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1. Introduction

Kleine-Levin syndrome (KLS) is a rare remitting-relapsing sleep and 
neuropsychiatric disorder. This rare disorder (5 cases per million) pri
marily affects adolescents with a median age of onset of 15 years, and 
boys are twice as likely as girls [1,2]. Episodes last from 2 days to several 
weeks and include hypersomnia, altered cognition, derealization, and 
severe apathy. Patients can show other symptoms as well, albeit less 
frequent, including behavioral disinhibition (hypersexuality, hyper
phagia, lack of politeness), physical symptoms (e.g., headaches and 
photophobia), anxiety, depressive mood and even in one third of cases 
some psychotic symptoms. The episodes are separated by a complete 
return to normal sleep, cognition and mental health, although recent 
studies highlight a mild, residual symptomatology and abnormal brain 
imaging markers that may persist during asymptomatic periods in 
30–70 % of patients. They include mild cognitive impairment [3], 
emerging psychiatric symptoms [4], and hypometabolism in the hip
pocampus and posterior associative cortex [5,6]. The physiopathology 
of KLS is still unknown, as inflammatory and autoimmune markers of 
recurrent encephalopathies have not yet been found [7,8]. An interac
tion between genetic variants in the TRANK1 gene and birth difficulty 
has been found to predispose to KLS, using a genome wide association 
study [9]. Kleine-Levin syndrome is generally a “benign” disorder that 
resolves spontaneously over the years in most patients, but some pa
tients present with severe forms of KLS, including episodes lasting more 
than a month, psychotic symptoms, high frequency of episodes, persis
tent inter-episode symptomatology and a longer course of the disease. It 
is important to recognize these early in the course of the disease, as they 
may prompt clinicians to be more aggressive in terms of treatment in 
these cases. Among these potential markers of severity, we wondered 

whether certain mixed stages with both hypersomnia and hyposomnia 
during the same episode, occasionally observed in patients, would be 
predictive of a more severe disorder.

In fact, although hypersomnia is the cardinal symptom of the KLS 
episode (with a typical total sleep time of 18–22 h per day [1,2,10–14], 
objectified by actigraphy [15,16] and polysomnography [10,17]), 
several studies report that hypersomnia may transition to insomnia at 
the end of KLS episodes. Willi Kleine and Max Levin, after whom the 
syndrome is named, described two out of nine and one out of two pa
tients, respectively, who were insomniac at the end of an episode [18,
19]. Of 108 patients with KLS in the United States, 72 % reported a brief 
episode of insomnia at the end of a KLS episode [2]. This period may last 
a single night or a few days with reduced nighttime sleep duration in 
normal or talkative adolescents. In some cases, however, adolescents 
have longer periods of hyposomnia, more pronounced symptoms of 
hypomania (euphoria, excitement, talkativeness, feeling energized) [17,
20–22], and may even begin rather than end episodes with this hypo
somnia. The term "hyposomnia" was used instead of "insomnia" to 
distinguish this condition from clinical insomnia, as defined in the In
ternational Classification of Sleep Disorders, 3rd edition [1]. Patients 
with KLS had objectively short sleep times and did not report daytime 
consequences of their short or absent sleep. This does not correspond to 
insomnia diagnostic criteria, which do not require short sleep time but 
do require daytime consequences of nocturnal complaints. These 
“biphasic” episodes (or hypersomnia/hyposomnia hybrid episodes) 
have fueled debate about whether KLS shares similarities with 
rapid-cycling bipolar disorder [4,23,24]. We wanted to study the two 
clinical forms of KLS, including the common forms with or without one 
to a few days of insomnia at the end of an episode (referred to here as 
transient terminating insomnia, as described in the US cohort) [2] and 
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the more rarely reported hybrid hypersomnia/hyposomnia form 
(referred to here as biphasic form). Our clinical impression was that 
ending an episode with a night of insomnia was a good sign (like a "stop 
signal"), whereas beginning and ending episodes with repeated nights of 
reduced sleep time and agitation was more "manic-like" and suggestive 
of more severe disease. To substantiate this clinical impression, we took 
advantage of our large monocentric cohort of patients with KLS followed 
for over a decade. First, we aimed to investigate whether patients with 
KLS with and without transient terminating insomnia share the same 
demographic and disease characteristics during symptomatic and 
asymptomatic periods. Second, we focused on the subgroup with 
biphasic episodes (with more than 4 nights with severely reduced sleep 
time before or after an episode, as defined by us) and compared their 
severity characteristics (duration, frequency and symptoms during first 
and further episodes, inter-episode symptoms, duration of KLS, and 
response to treatment) with a subgroup with exclusively monophasic 
hypersomnia episodes.

2. Methods

2.1. Participants

The study was performed in the National Reference Center for Rare 
Hypersomnias in the Pitié Salpêtrière University hospital in Paris, 
France (APHP-Sorbonne University). Participants with KLS had been 
diagnosed between 2005 and 2023 according to international criteria 
[1]: i) experiencing at least two episodes of excessive sleepiness and 
sleep duration, each persisting for 2 days to 5 weeks; ii) episodes recur 
usually more than once a year and at least once every 18 months; iii) the 
patient has normal alertness, cognitive function, behavior and mood 
between episodes; iv) the patient must demonstrate at least one of the 
following during an episode: 1) cognitive dysfunction; 2) altered 
perception; 3) eating disorder (anorexia or hyperphagia); 4) disinhibited 
behavior (such as hypersexuality); and v) symptoms are not better 
explained by another sleep, medical, neurologic or psychiatric disorder, 
or use of drugs or medications. To reach the diagnosis, participants and 
their parents or spouses had an extensive interview with a neurologist 
and a psychiatrist to obtain a detailed history of the episodes, and a 
detailed medical history of the patients and their family. They all 
completed the Stanford KLS questionnaire at first visit [2]. The diagnosis 
was made after reviewing all tests and exams (including MRI and 
functional brain imaging). Participants with atypical (e.g., with unusual 
associated symptoms [13]) or differential diagnoses were excluded. All 
participants (and their parents if they are minors) signed an informed 
consent for their data to be collected and later used for research pur
poses, after anonymization. The data collection was declared to the local 
ethics committee (CPP Ile de France-VI), the registry was declared to the 
Commission Nationale Informatique et Liberté, and the promoter of the 
clinical and biological collection was the institution of Assistance Pub
lique -Hôpitaux de Paris.

2.2. Evaluations

At baseline visit, participants underwent a face-to-face interview 
with a neurologist and a psychiatrist experienced in KLS and completed 
the Stanford KLS questionnaire which was reviewed point by point with 
the participants and their family. From this double approach, the 
following information were collected on a database including: i) general 
medical and family history, including ethnicity, psychiatric and neuro
logical family history, personnel birth and developmental difficulties, 
age at puberty, comorbid disorders; ii) time history of all episodes (age 
at first episode, trigger of the first episode, number, duration, and trig
gers of further episodes); iii) symptoms during episodes as reported in 
the KLS questionnaire [2], complemented by scores at the Apathy Scale 
[25] and at the Depersonalization/Derealization Inventory [26] during 
episodes; iv) functioning during asymptomatic periods in the domains of 

sleep (usual sleep time, number of weekly naps, score at the Epworth 
sleepiness scale, hypnagogic hallucinations, sleep paralysis, restless legs 
syndrome), of mental health including adjustment to KLS, alcohol and 
substances consumption, comorbid psychiatric disorders in Axis II of the 
Diagnostic and Statistical Manual of Mental Disorders-5th version [27], 
according to the psychiatric interview, and scores at the Hospital Anx
iety and Depression scale [28] and at the Eating Attitudes Test-26 [29], 
of motivation (score at the Apathy Starkstein Scale during asymptomatic 
periods) [25], and of cognition (spontaneous complaint and perfor
mances at the cognitive tests). Most participants had brain scintigraphy 
or a positive emission tomography with fluorodeoxyglucose.

The participants and their family were received for a medical syn
thesis at the end of the visit and received the announcement or confir
mation of the KLS diagnosis, the current information about the disorder. 
Recommendations were given for reducing the frequency of episodes, 
including keeping regular sleep schedules and avoiding sleep depriva
tion, avoiding alcohol and substance intake, avoiding infections through 
safety measures plus regular flu and Covid vaccination. In order to 
reduce the consequences of future episodes, recommendations for future 
episodes were given. A preventive treatment (usually lithium [30], and 
in boys valproate) was proposed in patients with criteria of KLS severity, 
including high frequency of episodes, long (>1 month) duration of ep
isodes, and severe psychiatric symptoms during episodes. This strategy 
was accepted or not by participants.

Most participants were regularly followed up at the center, usually 
on a yearly basis. Participants were interviewed by a neurologist and 
psychiatrist who reviewed the compliance, tolerance and efficacy of 
medical treatments by assessing the frequency and duration of episodes 
as well as the severity of the symptoms while under medication. They 
also reviewed the compliance with preventive rules, the episodes having 
occurred in the previous year(s), their timing, duration, and symptoms, 
whether the symptoms tend to attenuate with years, and residual 
symptomatology in the sleep domain (usual sleep time during weekdays 
and weekends/holidays, score at the Epworth sleepiness scale), in the 
psychiatric domain (interview with psychiatrist concerning adjustment 
to the disorder, and present mood/anxiety disorders and score at the 
Apathy scale), in the cognitive domain (complaints and yearly tests 
including systematic executive and attention functions, and, further 
memory tests if a previous test was abnormal). Symptoms reported in at 
least one episode were included in the analysis.

2.3. Classification of groups with and without transient terminating 
insomnia

By selecting the question from the Stanford KLS questionnaire [1] 
(Section III, Item #29): "At the end of a KLS episode, do you experience 
insomnia?", participants were divided into two groups, including those 
who answered "often" and "sometimes" (transient terminating insomnia) 
and those who answered "never" (no transient terminating insomnia). 
The term transient terminating insomnia was chosen here because it has 
been previously used to describe the temporary nature of this insomnia 
and its occurrence at the end of episodes [2]. The clinical data were 
collected using the initial Stanford KLS questionnaire.

2.4. Classification of groups with biphasic vs. monophasic episodes

Biphasic episodes were defined as KLS episodes starting or ending 
with at least 4 consecutive nights of “well tolerated” short sleep time 
(hyposomnia, with a reported total sleep time ≤4 h/night, and absence 
of concomitant daytime sleepiness). The choice of 4 consecutive nights 
of hyposomnia was intended to align with the minimum number of 
nights of hyposomnia necessary to meet the criteria for a hypomanic 
episode in bipolar disorder [27]. It also differs from the transient ter
minating insomnia in both duration and timing, as hyposomnia, as we 
define it here, can occur either at the beginning or the end of an episode. 
Information regarding sleep and symptoms was collected from patients 
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and reported or confirmed by a family member, but no actigraphy or 
polysomnography was performed (except in one patient). Participants 
who had at least one biphasic episode, identified during the medical 
interview by the expert neurologist and psychiatrist were matched with 
participants with exclusively monophasic episodes from our cohort. 
Every participant with biphasic episodes was matched with three par
ticipants with monophasic episodes for a similar follow-up duration 
(disease course), but not for age or sex or other criteria (in order to 
identify factors associated with biphasic episodes). To constitute the 
control “monophasic” group, a Python algorithm was used to randomly 
select participants from our entire KLS cohort who fulfilled the follow-up 
duration condition. The KLS history of the selected participants was then 

reviewed to exclude the presence of biphasic episodes. If a biphasic 
episode was identified, the participant was assigned to the biphasic 
group, and the algorithm was reapplied to select a replacement along 
with three additional participants to match the new inclusion of the 
participant in the biphasic group. In contrast to the study of the groups 
with and without transient terminating insomnia, not only the clinical 
data from the initial KLS questionnaire were collected, but also all 
clinical data collected at all annual visits during a 2–17-year follow-up at 
the center. The aim of this long task was to determine the course of the 
disease over the years and whether symptoms occurred (at least once) 
during symptomatic and asymptomatic periods. In participants with 
biphasic episodes, we focused on the concurrent psychiatric symptoms 

Fig. 1. Group organization by episode type in Kleine-Levin syndrome (KLS). Panel A: Flowchart based on presence/absence of transient terminating insomnia, 
schematically represented in C as a hypersomnia episode (purple) followed by a brief insomnia (blue) or not before returning to normal sleep (black). B: Flowchart 
based on the presence (biphasic) or absence (monophasic) of an insomnia period lasting at least 4 consecutive nights of insomnia, preceding or following the 
hypersomnia period, as shown in D. *One participant with biphasic form was matched with two instead of three participants with monophasic form because a third 
one with similar follow-up duration was not found.
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occurring during the hyposomnia period, as documented by the psy
chiatrist during the annual visit, based on interviews with both the 
participants and their family. These symptoms were compared to those 
used for diagnosing hypomanic and manic episodes, with or without 
mixed features, in bipolar disorders, as listed in the DSM-5, to determine 
whether any participants met the criteria [27]. Among the 83 patients 
who were included in the monophasic vs biphasic episodes analysis, the 
progression of KLS and medication use over time were reported in the 
medical file. Patients were considered in remission from KLS if they had 
not experienced an episode in the two years preceding the date of the 
last follow-up or the last information received from the participant 
regarding KLS. Treatment (lithium or valproate) was considered effec
tive if it reduced the frequency of episodes by at least 50 % or if a smaller 
reduction in frequency was associated with a reduction in episode 
duration or severity of symptoms, as defined by patients and families.

2.5. Statistical analysis

Qualitative measures were described as numbers and percentages, 
and quantitative measures were described as medians and interquartile 
ranges in the monophasic/biphasic episodes study (because this sub- 
study is based on reduced samples) and as means and standard de
viations (SDs) in the transient terminating insomnia study (because 
samples exceed 30 subjects per group). The Gaussian distribution of 
measures was tested using Shapiro–Wilk test. Groups were compared 
using the chi-square test for qualitative measures and the Wilcoxon or t- 
test (when the distribution was non-Gaussian) for quantitative mea
sures. As this was an exploratory study (not knowing whether some 
measures are dependent or independent), comparisons were first tested 
without correction for multiple testing. A false discovery rate (FDR) 
correction was then applied on each group of variables to account for 
multiple testing, and the results of both initial and adjusted P values 
were given. A Kaplan Meier plot was created to compare the disease 
course between biphasic and monophasic forms. The statistical software 
was R Studio version 2024.04.2 with R version 4.4.1.

3. Results

3.1. Participants with and without transient terminating insomnia

Of the 218 participants referred to the center, 11 were considered 
atypical KLS and excluded from the analysis (Fig. 1A). Finally, 207 
participants with typical KLS were retained in this analysis. Among 
them, 150 (72.5 %) reported having frequent (N = 99) or occasional (N 
= 51) insomnia at the end of episodes (group with transient terminating 

insomnia) and 57 (27.5 %) reported having never experienced an 
episode ending with one to several nights of insomnia (group without 
transient terminating insomnia).

As shown in the left columns of Table 1, demographics, history of 
birth/neurodevelopmental problems, migraine, allergies, and seizures, 
and family history of depression, bipolar disorder, anxiety disorder, 
attention-deficit/hyperactivity disorder (AD/HD) and alcoholism did 
not differ between the groups with and without transient terminating 
insomnia.

Regarding the KLS history (Table 2), the two groups did not differ in 
terms of age at KLS onset, disease course, number of episodes per year, 
episode durations, the presence of long episodes and time between ep
isodes, as well as the frequency and type of events having triggered the 
first episode.

Regarding symptoms during episodes (Table 3), participants with 
(vs. without) post episode transient insomnia were more likely to 
experience derealization (and had higher scores at the Derealization 
Depersonalization scale), as well as psychiatric and autonomic symp
toms, but these differences were no more significant after correction for 
multiple testing. The percentages of every type of psychiatric symptom 
(hallucination, delusion, low mood, anxiety) were not different between 
groups. The frequency and severity of other symptoms did not differ 
between groups.

As for functioning during ‘asymptomatic’ periods, the two groups did 
not differ (Table 4).

3.2. Characteristics of participants with biphasic episodes

As shown in Fig. 1B, of the 207 patients with typical KLS, only 21 
(10.2 %) met the inclusion criteria of having at least 4 days of no or 
reduced sleep time (hyposomnia), whether at the beginning (N = 9/21, 
42.8 %), at the end (N = 11/21, 52.4 %) or at both the beginning and the 
end (N = 1/21, 4.8 %, but not in the same episode) of an episode. The 
first biphasic episode occurred at a median of 4.8 years [interquartile 
range: 0.3; 8.8] after disease onset, which corresponds to the first KLS 
episode in 4 patients (19 %), during the first year of disease in 7 patients 
(33.3 %) (including the former 4 with initial biphasic episode), between 
1 and 5 years of disease in 4 patients (19 %), between 5 and 10 years in 6 
patients (28.6 %), and between 10 and 25 years in 4 patients (19 %). 
Most cases were sporadic, and 3 cases were familial, 1 in the biphasic 
group (4.8 %) and 2 in the monophasic group (3.2 %). The variety of 
timing of insomnia and of biphasic episodes is illustrated in the Sup
plementary Data.

In the 21 cases with biphasic episodes, the dramatic hyposomnia was 
insensitive to hypnotics (zolpidem) and benzodiazepine when tested. 

Table 1 
Demographic and clinical history of patients with Kleine-Levin syndrome, with vs. without transient terminating insomnia, and with vs. without biphasic episodes.

Terminating insomnia No terminating insomnia All participants Biphasic episodes Monophasic episodes

Number of participants 150 57 207 21 62
Age at first visit, y 21.9 ± 8.85 20.3 ± 7.05 21.4 ± 8.41 22. ± 8.67 22.7 ± 9.87
Male sex, N (%) 95 (63.3) 40 (70.2) 135 (65.2) 14 (66.7) 38 (61.3)
Birth difficulties, N (%) 38 (25.7) 18 (31.6) 56 (27.3) 10 (47.6) 17 (27.4)
Developmental delay, N (%) 20 (13.6) 9 (15.8) 29 (14.2) 2 (9.52) 8 (12.9)
Personal history of, N (%)

AD/HD 1 (0.68) 3 (5.26) 4 (1.95) 2 (10.5) 5 (8.47)
Migraine 31 (23.1) 9 (16.7) 40 (21.3) 4 (21.1) 12 (21.4)
Allergies 42 (30.4) 16 (30.2) 58 (30.4) 5 (26.3) 19 (31.7)
Seizures 8 (5.52) 2 (3.64) 10 (5) 4 (19) 3 (4.84)
Depression 25 (17.9) 7 (12.7) 32 (16.4) 5 (23.8) 6 (10.5)

Family history of, N (%)
Depression (all family) 44 (32.6) 13 (24.5) 57 (30.3) 7 (38.9) 18 (33.3)
Bipolar disorder (all family) 11 (8.15) 4 (7.55) 15 (7.98) 2 (11.1) 3 (5.56)
Bipolar disorder (first degree) 5 (3.73) 0 (0) 5 (2.67) 0 (100) 0 (100)
Anxiety disorders (all family) 5 (3.7) 0 (0) 5 (2.66) 0 (0) 1 (1.85)
Alcoholism (all family) 5 (3.7) 5 (9.43) 10 (5.32) 2 (10.5) 7 (13)
AD/HD (all family) 3 (2.22) 0 (0) 3 (1.6) 1 (5.26) 0 (0)

Data are mean ± SD or number (%) of participants; AD/HD: Attention deficit hyperactivity disorder. No significant between-groups differences.
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The association of hyposomnia with other symptoms which could, when 
aggregated together, meet the diagnosis criteria of manic, hypomanic 
and mixed states in bipolar disorder is shown in Table 5. Regarding 
symptoms of mania or hypomania, hyposomnia was mostly associated 
with concurrent psychomotor agitation (but not with increased goal 
directed activity), expansive mood (47.6 %), a more talkative behavior 
(33.3 %) and irritability (28.6 %), during at least one episode. 
Conversely, 10 (47.6 %) had at least one concurrent symptom of mixed 
states, mostly fatigue or loss of energy (23.8 %). Eventually, the hypo
somnia part of episodes met the diagnosis criteria of hypomania episode 
in 19 % of patients, of mania in 14 % and none met the criteria of mixed 
state, leading to 33 % of patients with a biphasic form of KLS meeting the 

criteria of mania or hypomania during at least one KLS episode.

3.3. Comparison of participants with and without biphasic episodes

The 21 KLS patients with biphasic episodes were matched one-to- 
three with 62 KLS patients based on the time from KLS onset to the 
date of last follow-up (instead of 63, as one matched KLS control could 
not be found among 207 patients). Patients with and without biphasic 
episodes (Table 1) did not differ in terms of demographics (age, sex), 
history of birth or neurodevelopmental problems, personal history of 
AD/HD, migraine, allergies, seizures, depression or family history of 
psychiatric problems (depression, bipolar disorder, anxiety, AD/HD, 

Table 2 
Triggers and dynamics of the Kleine-Levin syndrome in patients with vs. without transient terminating insomnia, and in patients with vs. without biphasic episodes.

Groups Terminating insomnia No terminating insomnia All participants Biphasic episodes Monophasic episodes

Number of participants 150 57 207 21 62
Age at disease onset, y 16 ± 3.72 15.9 ± 4.3 16 ± 3.88 14.7 ± 3.41a 16.6 ± 4.31
Disease course, y 5.56 ± 7.25 4.27 ± 5.47 5.21 ± 6.82 6.67 ± 7.15 5.95 ± 7.55
Episodes/year at diagnosis, n 3 [1.87–5] 2.5 [1.5–5] 3 [1.7–5] 2.4 [1.1–3] 3 [1.7–5]
First episode duration, d 14.9 ± 17.9 15.8 ± 21.4 15.1 ± 18.9 19.5 ± 22.3 15 ± 19.5
Mean duration of episode, d 13.1 ± 12.8 11.2 ± 6.05 12.6 ± 11.3 15.5 ± 11.5 15.7 ± 18.1
Long (>30 d) episode, N, % 43 (28.9) 10 (17.9) 53 (25.9) 7 (33.3) 20 (32.3)
Time between episodes, w 17.6 ± 20.6 19.2 ± 23 18 ± 21.2 18.8 ± 13.6 22.2 ± 26.7
Events prior to KLS onset, %

Any 130 (87.2) 43 (76.8) 173 (84.4) 21 (100) 55 (88.7)
Infection 50 (33.6) 21 (37.5) 71 (34.6) 12 (57.1)a 18 (29)
Stress 49 (32.9) 12 (21.4) 61 (29.8) 7 (33.3) 16 (25.8)
Alcohol 38 (25.5) 10 (17.9) 48 (23.4) 4 (19) 19 (30.6)
Drugs 13 (8.72) 2 (3.57) 15 (7.32) 2 (9.52) 6 (9.68)
Traveling 24 (16.1) 7 (12.5) 31 (15.1) 2 (9.52) 10 (16.1)
Menses (% of females) 10 (18.5) 3 (17.6) 13 (18.3) 1 (14.3) 2 (8.7)
Head trauma 6 (4.03) 1 (1.79) 7 (3.41) 1 (4.76) 4 (6.45)

Data are mean ± standard deviation, median [Q1-Q4] or number (%) of participants.
a P < 0.05 for a between-two groups difference before correction for multiple testing. No between-two groups differences after correction for multiple testing. KLS: 

Kleine-Levin syndrome.

Table 3 
Symptoms reported during at least one episode of Kleine-Levin syndrome (collected at first visit) in patients with vs. without transient terminating insomnia, and with 
vs. without biphasic episodes.

Terminating insomnia No terminating insomnia All participants Biphasic episodes Monophasic episodes

Number 150 57 207 21 62
Hypersomnia

Presence N (%) 150 (100) 57 (100) 207 (100) 21 (100) 62 (100)
Total sleep time, hours/day 17.6 ± 2.88 16.9 ± 3.7 17.4 ± 3.14 17.2 ± 2.98 17.3 ± 3.26

Apathy
Presence, N (%) 141 (94) 53 (93) 194 (93.7) 19 (90.5) 59 (95.2)
Apathy score, 0-42 31.3 ± 7.52 31.2 ± 6.14 31.3 ± 7.15 27.9 ± 9.9 32.0 ± 6.94
Loss of appetite, N (%) 70 (46.7) 21 (36.8) 91 (44) 11 (52.4) 34 (54.8)

Derealisation
Presence, N (%) 144 (98)a 50 (89.3) 194 (95.6) 20 (95.2) 58 (95.1)
Derealisation score, 0-112 67.5 [53–80]a 57 [40.8–72.2] 65.5 [48.8–78.2] 61.4 (24.6) 65.1 (21.5)

Cognitive symptoms, N (%)
Cognitive impairment 149 (99.3) 55 (98.2) 204 (99) 20 (95.2) 61 (100)
Impaired speech 141 (94) 53 (93) 194 (93.7) 20 (95.2) 57 (91.9)
Spatial/temporal disorientation 131 (90.3) 45 (80.4) 176 (87.6) 20 (95.2) 56 (91.8)

Behavioral symptoms, N (%)
Hyperphagia 75 (50) 26 (45.6) 101 (48.8) 10 (47.6) 25 (40.3)
Hypersexuality/sexual disinhibition 51 (35.2) 17 (30.9) 68 (34) 7 (36.8) 19 (31.7)
Decreased sexuality 0.08 (0.27) 0.07 (0.26) 0.08 (0.26) 2 (10.5) 3 (5)

Psychiatric symptoms, N (%)
Psychiatric changes 131 (87.9)a 41 (74.5) 172 (84.3) 18 (85.7) 51 (83.6)
Delusion 45 (30.2) 11 (20) 56 (27.5) 11 (52.4)a 15 (24.6)
Hallucination 64 (43.5) 17 (32.1) 81 (40.5) 13 (65) 26 (41.9)
Depressive mood 94 (63.5) 29 (52.7) 123 (60.6) 13 (61.9) 40 (66.7)
Anxiety 82 (55) 26 (48.1) 108 (50.3) 16 (76.2) 32 (52.5)
Hospitalized in a psychiatric ward, 29 (19.7) 9 (16.4) 38 (18.8) 7 (33.3) 9 (15)

Dysautonomia symptoms
Presence, N (%) 134 (89.9)a 44 (77.2) 178 (86.4) 19 (90.5) 56 (90.3)

Data are mean ± SD, number (%) of participants or median [Q1-Q4].
a P < 0.05 for a between-group difference before correcting for multiple testing. No significant differences after correcting for multiple testing.
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alcoholism). However, participants with biphasic episodes were more 
likely to be younger at disease onset, and to report infection as a trig
gering factor of their episodes, although the significance disappeared 
after correction for multiple testing (Table 2). Regarding the symptoms 
reported at first visit (Table 3), participants with biphasic KLS episodes 
were more likely to experience delusion during their episodes (observed 
in half of them, vs. one quarter in patients without biphasic episodes), 

although this difference disappeared after adjusting for multiple testing. 
The frequency and severity (for apathy and derealization scores) of other 
symptoms did not differ between groups. When psychiatric symptoms 
were examined during all follow up episodes, participants with biphasic 
episodes were more likely to have hallucinations, delusions, psychotic 
symptoms, agitation and hyperphagia during their episodes, a difference 
that was maintained after correction for multiple testing (Table 6). In 
asymptomatic periods at first visit (Table 4), the scores at sleep and 

Table 4 
Residual symptoms (reported at least once) in patients with Kleine-Levin syndrome, with vs. without terminating insomnia, and with vs. without biphasic episodes.

Terminating insomnia No terminating insomnia All participants Biphasic episodes Monophasic episodes

Number of participants 143 56 199 21 62
All residual symptoms, N (%) ND ND ND 19 (90.5) 46 (74.2)
Sleep symptoms (first visit)

Epworth sleepiness score, 0-24 6.03 (4.54) 5.59 (4.51) 5.91 (4.53) 7.31 (5.78) 5.98 (3.98)
Epworth score>10, N (%) 25 (17.5) 9 (16.7) 34 (17.3) 5 (31.2) 8 (13.3)
Usual sleep time, min 493 (77.1) 507 (88.1) 497 (80.4) 479 (77.1) 490 (83.3)
Usual sleep latency, min 28.1 (27.9) 26.0 (34.6) 27.6 (29.8) 24.5 (28.2) 25.9 (21.5)
Nightmares, N (%) 47 (33.3) 22 (39.3) 69 (35) 8 (50) 23 (38.3)
Hypnagogic hallucinations, N (%) 12 (8.39) 5 (8.93) 17 (8.54) 4 (22.2)a 2 (3.33)
Abnormal cognitive tests, N (%) ND ND ND 17 (81) 37 (60.7)

Hospital Anxiety and Depression Rating Scale (first visit), residual scores
Anxiety score, 0-21 6.51 ± 3.9 5.31 ± 3.64 6.16 ± 3.86 6.35 ± 4.76 6.47 ± 4.04
Depression score, 0–21 3.19 ± 3.33 2.94 ± 2.55 3.12 ± 3.13 3.47 ± 3.91 3.21 ± 3.03
Total score, 0-42 4.82 ± 5.87 4.84 ± 5.92 4.83 ± 5.87 9.82 ± 7.84 9.79 ± 6.54

Psychiatric residual symptoms, N (%) including all follow up visits
All ND ND ND 9 (42.9)a,b 11 (17.7)
Anxiety ND ND ND 7 (33.3) 10 (16.1)
Depression ND ND ND 4 (19.0) 7 (11.3)
Disabling apathy ND ND ND 3 (14.3)a,b 0 (0)
Schizophrenia ND ND ND 1 (4.8) 0 (0)
Eating behavior disorder ND ND ND 0 (0) 2 (3.2)
Eating attitude test-26 (first visit)

Total score, 0-78 4.82 ± 5.87 4.84 ± 5.92 4.83 ± 5.87 4.25 ± 4.3 5.38 ± 7
Score >20, N (%) with 4 (3.12) 2 (3.92) 6 (3.35) 0 (100) 2 (3.77)
Diet score, 0–39 2.59 ± 3.8 2.8 ± 4.75 2.65 ± 4.08 2.25 ± 2.98 3.04 ± 4.76
Bulimia score, 0–18 1.46 ± 1.91 1.67 ± 2 1.52 ± 1.93 1.12 ± 1.75 1.49 ± 2.04
Control score, 0-21 0.76 ± 1.78 0.37 ± 0.87 0.65 ± 1.58 0.88 ± 1.15 0.79 ± 1.98

Abnormal FDG-PET scan, N (%) ND ND ND 10 (50) 32 (57.1)
Other residual symptoms, N (%) ND ND ND 6 (30) 13 (21.3)
Residual apathy score, 0-42 9.09 (4.22) 9.33 (4.4) 9.15 (4.26) 8.12 (4.2) 9.35 (4.2)

Data are mean ± SD or number (%) of participants.
a P < 0.05 for a between-group difference before correcting for multiple testing.
b P < 0.05 after correction for multiple testing; ND: not done.

Table 5 
Symptoms and diagnosis criteria of mania and hypomania during hyposomnia 
periods in patients with the biphasic form of Kleine-Levin syndrome.

Symptoms N = 21

Mania/Hypomania symptoms, N (%) ​
Expansive mood 10 (47.6 %)
Irritability 6 (28.6 %)
Distractibility 0 (0 %)
Grandiosity/Inflated self-esteem 5 (23.8 %)
Talkative/Pressure to talk 7 (33.3 %)
Flight ideas/Racing thoughts 4 (19 %)
Goal directed activity/Psychomotor agitation 15 (71.4 %)
Excessive risk activity 2 (9.52 %)

Other mania specific symptoms, N (%) ​
Hospitalization 3 (14.3 %)

With mixed features symptoms, N (%) ​
Dysphoria/Depressed mood 2 (9.52 %)
Diminished interest 4 (19 %)
Observable psychomotor retardation 1 (4.76 %)
Fatigue/Loss of energy 5 (23.8 %)
Worthlessness/Excessive guilt 0 (0 %)
Thought of death/Suicidal 1 (4.76 %)

Fulfilling criteria for, N (%) ​
Manic episode 3 (14.3 %)
Hypomanic episode 4 (19 %)
Mixed features episode 0 (0 %)

Data are numbers (%) of participants.

Table 6 
Psychiatric symptoms in Kleine-Levin episodes (reported at least once) during 
the complete follow-up in patients with vs. without biphasic episodes.

Biphasic 
episodes N =
21

Monophasic 
episodes N = 62

P value Adjusted P 
value

Psychiatric 
changes, N (%)

21/21 (100) 61/62 (98.4) NS NS

Depressive mood, 
N (%)

13/21 (61.9) 49/62 (79) NS NS

Anxiety, N (%) 16/21 (76.2) 36/62 (58.1) NS NS
Hallucination, N 

(%)
14/21 (66.7) 19/62 (30.6) 0.008 0.022

Delusion, N (%) 12/20 (60) 7/62 (11.3) <0.001 <0.001
Psychotic 

symptoms, N 
(%)

9/20 (45) 3/62 (4.8) <0.001 <0.001

Ideas of reference, 
N (%)

8/20 (40) 17/62 (27.4) NS NS

Excitation, N (%) 9/19 (47.4) 9/62 (14.5) 0.009 0.022
Hyperphagia, N 

(%)
14/20 (70) 18/61 (29.5) 0.003 0.011

Hyporexia, N (%) 13/20 (65) 29/61 (47.5) NS NS
Irritability, N (%) 16/21 (76.2) 38/61 (62.3) NS NS
Gloomy thoughts, 

N (%)
6/19 (31.6) 14/62 (22.6) NS NS

Data are number (%) of participants/available data.

S. Al-Youssef et al.                                                                                                                                                                                                                             Sleep Medicine 133 (2025) 106622 

6 



daytime sleepiness, motivation, anxiety, depression and eating attitude 
scales did not differ, as well as results at cognitive tests between the 
groups with vs. without biphasic episodes (data not shown). However, 
on follow-up visits (and therefore with disease progression), patients 
with biphasic episodes were more likely to have residual apathy, and 
psychiatric symptoms (mostly anxiety disorders and mood disorders) 
but this last difference disappeared when adjusting for multiple testing. 
Brain functional imaging results did not differ between groups, even 
when compared at the level of a specific region. Both groups showed 
metabolic/perfusion abnormalities of the posterior associative cortex 
(35 % in the biphasic group vs. 34.5 % in the monophasic group, P =
1.00) and of the hippocampus (30 % vs. 23 %, P = 0.76).

Preventive medication (lithium and valproate) were prescribed 
similarly in both groups (81 % of patients in the biphasic group vs. 71 % 
in the monophasic group). In terms of tolerance, 4 among 45 patients 
having tried lithium and 1 among 28 patients having tried valproate did 
not tolerate it. In terms of efficacy, lithium yielded higher benefit (76 %, 
corresponding to 32/42 trials with lithium regularly taken and toler
ated) than valproate (48 % of benefit, corresponding to 13/27 trials, P =
0.017) in the whole group, a superiority that was significant in the 
biphasic group (10/11 successful trials with lithium [91 %] vs. 2/9 [22 
%] successful trials with valproate, P = 0.008) but not in the monophasic 
group (22/31 successful trials of lithium [71 %] vs. 11/18 successful 
trials of valproate [61 %], P = 0.48). However, the general rate of 
success of lithium did not differ between biphasic (91 %) and 

monophasic (71 %) groups (P = 0.25).
In terms of symptomatic treatment, of the 21 participants with 

biphasic episodes, 6 had received steroids during at least one episode 
(series of IV Methylprednisolone 1 g/d for 3 consecutive days in 4 of 
them and oral prednisone 60 mg*2 days, 40 mg*2 days and 20 mg*2 
days in 2 of them), sometimes resulting in transient insomnia during 
treatment, but none of them had any sudden switch from hypersomnia 
to hyposomnia, a prolonged period, or manic-like symptoms following 
steroid treatment.

3.4. Evolution with time in patients with vs. without biphasic episodes

Patients had been followed up in our center for a mean of 12.2 ±
9.35 years, including 14.7 ± 12.6 years in the biphasic group and 11.2 
± 8.7 years in the monophasic group (P = 0.20). At time of last news, 27 
(36 %) patients were in remission (defined as an episode-free duration of 
at least 2 years), including 6 (28.6 %) in the biphasic group and 21 (38.8 
%) in the monophasic group (P = 0.80). The mean disease duration was 
13.2 ± 9.5 years (range: 1.4–36.4) in the biphasic group (Fig. 2) and 9.7 
± 9.0 years (0.3–39.4) in the monophasic group, a non-different dif
ference (P = 0.20).

4. Discussion

Transient terminating insomnia was reported in three quarters of the 

Fig. 2. Duration of Kleine-Levin syndrome (KLS) using a Kaplan-Meier curve, depending on participants with KLS having strictly hypersomnia episodes (red line) or 
mixed episodes (green line) with both hypersomnia preceded or followed by ≥ 4 days with hyposomnia. (For interpretation of the references to colour in this figure 
legend, the reader is referred to the Web version of this article.)
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207 participants with KLS (nearly half had this symptom frequently) and 
was associated with more frequent and more severe derealization, as 
well as more frequent psychiatric and autonomic symptoms during ep
isodes (although no more differences were seen after adjusting for 
multiple testing). However, it was not associated with demographic and 
history characteristics, KLS disease dynamic (age at onset, course, 
episode duration, time between episodes, triggers), concurrent symp
toms, and residual functioning during asymptomatic periods.

In contrast, biphasic episodes (containing at least 4 consecutive days 
with hyposomnia) were found in only 10 % of the cohort. Compared to 
patients with exclusively monophasic episodes, patients with biphasic 
episodes were younger and had more frequently an infection at disease 
onset, had a lower episode frequency, were more likely to have delusion 
during first episodes and hallucinations, delusion, motor agitation and 
hyperphagia during follow up episodes, and had more frequent residual 
psychiatric symptoms and apathy between KLS episodes. After adjust
ment for multiple testing, the differences between groups with and 
without biphasic episodes were a higher frequency of hallucinations, 
delusions, motor agitation, and hyperphagia during follow-up episodes, 
and more frequent psychiatric disorders and apathy during asymptom
atic periods. Lithium was more effective than valproate overall, in the 
biphasic subgroup, but not in the monophasic subgroup.

Comparing the prevalence and intensity of insomnia periods during 
KLS episodes in the literature is limited by the rarity of large, system
atically investigated series. Among 186 cases reports published between 
1962 and 2004, transient terminating insomnia was not explicitly 
mentioned, except in 3 cases reports and in 4 among 44 patients with 
KLS in China [11,17,22,31]. In contrast, when the question was sys
tematically asked in 108 patients with KLS mostly interviewed in the 
United States, 72.4 % reported that at least one episode terminated with 
a transient insomnia [2]. This prevalence is remarkably close to the 72.8 
% found here in 207 patients with KLS in France using the same ques
tionnaire in different patients, suggesting a robust finding. In this case, 
transient terminating insomnia (at least once) is the rule rather than the 
exception.

On the other hand, biphasic episodes with prolonged hyposomnia 
have been reported exceptionally in the literature. A female adolescent 
with KLS had hypersomnia episodes followed by a few days of insomnia 
with “affective changes”, that the authors considered as a manic-like 
episode [21]. Shukla et al., in India, reported on 18 patients with KLS, 
among whom 12 experienced uniquely hypersomnia during episodes, 2 
had either episodes with hypersomnia during the full episodes or com
plete lack of sleep during 18–48 h during different episodes, and 4 had 
only “episodes” with complete lack of sleep [32]. These last 4 patients 
were considered as having an atypical form of KLS or another unspeci
fied diagnosis, because they did not meet the first criteria of KLS, which 
indicates that patients experience at least two recurrent episodes of 
excessive sleepiness or excessive need for sleep lasting 2 days to several 
weeks [1]. Here, we did not identify such atypical cases with isolated 
periods of complete insomnia, but rather patients with either transient 
terminating insomnia (occurring after several days of severe hyper
somnia) or patients with more prolonged hyposomnia (no or little sleep) 
immediately preceding or following periods of hypersomnia lasting days 
to weeks, i.e., only patients who met the current KLS criteria.

In patients with biphasic episodes, the transition from severe hypo
somnia to severe hypersomnia (or vice versa) was sudden and not pro
gressive. In transient terminating insomnia, the shift was also generally 
sudden (although the dynamics were not systematically sought in all 
207 patients). This sudden shift seems surprising, but it can be compared 
to the KLS episodes that start and end within a few hours, a phenomenon 
observed in half of the KLS patients [2]. Parents report the feeling of 
“pressing an on/off button in the brain”. This sudden aspect should be 
taken into account in the debate on the pathophysiology of KLS (in
flammatory, autoimmune, toxic, bipolar-like). In bipolar disorder, 
manic episodes or manic shifts (especially with antidepressant use) can 
begin abruptly, within a day, in contrast to depressive episodes, which 

usually begin gradually over days to weeks, but neither manic nor 
depressive episodes end within a few hours [33]. Here, the sudden 
change was not from hypersomnia to normal sleep (as at the usual end of 
a KLS episode), but from hypersomnia to hyposomnia, as if there was an 
overshoot. One can imagine that the arousal systems were strongly 
blocked by the pro-sleep systems during the episodes, and that the 
sudden cessation of the pro-sleep systems resulted in a transient over
activity of the arousal systems; or that some receptors to arousing neu
rotransmitters were hypersensitized by reduced neurotransmission 
during the hypersomnia periods and were transiently hyper-stimulated 
when the arousing neurotransmitter was finally released. In 44 pa
tients with KLS in China, CSF has been collected during hypersomnia 
phases, and the CSF hypocretin-1 levels (hypocretin being one of the 
main arousal neurotransmitters) were on average lower than during the 
remission phases with normal sleep [13]. Notably, a single patient with 
transient terminating insomnia had serial spinal taps [14]. The CSF 
hypocretin-1 levels were low (158 pg/mL) during the hypersomnia 
phase and normalized during the recovery phase with insomnia (279 
pg/mL) as well as during the remission phase with normal sleep (304 
pg/mL). This extraordinary observation favors the hypothesis of hy
persensitive receptors to excitatory neurotransmitters of arousal rather 
than excessive secretion of excitatory neurotransmitters.

In this direction, the absence or low (<4 h) duration of sleep during 
1–20 nights was well tolerated by the patients, as there was no 
concomitant daytime sleepiness (whether in the transient terminating 
insomnia or in biphasic episodes) or daytime compensatory sleep, and 
rarely decreased energy. This aspect suggests a decreased need for sleep 
rather than a short-term insomnia disorder (which should be associated 
with impaired daytime functioning) [1], or a circadian disorder. A well 
tolerated hyposomnia is also observed in manic episodes. During the 
transient terminating insomnia, most patients were talkative, happy, 
and full of energy. Many felt that they were simply happy that the 
episode was over, that they needed to make up for the days they had 
missed, and that they had slept so much that it was normal not to sleep 
for a night or two. One might wonder, however, whether this transient 
terminating insomnia is a mild form of the prolonged hyposomnia 
observed in biphasic episodes and still belongs to the semiology of the 
episode. In fact, the prolonged periods of hyposomnia in biphasic epi
sodes were often associated with an exacerbation of other symptoms. 
The simple cheerfulness was transformed into mood elevation, the 
talkativeness and feeling of energy was transformed into motor agitation 
and some compulsion to write. There were also often some psychotic 
symptoms, as in a manic episode.

The key question here is whether KLS (and especially the form with 
biphasic episodes) resembles bipolar disorder. This debate is recurrent, 
since KLS episodes are intermittent (as are manic or depressive epi
sodes), contain neurological symptoms (mental confusion, amnesia, 
photophobia, headaches, which can occasionally be observed in severe 
depressive episodes too), neuropsychiatric symptoms (hypersomnia, 
derealization, apathy, which can be observed in depressive episodes) 
and, less frequently, frankly psychiatric symptoms (anxiety, low mood, 
ideas of reference, and psychotic symptoms, which characterized 
depressive or manic episodes). Additionally, functional brain imaging 
using group analysis indicates that hypometabolism in the hippocam
pus, thalamus, and posterior associative cortex, which is observed dur
ing the symptomatic and asymptomatic phases of KLS [5,6] can also be 
observed in bipolar disorder, at least in the angular gyrus [34,35]. 
However, in KLS patients, the hypometabolism in the hippocampus and 
posterior associative cortex is visible on an individual PET-FDG scan in 
70 % of the cases (which is not the case in bipolar disorder) [6]. 
Furthermore, lithium therapy (which is the most active drug in bipolar 
disorder [36]) is an active drug in KLS, although this has been only 
shown in a controlled observational series [30]. In this direction, our 
KLS patients with biphasic episodes responded better to lithium than to 
valproate, whereas both drugs produced similar benefits in patients 
without biphasic episodes.
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On the other hand, compared to bipolar episodes, KLS episodes are as 
short as 7–13 days in most cases (a short duration that is exceptional in 
manic or depressive episodes, which, untreated, last 3–6 months), 
starting and stopping suddenly within 1 h (whereas manic or depressive 
episodes may start rapidly, but do not end rapidly, as mood does not 
normalize within a few hours), can be triggered by infections, alcohol 
intake or head trauma (and start the next day), and are self-limited by IV 
steroid series [37], which did not trigger prolonged hyposomnia here, 
even in the participants with biphasic episodes (whereas steroid drugs 
trigger manic shift in bipolar patients). Plus, patients with KLS have no 
more personal history of depression than controls have and have rare 
family history of bipolar disorder (as frequent in those with monophasic 
than with biphasic forms), less or equally frequent than controls [2], in 
sharp contrast with bipolar disorder, which runs in families.

In this new study, we describe patients with a rare subtype of KLS (a 
biphasic form with a hypersomnia period preceded or followed by a 
hyposomnia period), of whom one third had symptoms during the 
hyposomnia period suggestive of mania or hypomania. But they were 
associated with symptoms more typical of KLS (apathy, derealization) 
indicating that they were starting or finishing an episode. In addition, 
none of these patients developed bipolar disorder in the long term, an 
information that was obtained thanks to a long follow-up of up to 44 
years and to a regular evaluation by a psychiatrist. Nevertheless, these 
biphasic episodes (with lithium response) should now be added to the 
similarities between KLS and bipolar disorder. This overlap of symptoms 
between KLS and bipolar disorder raises the question of some common 
elements of pathophysiology.

This study has a few limitations. The syndrome is extremely rare. 
Patients with biphasic KLS episodes are even rarer, hence the need for 
large series to highlight differences with the mainstream form of the 
disorder, although 21 patients (10 %) of a large series as here may seem 
insufficient to drive definitive conclusions. One may wonder whether 
some patients with bipolar disorder were not falsely included among the 
KLS patients. In order to limit misdiagnosis, all patients had been 
interviewed and followed up during several years by experienced psy
chiatrists at the KLS reference center and had been found to be different 
from their usual bipolar patients. Atypical KLS cases were excluded from 
the analysis. Finally, a robust aspect here is the long duration of illness 
and local follow-up in our cohort (12–14 years), which also helped to 
rule out bipolar disorder, which would develop more clearly with time. 
Nevertheless, misdiagnosis remains a possibility. Another limitation 
may be the lack of objective measures of reduced sleep time through 
actigraphy or polysomnography, except in a single patient here moni
tored during an episode with a complete absence of sleep (although such 
assessment is not required in classical insomnia and in bipolar disorder 
with hyposomnia). A next step could be to objectify hyposomnia using 
for example actigraphy or connected watches.

5. Conclusion

In this large series of patients with KLS, brief insomnia at the end of 
episodes (observed in ¾ of patients) was associated with more frequent 
psychiatric symptoms and more severe derealization during the hyper
somnia period, but not with major problems. This transient terminating 
insomnia has been observed before, but this study is useful to conclude 
that it is not a symptom of the severity or benignity of KLS. In contrast, 
the presence of biphasic episodes (beginning or ending with more than 4 
days with hyposomnia) was rare (10 % of patients), but it was a red flag 
for severe psychotic symptoms and hyperphagia during first and sub
sequent episodes, and more frequent residual, disabling psychiatric 
symptoms and apathy in the long term. Clinicians should be aware of 
this rare, specific subtype of KLS and its bad prognosis, which in our 
opinion should prompt closer follow-up, supervision during episodes, 
and treatment interventions (e.g., suggesting more systematically 
lithium than valproate therapy in those who had biphasic episodes). The 
surprising association between hyposomnia and manic-like symptoms 

during some biphasic episodes raises the question of similarities or 
overlap of this form of KLS with bipolar spectrum disorders.
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