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Abstract 

Kleine Levin Syndrome (KLS) is a hypersomniac disease of episodic nature that affects only 

1-5 per million individuals globally. In addition to extensive periods of sleep (> 20 hours) 

patients experience a wide range of symptoms during an episode, which occur approximately 

1-12 times a year with a median of 10 days. The etiology and pathophysiology of the disease 

is unknown. Diagnostic criteria (The International Classification of Sleep disorders, third 

addition) rely solemnly on symptomatic characteristics. Misdiagnosis is unfortunately 

common. The potential of using hypocretin-1, amyloid-beta/tau and the IgG index in the CSF 

as potential disease biomarkers was investigated. Measurements were taken during the 

asymptomatic and/or symptomatic phase of the disease. All values were within the normal 

range. Lower hypocretin-1 values were observed in the asymptomatic phase compared to the 

symptomatic phase in two of the three patients, although not statistically significant.  

 

Introduction 

1.1 Symptamotology, treatment and course of the disease 

Kleine Levin Syndrome (KLS) is an extremely rare periodic hypersomnia disease commonly 

accompanied by apathy, derealization, amnesia, cognitive impairment and disturbed eating 

habits such as hypo- or hyperphagia. Symptoms may also include hallucinations, 

hypersexuality and aberrant behaviour such as aggression or irritation. The disorder affects 

only 1-5 per million individuals in the population, with higher prevalence in adolescent males 

with a 2:1 ratio (Groos et al. 2018, Gadoth &Oksenberg 2017, Engström et al. 2016). The 

duration and frequency of episodes vary, but they typically last for several days to a few 

weeks with a median of 10 days and a frequency of 1-12 months. The etiology and 

pathophysiology of the disease is unknown and treatment options are limited. Currently 

patients may find reduced duration or even prevention of an episode, when treated with 

lithium or valproate. The severity in terms of duration and frequency of episodes commonly 

fade with aging and disappear after a median of 14 years (Kornum et al. 2015). Engström and 

colleagues (2015), suggest a possible correlation between the duration of KLS and the degree 

of hypoperfusion.  

 

 



 

 

 

 

 

 

1.2 Diagnosis and epidemiology  

The diagnostic criteria for KLS remain to be symptomatic (specified by The International 

Classification of Sleep disorders, third edition) as there are no valid diagnostic markers for 

the disease (Lopez et al. 2014). Unfortunately, misdiagnosis of the disorder is common, most 

likely due to the low prevalence and incomplete understanding of the symptomatology 

(Arnulf et al. 2012, Groos et al. 2018). Diagnosis at an early stage of the disease is of 

importance for appropriate accommodation of the disease, as the patient commonly 

experiences consequences in social and academic development and success (Ekström et al. 

2014a). 

As high as five percent of cases of KLS has been reported to be within families and 1 percent 

within first degree relatives (Kornum et al. 2015). Despite these findings no specific gene(s) 

have been found to be associated (Groos et al. 2018). Most reports are derived from western 

society. The lower account in other regions of the world is believed to be due to diagnostic 

difficulties and availability within healthcare or interactions between ethnic and 

environmental factors (Gadoth & Oksenberg 2017). Highest prevalence was found to be in 

the population of Israel, representing almost 17 percent of all reported cases worldwide 

(Marcic et al. 2018). In addition, Americans of Ashkenazi jewish origin were found to be 

reported more frequently (Miglis & Guilleminault 2014). In account of the history of 

Ashkenazi jews, these findings may indicate a founder effect (Sum-Ping & Guilleminault 

2016).  

 

1.3 Etiology 

In between episodes, patients have been considered asymptomatic, however recent findings 

indicate that cognitive functions are affected out of an episode as well. In a study conducted 

by Engström et al. (2014a), reduced working memory capacity was observed in patients 

during remission. Interestingly, these patients exhibited abnormal activation of the thalamus 

and prefrontal cortex during working memory tasks. These findings are supported by 

additional studies with SPECT and fMRI. Initially the results were hypothesized to indicate 

that the thalamus is responsible for the neuropathology of the disease but have later been 

suggested to be a secondary compensatory mechanism for the disturbed working memory 

(Engström et al. 2009, Engström et al. 2014b).  

Functional imaging studies performed during the symptomatic phase of the disease 

demonstrates hypoperfusion in the thalamus, hypothalamus and in the frontal- and temporal 



 

 

 

 

 

 

lobe. Hypoperfusion was also observed with lower frequency in the occipital regions and 

basal ganglia. These findings support the symptomatology of the disease (Miglis & 

Guilleminault 2014).  

 

Hypothalamus 

In addition to observed hypoperfusion in the hypothalamus, studies using functional imaging 

also demonstrates decreased metabolism during an episode (Kas et al. 2014). 

The hypothalamus is of particular interest as hypocretin neurons located in the perifornical 

lateral region, are responsible for the secretion of hypocretin-1 (orexin A), an excitatory  

hormone critical for the sensation of arousal and feeding behavior among other 

neuroendocrine functions. Furthermore, abnormally low levels of hypocretin-1 (<100 pg/mg) 

is a biomarker for narcolepsy, another more common hypersomnia (Wang et al. 2016). 

Hypocretin-1 is released in the locus coeruleus (LC) and thereafter acts on hypocretin 

(orexin) receptor-1, promoting arousal under the regulation of the suprachiasmatic nucleus 

(SCN) (Bourgin et al. 2000, Mignot & Zeitzer 2007). 

Recent studies indicate that hypocretin-1 levels in the cerebrospinal fluid are lower during the 

symptomatic phase compared to the asymptomatic phase of the disease. Whether this 

difference in the levels of hypocretin-1 is significant, remain unclear as few studies have been 

conducted in comparing hypocretin-1 in and out of an episode. Lopez et al., observed 

abnormally low hypocretin-1 levels (<50 pg/ml) in one patient during the symptomatic phase 

compared to approximately 200 pg/ml in the remission phase. In the second patient, 

hypocretin-1 levels decreased with 42 percent in an episode compared to the asymptomatic 

phase (Lopez et al. 2015). In a larger study from 2016, hypocretin-1 was found to be 31 

percent lower during relapse compared to the remission phase and three patients 

demonstrated abnormally low levels of hypocretin-1 (see figure 1). These findings indicate 

that hypocretin-1 may be a potential biomarker for KLS (Wang et al. 2016). 

 

Triggering factors  

Onset of KLS is frequently reported in cohesion with flu-like illness (72-96 %), alcohol 

consumption (23 %), sleep deprivation (22 %), stress (20 %) and physical exertion (19%) 

(Ramdurg 2010). The high correlation between the onset of KLS and an infection, suggest the 

possibility of abnormal immune response or the involvement of a pathogen (Kornum et al. 

2015). A number of findings have supported this. A post-mortem study from 1989 found 



 

 

 

 

 

 

abnormal lesions in the thalami, with an increase of inflammatory cells such as microglia, 

neuropili and astrocytes indicating the possibility of a viral component (Carpenter et al., 

1989). Additional autopsy studies also demonstrate inflammatory infiltrates in the thalamus 

and hypothalamus (Fenzi et al. 1993 & Carpenter et al. 1982). A more recent study from 

2008, found no significant difference in white blood cells, proteins in the cerebrospinal fluid, 

blood leptin and hormones of the pituitary axis and BMI-adjusted c-reactive protein 

compared to controls (Arnulf et al. 2008). The first study to compare cytokine measurements 

in and out of an episode was performed in 2015, and included systematic measurements of 51 

different cytokines. The given results demonstrate a significant increase in MIP-1B during 

the symptomatic phase (p=0.034) and in sVCAM-1 during the asymptomatic phase (p= 

0.023). Elevated levels of sVCAM-1 are commonly associated with low grade infections and 

may therefore indicate that KLS involves an infectious component. Higher levels of sVCAM-

1 may also be found in individuals with higher BMI, however statistical analysis disproved 

this to be the case for the patients included in the study. In consideration that an immune 

response typically lasts for several weeks, the infection is proposed to be restricted to the 

central nervous system as the median duration of an episode for the patients included in the 

study was 13 days (Kornum et al. 2015).  

 

Neurodegeneration  

Accumulation of amyloid (Ab42) is characteristic for Alzheimer’s disease, a 

neurodegenerative disorder. The abnormal collection of amyloid beta triggers 

neuroinflammation and cell death, which is believed to be the cause for the neural- and 

cognitive dysfunctions associated with the illness (Brzeck et al. 2018 & Sprecher et al. 2017). 

Clearance of excess amyloid is greatest during sleep, which is supported by abnormal levels 

of tau and beta-amyloid found in patients (without dementia) with self-reported sleep 

deprivation (Sprecher et al. 2015). Interestingly, a correlation between higher levels of T-and 

p-tau/amyloid-beta 42 and somnolence was observed when comparing human subjects with 

family history of Alzheimer’s disease (Sprecher et al. 2017). These findings indicate that 

measurements of amyloid-beta and tau may be of relevance when investigating hypersomniac 

diseases of unknown etiology and pathology.  

 

 

 



 

 

 

 

 

 

1.4 Aim  

The purpose is to investigate the possibility of using hypocretin-1, amyloid-beta/tau and 

immunoglobulin G as a CSF biomarker related to sleep, cognition and neuroinflammation in 

patients with KLS. In practice this entails measuring these potential biomarkers during the 

symptomatic and asymptomatic phase of the disease to investigate if any of these values are 

outside the normal range. Higher accumulation of amyloid-beta and tau could indicate the 

involvement of neurodegeneration in KLS. Elevated levels of CSF immunoglobulin G are 

commonly found in inflammatory processes of the central nervous system. Comparison 

between CSF-hypocretin-1 in and out of an episode will be in addition performed in respect 

to the results of previous studies.  

 

2. Material and methods 

2.1 Patients 

Sixteen patients diagnosed with KLS according to the diagnosis criteria of ICSD-3, were 

included in the study. All except for one patient from Norway, are of Swedish ethnicity. 

Twelve were male and four female. The mean age of onset for the patients included in the 

study was approximately 15 years, with 14, 5 years for females and 19 years for males. Each 

patient was active, meaning that every subject had an episode within 18 months.  Professional 

clinical sleep neurologists and psychiatrists performed diagnosis. Each patient was recruited 

to the University Hospital of Uppsala and met professor Anne-Marie Landtblom and her 

research team.  

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

Table 1. Patients included in the study.  

 

Patient Age age of 

onset 

age at 

diagnosis 

sex Active mean 

episode 

(days) 

TSD 

per day 

(h) 

1 24 15 18 M Yes 7 24 
2 25 16 24 M Yes 21 24 
3 29 14 14 F Yes 14 19 
4 20 18 18 M Yes 11  - 
5 17 10 16 M Yes 7  - 
6 18 16 16 F Yes 12  - 
7 18 16 17 M Yes 12 23 
8 20 18 18 M Yes 7  - 
9 27 12 16 M Yes 14 5 

10 25 11 21 F Yes 10  - 
11 23 16 22 M Yes  -  - 
12 21 15 17 M Yes 26 19 
13 25 18 24 M Yes 14  - 
14 18 14 17 M Yes 10  - 
15 34 17 32 M Yes 30  16 
16 21 17 20 F Yes 13 20 

 

 

2.2 Overview of study 

Statistical analysis of patients included in the study was performed with focus on different 

parameters within the symptomatology of the disease using information obtained from 

medical records in the Cambio COSMIC. These include the age of onset, diagnosis and 

symptomatology. The symptomatology included hyperphagia, abnormal food preference, 

hypersexuality, cognitive disturbances, amnesia, hallucinations, derealization, irritability, 

depressed mood, apathy, mean duration of episodes and the average sleep duration per day 

during an episodic phase. Further clarification was received with a few number of patients by 

a telephone interview with sleep professionals. 

Seven patients participated in the measurements of hypocretin-1 during the asymptomatic 

and/or symptomatic phase of the disease. Immunoglobulin G and the neurodegenerative 

markers amyloid-beta and tau were in addition measured in six of these patients. All samples 

were taken from the cerebrospinal fluids (CSF) by lumbal puncture.  

 

 

 

 



 

 

 

 

 

 

2.3 The principle of applied lab methods 

 

CSF Hypocretin-1 

The concentration of hypocretin-1 was estimated using competitive radioimmunoassay in a 

certified laboratory (Wieslab, Malmö). The method includes adding a known amount of 

radioactive antigen, designed to attach to an appropriate antibody. The antibody has equal 

competitive chance to bind to the antigen as hypocretin-1, allowing the concentration of 

hypocretin-1 to be calculated by subsequently increasing the concentration of hypocretin-1 

while measuring the decrease in radioactivity. Washing is done in between to ensure 

elimination of the unbound antigen. The measured concentration is then compared to the 

normal range value for hypocretin-1 (< 200 pg/ml).  

 

CSF amyloid-beta (1-42) and tau 

Enzyme-linked immunoabsorbent assay was applied in order to measure the amount of 

amyloid-beta (1-42) and tau in the cerebrospinal fluids obtained within the study, utilizing the 

principles of protein detection by immunoassay. The antibody of interest, in this case tau or 

amyloid-beta, is applied to an appropriate antigen. Binding can thereafter be detected by the 

application of a secondary antibody, containing an enzyme which produce a fluorescent light 

at binding. The amount of bound antibody can thereafter be estimated by measurements of 

the fluorescent light with a spectrophotometer. The procedure was done at the clinical 

chemistry department of Uppsala University Hospital, followed according to the instructions 

given by INNOTEST r HTAU, Art. no. 81572 (96T-CE) for the measurements of Tau, and 

INNOTEST r B-AMYLOID (1-42), Art. no. 81576 (96T-CE-IVD) for the estimation of the 

amount of amyloid-beta. The concentration of both Tau and amyloid-beta was then compared 

to the normal range, below 300 ng/L and above 550 ng/L respectively.  

 

IgG profiling 

Inflammatory pathways in the central nervous system can be detected by calculating the 

Immunoglobulin G index (IgG index), which represents the IgG production in the central 

nervous system in consideration of the concentration of albumin and immunoglobulin in the 

cerebrospinal fluid and in the plasma (see calculation below).  

 



 

 

 

 

 

 
[𝐶𝑆𝐹 𝑎𝑙𝑏𝑢𝑚𝑖𝑛]

[𝑃𝑙𝑎𝑠𝑚𝑎 𝑎𝑙𝑏𝑢𝑚𝑖𝑛]
[𝐶𝑆𝐹 𝐼𝑔𝐺]

[𝑃𝑙𝑎𝑠𝑚𝑎 𝐼𝑔𝐺]

= 𝐼𝑔𝐺 𝑖𝑛𝑑𝑒𝑥, 

 

Higher value of the IgG-index indicates an infection or chronic inflammation in the CNS 

(<0,63) (Uppsala University hospital laboratory manual, 2018 & Buck et al. 2013).  

In order to investigate the Immunoglobulin-G profile (presence of oligoclonal IgG bands), in 

the CSF and plasma, isoelectric focusing electrophoresis and additional steps of purification 

and visualization were applied. Electrophoresis was performed for 45 minutes, followed by 

the addition of anti-IgG-antiserum and incubation for 10 minutes. Visualization solution was 

thereafter applied to quantify the amount of Immunoglobulin-G after incubation at 30 Celsius 

degrees for 15 minutes and subsequent washing and drying processes. The results for 

immunoglobulin found in the plasma and the cerebrospinal fluids, were then compared. The 

procedure and the results were analyzed by professionals within the Clinical Department of 

Chemistry at Uppsala University. The samples were centrifuged for five minutes at 2400g 

and stored at 2-8 Celsius degrees before the analysis took place.  

 

3. Results 

Seven of the sixteen patients included in the study underwent lumbal puncture. Three patients 

had measurements taken both during the symptomatic and asymptomatic phase, while 

additional three patients participated during the asymptomatic phase (only), followed by one 

measurement in an unknown phase (figure 1).  



 

 

 

 

 

 

 

Figure 1. CSF hypocretin-1 concentration (pg/ml) compared in and out of an episode (I), 

during the asymptomatic phase only (II) and unknown phase (III).  

 

The hypocretin-1 concentration increased in the symptomatic phase compared to the 

asymptomatic phase in patient 1 and 9, with 15- and 9 percent respectively. A decrease of 26 

percent was observed in patient 3, from the asymptomatic- to symptomatic phase (table 2).  

 

Table 2. Comparison of hypocretin-1 concentration (pg/ml) in three patients (1,3,9).  

 Hypocretin-1 measurements (pg/ml) 

Patients Asymptomatic phase Symptomatic phase Difference (%) 

1 225 264 +15 

3 317 235 -26 

9 295 323 +9 

 

The results for the measurements of hypocretin-1 and the amyloid-beta, tau and IgG profiling 

were found to be within the normal range according to the reference values (table 3).   

 

 

 

 



 

 

 

 

 

 

Table 3. Measurements of amyloid-beta/tau, IgG, IgG index and hypocretin-1 in the CSF. 

Patient CSF 

orexin 

(pg/ml) 

Abeta 

(ng/L) 

Tau 

(ng/L) 

IgG 

(mg/L) 

IgG-

index 

Oligoclonal 

bands 

Phase 

1 225 806 186 19 0.48 Negative Asymptomatic 
1 264 - - - - - Symptomatic 
        

3 317 765 137 23 0.46 Negative Asymptomatic 
3 235 - - - - - Symptomatic 
        

6 237 - - - - - Asymptomatic 
        

9 295 840 251 20 0.43 Negative Asymptomatic 
9 323 802 117 23 0.45 Negative Symptomatic 
        

10 405 868 206 14 0.6 Negative Asymptomatic 
        

12 409 978 255 12 0.46 Negative Asymptomatic 
        

15 294 - 260 29 0.44 Negative Unknown 

        

 

 

For the investigation of the symptomatology of the disease, a total of 16 patients were 

included. The results demonstrate that the majority of patients experience cognitive 

impairment (88 %), followed by derealization (75 %), abnormal sweet cravings    (63 %), 

depressed mood (56 %), amnesia (50 %), irritability (44 %), hyperphagia (44 %), 

hypersexuality (19 %), apathy (25 %) and hallucinations (25 %). Further specification of the 

prevalence of these symptomatologic characteristics in males and females can be seen in the 

table below.  

Table 4. Prevalence of different symptoms in the patients within the limits of the study.   
Males Females Total 

Total 12 4 16 

Hypersexuality 3 (25 %) 0 (0 %) 3 (19 %) 

Depressed mood 6 (50 %) 3 (75 %) 9 (56 %) 

Apathy 2 (17 %) 2 (50 %) 4 (25 %) 

Irritability 3 (25 %) 4 (100 %) 7 (44 %) 

Cognitive signs 10 (83 %) 4 (100 %) 14 (88 %) 

Amnesia 6 (50 %) 2 (50 %) 8 (50 %) 

Hallucinations 3 (25 %) 1 (25 %) 4 (25 %) 

Derealization 8 (67 %) 4 (100 %) 12 (75 %) 

Hyperphagia 5 (42 %) 2 (50 %) 7 (44 %) 

Sweet cravings 8 (67 %) 2 (50%) 10 (63 %) 



 

 

 

 

 

 

    

 

4. Discussion 

 

1.1 CSF measurements 

All measurements taken in the cerebrospinal fluid were within the normal range. 

Unfortunately, the dataset for the measurements of hypocretin-1 in and out of an episode was 

too small for power analysis. It is however, worth noting that two of the three measurements 

included in the comparison studies show an increase of 15- and 9 percent for patient 1 and 9 

respectively. The obtained measurements for patient 3 demonstrate a decrease (26 %) in the 

concentration of hypocretin-1 during an episode (table 2). These results are of interest as 

hypocretin-1 is of importance in regulating the sensation of arousal, with lower levels (<100 

pg/mg) being a diagnostic marker for narcolepsy with cataplexy (Wang et al. 2016).  

We would like to further highlight the unavoidable large margin of error which comes along 

with the small dataset. For comparing the concentration of hypocretin-1 in and out of an 

episode, only three patients were included. For the measurements of amyloid-beta/tau, 

immunoglobulin G, IgG index and hypocretin-1 in the asymptomatic and/or symptomatic 

phase five patients were included (seven for hypocretin-1 measurements). Greater number of 

samples would also allow additional statistical analysis to be performed. For instance, 

correlation studies between the severity of the disease in terms of mean duration in days and 

frequencies, and the possibility of changes in hypocretin-1 levels at the symptomatic or the 

asymptomatic phase could be investigated. However, larger data collection is of difficulty 

due to the rarity of the disease.  

Amyloid-beta/tau has not previously been considered in the research regarding the 

investigation of the etiology and pathophysiology of Kleine Levin syndrome but may be of 

relevance in regards to recent studies. Alzheimer’s disease is characterized by higher 

accumulation of amyloid-beta and/-tau, which cause neuronal cell death commonly believed 

to give rise to the associated symptomatology (Sprecher et al. 2015). During sleep, clearance 

of these aggregated proteins takes place. Interestingly, a correlation between higher 

concentration of t-tau and p-tau and lower amyloid-beta 42 in the CSF and somnolence has 

been found in human subjects that have relatives with Alzheimer’s disease (Sprecher et al. 

2017). Further research regarding the possibility of the involvement of neurodegenerative 

proteins may therefore be of interest.  



 

 

 

 

 

 

Additional studies for the investigation of the potential involvement of inflammatory 

processes are further encouraged, in consideration to the episodic nature of the disease and 

high frequency of patients reporting flu-like symptoms at the onset of an episode. 

Interestingly, a study conducted by Kornum et al. in 2015 observed higher levels of SVCAM-

1 in KLS patients during the asymptomatic phase. Elevated levels of the cytokine SVCAM-1 

may suggest the presence of a low-grade inflammation, supporting the theory of the 

involvement of an infectious agent in the pathophysiology of the disease (Kornum et al. 

2015). A small number of post-mortem studies between the 1980- and 1990s also 

demonstrated an increase of inflammatory cells such as neuropili, astrocytes and microglia in 

KLS patients (Carpenter et al. 1989). As for the negative results retrieved for the IgG index, 

it is of importance to highlight that the IgG index is merely one among a number of methods 

to estimate the inflammatory processes of the central nervous system. We would therefore, in 

addition to the IgG index, also suggest using other potential biomarkers for the presence of an 

infectious agent or inflammatory process. 

Conclusively, we would like to encourage further studies regarding the investigation of the 

involvement of an infection and/or neurodegenerative proteins in the central nervous system, 

and additional pilot studies measuring the concentration of hypocretin-1 in and out of an 

episode as these not only may hold an important clue for the pathophysiology and etiology of 

the disease, but also may serve as potential CSF biomarker for KLS.  

 

1.2 Clinical representation 

Previously hypersomnia in combination with hypersexuality and hyperphagia had been 

considered major symptomatic characteristics for Kleine Levine Syndrome. More recently 

however, derealization and cognitive impairment have been proposed to be the most 

predominant symptoms of the disease (Arnulf et al. 2012). This was true for our study, where 

derealization and cognitive impairment were reported most frequently in patients with 75- 

and 88 percent prevalence respectively. Arnulf et al (2012) found hypersexuality and 

depressed mood to be present in about 54 patients (~50 %) with higher frequency of sexual-

disinhibition in males (58 %) compared to 35 percent in females. These findings stand in 

contrast to the 19 percent prevalence of hypersexuality among the patients included in our 

study. However, male dominance could also be observed as only patients of the male sex 

experienced sexual-disinhibition. Furthermore, amnesia and hallucinations were reported in 

50 and 25 percent of patients respectively, compared to the 13 and 33 percent clinical 



 

 

 

 

 

 

representation within the study by Arnulf et al (2012). Another study by Arnulf et al. (2008) 

also investigated the frequency of different symptoms in 108 KLS patients included from 

both Europe and North America and found that 66 percent of cases reported experiencing 

hyperphagia. 45 percent of the patients who experienced hyperphagia also had abnormal 

preference for sweet food, which is lower compared to the result retrieved in our study (63 

%). The difference may however, be due to our study including patients who did- and did not 

experience hyperphagia, while the study by Arnulf et al (2008) investigated abnormal food 

preference in patients who experienced disinhibited food-intake. Finally, it is important to 

note that our sample size (n=16) is too small for power analysis, and it is more likely that the 

prevalence of different symptomatic characteristics follow the results of studies with larger 

sample size such as Arnulf et al. 2008 or 2012.      
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