
Abstract
We constructed whole-body networks (WBNs) using fMRI-BOLD, 
respiratory rate and heart rate time series of a young and an elderly 
group during eyes-open resting-state. Our methodology identified 
regional differences. The comparison of the WBNs revealed a complex 
relationship where some connections were stronger and some weaker in 
the elderly. The WBN architecture negatively correlated with the 
short-term memory and verbal learning of the young group.
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Regional Variability

Question: Can our analytical pipeline capture regional differences?

Answer: 
i) Lungs-Heart higher than most other connections           
    -> Agrees with previous WBN studies 
       (Zanetti et al., 2019; Antonacci et al., 2020, 2021; Pernice et al., 2021)

    -> Already-known strong iinteractions of cardiorespiratory system
ii) Strong DAN-Lungs in young and VAN-Lungs in elderly connections
    -> Agrees with previous WBN studies (Kluger et al., 2021)

Conclusion: 
Validation of our methodology by agreeing with previous studies and 
known physiology

Group Differences

Question: Are there differences in the WBN of young and elderly 
group? 

Answer: 
i)  DAN-Heart and DMN-Lungs connections higher in the young          
ii) VAN-Lungs connection higher in the elderly 
Conclusion:
i)  Decrease with aging could indicate functional decoupling of the 
organs
ii) Both decreased and increased connectivity indicates a complex 
WBN restructuring 

Introduction & Methods

LEMON dataset (Babayan et al., 2019): 34 elderly (≥60 years old, 12 female) 
and 42 young ≤25 years old, 10 female) subjects, 9 min preprocessed 
eyes-open resting-state fMRI-BOLD time series (TR=1.4s) and 
simultaneous recording of blood pressure and respiration, California 
Verbal Learning Task (CVLT) for estimating verbal learning and short-
term memory
Preprocessing: parcelation of fMRI-BOLD into the seven resting-state 
networks (DMN, FPN, LN, VAN, DAN, SMN, VN), estimation of heart 
rate and respiratory rate

We contructed whole-body networks (WBNs) using time delay stability 
(Bashan et al., 2012) - i.e. time-lagged coupling -  between the different 
organs 

We estimated the node degree (D), clustering coefficient (C) and path 
length (L)  

Correlation with CVLT

Question: Does the WBN architecture correlate with verbal learning 
and short-term memory?

Answer: 
i) Young people with lower interconnectivity and integration tend to 
have better short-term memory and verbal learning
    -> Agrees with previous studies (Kaposzta et al., 2023; Czoch et al., 2024)  

ii) No correlations in the elderly
Conclusion:
i) The groups had similar network metrics, but their CVLT scores 
differed. Thus, the lack of correlations in the elderly is mainly 
influenced by the task and not by the underlying WBN structure.
ii) We hypothesize that in the young group, participants who pruned 
efficiently redundant connections in rest can invest more into 
rebuilding task-specific connections and perform better.

References
Babayan, A., et al. (2019). A mind-brain-body dataset of MRI, EEG, cognition, emotion, and 
ooooperipheral physiology in young and old adults. Scientific Data, 6(1), 180308
Bashan, A., et al. (2012). Network physiology reveals relations between network topology 
ooooand physiological function. Nature Communications, 3(1), 702
Zanetti, M.,et al. (2019). Information Dynamics of the Brain, Cardiovascular and Respiratory 
ooooNetwork during Different Levels of Mental Stress. Entropy, 21(3), 275
Antonacci, Y., et al. (2020). Information Transfer in Linear Multivariate Processes Assessed 
oooothrough Penalized Regression Techniques: Validation and Application to Physiological 
ooooNetworks. Entropy, 22(7), Article 7A 
Antonacci, Y., et al. (2021). Estimation of Granger causality through Artificial Neural 
ooooNetworks: Applications to physiological systems and chaotic electronic oscillators. PeerJ 
ooooComputer Science, 7, e429
Pernice, R., et al. (2021). Multivariate Correlation Measures Reveal Structure and Strength of 
ooooBrain–Body Physiological Networks at Rest and During Mental Stress. Frontiers in 
ooooNeuroscience, 14
Kluger, D. S., et al. (2021). Respiration modulates oscillatory neural network activity at rest. 
ooooPLOS Biology, 19(11), e3001457
Kaposzta, Z., et al. (2023). Fingerprints of decreased cognitive performance on fractal 
ooooconnectivity dynamics in healthy aging. GeroScience
Czoch, A., et al. (2024). Resting-state fractal brain connectivity is associated with impaired 
oooocognitive performance in healthy aging. GeroScience, 46(1), 473–489


