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HUN-REN Wigner Research Centre for Physics, Department of Computa-
tional Sciences, Budapest, Hungary Dimensional Causality (DC) is a method
for revealing causal connections between recorded signals with a focus on
identifying hidden common drivers [1]. The state variable of the original
system are reconstructed from the recorded signal with time delay embed-
ding. In this reconstructed space our method measures the dimension of
individual signals and their joint embedding to infer the probability of each
possible causal connection based on the data.

We apply DC to two physiological datasets. The first, featured in the
ESGCO challenge [2], consists of beat-to-beat cardiovascular, cerebrovas-
cular, and respiratory signals recorded in healthy controls and individuals
prone to postural syncope, during rest, early head-up tilt, and prolonged
tilt phases of the head-up tilt test. Our results reveal that hidden common
drivers dominate the inferred interaction structure in most cases, highlight-
ing the importance of accounting for latent confounding influences in phys-
iological causality analysis. Orthostatic stress induced substantial reorgani-
zation of the interaction network, with stronger bidirectional cardiovascular
coupling in healthy subjects. In syncope-prone patients, altered coupling
patterns suggested impaired autonomic and cerebrovascular regulation.

https://www.pawelpilarczyk.com/causality1/
https://www.pawelpilarczyk.com/causality1/
https://ftims.pg.edu.pl/en/science/research-projects/international-research-projects/causality-methods-cardiovascular-disease-diagnostics-and-risk-stratification-v4


The second dataset, recorded at the Medical University of Gdańsk, con-
tains instantaneous blood pressure, beat-to-beat heart rate derived from
ECG and respiration. We observe that the dimension of the respiratory
dynamics differs significantly between the two groups. The dimension of
respiration is lower in individuals with disease, and in parallel, the joint di-
mension of respiration/blood pressure (BP) and respiration/heart rate (HR)
also decreased. In the disease group, these suggest altered causal relation-
ships: instead of a hidden common cause connecting the subsystems their
cardiovascular signals (BP, HR) drive respiration more directly. Further
analysis requires moving from pairwise causal analysis to describing a net-
work with multiple hidden causes.

Our findings demonstrate the usefulness of dimensional causality analysis
for uncovering complex hidden interactions in cardio-respiratory dynamics.
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