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IN THE JUNE 2007 ISSUE OF SLEEP, GUGGISBERG ET 
AL1 REPORTED THAT HEART-RATE CHANGES ASSOCI-
ATED WITH SLEEP-RELATED LEG MOVEMENTS PRE-
CEDE both the leg movements and the associated electroen-
cephalogram (EEG) changes by as much as 6 seconds. They 
also reported that the heart-rate changes were greater when oc-
curring with periodic leg movements in sleep (PLMS) than with 
either isolated (ILMS) or respiratory-related leg movements. 
We2 and others3 have previously reported essentially opposite 
findings, i.e., that heart-rate changes associated with ILMS are 
greater than those with PLMS. In our study, the spectral EEG 
changes were also greater for ILMS than for PLMS. This dis-
crepancy in leg movement-related heart-rate changes was not 
addressed by Guggisberg et al.1 Careful consideration of the 2 
works reveals methodologic differences that might account for 
these discrepancies. In our previous study,2 we analyzed only 
PLMS that were separated by at least 30 seconds, as opposed to 
the 10 seconds used by Guggisberg et al.1 Our selection of 30 
seconds was derived from a preliminary analysis that revealed 
that leg movement-related heart-rate changes usually persist 
up to 15 seconds after the onset of the movement. Our choice 
of a minimum interval of 30 seconds comfortably avoided the 
potential confounding effects of persisting heart-rate changes 
from a leg movement preceding the one under analysis. Our 
heart-rate analyses, extended from 20 seconds before to 30 sec-
onds after each leg movement, with the first 10 seconds used 
as baseline. This allowed us to be comfortable that the baseline 
heart rate was not affected by a recent leg movement. Guggis-
berg et al1 included PLMS separated by only 10 seconds in their 
analysis, and their baseline heart rate was therefore determined 
by a period that was within 10 seconds of the prior movement 
and would likely include the relative bradycardia occurring af-
ter the prior movement. This methodologic problem negative-
ly impacts their results in 2 important ways. First, the simple 
return to baseline from the natural bradycardia that follows a 

preceding leg movement has been misinterpreted as part of an 
increase in heart rate associated with the subsequent leg move-
ment. Second, this artifactual difference would occur for fre-
quent PLMS spaced closely together but not for ILMS that are 
spaced, by definition, further apart. As an example, the Figure 
depicts the heart-rate changes accompanying 2 consecutive leg 
movements during sleep, separated by approximately 15 sec-
onds, the first of which is not preceded by another leg move-
ment; in this example, it is clear that heart-rate values preceding 
the second leg movement are significantly lower than the stable 
baseline values preceding the first leg movement. Such a meth-
odologic problem, if carried through the entire analysis, leads to 
a misinterpretation of the results. This provides a parsimonious 
explanation for the discrepancies between this study and the 
results of previous reports in the literature.2,3 

Guggisberg et al1 also did not control for 3 other factors af-
fecting leg movement-related heart rate and EEG changes: first, 
bilateral PLMS or ILMS have been reported to be accompa-
nied by larger heart-rate and EEG changes than those occurring 
unilaterally.2 Guggisberg et al1 did not specify how many of 
the PLMS and ILMS were unilateral or bilateral, and different 
proportions would alter their results. Second, sleep stages, par-
ticularly rapid eye movement versus non-rapid eye movement, 
are associated with differing degrees of leg movement-related 
heart-rate changes.2,4 The proportion of ILMS or PLMS occur-
ring in each sleep stage needs to be considered. Finally, the 
presence or absence of leg movement-related arousal is an im-
portant factor that significantly impacts heart rate and spectral 
EEG.5 Unfortunately these 3 well-documented factors affecting 
leg movement-related heart-rate changes were not evaluated in 
the data presented by Guggisberg et al,1 further complicating 
evaluating their results.

The study of the clinical and biologic aspects of PLMS has 
recently benefited from the development of analytic methods that 
provide enhanced measurements of their patterns.6 Moreover, the 
recent report7 of an association of PLMS with a specific gene 
on chromosome 6 further supports the potential biologic signifi-
cance of PLMS. But neither a genetic association nor enhanced 
measurement establishes biologic or clinical significance. This 
requires careful evaluation of both the PLMS and of the physiol-
ogy and biology associated with them. Advancing the evaluation 
of PLMS therefore particularly requires, in future investigations, 
consideration of the methodologic concerns presented above re-
garding the study reported by Guggisberg et al.1

Commentaries

Heart Rate and Spectral EEG Changes Accompanying Periodic and Isolated 
Leg Movements During Sleep
Commentary on Guggisberg et al. The significance of the sympathetic nervous system in the pathophysiology of 
periodic leg movements in sleep. Sleep 2007;30:755-66

Raffaele Ferri, MD1; Marco Zucconi, MD2

1Sleep Research Centre, Department of Neurology I.C., Oasi Institute (IRCCS), Troina, Italy; 2Department of Neurology, Sleep Disorders Center, 
H San Raffaele Scientific Institute, Università Vita-Salute San Raffaele, Milan, Italy

Disclosure statement
The authors have indicated no financial conflicts of interest.

submitted for publication June, 2007
accepted for publication august, 2007
Address correspondence to: Dr. R. Ferri, Sleep Research Centre, Depart-
ment of Neurology, I.C., Oasi Institute (IRCCS), Via Conte Ruggero 73, 
94018 Troina, Italy; Tel: 39 0935 653966; Fax: 39 0935 936694; E-mail: 
rferri@oasi.en.it

Commentary—Ferri and Zucconi

D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/article/31/1/16/2454084 by guest on 10 April 2024



SLEEP, Vol. 31, No. 1, 2008 17

referenCes

1. Guggisberg AG, Hess CW, Mathis J. The significance of the sym-
pathetic nervous system in the pathophysiology of periodic leg 
movements in sleep. Sleep 2007;30:755-66.

2. Ferri R, Zucconi M, Rundo F, Spruyt K, Manconi M, Ferini-
Strambi L. Heart rate and spectral EEG changes accompanying 
periodic and non-periodic leg movements during sleep. Clin Neu-
rophysiol 2007;118:438-48.

3. Ferrillo F, Beelke M, Canovaro P, et al. Changes in cerebral and 
autonomic activity heralding periodic limb movements in sleep. 
Sleep Med 2004;5:407-12.

4. Lavoie S, de Bilbao F, Haba-Rubio J, Ibanez V, Sforza E. Influ-
ence of sleep stage and wakefulness on spectral EEG activity and 
heart rate variations around periodic leg movements. Clin Neuro-
physiol 2004;115:2236-46.

5. Pennestri MH, Montplaisir J, Colombo R, Lavigne G, Lanfranchi 
PA. Nocturnal blood pressure changes in patients with restless 
legs syndrome. Neurology 2007;68:1213-8.

6. Ferri R, Zucconi M, Manconi M, Plazzi G, Bruni O, Ferini-Stram-
bi L. New approaches to the study of periodic leg movements dur-
ing sleep in restless legs syndrome. Sleep 2006;29:759-69.

7. Stefansson H, Rye DB, Hicks A, et al. A genetic risk factor for pe-
riodic limb movements in sleep. N Engl J Med 2007;357:639-47.

Figure 1—Heart rate changes accompanying 2 consecutive leg movements during sleep showing the difficulty in setting reliable baseline 
values for movements occurring shortly after a previous movement. EOG refers to electrooculogram; ECG, electrocardiogram; Tib, tibialis.
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