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Abstract 

Autonomic dysfunction can be observed in people with 

neurodegenerative diseases. This study explores heart 

rate variability (HRV) in idiopathic rapid eye movement 

(REM) sleep behaviour disorder (iRBD), RBD patients 

with Parkinson's disease (PD-RBD), and control group 

(CG). The focus is on wake states before and after sleep, 

acquired during overnight polysomnography.  

A total of 18 CG, 20 iRBD, and 20 PD-RBD subjects, 

underwent polysomnographic exams with at least 6 hours 

of sleep. A  5-min ECG signal was obtained during the two 

awake phases, and analysed for time, frequency, and non-

linear indexes. Non-parametric statistical analysis was 

employed to evaluate intra-group behaviours. 

Significant differences were found in time and 

frequency domain indexes, in PD-RBD and iRBD groups, 

associated with an increased HRV in the wake after sleep 

compared to wake before sleep onset (p<0.05 to 

p<0.0001). Similarly, in the same groups, a significant 

reduction in nonlinear indexes was found during the last 

wake stage (p<0.01), but not in CG. As such, RBD may 

cause an increase in parasympathetic activities in both 

phases, regardless the presence of Parkinson's disease. 

1. Introduction 

Autonomic dysfunction refers to a state in which 

involuntary bodily functions such as heart rate, blood 

pressure, or body temperature are altered. This 

dysfunction may be localized or systemic [1]. The 

systemic autonomic dysfunction is associated with a 

specific group of neurodegenerative disorders also known 

as α-synucleinopathies. This group includes  Parkinson’s 

Diseases (PD), multiple system atrophy and dementia with 

Lewy bodies, which is linked to Rapid Eye Movement 

(REM) sleep behaviour disorder (RBD) [2]. 

RBD is a sleep disorder in which patients experience 

nightmares and the loss of normal muscle atonia typical of 

the REM phase, which causes abnormal and potentially 

dangerous movements while sleeping. Approximately 

90% of people with idiopathic RBD (iRBD) develop α-

synucleinopathies over time, with PD accounting for 70% 

of these cases [3]. Some studies were carried out to explore 

the autonomic imbalance in these patients, by assessing 

the heart rate variability (HRV) during sleep. Indeed, HRV 

has a direct relationship with the autonomic nervous 

system activation and reflects the balance between the 

sympathetic nervous system (SNS) and parasympathetic 

nervous system (PNS) activity [4]. 

In the scientific literature, time domain, frequency 

domain, and nonlinear indexes were explored to 

investigate HRV and its association with 

neurodegenerative and sleep disorders, such as iRBD or 

PD [5,6]. In [6], a reduction in HRV was observed in 

iRBD patients during wake stage in response to arousals 

stimulation or periodic limb movements, when compared 

to control group (CG). This study selected wake epochs 

without any standardization, so including wake before 

sleeping, after sleep, during day or night. Other studies 

reported a reduced HRV in iRBD, which conversely is 

increased from non-REM to REM stage in CG [7]. 

According to such studies, HRV varies in different 

sleep phases, thus we hypothesize that different wake 

states could also exhibit different HRV values according 

to the presence of RBD and PD, which has never been 

explored so far. Indeed, to the best of our knowledge, no 

study focused on HRV in wake states when separated by 

a sleep period within affected people (i.e., in RBD with 

and without PD) or CG. As such, this study is aimed at 

filling that gap, by investigating changes in HRV across 

these groups in different wake phases, namely 

immediately before sleep onset and after sleep end. 

 

 

 



1. Methodology 

1.1. Study population 

Three groups of participants were included in this 

study: 18 CG (age: 59 ± 8 years, 61% female), 20 iRBD 

(age: 68 ± 9 years, 15% female) and 20 RBD affected by 

PD (PD-RBD) (age: 73 ± 5 years, 35% female).  Inclusion 

criteria were that subjects should not have any 

cardiological or neurological disorder and should not be 

under any treatment that might impact on heart rate. The 

diagnosis of PD and RBD was done following the 

international guidelines of the Movement Disorder 

Society and the International Classification of Sleep 

Disorders (ICSD-3), respectively. Participants were 

recruited from the AIMS accredited Italian Sleep 

Medicine Centers of Cagliari and Genova, which in turn 

received ethical approval from their respective local 

ethical committees. 

1.2. HRV analysis 

To perform HRV analysis, the ECG signal was 

extracted from polysomnography (PSG) data during 

wakefulness, before and after a sleep period of at least 6 

hours. To maintain homogeneity, a single 5-minute ECG 

epoch in each of the two wake states was examined for all 

participants. All the ECG signals were upsampled to 

512 Hz (in case of lower sampling frequency) and then R-

peak detection was performed by a wavelet-based ECG 

delineator [8], followed by automatic R-peak refinement 

and correction, adopting the same approach used in [9].  

To measure HRV, time-domain, frequency-domain, 

nonlinear, and complexity-based indexes were computed. 

The time-domain indexes included mean of normal RR 

intervals (NNmean), standard deviation of the NN 

intervals (STDNN), root mean square of the differences 

between adjacent NN intervals (RMSSD), the standard 

deviation of the differences between successive NN 

intervals (SDSD), number and percentage of adjacent NN-

interval pairs with differences greater than 50 ms (R50 and 

pR50, respectively).  Frequency-domain indexes included 

the spectral power in three frequency bands, obtained by 

computing the area under the power spectral density in 

very low frequency (aVLF) [0.0033 0.04], low frequency 

(aLF) [0.046 0.158] and high frequency (aHF) [0.158 0.4] 

bands; furthermore, LF and HF contributions were 

assessed in terms of normalized units and their balance, 

respectively as: 

𝑛𝐿𝐹 =  𝑎𝐿𝐹 (𝑎𝐿𝐹 + 𝑎𝐻𝐹)⁄  (1) 

𝑛𝐻𝐹 =  𝑎𝐻𝐹 (𝑎𝐿𝐹 + 𝑎𝐻𝐹)⁄  (2) 

𝐿𝐹/𝐻𝐹 𝑟𝑎𝑡𝑖𝑜 =  𝑎𝐿𝐹 𝑎𝐻𝐹⁄  (3) 

Nonlinear indexes included two entropy measures, i.e., 

sample entropy (SE) and approximate entropy (AE), along 

with Poincare plots. Poincare plots visually analyse HRV 

by plotting the spread of consecutive heart rate values. 

Two indexes can be extracted: SD1, which shows short-

term variability spread along the first principal 

component, and SD2, which indicates long-term 

variability, which is perpendicular to SD1. 

Lastly, complexity indexes were included, in particular 

the Lempel-Ziv complexity (LZC) and Kolmogorov 

complexity (KC). To measure both complexity indexes, 

the discrete-time signal was converted into a binary and 

ternary sequence. 

1.3. Statistical Analysis 

Statistical analysis was adopted to assess if any 

potential HRV difference might occur when comparing 

the two examined wake states, i.e., wake before sleep 

(WBS) and wake after sleep (WAS), within the same 

group. As such, three different analyses were carried out, 

i.e., WBS vs. WAS in CG, WBS vs. WAS in iRBD, and 

WBS vs. WAS in PD-RBD. To this aim, pairwise non-

parametric Wilcoxon rank sum test was used. In order to 

prevent type-1 error, Bonferroni correction was applied, 

and results with p<0.0025 were highlighted in all the 

performed tests, whereas p<0.05 was considered for 

uncorrected statistical significance. 

2. Results  

Figure 1 shows the comparison across the two wake 

states (i.e., WBS vs. WAS) for time-domain indexes. It 

can be observed that all time domain indexes (except 

NNmean) increased during WAS compared to WBS for 

the diseased groups (iRBD and PD-RBD). Specifically, 

RMSSD, SDSD, R50 and pR50 were significantly higher 

(0.01<p<0.0005) in WAS in iRBD and PD-RBD group. 

This was not observed in the CG group.  Moreover, we 

also see significant increase (0.002<p<0.0001) in SDNN 

during WAS for all the groups i.e., CG, iRBD and PD-

RBD. 

Figure 2 shows the results for frequency-domain 

analysis within each group across two wake states. 

Similarly, significant increases were observed for aHF and 

aLF values during WAS compared to WBS in diseased 

groups, but not in the CG. A similar finding emerged also 

in LF/HF ratio, but only for PD-RBD, and in aVLF, which 

was found to be higher in WAS compared to WBS for all 

groups. Conversely, an opposite behaviour was observed 

in nHF for PD-RBD, where WAS values were lower than 

WBS, even if not statistically significant according to 

Bonferroni correction.  

Nonlinear analysis in Figure 3 indicated a significant  

decrease for both entropies during WAS compared  to  

WBS. These differences were found in SE for both PD-

RBD and iRBD, and in AE for all groups. Conversely, 



significant increases were found in SD1 and SD2 during 

WAS compared to WBS (SD1 for all groups, SD2 for both 

PD-RBD and iRBD). 

Finally, in Figure 4, all the complexity indexes showed 

a significant increase during WAS compared to WBS in 

PD-RBD and iRBD. Conversely, no significant 

differences were observed across the two wake states for 

the CG. 

 

Figure 1. Time domain indexes during wakefulness before 

(WBS, grey) and after (WAS, white) sleep for all the 

analysed groups (p < 0.05 (*) p < 0.0025 (**)). 

 

3. Discussion and Conclusion  

This study revealed significant variations in HRV 

indexes during awake periods before and after sleep in 

different groups. The increase in SDNN index during 

WAS compared to WBS indicated a normal 

sympathovagal activity, i.e., increased PNS activity and 

decreased SNS activity. Notably, iRBD and PD-RBD 

groups showed increases in PNS-modulated time-domain 

indexes within the WAS, suggesting a dominant PNS 

effect due to the presence of RBD. Frequency-domain 

analysis indicated varied PNS and SNS activity patterns, 

potentially revealing autonomic imbalances in PD-RBD 

subjects, possibly due to the coexistence of PD. 

Nonlinear analysis showed decreased entropies, 

implying less adaptive ANS function and potential 

cardiovascular concerns for the affected groups.  

The complexity analysis exhibited significantly 

increased complexity measures for the affected groups 

during WAS, indicating intricate physiological 

interactions in response to RBD. This higher complexity  

 

 

Figure 2. Frequency domain indexes during wakefulness 

before (WBS, grey) and after (WAS, white) sleep for all 

the analysed groups (p < 0.05 (*) p < 0.0025 (**)). 

 

Figure 3. Non-linear indexes during wakefulness before 

(WBS, grey) and after (WAS, white) sleep for all the 

analysed groups (p < 0.05 (*) p < 0.0025 (**)). 

might signify a flexible cardiovascular system adapting to 

RBD-induced physiological demands. However, the 

paradoxical pattern of increased complexity alongside 

reduced short-term irregularity and complexity in the 

HRV data could point towards ANS modulations in RBD 

patients. These findings align with prior research 



exploring HRV response upon awakening, highlighting 

potential cardiovascular vulnerability during morning 

awakening [10,11]. Overall, the study reveals the intricate 

interplay between PNS and SNS and their impact on HRV 

patterns in individuals affected by RBD and associated 

neurodegenerative diseases.  
 

 

Figure 4. Complexity indexes during wakefulness before 

(WBS, grey) and after (WAS, white) sleep for all the 

analysed groups (p < 0.05 (*) p < 0.0025 (**)). 

This study presents a few limitations. First, it did not 

consider the severity of the disease, which might affect 

HRV. The second limitation is the unavailability of PD 

patients who did not have RBD as potential participants.  

Nonetheless, this preliminary study suggests that HRV 

could be a valuable digital biomarker for RBD also during 

different wakefulness states. More specifically, this study 

highlights the dominance of PNS activity during 

awakening in people affected with RBD compared to CG. 

Acknowledgments 

P. Sattar gratefully acknowledges PON R&I 2014-

2020, action IV.4, DM 1061 XXXVII Cycle for her Ph.D. 

scholarship CUP F21B21004970007 funded by the Italian 

Ministry of University and Research under PNRR. The 

research leading to these results has received funding from 

the European Union - NextGenerationEU through the 

Italian Ministry of University and Research under PNRR-

M4C2-I1.3 Project PE_00000019 "HEAL ITALIA" to G. 

Baldazzi, CUP F53C22000750006. The views and 

opinions expressed are those of the authors only and do 

not necessarily reflect those of the European Union or the 

European Commission. Neither the European Union nor 

the European Commission can be held responsible for 

them. 

 

References 

[1] Y. Yamanaka, N. Araki, and S. Kuwabara, 

‘Neurodegenerative disorders affecting the autonomic 

nervous system: Pure autonomic failure and multiple 

system atrophy’, Neurol Clin Neurosci, vol. 10, no. 3, pp. 

115–118, May 2022. 

[2] B. F. Boeve, ‘REM sleep behavior disorder: Updated 

review of the core features, the REM sleep behavior 

disorder-neurodegenerative disease association, evolving 

concepts, controversies, and future directions’, Annals of 

the New York Academy of Sciences, vol. 1184. Blackwell 

Publishing Inc., pp. 15–54, 2010. 

[3] A. Roguski, D. Rayment, A. L. Whone, M. W. Jones, and 

M. Rolinski, ‘A Neurologist’s Guide to REM Sleep 

Behavior Disorder’, Frontiers in Neurology, vol. 11. 

Frontiers Media S.A., Jul. 08, 2020. 

[4] F. Shaffer and J. P. Ginsberg, ‘An Overview of Heart Rate 

Variability Metrics and Norms’, Front Public Health, vol. 

5, no. September, pp. 1–17, 2017. 

[5] P. K. Stein and Y. Pu, ‘Heart rate variability, sleep and sleep 

disorders’, Sleep Med Rev, vol. 16, no. 1, pp. 47–66, 2012. 

[6] G. L. Sorensen, J. Kempfner, M. Zoetmulder, H. B. D. 

Sorensen, and P. Jennum, ‘Attenuated heart rate response 

in REM sleep behavior disorder and Parkinson’s disease’, 

Movement Disorders, vol. 27, no. 7, pp. 888–894, 2012. 

[7] P. A. Lanfranchi, L. Fradette, J. F. Gagnon, R. Colombo, 

and J. Montplaisir, ‘Cardiac autonomic regulation during 

sleep in idiopathic REM sleep behavior disorder’, Sleep, 

vol. 30, no. 8, pp. 1019–1025, 2007. 

[8] J. P. Martínez, R. Almeida, S. Olmos, A. P. Rocha, and P. 

Laguna, ‘A Wavelet-Based ECG Delineator Evaluation on 

Standard Databases’, IEEE Trans Biomed Eng, vol. 51, no. 

4, pp. 570–581, 2004. 

[9] P. Sattar et al., ‘Parkinson and REM Sleep Behaviour 

Disorder: HRV Difference During Polysomnography’, 

INSTICC, Mar. 2023, pp. 366–370. 

[10] J. H. Yang et al., ‘Association of heart rate variability with 

REM sleep without atonia in idiopathic REM sleep 

behavior disorder’, Journal of Clinical Sleep Medicine, vol. 

17, no. 3, pp. 461–469, 2021. 

[11] P. Boudreau, W. H. Yeh, G. A. Dumont, and D. B. Boivin, 

‘A circadian rhythm in heart rate variability contributes to 

the increased cardiac sympathovagal response to 

awakening in the morning’, Chronobiol Int, vol. 29, no. 6, 

pp. 757–768, Jul. 2012. 

  

Address for correspondence: 

 

Prof. Danilo Pani  

Medical Devices and Signal Processing Lab, 

Department of Electrical and Electronic Engineering 

University of Cagliari, Cagliari, Italy 

danilo.pani@unica.it  

mailto:danilo.pani@unica.it

