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ABSTRACT

Objective: Fragmentary myoclonus (FM) is a polysomnographic motor phenomenon of unknown clinical
relevance. This study investigates FM prevalence, gender differences, sleep stage distribution and associ-
ation with clinical factors using recently introduced advanced FM scoring criteria.
Methods: We analyzed polysomnographic recordings of 178 patients of a mixed sleep-disorder patient
cohort. FM indices (FMI) of newly introduced 25 puV (FMI25) and standard 50 pV (FMI50) amplitude
cut-offs were calculated.
Results: FMI25 and FMI50 were higher in men compared to women. FMI were higher during wakefulness
and lower during S3 compared to all other sleep stages, with stronger effects in men compared to women.
FMI25 was correlated with higher age, lower mean oxygen saturation, lower sleep efficiency, higher peri-
odic limb movement (PLM) index, shorter sleep period time and higher arousal index. Linear regression
showed that age predicted higher FMI25 in both males and females. Additionally, higher arousal index
predicted higher FMI25 in women only. FMI were not associated with the presence of sleep-related
breathing disorders.
Conclusions: We suggest FM represents a ubiquitous motor phenomenon occurring spontaneously during
relaxed wakefulness and sleep, primarily in men and with advanced age.
Significance: In women, particularly FMI25 may be a surrogate marker for more frequent arousals and
sleep fragmentation.

© 2019 International Federation of Clinical Neurophysiology. Published by Elsevier B.V. All rights

reserved.

1. Introduction

Fragmentary myoclonus (FM) is a surface electromyographic

Abbreviations: AHI, Apnea/hypopnea index; ANOVA, Analysis of variance; BMI, phenomenon recorded during polysomnography (PSG), resulting

Body mass index; EFM, Excessive fragmentary myoclonus; EMG, Electromyogram;
FM, Fragmentary Myoclonus; FMI, Fragmentary myoclonus index; FMI25, Frag-
mentary myoclonus index using 25 pV amplitude cutoff; FMI50, Fragmentary
myoclonus index using 50 pV amplitude cutoff; HFLM, High frequency limb
movements; ICSD, International Classification of Sleep Disorders; IQR, Interquartile
range; LM, Limb movements; OSAS, Obstructive sleep apnea syndrome; PLM,
Periodic limb movements; PLMD, Periodic limb movement disorder; PSG,
Polysomnography; RBD, REM sleep behavior disorder; RLS, Restless legs syndrome;
SD, Standard deviation; SPT, Sleep period time; TWT, Total wake time.
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in invisible or hardly visible irregular twitches or jerks in an asym-
metrical fashion over both sides of the body (Broughton and
Tolentino, 1984). The fragmentary myoclonus index (FMI) is used
as a scoring method for the quantification of FM (Lins et al.,
1993). Excessive FM (EFM) was first described by Broughten and
colleagues in 1985 in a mixed cohort of patients with sleep disor-
ders, and an association with various disorders such as obstructive
sleep apnea syndrome (OSAS), periodic limb movement disorder
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(PLMD), narcolepsy and insomnia were reported (Broughton et al.,
1985). EFM was introduced in the International Classification of
Sleep Disorders (ICSD) in 1990 and is defined as at least five FM
events per minute for a period of at least 20 min of NREM sleep
(American Sleep Disorders Association, 1990). A pathological FMI
for the whole night, on the other hand, has not been defined
(American Academy of Sleep Medicine 2005; Frauscher et al.,
2011; American Academy of Sleep Medicine 2014). Frauscher and
colleagues could recently demonstrate a 100% prevalence of FM
in a mixed cohort of 62 sleep lab patients, with 95% of patients pre-
senting with an FMI of 3-292, and suggested a mild association of
FM with sleep-related breathing disorders (Frauscher et al., 2011).
However, the clinical relevance and underlying (patho-)
physiological mechanisms of FM remain poorly explored, and high
FM prevalence was also demonstrated in healthy subjects
(Frauscher et al., 2014).

Recently, Hoque and colleagues (2013) challenged the existing
criteria for scoring of FM events during polysomnography, under-
lining the necessity to include the analysis of sleep stage distribu-
tion of FM as well as the application of a lower amplitude criterion
for FM of 25 puV, as compared to the previously used 50 pV ampli-
tude cut-off criterion (Broughton and Tolentino 1984; Lins et al.,
1993).

The aim of this study was to investigate the prevalence of FM in
relation to sleep stages and possible associations with clinical fac-
tors using the recently introduced advanced scoring criteria
(Hoque et al., 2013).

2. Methods
2.1. Patients

For this study, all-night polysomnographic recordings of all con-
secutive patients who presented with sleep disturbances between
January 1st 2011 and December 31st 2013 at our sleep lab at the
Department of Neurology were analyzed. Prior to every PSG, each
patient had been seen by a sleep expert of the Department of Neu-
rology and a comprehensive semi-structured interview on the gen-
eral and sleep history has been taken.

Six of 206 recordings were excluded from this study due to
incomplete PSG and/or clinical data. Hence, we included 200
recordings of a total of 178 patients (63.5% males) in this study
who underwent a full-night PSG. Twenty patients had two consec-
utive PSG-nights and three patients had three consecutive PSG
recordings.

This study was approved by the local ethics committee of the
Medical University of Vienna. Due to the retrospective nature of
the study no written informed consent prior to study participation
was obtained.

2.2. Video polysomnography

All subjects underwent at least one night of video PSG according
to standard protocols suggested by Rechtschaffen and Kales
(1968). Recordings were initiated between 10:00 p.m. and
10:45 p.m. for an 8-h duration. PSG included electroencephalogra-
phy (EEG; C3 and C4 with M1 and M2 as reference electrodes),
electrooculography (vertical and horizontal eye movements),
EMG (mental, both anterior tibialis muscles), and cardiorespiratory
recording (single channel electrocardiography, pneumoflow, respi-
ratory movements from induction plethysmography, and transcu-
taneous oxygen saturation).

Sleep was scored according to Rechtschaffen and Kales (1968).
For scoring of electromyographic (EMG) activity, bipolar surface
EMG was recorded with the low-pass filter at 35 Hz, the high pass

filter at 10 Hz, and a sampling rate of 100 Hz. Amplification was set
at 5 uV per mm for scoring of REM-related EMG activity, and at
10 1V per mm for scoring of isolated limb movements (LM), peri-
odic LM (PLM), high frequency LM (HFLM), and FM. Impedance of
surface EMG electrodes had to be lower than 10 kQ. LM and PLM
were scored according to the Atlas Task Force of the American
Sleep Disorders Association (1992).

2.3. Fragmentary myoclonus

FM were scored visually according to Lins et al. (1993) and the
extended criteria by Hoque et al. (2013) as muscle surface poten-
tials of the anterior tibialis muscles with an amplitude of 25-
200 pV (Hoque et al., 2013) or 50-200 pV (Lins et al., 1993) and
a duration of less than 150 msec. To quantify FM, the FMI was cal-
culated by averaging the total number of FM potentials per hour of
the respective sleep stage (S1, S2, S3, S4, REM) for both the 25-
200 pV amplitude criterion (FMI25) and the 50-200 pV amplitude
criterion (FMI50). For practical reasons and better comparability
with polysomnographic studies using the American Academy of
Sleep Medicine (AASM) sleep scoring criteria (2014), sleep stages
S3 and S4 were merged into one for the current analysis. EFM
was scored according to AASM standards (2014; presence of at
least five FM events per minute for a period of at least 20 minutes
of NREM sleep).

2.4. Statistical analysis

Statistical analyses were performed using IBM SPSS 25.0 for
Windows. All data were tested for normal distribution using the
Kolmogorov-Smirnov test. According to distribution of data, Wil-
coxon signed rank test was used for analyses of paired groups
and Mann-Whitney U-test in case of two groups. Correlation anal-
yses of FMI with age, body mass index (BMI), apnea/hypopnea
index (AHI), mean oxygen saturation, sleep period time (SPT), total
wake time (TWT), sleep latency, sleep efficiency, arousal index,
periodic limb movement (PLM) index, and presence or absence of
sleep-relevant medication (benzodiazepines, antidepressants,
antipsychotics, anticonvulsants, or dopaminergic drugs) were per-
formed using Pearson or Spearman correlation coefficients accord-
ing to distribution of data. Comparison of correlations between
groups was performed using Fisher’s Z transformation (http://vas-
sarstats.net/rdiff.html). Linear regression analyses were performed
using FMI25 and FMI50 as dependent variables, and variables that
were significant in the correlation analyses as predictors. Compar-
ison of regression coefficients between groups (males vs. females)
was performed creating dichotomous dummy variables and inter-
action terms with the predictors for separate multiple regression
analyses (Pothoff 1966; Weaver and Wuensch 2013).

Repeated analyses of variance (ANOVA) were calculated based
on a 5 (Sleep stage; Wakefulness/S1/S2/S3/REM) x 2 (Amplitude
criterion; 25 pV/50 pV) repeated ANOVA design with “Gender” as
a between factor using Greenhouse-Geisser correction of p-
values. Post-hoc comparisons were performed using Bonferroni
correction. For the repeated ANOVA and linear regression analyses,
non-normally  distributed variables were naturally log-
transformed. A significance level of p <0.05 was applied to all
analyses.

3. Results
3.1. Demographics

Demographic characteristics of the whole patient population
are shown in Table 1. Sleep apnea (43.8%) was the most prevalent
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Table 1

Demographic characteristics of all patients (n = 178) and patient subgroups. Age is presented as mean and SD and BMI is presented as median and IQR.

All Sleep apnea Insomnia RLS/PLMD Hypersomnia Parasomnia RBD

n (%) 178 (100) 78 (43.8) 38 (21.3) 42 (23.6) 11 (6.2) 7 (3.9) 2(1.1)
Gender (f/m) 65/113 17/61 21/17 18/24 4/7 5/2 0/2
Age (mean and SD) 52.7 (16.4) 57.2 (13.0) 49.1 (16.7) 55.2 (16.6) 35.6 (11.6) 28.0 (12.1) 73 (1.4)
BMI (median and IQR) 27.0 (8.0) 30.0 (8.0) 25.0 (6.0) 27.0 (5.0) 22.0 (10.0) 22.0 (7.0) 28.5 (n.a.)
Sleep-relevant medication (yes/no) 71/107 23/55 17/21 23/19 4/7 2[5 2/0

BMI = body mass index, IQR = interquartile range, RBD = REM sleep behaviour disorder, RLS/PLMD = restless legs syndrome/periodic limb movement disorder, SD = standard

deviation.

sleep disorder, followed by restless legs syndrome/periodic limb
movement disorder (RLS/PLMD; 23.6%), insomnia (21.3%), idio-
pathic hypersomnia and narcolepsy (6.2%), non-REM parasomnias
(3.9%) and REM sleep behavior disorder (RBD; 1.1%). Results based
on PSG-recordings and according to the different sleep pathologies
are shown in Table 2. All patients reached sleep stages S1 and S2.
Stage S3 was reached by 96.1% of patients and REM sleep stage
was achieved by 92.1% of patients. Further details on the distribu-
tion of diagnoses can be seen in Table 1. Results based on PSG
recordings are displayed in Table 2 and the distribution of sleep
stages by the different patient groups can be found in Table 3.

3.2. Frequency of FM and gender differences

FMI25 could be found in all patients, with a median FMI25 of
24.56/h (range: 1.33/h-267.20/h). The occurrence of FMI50 was
significantly lower (4.94/h, ranging from 0/h-192.09/h;

=-11.22, p < 0.001). Compared to women, men had significantly
higher FMI25 (median 24.44, IQR 54.97 vs. median 18.14, IQR
26.50; U=2.262; p<0.001) and FMI50 (median 6.47, IQR 16.75
vs. median 2.43, IQR 5.53; U=2.268; p <0.001, Figs. 1 and 2).

3.3. Effects of sleep stage

Repeated ANOVA revealed a significant main effect of ampli-
tude criterion, with higher FMI25 compared to FMI50 (F(1,179)

=815,07, p>0.001), independent of gender and sleep stage
(Fig. 3). Furthermore, there was a main effect of sleep stage (F
(2.572,460.468) = 63.02, p < 0.001, £ = 0.643; Fig. 3). Post-hoc anal-
yses of pairwise comparisons (Bonferroni-corrected) indicated
higher FMI (independent of amplitude criterion) during wakeful-
ness as compared to sleep stages (all p < 0.001), and lower values
during S3 as compared to all other sleep stages and wakefulness
(S3 vs. awake and S2: p<0.001; S3 vs. S1 and REM: p<0.05;
Fig. 3). Additionally, there was a significant interaction effect of
Sleep stage x Gender, with stronger effects in men compared to
women (F(2.572,460.468) = 4.71, p = 0.005, ¢ = 0.643, Fig. 2). There
was also an interaction effect of Sleep Stage x Amplitude criterion,
with stronger effects for FMI50 compared to FMI25 (F
(2.987,534.637) = 3.75, p = 0.01, £ = 0.747; Fig. 3).

3.4. Correlation of FM indices with clinical factors and gender
differences

Across all patients, there was a significant association of higher
age (r=0.41, p < 0.001), lower mean oxygen saturation (p = —0.23,
p=0.001), shorter SPT (p=-0.18, p=0.01) longer TWT (p=0.17,
p =0.02), lower sleep efficiency (p = —0.27, p < 0.001), longer sleep
latency (p=0.16, p=0.02), higher arousal index (p=0.15,
p=0.03), and higher PLM index (p = 0.24, p=0.001) with higher
FMI25. Apart from the arousal index, these effects remained signif-
icant for FMI50 (Table 4). Comparison of correlation coefficients

Table 2
Polysomnographic parameters of all PSG recordings (n =200) across all subjects and for patient subgroups.
Total Sleep Apnea Insomnia RLS/PLMD Hypersomnia Parasomnia RBD

n (%) 200 96 (48) 40 (20) 42 (21) 11 (5) 9 (5) 2(1)
SPT (min) 421.5 (64) 425 (65) 420 (116) 421.3 (69) 431.5 (50) 401 (37) 400.3 (n.a.)
TWT (min) 32 (7) 32.3 (43) 38.5(77) 33.5 (55) 16 (19) 32 (41) 57.2 (n.a.)
Sleep latency (min) 23.5 (41) 28 (41) 28 (61) 23.5 (57) 12 (20) 21(38) 51 (n.a.)
Sleep efficiency (%) 79 (83) 77 (22) 84 (19) 78 (23) 93 (9) 90 (08) 63 (n.a.)
AHI 4.72 (14.5) 13.3(19.7) 1.12 (4.8) 2.2 (4.6) 0.6 (2.6) 0.15 (0.5) 13.3 (n.a.)
Mean Sa0; (%) 94 (2) 94 (3) 95 (3) 94 (2) 95 (3) 96 (1) 94 (n.a.)
Arousal Index 14.4 (13.0) 16.8 (14.1) 11.3 (10.1) 17.2 (12.8) 10.3 (4.3) 7.5 (3.3) 11.0 (n.a.)
PLM Index 1.33 (7.06) 1.5(7.0) 0.5 (3.6) 6.8 (11.4) 0 (0.9) 0 (0.6) 0.2 (n.a.)

AHI = apnea/hypopnea index, SaO, = arterial oxygen saturation, SPT = sleep period time, TWT = total wake time.

Table 3
Number (percentage) of patients reaching sleep stages S1, S2, S3, and REM in the whole patient cohort as well as in the different patient groups.
Wake S1 S2 S3 REM

Insomnia 38 (21.3%) 38(21.3%) 38(21.3%) 37 (20.8%) 35 (20.0%)
OSAS 78 (43.8%) 78 (43.8%) 78 (43.8%) 74 (41.6%) 71 (39.9%)
RLS/PLMD 42 (23.6%) 42 (23.6%) 42 (23.6%) 40 (22.5%) 39 (21.9%)
Narcolepsy/Hypersomnia 11 (6.2%) 11 (6.2%) 11 (6.2%) 11 (6.2%) 11 (6.2%)
RBD 2 (1.1%) 2 (1.1%) 2 (1.1%) 2 (1.1%) 2(1.1%)
Parasomnia 7 (3.9%) 7 (3.9%) 7 (3.9%) 7 (3.9%) 7 (3.9%)
Total 178 (100%) 178 (100%) 178 (100%) 171 (96.1%) 165 (92.7%)

OSAS = obstructive sleep apnea syndrome; RBD = REM sleep behaviour disorder, RLS/PLMD = restless legs syndrome/periodic limb movement disorder.
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Fig. 1. Fragmentary myoclonus (FM) Indices are significantly higher in men than women. Left: FMI25. Right: FMI50. Note the different scales for the two FM indices. Boxes
represent median and IQR, whiskers represent range, circles represent outliers and asterisks are extreme outliers. FMI25 = fragmentary myoclonus index using 25 pV
amplitude cut-off, FMI50 = fragmentary myoclonus index using 50 uV amplitude cut-off, IQR = interquartile range.
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Fig. 2. Results of repeated measurements ANOVA. Distribution of FM indices in
males (blue) and females (red) over the different sleep stages. Shown are mean and
95% CI. ANOVA = analysis of variance, FM = fragmentary myoclonus, CI = confidence
interval, W = wakefulness, S1 = stage 1 sleep, S2 = stage 2 sleep, S3 = stage 3 sleep,
REM = rapid eye movement sleep.

revealed stronger correlations of FMI25 with the arousal index in
females compared to males (p = 0.02). Additionally, there was a
stronger relation of FMI with the AHI in women, although correla-
tions across groups remained non-significant (Table 4). There was
no correlation of FMI25 (r=0.01, p=0.85) or FMI50 (r=—0.03,
p =0.70) with presence or absence of sleep-relevant medication
(benzodiazepines, antidepressants, antipsychotics, anticonvul-
sants, or dopaminergic drugs).

3.5. Linear regression

All variables that were significant in the bivariate correlation
analyses (age, SPT, O2-saturation, TWT, sleep efficiency, sleep
latency, arousal Index, PLM Index) were used as predictors for
FMI in a linear regression model.

3.5.1. FMI25

In males, age (beta=0.26, p=0.02) and SPT (beta=-0.42,
p =0.004) were significant predictors of higher FMI. In females,
age (beta=0.44, p=0.02) and the arousal index (beta=0.55,

251V

450 — souv

FM Index

w S1 S2 S3 REM

Fig. 3. Results of repeated measurements ANOVA. Distribution of FMI25 (blue) and
FMI50 (red) over the different sleep stages. Shown are mean and 95% Cl.
W = wakefulness, S1=stage 1 sleep, S2=stage 2 sleep, S3=stage 3 sleep,
REM = rapid eye movement sleep. ANOVA = analysis of variance, CI = confidence
interval, FMI25 = fragmentary myoclonus index using 25 pV amplitude cut-off,
FMI50 = fragmentary myoclonus index using 50 uV amplitude cut-off.

p=0.007) were significant predictors. Comparison of regression
coefficients indicated stronger predictive values of the arousal
index in women as compared to men (beta=0.74, p=0.01),
whereas there was no difference in regression coefficients for age
(beta=0.34, p=0.11) or SPT (beta=-0.59, p=0.21).

3.5.2. FMI50

In males, linear regression indicated a significant effect of
shorter SPT for a higher FMI (beta=—-0.32, p=0.03). In females,
no significant effects were observed. Intergroup comparisons for
SPT showed no difference of regression coefficients between males
and females (beta = —-0.11, p=0.38).

3.6. Association with sleep-related breathing disorders

There was no difference in FMI25 between females with (med-
ian 19.24, IQR 37.02) or without sleep-related breathing disorders
(median 14.34, IQR 25.28; U=598, p=0.32) and between males
with (median 35.51, IQR 54.43) or without sleep-related breathing
disorders (median 34.19, IQR 59.96; U= 1890, p = 0.68).
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Table 4
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Correlation of FMI25 and FMI50 with sleep variables. Pearson’s 1 is presented for age and Spearman'’s rho is presented for all other variables according to distribution of data. For
comparison of males vs. females, Fisher’s Z transformation was applied. Significant results (p < 0.05) are highlighted in bold.

FMI25 FMI50 males vs. males vs.
females females
All patients r/p Males (n=128)r/p  Females (n=72)r/p  All patients r/p Males r/p Females r/p FMI25 (p) FMI50 (p)
(p) (p) (p) (p) (p) (p)
Age 0.41 (<0.001) 0.18 (0.04) 0.36 (0.002) 0.35 (<0.001) 0.13 (0.15)  0.12 (0.31) 0.19 0.94
BMI 0.8 (0.29) —0.02 (0.82) 0.12 (0.32) 0.7 (0.32) -0.02 0.12 (0.31) 035 0.35
(0.81)
AHI 0.11 (0.14) —0.10 (0.26) 0.28 (0.02) 0.05 (0.49) -0.14 0.18 (0.13) 0.01 0.03
(0.13)
02- Saturation —0.23 (0.001) -0.12 (0.17) —0.26 (0.03) -0.19 -0.11(0.21)  —0.15(0.20) 033
(0.01)
0.79
SPT —0.18 (0.01) —0.24 (0.01) -0.12 (0.32) —0.20 (0.01) -0.21 -0.22 (0.07) 0.41 0.94
(0.02)
WT 0.17 (0.02) 0.16 (0.07) 0.26 (0.03) 0.17 (0.02) 0.12 (0.19) 0.30 (0.01) 0.48 0.21
SE —0.27 (<0.001) —0.18 (0.05) —0.37 (0.001) —0.25 (<0.001) -0.17 -0.29 (0.01) 0.17 0.40
(0.06)
SL 0.16 (0.02) 0.16 (0.08) 0.28 (0.02) 0.17 (0.02) 0.12 (0.19)  0.31 (0.01) 0.40 0.18
Arousal 0.15 (0.03) 0.02 (0.81) 0.35 (0.003) 0.08 (0.29) 0.04 (0.69) 0.25(0.03) 0.02 0.15
Index
PLM Index 0.24 (0.001) 0.13 (0.14) 0.35 (0.003) 0.21 (0.002) 0.13 (0.15)  0.26 (0.03) 0.12 0.37

AHI = apnea/hypopnea index, BMI = body mass index, FMI25 = fragmentary myoclonus index using 25 uV amplitude cut-off, FMI50 = fragmentary myoclonus index using
50 pV amplitude cut-off, PLM = periodic limb movement, SE = sleep efficiency, SL = sleep latency, SPT = sleep period time, TWT = total wake time.

Accordingly, there was also no difference in FMI50 between
females with (median 3.38, IQR 4.44) or without sleep-related
breathing disorders (median 2.28, 5.62; U=533, p=0.87) and
between males with (median 6.34, IQR 24.61) or without sleep-
related breathing disorders (median 8.08, IQR 15.95; U=1882,
p =0.65).

4. Discussion

Our study on FM in the largest sample of patients with sleep
disorders to date showed that FM appeared in every patient con-
firming previous reports of FM in smaller cohorts as an omnipre-
sent phenomenon in physiological and pathological sleep in both
patients (Frauscher et al., 2011, 2014) as well as healthy controls
(Frauscher et al., 2014). It has previously been suggested that only
EFM, defined by an arbitrary cut-off of five FM potentials per min-
ute over a duration of 20 min (Broughton et al., 1985), is patholog-
ical. However, the frequency of EFM was very low in our cohort
(3.9% of patients using FMI25, 0% using FMI50).

FM has rarely been studied in larger samples and its clinical rel-
evance remains unclear. An association with sleep-related breath-
ing disorders has been suggested (Frauscher et al., 2011), which
was not confirmed in our cohort for both FMI cutoffs. Although
there was a moderate correlation of FMI with the mean oxygen sat-
uration across all subjects, it did not withstand multivariate test-
ing. Furthermore, there was no difference in median FMI values
after dichotomizing the sample into patients with and without
sleep-related breathing disorders.

Men had significantly higher FMI compared to women, and FMI
increased with age independently of gender, which is in accor-
dance with previous investigations (Auer et al., 2018; Frauscher
et al, 2011). We also found an association of higher FMI with
shorter sleep duration, longer total wake time, lower sleep effi-
ciency, higher arousal index and higher PLM index, of which only
the association with arousal index remained significant in the mul-
tivariate analysis, with stronger effects in women compared to
men, and a more pronounced effect for FMI25 compared to FMI50.

Multivariate testing indicated a specific pattern of distribution
of FM across sleep stages, with highest FM indices during wakeful-
ness, followed by REM sleep and S1 and S2 sleep, and lowest values
in S3. This effect was more pronounced in men compared to

women. A decrease of FM from light to deep sleep and higher val-
ues during REM sleep is in line with previous investigations
(Montagna et al., 1988; Frauscher et al., 2011). Of note, the few
foregoing studies investigating the nighttime distribution of FM
did either not include an analysis of FM during wakefulness (Lins
et al., 1993; Frauscher et al., 2014), or showed similar FM-
frequencies during wakefulness compared to REM sleep
(Montagna et al., 1988; Frauscher et al., 2011), and neither
included different FMI amplitude cutoffs. Hence, our observation
of significantly higher FM incidence during wakefulness is of cru-
cial importance which might stem from the larger number of sub-
jects we studied in comparison to previous investigations and
supports the view that FM is associated with arousal.

Interestingly, in women, higher FMI were associated with
higher arousal indices. Early investigations in healthy subjects sug-
gest that REM sleep is accompanied by a significant increase in
sympathetic nervous activity, while REM twitches are followed
by abrupt short reductions of sympathetic nervous activity
(Somers et al., 1993). One could speculate that more frequent FM
in women with higher arousal indices might counterbalance the
overactive sympathetic nervous system that is known to be related
to more frequent arousals (Amihdesei and Mungiu 2012).

The physiological origin of FM is still of debate. The observation
of high occurrence of FM during wakefulness as well as REM sleep,
representing the sleep period of greatest inhibition of tonic muscle
activity, seems paradox. Electrophysiological studies in cats sug-
gest that this may be explained by the different nature of motoneu-
rons being responsible for myoclonic twitches and for those
involved in tonic muscle activity, and that myoclonic jerks repre-
sent the phasic response of a supraspinal system, overwhelming
the inhibitory influence of other supraspinal systems (Gassel
et al., 1964). Early studies in neurological patients confirmed this
concept of phasic reticulo-spinal volleys of descending alpha
motoneurons (Dagnino et al., 1969). Furthermore, it has been dis-
cussed that FM represents a spectrum of motor phenomena, rang-
ing from simple fasciculations to more complex and protracted
movement patterns (Montagna et al., 1988). This is in line with
our observation of highest frequency of FM during relaxed wake-
fulness, which might relate to the difficulty of distinguishing FM
from simple fasciculations that may be abundant during
wakefulness.
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4.1. Strengths and limitations

To our knowledge, this is the largest study on the proportion
and time course of FM in sleep lab patients that has been published
so far.

The 2007 AASM Scoring Manual for Sleep and Associated Events
(Iber et al., 2007), does not refer to sleep stage distribution of EFM
or define amplitude criteria for scoring. Early observational studies
used 50 pV criteria (Broughton and Tolentino, 1984; Lins et al.,
1993), but it was recently suggested that using lower amplitude
criteria (i.e. >25 puV) might be more sensitive for EFM across all
sleep stages (Hoque et al., 2013). This is the first study in a large
cohort to confirm that using a lower amplitude criterion of
>25 nV increases the detection rate of FM and additionally shows
a stronger association with arousals, particularly in women, which
has not been demonstrated so far (Hoque et al., 2013). Further-
more, FM was more frequent during relaxed wakefulness and
REM sleep compared to NREM sleep stages, which has not been
previously described and needs to be replicated by other
investigators.

There are several limitations to our work. Since our study sam-
ple included all patients attending our sleep lab at a certain time-
period, other patient groups, particularly RBD and parasomnias,
may be underrepresented in this study. Data were acquired from
a single centre, and due to the retrospective nature of the study,
control data were not collected, which limits generalizability. Fur-
thermore, it has previously been suggested that it is difficult to dis-
tinguish FM from benign fasciculations, and that both, FM and
fasciculations may represent different expressions of a range of
motor phenomena (Montagna et al., 1988). This might have influ-
enced the number of FM events documented in our study sample
and may at least partly explain the high frequency of FM during
relaxed wakefulness. Furthermore, a more detailed analysis of
the temporal relation of arousals with the occurrence of FM should
be addressed in future studies. Standard EMG recordings during
polysomnography at our centre are limited to mentalis and tibialis
anterior muscles. Due to the retrospective nature of the study, no
other muscle groups were investigated, which does not allow
interpretation of distribution or rostrocaudal propagation of FM.
Since nerve conduction studies were not routinely performed in
our cohort, a possible association of EFM with abnormal neuro-
physiological findings cannot be excluded (Raccagni et al., 2016).
Lastly, since PSGs were acquired in 2011-2013, sleep was scored
according to Rechtschaffen and Kales (1968) and not according to
AASM scoring standards (Iber et al., 2007).

5. Conclusion

Our results suggest that FM does not depend on sleep-related
breathing disorders, but rather represents a ubiquitous motor phe-
nomenon accentuated during relaxed wakefulness and REM sleep
and in older men. In women, FM is less frequently encountered
and particularly FMI25 may be a surrogate marker for higher arou-
sal indices.
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