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Objective

This study investigated whether the brain’s moment-to-moment monitoring of one’s own bodily state — in this case, the brain’s
responses to heartbeats — plays a functional role in moral reasoning. Moral neuroscience research has long distinguished
deontological choices, which forbid harmful actions on principle, from utilitarian choices, which permit harm if it maximizes
overall welfare. This study hypothesized that interoceptive processing might bias moral decision and predicted that the
heartbeat-evoked potential (HEP), an EEG index of cardiac interoceptive processing, would differ according to the decision
adopted, irrespective of whether the moral dilemma required direct harm against others (a personal dilemma) or indirect harm

against others (an impersonal dilemma).

Methods/Results

To test this, twenty-seven Japanese university students (15 female; mean age = 22.11 + 2.1 years) completed thirty-six
scenarios, evenly split between personal dilemmas (e.g., pushing a person off a footbridge to stop a runaway trolley) and
impersonal dilemmas (e.g., pulling a switch to divert the trolly). Each trial comprised a Scenario phase, during which participants
read the text, and a Decision phase, during which they selected one of four graded response options ranging from extreme
utilitarian to extreme deontological decisions. While participants performed the task, 64-channel EEG and three-lead ECG were
recorded at 500 Hz. R-peaks detected in the ECG served to time-lock EEG epochs, allowing to computations of HEP waveforms
between -200 and 600 s relative to each heartbeat. A cluster-based permutation approach evaluated amplitude differences while
controlling for multiple comparisons. Independent behavioral measures, including reading times, choice distributions, and
response latencies, were analyzed alongside cardiac indices to rule out confounds.

Behaviorally, participants were more inclined toward utilitarian decisions in impersonal dilemmas (mean = 73%) than in
personal dilemmas (mean = 59%), replicating a well-established effect. Reading times were longer for impersonal dilemmas,
whereas decision times were longest when participants eventually chose the deontological option, reflecting heightened cognitive
conflict. These task differences, however, did not predict variations in HEP amplitude once they were entered as covariates,
indicating that the interoceptive findings could not be reduced to general task difficulty or arousal.

Electrophysiologically, utilitarian decisions were accompanied by more negative HEP deflections, a pattern observed in two
distinct latency ranges: 110-170ms over centro-parietal electrodes during the Scenario phase and 314-404ms over right
fronto-temporal electrodes during the Decision phase. By contrast, the personal-versus-impersonal manipulation did not modulate
HEPs at any latency, suggesting that direct bodily harm per se is not what drives the interoceptive engagement. Surrogate
heartbeat analyses confirmed that the effects arose from genuine brain-heart coupling rather than stimulus-locked artifacts, and

individual differences in alexithymia (a trait index of interoceptive awareness) did not account for the effect sizes.

Conclusion

The findings support somatic-marker theories of moral cognition by showing that transient fluctuations in interoceptive brain
activity bias ethical judgments. In this dataset, a more negative HEP preceded and accompanied utilitarian choices, regardless of
whether the dilemma required direct or indirect harm. Thus, the neural representation of cardiac signals influences moral
decision-making even before an explicit response is made, underscoring the functional relevance of visceral information in
complex social cognition. Beyond basic science, the work opens avenues for modulating ethical behavior through interventions —

such as biofeedback or pharmacological agents — that target interoceptive processing.
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