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Objective: To evaluate the frequency, determinants and sleep characteristics of lucid dreaming in narcolepsy
Settings: University hospital sleep disorder unit
Design: Case-control study
Participants: Consecutive patients with narcolepsy and healthy controls
Methods: Participants were interviewed regarding the frequency and determinants of lucid dreaming. Twelve narcolepsy patients and 5 controls 
who self-identified as frequent lucid dreamers underwent nighttime and daytime sleep monitoring after being given instructions regarding how to 
give an eye signal when lucid.
Results: Compared to 53 healthy controls, the 53 narcolepsy patients reported more frequent dream recall, nightmares and recurrent dreams. 
Lucid dreaming was achieved by 77.4% of narcoleptic patients and 49.1% of controls (P < 0.05), with an average of 7.6 ± 11 vs. 0.3 ± 0.8 lucid 
dreams/month (P < 0.0001). The frequency of cataplexy, hallucinations, sleep paralysis, dyssomnia, HLA positivity, and the severity of sleepiness 
were similar in narcolepsy with and without lucid dreaming. Seven of 12 narcoleptic (and 0 non-narcoleptic) lucid dreamers achieved lucid REM 
sleep across a total of 33 naps, including 14 episodes with eye signal. The delta power in the electrode average, in delta, theta, and alpha powers 
in C4, and coherences between frontal electrodes were lower in lucid than non-lucid REM sleep in spectral EEG analysis. The duration of REM 
sleep was longer, the REM sleep onset latency tended to be shorter, and the percentage of atonia tended to be higher in lucid vs. non-lucid REM 
sleep; the arousal index and REM density and amplitude were unchanged.
Conclusion: Narcoleptics have a high propensity for lucid dreaming without differing in REM sleep characteristics from people without narcolepsy. 
This suggests narcolepsy patients may provide useful information in future studies on the nature of lucid dreaming.
Keywords: dreaming, lucid dreaming, REM sleep, narcolepsy, spectral power, EEG coherence
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INTRODUCTION
Lucid dreaming is the experience of being aware of 

dreaming while asleep and continuing to dream.1,2 As many as 
51% adults in a German representative sample of 922 subjects 
reports that they had experienced a lucid dream at least once,3 
while the monthly frequency of lucid dreams is higher in chil-
dren than in teenagers and adults.4 Lucid dreams generally 
arise in REM sleep.5 Compared to non-lucid REM sleep, lucid 
REM sleep is associated with local frontal lobe EEG changes 
in the 40 Hz band, increased brain coherence,6 and increased 
activity on functional MRI in the bilateral precuneus, cuneus, 
parietal lobules, and prefrontal (and especially the dorsolat-
eral prefrontal cortex) and occipito-temporal cortices, which 
may correspond to restored reflective consciousness.7 Models 
of lucid dreaming have recently been used to determine the 
cortical signature associated with dreamed motor activity 
(e.g., clenching the left and right hands).8 Although this model 
is fascinating when used to address several questions about 
dreamed versus imagined and physically performed activities, 
as well as mind-body interactions during sleep, most studies 
have been limited by the difficulty to achieve lucid dreaming 
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in a sleep laboratory and within a functional brain imaging 
device. Consequently, their results are based on one to three 
healthy subjects and require several nights of monitoring be-
fore achieving lucidity.6–10

Patients with narcolepsy experience excessive daytime 
sleepiness with rapid entry into REM sleep as well as several 
symptoms associated with dissociated REM sleep, including 
cataplexy, hypnagogic hallucinations, sleep paralysis, and REM 
sleep behavior disorder.11 These patients also report frequent 
dreams and nightmares.12–14 While interviewing narcolepsy pa-
tients in our reference center for narcolepsy, we serendipitously 
noted that they reported frequently being aware of dreaming 
without any specific training. We decided to study the fre-
quency and determinants of lucid dreaming in narcolepsy and 
to challenge patients’ alleged ability to achieve lucid dreaming 
using sleep monitoring during nighttime and daytime sleep.

METHODS

Participants
From February to May 2013, we prospectively interviewed 

all patients with narcolepsy who presented to the outpatient 
clinic of the reference center for narcolepsy of a university hos-
pital, regardless of whether they were new or follow-up patients. 
They had to meet the international criteria for narcolepsy,15 in-
cluding: (i) excessive daytime sleepiness occurring daily for ≥ 3 
months; (ii) A mean sleep latency < 8 min on the multiple sleep 
latency tests (5 tests performed at 08:00, 10:00, 12:00, 14:00, 
and 16:00 after attended nighttime polysomnography including 
EEG [Fp1/A2, C3/A2, C3/O1], left and right EOG, chin and left 
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and right tibialis anterior EMGs, nasal pressure, abdominal and 
thoracic efforts, tracheal sound, EKG, pulse oximetry and posi-
tion); (iii) ≥ 2 periods of REM sleep onset during these tests; 
and (iv) no other causes for these findings, including sleep 
apnea syndrome, acute and chronic sleep deprivation, circadian 
sleep disorders, shift work disorder, depression and recent with-
drawal of an antidepressant or neuroleptic drug. The presence 
of cataplexy was identified by interview and, in rare cases, by 
direct observation of sudden loss of axial muscle tone with tran-
sient absence of deep tendon reflexes. The CSF hypocretin-1 
levels were not measured, as diagnostic criteria were met 
without this test in all cases. The presence of the DQB1*0602 
HLA genotype was assessed in all patients. Among patients 
with narcolepsy who reported lucid dreams, 12 volunteered to 
participate in the lucid dreaming experiment performed in the 
sleep laboratory. Healthy controls were recruited among friends, 
families, hospital employees, and students to match the narco-
lepsy patients in terms of age and gender. Controls were inter-
viewed by a sleep physician who ensured the absence of any 
sleep disorders. In addition, 5 frequent lucid dreamers, without 
any disease, were recruited through word of mouth. The pro-
tocol was approved by the local ethics committee (Comité de 
Protection des Personnes - Ile de France 06), and participants 
gave written informed consent. Individuals who took part in 
the experimental portion of the sleep study received monetary 
compensation for their participation.

Questionnaire
The same sleep neurologist (PD) conducted in-person in-

terviews with the patients and the controls regarding their de-
mographic and clinical characteristics, including gender, age, 
body mass index, cataplexy, excessive daytime sleepiness 
(score on the Epworth Sleepiness Scale,16 sleep attacks, monthly 
number of naps), nighttime sleep characteristics (usual sleep 
time, number of awakenings, sleep talking, restless leg syn-
drome, observed sleep apnea, sleep paralysis, hypnagogic hal-
lucinations, dyssomnia), automatic behaviors, and history of 
treatment. The Epworth Sleepiness Scale score, mean daytime 
sleep latency, number of sleep onset in REM periods, and HLA 
genotyping at the time of narcolepsy diagnosis were collected 
from patients’ medical files. The systematic questionnaire 
about dreams included an evaluation of the monthly frequency 
of dreams, nightmares, prominent emotions in dreams (nega-
tive, positive, both), dreams of false awakening, recurrent 
dreams, enchained dreams (defined as the ability to resume 
the same dream after a long awakening exactly at the time in 
the scenario when the dream was interrupted by the awak-
ening), and lucid dreaming (defined as the awareness of being 
in a dream). Examples of lucid dreams were provided. Sub-
jects with lucid dreams were asked to evaluate their ability to 
change the dream scenario, identify the elements (themselves, 
other characters, the scene, change/cut the scenario) that they 
were able to modify in their dreams, determine the predomi-
nant emotion within the lucid dreams (positive, negative, eu-
phoric), and assess the similarities between lucid dreams and 
awake life. Most questions were derived from the Lucidity and 
Consciousness in Dreams Scale (LuCiD).2 Subjects were also 
asked to evaluate the utility of their lucid dreams (e.g., to stop 
nightmares, to have fun, to train oneself) and assess whether 

being lucid tended to induce waking or if the lucid dreaming 
experience was associated with fatigue upon awakening. In the 
statistical analysis of these measures, dichotomous measures 
were compared using the χ2 test, and continuous measures 
were compared with Student t-test.

Sleep Monitoring of Lucid Dreaming
The 17 subjects who participated in the experimental por-

tion of the sleep study were asked to keep a dream diary for 
the entire week prior to the time of the experiment, to train 
nightly to access lucidity while asleep and to note their lucid 
dreams in the diary. Control subjects spent a single night in the 
sleep laboratory, while narcolepsy patients spent one night and 
the following day to include 6 to 7 discrete daytime naps from 
08:00 to 19:00, interspersed with 1 to 2 hours of full wake-
fulness as in a prolonged multiple sleep latency test. Patients 
were active in the sleep laboratory (speaking, eating, working 
on a computer, walking around) until they were suggested to 
nap or spontaneously asked the investigator to lie on bed and 
sleep, as this is frequent in narcolepsy patients. Sleep moni-
toring used the same sensors as described above, plus extra 
EEG leads placed mostly in the frontal area, which has been 
shown to present with higher power in the 40 Hz band during 
lucid dreaming (Fp1, Fp2, F7, F8, C3, C4, O1, O2, using the 
Jasper 10/20 system). All monopolar signals were simultane-
ously acquired as on the polysomnograph Brainet (Medatec 
Ltd France), which has a notch filter at 48.5 Hz. Infrared video 
and sound recordings were also collected. Subjects were in-
structed to signal lucidity by scanning the horizon from right 
to left two times. The signal was trained during wakefulness. 
Eye movement signals were calibrated while each patient was 
awake using 2 targets that were located 2 meters away. Sub-
jects reported the content of their dreams and the presence/
absence of lucidity during the night (upon spontaneous awak-
ening in a few cases), after the full night’s sleep (in all cases) 
and after each nap (in all cases). They completed the scale of 
lucidity upon awakening from each nap.2

Analysis of Sleep, Muscle, and Eye Activities
Sleep stages, arousals and respiratory events were scored 

according to international criteria.17,18 The eye signal was rec-
ognized on the EOG during REM sleep by two independent 
scorers, and the corresponding samples were named “signaled 
lucid REM sleep episodes.” Doubtful EOG signals were dis-
carded. In addition, some patients reported that they were lucid 
after some REM sleep episodes; however, they did not display 
the eye signal or believed that they had performed the signal, 
but it was not visible for scorers. These REM sleep episodes 
were considered as “non-signaled lucid REM sleep episodes.” 
The number (termed “REM density” as the number per min 
of REM sleep time) and amplitude of the eye movements (in-
cluding the signal during wakefulness and lucid REM sleep 
and the spontaneous movements during non-lucid and lucid 
REM sleep, in microvolts), the percentage of chin muscle atonia 
measured according to international criteria,19 and the arousal 
index during lucid and non-lucid REM sleep were manually 
measured. Because patients did not contribute equally to the 
number of lucid and non-lucid REM sleep episodes, measure-
ments were adjusted for each individual subject and analyzed 
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using a mixed linear model for quantitative paired variables 
and Turkey-Kramer post hoc tests if significant. This statistical 
calculation was performed using the SAS version 9 statistical 
package (SAS Institute Inc, Cary, NC, USA). All tests were 
two-tailed, and a probability level (P value) < 0.05 was consid-
ered to be statistically significant.

Power and Coherence EEG Analysis
Samples of EEG recordings (recorded at a sampling fre-

quency of 256 Hz) were selected during quiet wakefulness 
with the eyes closed, non-lucid REM sleep, and signaled lucid 
REM sleep (from 6 sec before and after the left-right-left-
right eye signal if isolated, and between 2 left-right-left-right 
eye signals distant < 20 sec). These samples were exported 
to perform spectral analysis on each electrode channel using 
the fast Fourier transform. Spectral analyses were performed 
on non-overlapping quasi-stationary segments of 20 sec (nor-
malized to a zero mean in the 0 to 128 Hz frequency band). 
For each EEG activity, the power spectrum was estimated 
using the Welch averaged periodogram method.20 The degree 
of statistical association between the activities was estimated 
by means of classical coherence. Coherence is a measure of 
linear correlation between two signals x(t) and y(t) across fre-
quencies. It is estimated from the cross-spectral density be-
tween the 2 waveforms and normalized by the power spectral 
density of each waveform (see the full methodology details 
from our group21). Coherence can range between 0 (when both 
signals are independent) and 1 (in case of a perfect depen-
dency between 2 signals). Calculations were performed using 
the squared magnitude coherence function in MATLAB 
(MathWorks, Natick, MA) and Welch method applied to the 
N = 20 disjoint 1-sec windows. To determine the probability 
that coherence is significantly higher than expected from 
random fluctuations, we used Fisher z transform of coherence: 

zcoh = tanh−1 (square root of C).20 According to the indepen-
dence hypothesis, zcoh is normally distributed with an ex-
pected mean of 0 and a variance var{zcoh} = 1/(2N), where N 
is the number of disjoint non-overlapping data segments used 
in the estimated coherence calculation (N = 20).22 Because the 
number and duration of samples were different between sub-
jects, the estimated values (power or coherence) obtained in 
the segments were contrasted between different within-sub-
ject pairs of conditions (quiet wakefulness with eyes closed 
versus non-lucid REM sleep, quiet wakefulness with eye 
closed versus signaled lucid REM sleep, and non-lucid REM 
sleep versus signaled lucid REM sleep). To estimate the prob-
ability that coherence in one condition differed significantly 
from coherence in the other conditions, values were compared 
using a one-tailed t-test (justified by the normality of values), 
whereas power values were compared via a nonparametric test 
(Mann-Whitney U test) because power values did not exhibit 
a Gaussian distribution.

RESULTS
As expected by matching, groups did not differ by age or 

gender (Table 1). Patients with narcolepsy had higher body 
mass indices and a greater frequency of naps per week and 
awakenings per night. Narcolepsy patients also demonstrated 
dyssomnia, sleep paralysis, and hypnagogic and hypno-
pompic hallucinations more frequently than controls. Patients 
with cataplexy had more frequent naps, hypnagogic hallucina-
tions, and HLA DQB1*0602 positivity than patients without 
cataplexy.

Dreaming and Lucid Dreaming Characteristics in Interviews
Most dream characteristics differed between patients and 

controls; narcolepsy patients experienced more frequent dreams 
and nightmares and more recurrent and enchained dreams than 

Table 1—Demographic and clinical characteristics of patients with narcolepsy and controls.

Patients with 
narcolepsy (all)

Patients with 
cataplexy

Patients without 
cataplexy Controls

Number of subjects 53 36 17 53
Age, y 38.2 ± 15.4 39 ± 16.8 36.2 ± 12.6 34.9 ± 13
Gender, women % 41.5 47.2 29.4 43.3
Body mass index, kg/m2 27.8 ± 7.7 a 27.6 ± 6.8 27.0 ± 9.4 23.9 ± 4.1
Mean sleep time, h 7.3 ± 1.9 7.3 ± 2.0 7.2 ± 1.6 7.1 ± 1
Dyssomnia, % 64.1 a 72.2 47.1 17
Awakenings, number per night 2.5 ± 2.9 a 2.7 ± 1.5 2.3 ± 4.6 0.25 ± 0.6
Epworth sleepiness score, 0–24 17.5 ± 3.8 18.3 ± 3.9 16.3 ± 3.3 NA
Naps, number per month 35.7 ± 37.3 a 43.1 ± 41.3 b 20.2 ± 20.4 4.3 ± 8.8
Sleep paralysis, % 58.5 a 63.9 47.1 15.1
Hypnagogic hallucinations, % 50.9 a 61.1 b 29.4 7.5
Hypnopompic hallucinations, % 28.3 a 33.3 17.6 7.5
Multiple sleep latency tests

Mean sleep latency, min 4.7 ± 3 4.3 ± 2.8 5.5 ± 3.2 NA
Sleep onset in REM periods, n 3.5 ± 1.4 3.4 ± 1.4 3.5 ± 1.5 NA

HLA DQ B1*0602, % 70 85.2 b 38.5 NA

a P < 0.05 compared to controls; b P < 0.05 for narcolepsy patients without cataplexy; NA, not assessed. Data are presented as the mean ± standard deviation.
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controls (Table 2). Nightmares were more frequent in patients 
with cataplexy than in those without cataplexy. Dreams of false 
awakening were equally frequent in both groups. An example 
reported during a daytime nap in a patient with narcolepsy was: 

“�A male nurse had been disagreeable with me. As revenge, 
I decided not to sleep as instructed, but instead stood up 
and typed on my computer. I realized after the nap that 
it was a dream.” 

There were more lucid dreamers in the narcolepsy group (re-
gardless of whether cataplexy was present) than in the con-
trol group, and narcoleptic lucid dreamers had significantly 
more lucid dreams per month. Narcoleptic patients with lucid 
dreams did not differ from patients without lucid dreams in 
terms of age, gender, presence of cataplexy, hypnagogic and 
hypnopompic hallucinations, sleep paralysis, sleepiness se-
verity (Epworth sleepiness score, number of naps), dyssomnia, 
number of awakenings per night, number of dreams and 
nightmares per month, recurrent dreams, enchained dreams, 
dreams of false awakening, and HLA DQB1*0602 positivity. 
Narcoleptic patients with lucid dreams had higher body mass 
indices and longer sleep times than those without lucid dreams 
(Table 3). Lucid dreaming was clearly distinguished from 
sleep paralysis with and without sleep-related hallucinations. 

The 41 narcoleptic patients with lucid dreaming reported 
that lucid dreaming was equally frequent during nighttime 
sleep and daytime sleep (n = 19), more frequent during the 
night (n = 16), and more frequent during naps (n = 5); one did 
not know. Narcoleptic patients were more frequently able to 
achieve lucid dreaming during the daytime than controls (60% 
[24/40] versus 16% [4/25], P = 0.004). Lucid dreamers from all 
groups reported similar abilities to alter dream content, such 
as changing characters, oneself, and the dream scenario. Nar-
coleptic patients were able to change themselves more often 
than other characters in their lucid dreams (73.9% versus 
43.4%, P = 0.036). These patients used lucid dreaming mostly 
to change nightmares and, more rarely, to have fun or train 
themselves. Patients with narcolepsy reported numerous ex-
amples of lucid nightmares: 

“I was chased by an aggressor and had to kill myself by 
throwing myself onto an electrified fence to avoid the 
aggressor and wake up”; 

“I had a recurrent nightmare of being flooded in a tsunami. 
Once I was in this dream again, I said to myself, ‘I am 
fed up with you, my tsunami dream.’ Suddenly the tsu-
nami became a person and apologized for disturbing 
me. I never had this nightmare again”; 

Table 2—Characteristics of dreams and nightmares in patients with narcolepsy and controls.

Patients with 
narcolepsy (all)

Patients with 
cataplexy

Patients without 
cataplexy Controls

Number of subjects 53 36 17 53
Number of dreams/month 49.0 ± 46.1 a 46.7 ± 29.7 a 53.8 ± 69.8 a 15.5 ± 19.1
Nightmares, % 69.8 b 83.3 a 41.2 47.2
Number of nightmares/month 7.3 ± 14.7 a 10.2 ± 10.4 a 1.4 ± 2.9 0.9 ± 4.1
Recurrent dreams 66 a 72.2 a 52.9 35.8
False awakenings 54.7 52.8 58.8 43.4
Enchained dreams 75.5 a 72.2 a 82.4 a 45.3
Lucid dreamers
Having ever had a lucid dream (over lifetime), % (n) 77.4 (41) a 77.7 (28) a 76.4 (13) a 49.1 (25)
Regular lucid dreamer (1 or more lucid dream/month), % (n) 58.5 (31) b 58.3 (21) b 58.8 (10) a 17 (9)
Number of lucid dreams/month 7.6 ± 11 b 7.7 ± 11.2 a 7.3 ± 10.9 a 0.3 ± 0.8
Can alter dream content, % of lucid dreamers (n) 56.1 (23/41) 60.7 (17/28) 38.4 (5/13) 36 (9/25)

Change characters, % (n) 43.4 (10/23) 47.1 (8/17) 40 (2/5) 22.2 (2/9)
Change oneself, % (n) 73.9 (17/23) 70.6 (12/17) 100 (5/5) 55.6 (5/9)
Change scenario, % (n) 56.5 (13/23) 58.8 (10/17) 60 (3/5) 55.6 (5/9)

Emotions during lucid dreams, % of lucid dreamers (n)
Negative 44.4 (16/36) 47.8 (11/23) 38.5 (5/13) 36 (9/25)
Positive 55.6 (20/36) 56.5 (13/23) 53.8 (7/13) 60 (15/25)
Euphoric 28.9 (11/38) 32 (8/25) 23.1 (3/13) 24 (6/25)

Use lucid dream for, % of lucid dreamers able to alter dream content (n)
Reducing nightmares 78.3 (18/23) 76.4 (13/17) 100 (5/5) 44.4 (4/9)
Having fun 30.4 (7/23) 35.3 (6/17) 20 (1/5) 44.4 (4/9)
Training 4.3 (1/23) 6.9 (1/17) 0 (0/5) 22.2 (2/9)

Consequences of lucid dreaming
Promotes awakening, % of lucid dreamers (n) 58.5 (24/41) 50 (14/28) 84.6 (11/13) 48 (12/25)
Promotes tiredness, % of lucid dreamers (n) 31.7 (13/41) 35.7 (10/28) 23.1 (3/13) 16 (4/25)

a P < 0.05 compared to controls. b P < 0.0001 compared to controls. No significant difference between narcoleptics with and without cataplexy. Data are 
presented as the mean ± standard deviation or %.
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“I was chased by soldiers and chose to fly to escape them”; 
“I built a panic room in myself where I mentally went 

during my nightmare to escape dangerous people”; 
“I was seeing my family tortured to death and decided that 

it was not true, because we were rehearsing a play or a 
movie. I was behind the camera”; and 

“I built myself a suit of armor made of lightning that pro-
tected me from my enemies.” 

Patients with narcolepsy also reported pleasant lucid dreams: 
“I was flying, I was piloting a spaceship over the places I 

chose, rode a giant horse, crossed the walls, traveled 
under the water while breathing easily”; 

“I was in a castle (always the same castle), and decided 
to do exactly what I wanted. I went around discov-
ering new parts of the castle, I tried to speak and shout 
loudly”; and 

“I went out of my body and saw my physical body lying in 
the bed. Then I was able to fly, cross through ceilings, 
fly over the town and I chose to go to marvelous places 
with great people.”

Success in Achieving Lucid REM Sleep
Twelve narcoleptic patients (5 men, 7 women; 8 patients 

with cataplexy; aged 16 to 40 y) and 5 healthy controls (2 men, 
3 women; aged 25 to 40 y; not included in the control group 
described above) were recruited as frequent lucid dreamers to 
participate in the experimental portion of the study. Healthy 
controls reported 12.9 ± 9.6 lucid dreams per month; narco-
leptic patients reported 14.7 ± 12.6 lucid dreams per month 
(these values were not significantly different). Prior to night-
time sleep and naps, participants were instructed to signal 
lucid dreaming by scanning the horizon of their dream from 
right to left and then left to right 2 times. All subjects under-
went a night polysomnography (including a total of 67 REM 
sleep episodes during the night), and the 12 narcoleptic pa-
tients underwent additional polysomnography during 6 to 7 
daytime naps (including a total of 57 REM sleep episodes 
over 70 daytime naps). Three controls and all 12 narcoleptic 
patients reported that they achieved lucid dreaming at least 
once during the night; however, the eye signal could not be 
identified via behavioral observation during REM sleep in 
any of these participants. Two of the 5 controls made recur-
rent eye signals during clear wakefulness with diffuse alpha 
rhythms and reported dreamlike mental content that could 
have potentially corresponded to rich hypnagogic imagery. In 
contrast, during daytime sleep, narcoleptic patients reported 
54 dreams during 70 naps, of which 41 were reported as lucid 
(corresponding to 33 naps) and 15 were reported as non-lucid 
(76% of all dream naps). Among these 41 lucid dreams, pa-
tients reported that they thought they had performed the eye 
signal in 38 instances. In sleep recordings, the eye signal was 
identified in 30 instances with certainty by 2 individual raters 
in 14 REM sleep episodes; the signal was possibly identified 
(with doubt) in 13 other instances. Overall, 7 narcoleptic pa-
tients and 0 non-narcoleptic controls performed the lucidity 
signal during REM sleep. These 7 lucid dreamers with nar-
colepsy had performed a total of 38 REM sleep episodes 
during the night, none of them containing a doubtless lucid 
eye signal.

Polygraphic Aspects of Lucid REM Sleep
Examples of lucid and non-lucid REM sleep epochs are 

shown in Figure 1. Most polysomnographic sleep character-
istics were similar during non-lucid and lucid REM sleep, 
regardless of whether the lucid episodes contained the eye 
signal or if dreams were reported as lucid after waking from 
a nap during which the eye signal was not detected. REM 
sleep times were longer, REM sleep onset latency tended to 
be shorter, and the percentage of REM sleep with complete 
muscle atonia tended to be higher during signaled lucid REM 
sleep than during non-lucid REM sleep. The arousal index and 
REM density were not different between lucid and non-lucid 
REM sleep (Table 4). The amplitude of the eye movement 
signal was lower in lucid REM sleep than during wakeful-
ness (Figure 2), representing that the horizontal gaze scanning 
spanned 104.8° during wakefulness and 26.5° during lucid 
REM sleep. Spontaneous rapid eye movements (REMs) had 
the same amplitude during lucid and non-lucid REM sleep, 
but the REMs amplitude was less than that of the lucidity eye 
signal during lucid REM sleep.

The spectral analysis was performed in all channels, except 
the occipital channels, which were frequently obscured by ar-
tifacts in the head-down lying position. There were no differ-
ences in the EEG power of the averaged EEG leads (Fp1, Fp2, 
F7, F8, C3, C4) between the 14 lucid and 21 non-lucid REM 
sleep episodes in the gamma, beta, theta, and alpha EEG bands. 
However, decreased power in the delta EEG band was observed 
during lucid dreaming compared with that during non-lucid 
REM sleep (Figure 3). The power analysis of each electrode 
placement site revealed that the power in the delta EEG band 
was reduced during lucid versus non-lucid REM sleep in F7, 

Table 3—Demographic and clinical characteristics of narcoleptic patients 
with and without lucid dreaming.

Lucid 
dreamers

Not lucid 
dreamers

Number of subjects 41 12
Age, y 36.8 ± 15.2 42.4 ± 16.1
Sex, women % 39 50
Body mass index, kg/m2 29.1 ± 7.5 a 23.6 ± 6.8
Mean sleep time, h 7.5 ± 2 a 6.5 ± 1
Dyssomnia, % 70.7 41.7
Awakenings, number per night 2.7 ± 3.1 1.8 ± 1.8
Epworth sleepiness score, 0–24 17.3 ± 3.6 18.3 ± 4.5
Naps, number per month 37.4 ± 36.1 30 ± 42.4
Cataplexy, % 68.3 66.7
Sleep paralysis, % 56.1 66.7
Hypnagogic hallucinations, % 56.1 33.3
Hypnopompic hallucinations, % 31.7 16.7
Multiple sleep latency tests

Mean sleep latency, min 4.6 ± 3 4.9 ± 3.1
Sleep onset in REM periods, n 3.5 ± 1.5 3.5 ± 1.2

HLA DQ B1*0602, % 70 70

a P < 0.05 compared to non-lucid dreamers. Data are presented as the 
mean ± standard deviation.
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F8, C3 and C4; in F8 and C4 in the theta EEG band, and in C4 
in the alpha band (Figure 4). No differences in spectral power 
were found in any band or electrode site when comparing lucid 
vs. non-lucid REM sleep. EEG power was lower during both 
lucid and non-lucid REM sleep than during waking in the 
alpha, beta and gamma bands. The typical peak in the alpha 
frequency band in wakefulness was not present in either lucid 
dreaming or non-lucid REM sleep. The coherences in waking 
with eyes closed were elevated in the alpha frequency band. 
The coherences between electrodes were lower in lucid than in 
non-lucid REM sleep in the gamma frequency bands, regard-
less of the combination of sites both in long and short distances 
(Figure 5). In the delta band, the coherence was lower in lucid 

vs. non-lucid REM sleep between Fp1 and Fp2, F8, C3 and C4; 
between Fp2 and F7, C3 and C4; between F7 and F8 and C4; 
between F8 and C3; and between C3 and C4. In the theta band, 
it was lower between Fp2 and F7, C3 and C4. In the beta band, 
it was lower between Fp2 and C3 and C4.

DISCUSSION
We found that 78% of patients with narcolepsy in our 

sample were lucid dreamers, achieving on average 8 lucid 
dreams per month. The frequency of lucid dreaming was 
higher in narcoleptic lucid dreamers than in healthy lucid 
dreamers. In addition, only lucid dreamers with narco-
lepsy (i.e., no control subjects with frequent lucid dreams) 

Figure 1—Polygraphic 30 sec epochs of wake (upper panel), lucid REM 
sleep (middle panel) and non-lucid REM sleep (lower panel) in the same 
subject. Plain arrows indicate the voluntary eye movements (signal was 
left right left right [LRLR] horizontal scanning of the horizon) and dashed 
arrows indicate spontaneous REMs. EOG, electro-oculograms in phase 
opposition; EMG, chin electromyogram; O1/A2, monopolar EEG with 
reference electrode on the right mastoid A2.

Figure 2—Amplitude of eye movements during wakefulness (instructed 
eye signal), lucid (instructed eye signal and spontaneous rapid eye 
movements, REMs) and during non-lucid REM sleep. Note that the 
amplitude of the eye signal was greater when performed during 
wakefulness than during lucid REM sleep. Spontaneous REMs had the 
same amplitude during lucid and non-lucid REM sleep, but the REMs 
amplitude was less than that of the eye signal during lucid REM sleep.

Figure 3—EEG spectral power (log transformed absolute power) during 
wakefulness (blue dotted line) and during non-lucid (red dashed line) and 
lucid (black continuous line) REM sleep in all electrodes and all lucid 
dreamers having displayed an eye signal.
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were able to perform the instructed eye signal during REM 
sleep episodes. Narcolepsy patients also experienced lucid 
dreaming in approximately half of their naps. The arousal 
index, as well as the amplitude and REMs density, were 
similar between lucid and non-lucid REM sleep. EEG power 
was grossly similar in lucid than in non-lucid REM sleep, but 
lower in the delta band in the electrode grand average; and 
in the delta, theta and alpha frequency bands in the central 
right area. Coherence between electrodes was lower in lucid 
REM sleep than in non-lucid REM sleep, mostly in the delta 
and gamma frequency bands.

Patients with narcolepsy were lucid dreamers more fre-
quently than the general population. They also experienced 
lucid dreams more frequently than controls with lucid dreams, 
to the point of having an average of two lucid dreams per week 
regularly, even without any training. This dramatic ability of 
being aware of dreaming in narcolepsy was incidentally noted 
in one patient.23 Some patients with narcolepsy used this ability 
to control their nightmares. As recurrent nightmares are a fre-
quent complaint in patients with narcolepsy, this experience 
(and the numerous tricks reported by lucid patients to master 
their nightmares, such as recognizing their recurrent dreams, 
facing danger, flying away, building a safe place or armor, or 
killing themselves to wake up) could be shared with other non-
lucid or partially lucid patients with narcolepsy, such that the 
latter may improve their ability to achieve lucid dreaming and 
change nightmare scenarios.

Why Are Narcoleptic Patients More Lucid during REM Sleep 
than Normal Subjects?

One may imagine that lucid REM sleep is a dissociated 
state with features of both waking (reflective consciousness, 
higher activity in the 40 Hz band in the frontal lobe)6 and REM 
sleep, which also shares similarities with numerous wake-
REM dissociated states in narcolepsy. Such states include 
cataplexy, hypnagogic and hypnopompic hallucinations, sleep 
paralysis, and REM sleep behavior disorder. However, none 
of these symptoms (including cataplexy, which is the stron-
gest marker of hypocretin-1 deficiency and is often associated 
with “genuine” narcolepsy)24 were associated with the ability 
to achieve lucid dreaming in narcolepsy. Of interest, patients 
with narcolepsy made a clear distinction between their expe-
riences of lucid dreaming and sleep paralysis, indicating that 

even if lucid dreaming is a hybrid state between waking and 
REM sleep,6 it is different from being conscious in a paralyzed 
body as in sleep paralysis. Narcolepsy impacts the dreaming 
process, as highlighted by the high frequency of frightening 
dreams, including nightmares with recurrent thematic content 
(being chased, crawling in a tube, being attacked by monsters) 
and the high frequency of flying in narcoleptics dreams.13 
Dream reports are longer and more story-like when collected 
after the first sleep onset in a REM period during the night 
than after the third REM sleep episode, suggesting that the 
dream process reaches its optimum earlier in narcolepsy than 
in the general population.25

The Important Role of SOREM Periods in Lucid Dreaming
The major difference in sleep structure between narcolep-

tics and controls is SOREM periods, i.e., the ability to enter di-
rectly from wakefulness to REM sleep, without any preceding 
EEG synchronization. Sleep onset in REM period may be a 
dissociated state of REM sleep per se, as illustrated for ex-
ample by the absence of normal sympathetic activation during 
SOREM periods in patients with narcolepsy, compared to 
physiological REM sleep periods.26 This direct entry in REM 
sleep intensifies REM-dream emotion, especially anxiety/fear 
and joy/elation,12 and may also play a major role in promoting 
lucid dreaming. One may note indeed that the patients in our 
series were able to clearly display the eye signal only during 
daytime SOREM periods. In this direction, Fosse reported that 
reflective consciousness within dreams was judged as higher 
by 12 patients with narcolepsy than by controls.27 Reflective 
consciousness was greater during daytime SOREM, equally 
high during nighttime SOREM and late-night REM episodes, 
and lower during early-night REM episodes. These results 
suggest a synergistic effect of narcolepsy on reflective con-
sciousness of circadian time (high consciousness during the 
end of the night and daytime REM episodes, possibly because 
the sleep process is low) and direct entry from wakefulness 
into REM sleep (SOREM). Some normal controls may use the 
dream re-entry method (a method of lucid dreaming induction 
in normal controls) to enter the dream state directly from a 
short period of waking after a dream, especially in the early 
morning hours.28 Sleep interruption may induce sleep paral-
ysis when sleep resumes as well as SOREM periods29; this may 
promote lucid dreaming.

Table 4—Sleep measures in daytime lucid and non-lucid REM sleep, and in nighttime REM sleep.

Daytime naps
REM sleep episodes Lucid with eye signal Lucid without eye signal Non-lucid Daytime Non-lucid Nighttime 

Number 14 21 25 38
REM latency, min 2 ± 1.4 3.4 ± 1.3 3.3 ± 1.3 NA
REM sleep time, min 14.2 ± 1.9 a,b 11.4 ± 1.5 b 8.1 ± 1.3 b 20.4 ± 8.4
Arousals, number/h of REM sleep 5.8 ± 2.3 2.4 ± 1.9 4.5 ± 1.8 4.8 ± 4.9
REM density, number/h of REM sleep 78 ± 126 268 ± 93 176 ± 85 270 ± 89
Muscle atonia, % of REM sleep 92.2 ± 7.7 85.4 ± 6.8 80.8 ± 6.3 92.2 ± 7.3

a P = 0.02 when compared to daytime non-lucid REM sleep episodes; b P = 0.0001 when compared to nocturnal REM sleep. Data are presented as the 
mean ± standard deviation. Statistics as a mixed model with post-hoc Tukey-Kramer tests when significant. NA, not applicable for repeated REM sleep 
episodes during the same night.
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Lucid REM Sleep Is Not a Hybrid State between Waking and 
REM Sleep

The experimental portion of this study confirmed the high 
frequency at which narcoleptic patients achieve lucid REM 
sleep and revealed that non-narcoleptic healthy controls who 
reported frequent lucid dreaming were not able to achieve sig-
naled lucid dreams during a single night. The EEG character-
istics found during lucid REM sleep in narcolepsy were similar 
to those reported by Voss et al., including an EEG spectral 
power that is grossly similar between lucid and non-lucid REM 
sleep.6 However, EEG power was not increased in the frontal 
or fronto-polar electrodes in the gamma (40 Hz) band during 
lucid REM sleep in our subjects. EEG power was reduced in 
the delta band during lucid REM sleep and was variously re-
duced in other bands on individual sites compared to non-lucid 
REM sleep. Lower delta activity during lucid REM suggests 

that this state is more activated, at least within low frequencies, 
than non-lucid REM sleep. The differences between findings 
may be due to our use of a larger sample of lucid dreamers 
(7 as opposed to 3) and a greater number of lucid REM sleep 
segments (14 as opposed to 3). The increased frontal EEG 
power in the gamma band in healthy lucid dreamers was in-
terpreted as a marker of metacognition during dreaming.6 As 
a consequence, some authors activated the prefrontal cortex in 
REM sleep with transcranial direct current stimulation, with 
the intention of increasing lucidity in dreams.8 As the results 
were somehow disappointing, it is possible that activation of 
a network of different brain areas is needed to achieve steady 
lucidity in dreams. Another possibility is that frontal activity 
in healthy lucid dreamers was not a marker of metacognition 
but a marker of the mental effort to achieve lucid REM sleep, 
while this state would be achieved without any mental effort in 

Figure 4—EEG spectral power, as a log transformed absolute power (log mcV2), during wakefulness (blue columns), non-lucid (red dashed columns) and 
lucid (black columns) REM sleep in the various electrode placement sites and EEG frequency bands (delta: 0.5–2.9 Hz; theta: 3–7.9 Hz; alpha: 8–12 Hz; beta: 
12.1–30 Hz; gamma: 30–49.9 Hz). Significant differences between lucid REM sleep and other states are indicated with an asterisk.

Awake	 Lucid REM sleep	 Non-lucid REM sleep
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narcoleptic patients. In our study, the coherence between elec-
trodes was often lower (and never higher) in lucid compared to 
non-lucid REM sleep. This result was also different from that 
reported by Voss et al. (who found greater coherence during 
lucid than non-lucid REM sleep)6 but is more statistically ro-
bust because it was obtained using a larger sample. Using our 
EEG montage, we mostly explored the coherence within the 
frontal lobe. The cognitive correlate of decreased coherence 
between electrodes within specifi c EEG bands is not com-
pletely understood; coherence is decreased not only prior to 
seizure but also within neuron pairs that are not recruited in 
a selective attention task.21 It has also been proposed that dis-
rupted synchrony is related to the fragmented cognitive expe-
rience of patients with schizophrenia30; this is an experience 
that may share similarities with lucid dreaming. Intervening in 
one’s dream proper may disturb its internal coherence. Overall, 
the power and coherence analysis in the present study revealed 
that lucid REM sleep does not share any EEG similarities with 
eyes-closed waking. This fi nding challenges the concept of 
lucid dreaming as a hybrid state between waking and REM 
sleep. As a result, lucid REM sleep appears to be a deep sleep 
state that is as far from waking as ordinary REM sleep. As our 
patients were recorded from only 6 EEG electrodes, we could 
not generate a more precise EEG spatial cartography of lucid 
REM sleep in narcolepsy.

Using the 14 signaled lucid REM sleep periods recorded in 
our study, we also found that several other markers of REM 
sleep, which have not been measured in previous studies, 

remain unchanged between lucid and non-lucid REM sleep. 
The arousal index was similar in lucid and non-lucid REM 
sleep, and the duration of REM sleep was longer during lucid 
dreaming. This fi nding indicated that attempts to achieve lu-
cidity in narcolepsy do not promote more frequent awaken-
ings from REM sleep (on the contrary, REM sleep time was of 
greater duration). Muscle atonia tended to be greater in lucid 
than in non-lucid REM sleep; this is consistent with increased 
H refl exes (which indicates a higher inhibition of the spinal 
lower motor neuron) during lucid REM sleep that were pre-
viously demonstrated in one subject.9 Increased atonia was 
unmasked in the present study in patients with narcolepsy be-
cause muscle tone is generally abnormally increased during 
usual REM sleep in narcolepsy.31 Another new fi nding is that 
the amplitude of the eye signal in REM sleep was lower than 
in waking. As subjects were instructed to scan the horizon in 
both lucid and non-lucid REM sleep, the horizon may be nar-
rower in the dream state than in reality (approximately 26 de-
grees versus 105 degrees), which provides a novel model to 
measure the size of mental images. Alternatively, as the eyes 
and head work in concert to produce gaze, neck paralysis in 
REM sleep may mask the entire amplitude of the virtual gaze 
in lucid dreaming.32 The eye signal was greater than the usual 
REM activity in lucid REM sleep, providing a clue to recog-
nize eye signals and more easily identify periods of lucidity. 
Identifying periods of lucidity may otherwise be diffi cult, un-
less a complex signal is used. Notably, only 14 REM sleep 
episodes contained without any doubt the eye signal, although 

Figure 5—Topographical distribution (obtained by a spherical spline interpolation) of EEG spectral power during wakefulness (top row), non-lucid (middle 
row) and lucid (bottom row) REM sleep for different frequency bands. Signifi cant couplings between the electrodes are indicated by the black links (the 
thickness is proportional to the coherence value). Colors from dark blue (lower EEG power) to dark red (higher EEG power) indicated for each EEG band in 
the Power line (bottom row).
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participants reported that they achieved lucidity (and were cer-
tain they had performed the signal) after 33 REM sleep epi-
sodes. Even when subtracting the 9 episodes with a doubtful 
eye signal, 10 non-signaled lucid REM sleep episodes remain. 
This suggests that some subjects dreamed of having performed 
the eye signal without actually having done it physically.

Methodological Considerations
This study was realized under some constrained condi-

tions. The dreaming interview (in the first part of the study) 
was based on retrospective reports rather than dream diaries. 
However, all participants were interviewed by the same inter-
viewer. Additionally, the alleged ability to achieve lucidity in 
dreams was challenged by sleep monitoring in 17 participants. 
We discarded episodes with a doubtful eye signal to ensure 
the validity of the results. These neurophysiological markers 
were measured in 14 lucid REM sleep episodes obtained from 
7 subjects, which provides a larger sample than in previous ex-
periments investigating lucid dreaming. Whether our findings 
are restricted to lucid REM sleep in narcolepsy or if they may 
apply to lucid REM sleep in normal subjects cannot be directly 
tested because none of the healthy lucid dreamers were able to 
achieve signaled lucidity within a single evening.

CONCLUSION
In conclusion, we found a high propensity for lucid dreaming 

in patients with narcolepsy, which was confirmed via sleep 
monitoring. Lucid REM sleep did not differ from ordinary 
REM sleep for most EEG, EOG and EMG characteristics. Pa-
tients with narcolepsy may be excellent participants in future 
studies using our model of lucid dreaming, as they are (i) fre-
quent lucid dreamers without any effort; (ii) able to rapidly 
enter REM sleep during several consecutive daytime naps, 
even when the environment is noisy; and (iii) able to achieve 
lucid REM sleep several times per day. Further, the participants 
can confirm more easily their lucidity upon awakening from a 
short nap with REM sleep than in the middle of the night. This 
is likely to facilitate future experiments regarding this fragile 
state performed inside noisy functional brain imaging devices. 
Whether the absence of frontal lobe activation, and decreased 
rather than increased EEG coherence in lucid REM sleep here 
were linked to the narcolepsy condition per se or to a more ro-
bust analysis performed on more episodes than previous studies 
should be tested in the future with more healthy lucid dreamers.
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