the Trail Making Test; ® Delayed free recall score from the Chinese Version Verbal Learning
Test

Discussion

The study demonstrates that a higher level of response delay due to upholding intention can be
predicted by lower task-related cardiac vagal control, particularly in older adults, supporting the
theoretical account that HRV reflects effective regulatory control and also indicates age-
associated changes in regulatory efficiency. This finding suggests that vagal withdrawal during
cognitive tasks may serve as an autonomic marker of behavioral slowing due to maintaining an
unexecuted intention. Future studies are needed to examine the temporal dynamics between
HRV and behavioral slowing to determine the predictive value of autonomic measurements for
potential performance costs.
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