
167www.journals.viamedica.pl/neurologia_neurochirurgia_polska

Neurologia i Neurochirurgia Polska
Polish Journal of Neurology and Neurosurgery

2024, Volume 58, no. 2, pages: 167–175
DOI: 10.5603/pjnns.95117

Copyright © 2023 Polish Neurological Society 
ISSN: 0028-3843, e-ISSN: 1897-4260

RESEARCH PAPER

This Research Paper is accompanied  
by Invited Editorial, see page 145

Effect of series of periodic limb movements in sleep on blood 
pressure, heart rate and high frequency heart rate variability

Marta A. Malkiewicz1 , Małgorzata Grzywińska2, Krzysztof S. Malinowski3, Eemil Partinen4, 5, 
Markku Partinen4, 6, Wiesław J. Cubala7, Paweł J. Winklewski3, Mariusz Siemiński8

1Applied Cognitive Neuroscience Lab, Department of Neurophysiology, Neuropsychology and Neuroinformatics,  
Medical University of Gdansk, Gdansk, Poland 

2Neuroinformatics and Artificial Intelligence Lab, Department of Neurophysiology, Neuropsychology and Neuroinformatics, 
Medical University of Gdansk, Gdansk, Poland 

3Department of Neurophysiology, Neuropsychology and Neuroinformatics, Medical University of Gdansk, Gdansk, Poland 
4Helsinki Sleep Clinic, Terveystalo Healthcare, Helsinki, Finland 

5Department of Neurology, Helsinki University Central Hospital, Helsinki, Finland 
6Department of Neurosciences, Clinicum, University of Helsinki, Helsinki, Finland 

7Department of Psychiatry, Medical University of Gdansk, Gdansk, Poland 
8Department of Emergency Medicine, Medical University of Gdansk, Gdansk, Poland

ABSTRACT
Introduction. The phenomenon known as periodic limb movements in sleep (PLMS) has been linked to a change in autonomic 
nervous system (ANS) activity and its effect on circulatory regulation. Autonomic dysfunction or dysregulation in patients with 
PLMS has been described in some domains; however, any relationship between heart rate variability (HRV) and PLMS has not 
been clearly established. HRV analysis is a recognised, non-invasive research method that describes the influence of the ANS on 
heart rate (HR). The aim of our study was to further investigate the dysregulation of autonomic HR control in patients with PLMS.

Material and methods. We undertook a retrospective analysis of the polysomnographic (PSG), demographic and medical data 
of five patients with a total number of 1,348 PLMS. We analysed HR, HRV HF, systolic blood pressure (SBP), and diastolic blood 
pressure (DBP) for 10 heartbeats before the series of PLMS and 10 consecutive heartbeats as beat-to-beat measurements. The 
presented method of using successive, short, 10 RR interval segments refers to the time-frequency measurement, which is very 
clear and useful for presenting changes in the calculated parameters over time and thereby illustrating their dynamics. This 
method allowed us to assess dynamic changes in HRV HF during successive PLMS series. Statistical analysis was performed using 
IBM SPSS Statistics (v. 28.0.0.0). The Kruskal–Wallis test was performed to find statistically significant changes from baseline.

Results. No statistically significant changes in HR, SBP, or DBP were found in our group, although an increase in the value of 
the HRV HF was noted, suggesting an increase in intracardiac parasympathetic activity during the subsequent series of PLMS.

Conclusions. Our study indicates an increase in parasympathetic activity during the appearance of successive PLMS, which, 
with the simultaneous lack of changes in HR, may suggest an increase in sympathetic activity, and therefore the appearance of 
so-called ‘autonomic co-activation’ resulting in the possibility of life-threatening cardiac events.

Clinical implications. Our findings add to the literature information regarding HRV in PLMS, and highlight the need for further 
studies to elucidate the effects of these conditions on the ANS, and on cardiovascular health.
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Introduction

Periodic limb movements in sleep (PLMS) are defined 
as repetitive and stereotypical movements of the lower limbs 
occurring during sleep in a periodic pattern. They typically 
involve dorsiflexion of the ankle, extension of the big toe, and 
occasional flexion of the knee and hip [1]. A single movement 
may last from 0.5 to 10 s; however, the movements manifest 
in a series of four or more single movements separated by in-
tervals of 5-90 s [1]. PLMS are present in 80% of patients with 
restless leg syndrome (RLS) [2], but also co-occur with a range 
of sleep disorders including obstructive sleep apnoea, insom-
nia, narcolepsy [3], and neurological pathologies associated 
with REM sleep behaviour disorder [4]. Interestingly, PLMS 
have also been associated with diverse psychiatric diseases 
in numerous studies. Longitudinal data demonstrates that 
patients with PLMS have an increased risk of depression and 
anxiety, and of dementia [5, 6]. 

It should be noted, however, that it remains unclear how 
a series of PLMS affects the autonomic nervous system (ANS), 
cardiovascular system, and mental health.

PLMS has been linked to a change in ANS activity and its 
effect on circulatory regulation. PLMS are regarded as being 
accompanied by an increase in HR preceding the occurrence 
of leg movements during PLMS. Cortical and sympathetic 
activations are supposed to lead these changes [7–11], sup-
porting the association between PLMS and cardiovascular 
and hypertensive risks [12]. This sympathetic overactivity 
can lead to surges in nocturnal blood pressure (BP) and 
HR [13]. There have been some reports that PLMS onset 
is heralded by a significant increase of HR and BP [14, 15]. 
Indeed, the increase in systolic blood pressure (SBP) [14] and 
diastolic blood pressure (DBP) has been widely discussed in 
the literature [14–16]. PLMS are supposed to be followed by 
an increase in HR which starts immediately after the onset of 
leg movement and rises in the first few seconds after the limb 
movement [14, 15, 17].

Basic haemodynamic parameters, such as systolic and 
diastolic blood pressure, but also more sophisticated methods 
of assessing extracardiac regulation of heart rhythms such as 
HRV, can be used to assess the autonomic regulation of circula-
tion. HRV analysis is a well-recognised, non-invasive research 
method that describes the influence of the ANS on HR. HRV 
analysis determines the contribution of total HR components 
that are dependent on endogenous oscillators of HR regula-
tion. The basic components of the heart rhythm are affected 
by the sympathetic and parasympathetic activity of the ANS, 
which determines the short- and long-term variability of the 
sinus rhythm. HRV analysis also indicates the contribution of 
the respiratory component to the heart rhythm. Physiological 
respiratory irregularity is a change in HR that is closely related 
to the phase of breathing.

In general, high HRV is regarded as an index of cardiovas-
cular health [18]. Moreover, low HRV parameters are related 

to diverse psychiatric illnesses including major depressive 
disorder [19], bipolar disorder [20], anxiety disorder [21], 
schizophrenia [22] and Parkinson’s Disease (PD) [23, 24]. 
PLMS are frequently observed in individuals with PD, and are 
often accompanied by dysautonomia and cognitive impair-
ment, which are among the non-motor symptoms associated 
with PD [24, 25]. Cardiovascular ANS dysautonomia in PD 
involve abnormalities such as decreased HRV and impaired 
baroreflex sensitivity which may contribute to the increased 
risk of cardiovascular events in individuals with PD [24]. It is 
possible that the dysregulation of autonomic cardiovascular 
control in PD could impact upon cerebral blood flow and 
oxygenation, and contribute to neuroinflammation and neu-
rodegeneration, thus affecting cognitive function [24]. 

HRV may be considered to be a link between psychiatric 
and neurological disorders, cardiovascular diseases, and 
mortality [26]. HRV has recently been reported to show as-
sociations with suicide attempts [26, 27]. HRV analysis has 
found wide recognition in medical research as a non-invasive 
method of assessing HR regulation and an indicator assessing 
the risk of serious cardiovascular events. It is reasonable to 
postulate that the sympathetic activation and HRV alterations 
associated with PLMS may play a role in the occurrence of 
desaturation episodes during sleep, potentially worsening 
stroke outcomes [28]. 

Conducting further research to explore the connection 
between PLMS, desaturation episodes, and stroke outcomes 
could offer valuable insights into the underlying pathophysiol-
ogy and clinical implications of PLMS-related cardiovascular 
dysautonomia.

Smoking and excessive alcohol consumption reduce HRV, 
while conversely an active lifestyle, regular physical exercise, 
and the use of relaxation methods including meditation, raise 
HRV parameters.

Data from the literature indicates that HRV decreases 
in PLMS with a concomitant increase in sympathetic tone 
[29–31]. Some studies additionally have indicated decreased 
vagal activity [32]. Altered HRV in PLMS patients was also the 
result of the study by Barone et al., who observed a significant 
reduction of HRV HF (high-frequency HRV) and elevation of 
very-low-frequency HRV (HRV VLF) [11]. Previous reports 
have indicated elevation of HRV VLF, HRV LF and LF/HF in 
the period of a PLMS event [7, 13, 31, 33]. In one study [7], the 
increase of HRV VLF and HRV LF was described several tens 
of seconds before the beginning of the period with PLMS, with  
a subsequent increase of HRV HF fluctuation. However, Izzi 
et al. [34] found no significant difference in HRV in RLS 
patients with PLMS.

Clinical rationale for the study

Autonomic dysfunction or dysregulation in patients with 
PLMS reflecting in HRV has been described in some domains; 
however, detailed studies on this subject are limited and results 
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are conflicting. Therefore, the aim of this study was to verify 
the hypothesis that a series of PLMS is connected with a higher 
range of abnormalities in SBP and DBP, with particular interest 
in HRV HF scores before the series of PLMS and after the end 
of the series. 

In the current work, we have applied an innovative ap-
proach to the assessment of autonomic regulation of the heart 
rhythm, including the measurement of the dynamics of chang-
es in HR regulation indices during successive PLMS series.

Material and methods

We analysed polysomnographic (PSG) recordings from 
five patients (three males and two females) aged 32–62 with 
PLMS at the Vitalmed Helsinki Sleep Clinic, Helsinki, Finland. 
All of the patients had a diagnosis of RLS that had been 
verified by an experienced neurologist. The original studies 
were approved by the local ethics committees and all subjects 
provided informed written consent.

Each subject underwent a single night PSG study. Patients 
did not undergo any pharmacological therapies that might 
influence or induce PLMS, such as antipsychotics, sedatives, 
antidepressants, lithium, B-blockers, or Ca-blockers. Patients 
with renal disease, diabetes mellitus, depression, anxiety dis-
order, heart disease, psychotic disorder, or arrhythmia were 
excluded. Patients with an apnoea/hypopnoea index ≥ 5 were 
also excluded.

Treatments for other conditions, including drugs for 
hypertension, were stable for ≥ 2 weeks preceding the PSG. 
Inclusion and exclusion criteria are set out in Table 1.

All PSG recordings were performed with a SOMNOscreen 
plus PSG system (Somnomedics, Randersacker, Germany). 

The following parameters were included in the PSG ex-
amination. Recordings included eight EEG leads, two bilateral 
electro-oculogram leads (EOG), bilateral chin electromyo-
graphic (EMG) leads, and two surface EMG of the left and 
right anterior tibialis muscles (for recording periodic limb 
movements). Electrocardiograms were recorded via three 
precordial leads. The sleep respiratory pattern was assessed 
with a nasal cannula, thoracic and abdominal strains, and 
a finger oximeter.

The PSG recording included beat-to-beat BP measure-
ments performed automatically, using pulse transit time 
(PTT) [35]. The BP measurements were collected continuously 
(beat-to-beat). 

To assess heart rhythm, QRS peaks were detected, and 
then the HR was calculated directly from the RR interval (RRi) 
automatically. ECG was recorded at a sampling rate of 4 kH.

We also assessed the stage of sleep and the duration of 
limb movement in each PLMS. The total number of ana-
lysed PLMS samples was 1,348. All the measurements were 
noninvasive, did not disturb sleep, and were unnoticeable by 
the patients. No awakenings were noted during the study in  
the sample group.

PLMS were scored following the standard criteria of the 
American Academy of Sleep Medicine (AASM) [36]. PLMS 
were included if they increased at least 8 μV above the resting 
line in EMG with a duration of 0.5–10 s before a drop in EMG 
to < 2 μV above the resting line. The episodes were defined 
as PLMS only when four or more such episodes appeared 
separated by intervals of 5-90 s. In this study, only PLMS were 
considered, and patients with PLMS with arousals in PSG  
were excluded from the study.

A series of PLMS was defined as a group of consecutive 
PLMS with an interval between leg movements shorter than 
90 s. A leg movement appearing 90 s or more after the previ-
ous one was designated as the beginning of a new series or as 
a single leg movement.

The episodes of PLMS > 10 s were regarded as a PLMS 
series, and in the case of each patient there were no single 
PLMS, as they occurred only as series. The PLMS series was 
stopped when a limb movement appeared with an interval 
of < 10 s [37]. Limb movements overlapping with any breath 
event were not considered as PLMS. Movements appearing 
sooner than 0.5 s before the beginning of, or no more than 
0.5 s after the end of, a breath event were not recognised as 
PLMS. A total of 1,348 PLMS without arousals were selected 
from the PSGs.

Methods
The first step was to identify the appropriate ECG frag-

ments for further analysis. Based on these records, RRi were 
calculated and used to determine HRV in the short-term 
variability band — HRV HF. For each time series, we assessed 
also the mean HR, SBP and DBP. 

All measurements were computed from a segment of 
10 RR intervals immediately preceding the first PLMS series 
(baseline; –1), and at the start of the first PLMS series (point 0),  
as well as from subsequent 10 RR interval segments located 
after each successive PLMS series from 1 to 10 (Fig. 1).

Determination of the HRV HF parameter allowed the 
assessment of short-term HRV, represented by changes in high  
frequency (0.15–0.4 Hz) [38]. Short-term variability is 

Table 1. Inclusion and exclusion criteria applied in study

Inclusion criteria Exclusion criteria

Age 18–65
Diagnosis of RLS 
PLMS without arousal
Treatment of non-
excluded medical 
conditions stable  
for ≥ 2 weeks 
preceding PSG

Age < 18

Age > 65

PLMS with arousal

Respiratory events 

Apnoea/hypopnoea index ≥ 5

Antipsychotics, sedatives, 
antidepressants, lithium,  B-blockers,  
or Ca-blockers intake

Renal diseases, diabetes mellitus, 
depression, anxiety disorders, heart 
diseases, psychotic disorders, and 
arrhythmias diagnosis



170 www.journals.viamedica.pl/neurologia_neurochirurgia_polska

Neurologia i Neurochirurgia Polska 2024, vol. 58, no. 2

Figure 1. Demonstration of PLMS in a series; point 0 indicates start of 1st PLMS in series. Time window location (1–10) was assessed as 
10 RR intervals after each PLMS (1–10).  Baseline indicates point of 10 RR intervals before start of series. For each RR interval in window 
and baseline, value of HR, SBP, DBP and HRV HF was assessed
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representative of parasympathetic influences on heart rhythm. 
The choice of HRV HF estimation was dictated by short time 
windows, which in turn were determined by the nature of 
the records. 

The presented method of using successive, short, 10 RR 
interval segments refers to the time-frequency measurement, 
which is very clear and useful for presenting changes in the 
calculated parameters over time and thereby illustrating 
their dynamics. Calculation of HRV analysis parameters 
from many consecutive short time windows is widely used 
in time-frequency analysis. Using this method allowed us to 
assess any dynamic changes in HRV HF during successive 
PLMS series. To the best of our knowledge, we are the first 
to study dynamic changes in intracardiac ANS activity in 
conjunction with PLMS. 

All tested parameters: HR, HRV HF, and BP (SBP and 
DBP) were averaged for all subsequent PLMS series. Moreover, 
the value of data was subtracted from the baseline rate, defined 
as the value of data before leg movement (in point “−1”), to 
obtain the rate of change for each data type.

Statistical analysis 
Statistical analysis was performed using IBM SPSS Statistics 

(v. 28.0.0.0). A one-sample test was performed to check if these 
measurements differed significantly from each other. The anal-
ysis showed that only SBP changes had no statistically signif-
icant change (p = 0.0589; the other parameters had p < 0.05). 
None of the data had a normal distribution (normality test 
p < 0.001). The Kruskal–Wallis test was performed to find 
statistically significant changes from baseline. This analysis was 
carried out to compare responses to leg movement from each 
type of data compared to baseline values (before PLMS). The 
statistically significant changes showed data from HRV_HF 
between series “−1” and series “9” (p = 0.026).

Results

We found no statistically significant changes in HR, SBP, 
or DBP in our group (Tab. 2, 3). In the assessed group of pa-
tients, HRV HF changed after the series of eight PLMS (Fig. 2).  
The average of the evoked change in HRV HF, calculated as 

Table 2. Average value of parameters obtained for each PLMS, where “−1” 
is period before beginning of limb movement (“0”)

Movement HR SBP DBP HRV HF

–1 59.22 127.84 69.53 307.08

0 58.02 125.81 68.86 354.96

1 59.72 127.60 70.82 356.43

2 58.43 126.42 70.33 358.02

3 59.28 126.84 70.98 357.55

4 58.02 127.12 71.11 362.38

5 58.67 126.24 69.83 364.65

6 57.24 124.53 69.21 377.45

7 55.96 125.56 70.01 446.98

8 57.26 126.53 69.58 472.44

9 56.46 125.69 69.26 476.50

10 58.00 126.28 68.85 475.32
DBP — diastolic blood pressure, HR — heart rate; HRV HF — heart rate variability high frequency; 
SBP — systolic blood pressure

Table 3. Average changes in value (difference between value of each 
parameter and mean value before PLMS) of parameters obtained for each 
PLMS, where “−1” is period before beginning of limb movement (“0”)

Movement HR  
change

SBP  
change

DBP 
change

HRV HF 
change

–1 0.00 0.03 –0.05 0.03

0 –0.28 –0.43 –0.51 0.42

1 1.42 1.33 1.45 1.89

2 0.14 0.17 0.96 3.48

3 0.99 0.65 1.61 3.01

4 –0.72 –1.14 1.19 5.05

5 –0.08 0.23 –0.08 7.31

6 –2.29 0.78 0.71 11.86

7 –2.19 –0.46 0.83 22.50

8 –1.05 0.48 1.74 24.87

9 –1.85 –0.36 1.43 28.94

10 –0.11 0.25 0.91 32.13
DBP — diastolic blood pressure, HR — heart rate; HRV HF — heart rate variability high frequency; 
SBP — systolic blood pressure
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We focused on sequential PLMS series and related changes 
in BP, HR and HRV HF. Previous research has analysed a single 
PLMS or limited numbers of PLMS patterns [7, 14, 29]. In our 
research, we focused on all the PLMS events during sleep in 
all five patients. 

The results that we present do not indicate a significant and 
systematic increase in systolic and diastolic blood pressure as 
well as HR during subsequent series of PLMS. These results 
contradict some reports that have recorded both an increase 
in HR and in BP before PLMS. It has been reported that as 
much as 99% of PLMS is associated with changes in HR [39]. 
Increases in HR and BP are associated with increased sympa-
thetic arousal, sometimes in combination with arousal in EEG, 
shortly before the onset of periodic limb movement [30, 40]. In 
our study however, PLMS with arousals were excluded, which 
could explain the lack of changes in HR and BP.

Sympathetic hyperactivity may also have an important 
effect on BP, increasing it up to 30 mmHg [41]. On the other 
hand, although our results did not indicate a change in HR and 
BP, we do not rule out an increase in intracardiac sympathetic 
activity. We believe that the increase in sympathetic activity was 
marked, as it counterbalanced the increase in intracardiac para-
sympathetic activity, which resulted in no change in HR and BP.

Since our results indicate a significant increase in short-
term variability, expressed by the HRV HF, we hypothesise 
an increase in intracardiac parasympathetic activity, along-
side the appearance of successive PLMS series. We postulate 
a simultaneous increase in intracardiac sympathetic and 
parasympathetic activity. 

Although this assumption does not contradict the tradi-
tional view of the role of the ANS in the establishment of HR, 
associated with the opposing action of the sympathetic and 
parasympathetic systems on the heart rhythm, it does suggest 
the co-activation of the sympathetic and parasympathetic sys-
tems in such a way that they occur in parallel with each other.

Almost 30 years ago, Pagani et al. [42] proposed that 
HRV analysis be applied to evaluate the balance between two 
branches of the ANS. This was related to three core statements: 
1) the power spectral density (PSD) of the HF component 
can be taken as an index of cardiac parasympathetic tone; 
2) the PSD of the LF component may be a marker of cardiac 
sympathetic outflow; and 3) the balance between the sympa-
thetic nervous system (SNS) and parasympathetic nervous 
system (PNS) can be assessed as the LF/HF ratio, usually 
interpreted as the relative SNS contribution to the control of 
HR. Surprisingly, despite evidence to the contrary [43–45], 
these measures are still extensively used to index the so-called 
‘sympathovagal balance’.  The concept of autonomic balance 
and its LF/HF mathematical expression is based on the tradi-
tional doctrine of autonomic reciprocity. 

The traditional view of the SNS and PNS is that they func-
tion in opposition to each other. The SNS is often considered 
the ‘fight or flight’ system, while the PNS is responsible for 
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Figure 3. Average change in evoked HRV HF (calculated as diffe-
rence between each HRV and mean HRV before limb movement) 
for each PLMS. Horizontal dashed line represents mean HRV be-
fore limb movement, while vertical dashed line marks beginning 
of limb movement. HRV HF — heart rate variability high frequency; 
PLMS — periodic limb movements in sleep; HR — .heart beats/ 
/min; HR change calculated as difference between actual HR and 
mean HR before leg movement; HR baseline calculated as mean 
HR before leg movement; SBP/DBP/HRV HF baseline calculated 
as difference between actual value and mean value before leg 
movement; movement calculated as number of series, where “−1” 
is before start of movement and “0” is start of movement

Figure 2. Average of evoked HRV HF for each PLMS. Horizontal 
dashed line represents mean HRV before limb movement, while 
vertical dashed line marks beginning of limb movement. HRV 
HF — heart rate variability high frequency; PLMS — periodic limb 
movements in sleep

the difference between each HRV and mean HRV before leg 
movement for each PLMS, also increased after the series of 
eight PLMS (Fig. 3).

Discussion

The main finding of our study is that following eight PLMS 
in a series, HRV HF increased with no increase in HR and 
BP. To the best of our knowledge, we are the first to report 
such an effect. 
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‘rest and digest’ or ‘feed and breed’ activities [46]. The SNS is 
activated by exercise, cold and anxiety to divert bloodflow away 
from the gastro-intestinal tract and skin (via vasoconstriction) 
to the brain, heart, skeletal muscles and lungs. In addition, SNS 
activation increases HR and myocardial contractility, further 
enhancing bloodflow to the brain and skeletal muscles [47]. 

According to this doctrine, the sympathetic and para-
sympathetic branches of the ANS are subjected to reciprocal 
central nervous control, in the sense that increased activation 
of one system is accompanied by inhibition of the other [48]. 
This view, however, seems somewhat simplistic. Instead, the 
SNS and PNS interact in a dynamic fashion, and either reci-
procity or co-activation of both branches may occur [44, 49]. 

Baroreflex represents a typical physiological example of 
reciprocal activation of the ANS. It allows for a powerful and 
quick, but not precisely controlled, response to a rise/decline 
in BP through activation of PNS or SNS outflow to the heart, 
respectively [47]. However, the SNS/PNS relation seems to 
be more like the yin-yang principle where the interrelation of 
opposites is essential, and the SNS and PNS are indispensable 
to each other [50, 51]. Examples of SNS/PNS co-activation 
include: peripheral chemoreflex (PChR) [50], trigemino-car-
diac reflexes (TCRs) [52, 53], panic disorder [54], emotional 
sadness [55], and visceral pain [56], to name but a few.   

Sympathetic and parasympathetic co-activation, however, 
can lead to life-threatening cardiovascular events [57]. This 
is due to the parasympathetic chromotropic effect, slowing 
down the speed of conduction of excitation between the atria 
and ventricles, which can cause partial or complete atrioven-
tricular block or even lead to asystole for several seconds. On 
the other hand, an increase in sympathetic activity directed 
at ventricular cells may lead to the appearance of ectopic 
areas and associated ventricular extrasystoles. These are just 
a few examples of cardiac arrhythmias that may occur. There 
are also studies confirming the connection between a higher 
prevalence of cardiac arrhythmia such as atrial fibrillation in 
PLMS [58–60]. Any causal role for PLMS in the pathogenesis 
of cardiovascular diseases including arrhythmias requires 
further investigation.

In general, a regular cardiac rhythm is maintained by 
a strictly regulated balance of sympathetic and vagal tone. 
Simultaneous co-activation of both branches of the ANS is 
associated with a potential risk of cardiac arrhythmia [61] 
and might determine a possible additive notable risk factor of 
cardiovascular disease in PLMS patients. According to Koo et 
al., both sympathetic and parasympathetic activity are likely 
to be hyperactive in patients with PLMS and in older men 
with PLMS and structural heart disease, or in those who in 
the absence of anti-arrhythmic medication are more prone to 
cardiac arrhythmias [58].

Our data, combined with earlier reports suggesting sym-
pathetic activity, may potentially highlight the co-activation 
of both the sympathetic and parasympathetic divisions of the 
ANS, determining possible autonomic dysregulation. Sasai 

et al. have also described a consecutive elevation of HRV HF 
fluctuation after these changes, suggesting that parasympa-
thetic nervous activity becomes unstable, which is consistent 
with our findings [7].

There are some limitations to our work. Short time 
windows did not allow us to calculate the long-term vari-
ability of HRV. Spectral power in the low frequency (LF) 
range corresponds to HR changes of 2.4–9 beats per minute 
(0.04–0.15 Hz). Originally, the LF band was thought to be an 
indicator of intracardiac sympathetic activity. However, the 
assumption of a simple relationship between the sympathetic 
activity and HRV in the low frequency range was not con-
firmed in further studies. Intracardiac parasympathetic activ-
ity may contribute to some extent in the LF component. This 
is evidenced by research related to the blockade of muscarinic 
receptors — M1, which leads not only to the reduction of the 
HF band, but also the low-frequency component — LF [62]. 

The use of AASM rules might be considered another 
limitation of this study. Although PSG recordings were 
scored accordingly to AASM guidelines, the new guidelines 
of the IRLSSG/WASM were considered as far as respiratory 
event-related leg movements were concerned. In selecting 
PLMS episodes which underwent further analysis, special 
attention was given to exclude events that might have been 
triggered by a respiratory event.

Finally, our sample size was small. Nevertheless, there were 
no PLMS related to the arousals criteria [63] defined as tran-
sient increases in higher frequency EEG activity occurring with 
increases of SNS activity. In addition, in all patients, changes 
in the HRV were in the same direction, an observation that 
actually strengthens our reasoning. The process of 1,348 leg 
movements and its influence on used parameters was analysed, 
which we believe support our inferences.

 Clinical implications

The findings of our current study add to the literature 
information regarding HRV in PLMS, and highlight the need 
for further studies to elucidate the effects of these conditions on 
the ANS, and cardiovascular health. In particular, the effects of 
the PLMS series on the ANS should be more closely monitored.
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