Multifractal analysis of heart dynamics after running with PPG sensor
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Heart dynamics changes markedly at increased effort, which is used routinely to assess the heart condition, for example via electrocardiographic (ECG) stress test. However, the intricate nonlinear changes in heart dynamics are not easy to measure during short routine tests, but the ECG holter recordings are used instead [1]. Thereby, heart-rate variability is used as a base biomarker. The problem is that it requires annotation of heartbeats, which can be a cumbersome process in a noisy out-of-hospital measurement, such as holter around-the-clock measurement or in fitness rooms. Moreover, while the market is saturated by new wearables measuring mechanical function of the cardiovascular system, little attention has been paid to exploit them in assessment of complex heart dynamic.
To overcome these limitations, we perform a multifractal analysis on 30-second recordings of photoplethysmogram (PPG), ECG, accelerometer (ACC), and phonocardiogram (PCG) signals. The data stem from the SensSmartTech study [2,3], involving synchronized multimodal physiological recordings collected at rest, immediately after treadmill exercise, and during recovery. We focus here on the PPG signal due to its suitability for wearable cardiovascular monitoring.

As a benchmark of fitness level, we adopt the Heart Rate Recovery (HRR) index, a clinically validated marker of autonomic reactivation following exertion [4]. The multifractal spectrum was used to extract key features related to cardiovascular complexity—namely, the position of the spectral peak, spectrum width, and asymmetry. These features were used to classify fitness states via supervised logistic regression.

Classification results are presented for the PPG sensor, with and without K-fold cross-validation and class balancing. Cross-validation improves stability and generalizability of the model, yielding better separation between physiological states. Our results demonstrate that short-term, optically acquired PPG signals—when analyzed via multifractal dynamics—can serve as a compact, non-invasive tool for characterizing post-exercise heart adaptation and individual fitness levels.
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