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Abstract
Recent CSF and postmortem brain hypocretin measurements in human narcolepsy suggest that 
hypocretin deficiency is involved in the pathophysiology of the disease. Thus, it is important to 
study whether neurological disorders also have abnormal CSF hypocretin levels. We therefore 
measured hypocretins in the CSF of various neurological disorders and obstructive sleep apnea 
syndrome (OSAS) to identify altered hypocretin levels. CSF hypocretin levels in patients with 
OSAS and neurological diseases were almost within the normal range in Japanese popula-
tions. While, hypocretin levels in patients with narcolepsy-cataplexy are very low. The mea-
surement of hypocretin levels is a useful diagnostic tool in Japanese patients with narcolepsy-

cataplexy.
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Introduction

　Narcolepsy is characterized by excessive daytime 

sleepiness, cataplexy and other abnormal manifestations 

of REM sleep, such as sleep paralysis and hypnagogic 

hallucinations (i.e. narcolepsy tetrad) as well as disturbed 

nighttime sleep (i.e. narcolepsy pentad). This sleep dis-

order affecting 1/600 Japanese, is associated with HLA-

DR2 (DQB1*0602)1-3). Recent CSF and postmortem 

brain hypocretin measurements in human narcolepsy 

suggest that hypocretin deficiency is involved in the 

pathophysiology of the disease1,2). Thus, it is important 

to study whether neurological disorders also have abnor-

mal CSF hypocretin levels3). We therefore measured 

hypocretins in the CSF of various neurological disorders 

and obstructive sleep apnea syndrome (OSAS) to identify 

altered hypocretin levels. The results will also be use-

ful in further evaluating the specificity of low hypocretin 

levels in narcolepsy-cataplexy among Japanese popula-

tions.

Methods

　There were a total of 218 patients with narcolepsy-cat-

aplexy, obstructive sleep apnea and neurological disor-

ders. CSF was collected from patients with  narcolep-

sy-cataplexy (n=12)4), obstructive sleep apnea syndrome 

(OSAS, n=16)5), neurodegenerative disorders, such as 

(Alzheimer’s disease and Alzheimer type dementia (AD, 

n=9) and Parkinson’s disease (PD, n=19), intracranial 

neoplasms (n=5), multiple sclerosis (n=10), infections 

(i.e. meningitis and encephalitis) (n=23), inflammatory 

neuropathy, such as Guillian-Barre syndrome (GBS) 

(n=16)6),  poliomyelit is (n=35),  epileptic seizures 

(n=22)7), motor neuron diseases (n=8), hematological 

disorders (ALL and AML n=11, malignant lymphoma 

n=5)7), congenital abnormalities (n=12)7) and cerebro-
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vascular disorders (CVD, n=20). Either patients or 

families gave informed consent for the lumbar punc-

ture. Several results of various disorders were previ-

ously reported4-7). CSF hypocretin-1 was measured in 

crude CSF samples (0.1 ml duplicate) using a commer-

cially available radioimmunoassay (RIA) kit (Phoenix 

Pharmaceuticals). Intra-assay variability was 4.3% and 

the detection limit was 40 pg/ml. The study was ap-

proved by the ethics committee of Akita University. For 

statistical analysis, the Bonferroni/Dun test was used.　
The significant level was set at P<0.0167.

Results

　Hypocretin levels were very low in the majority of pa-

tients with narcolepy-cataplexy (mean+/－SD, 98+/－
91 pg/ml, 10 out of 12 cases are lower than 110 pg/ml, 

Table 1). These levels were significantly different from 

other neurological diseases (P=0.001). Hypocretin lev-

els in patients with OSAS (289+/－90 pg/ml) and neuro-

degenerative disorders (AD : 282+/－63 pg/ml, PD 

289+/－66 pg/ml) were within the control range 

(>200 pg/ml). Levels in patients with multiple sclerosis 

(273+/－54 pg/ml), infections (i.e. meningitis and en-

cephalitis, 273+/－62 pg/ml) or poliomyelitis (292+/－

27 pg/ml), epileptic seizures (305+/－55 pg/ml), motor 

neuron diseases (308+/－31 pg/ml), hematological disor-

ders (304+/－44 pg/ml), congenital abnormalities (289+/

－87 pg/ml) and cerebrovascular disorders (320+/－
99 pg/ml) were in the control range. However, two  

OSAS, one AD, three PD, two infection, one epileptic 

seizure, two congenital abnormalities and two CVD pa-

tients were lower than 200 pg/ml. Patients with intra-

cranial neoplasms were also in the control range (232+/

－20 pg/ml), except for a patient with hypothalamic tu-

mor (102 pg/ml). GBS patients had slightly lower hypo-

cretin levels (206+/－72 pg/ml). CSF hypocretin levels 

in 5 out of 16 of these patients were lower than 200 pg/ml 

(64, 103, 123, 155, 181 pg/ml).

Discussions

　Recent CSF hypocretin measurements and post-mor-

tem studies in narcolepsy suggest that hypocretin defi-

ciency is the major pathophysiology of the dis-

ease1,2). CSF hypocretin in various neurological and 

sleep disorders further demonstrated that a low hypocre-

tin level is highly specific to narcolepsy-cataplexy3) and 

this measurement is now being established as a new di-

agnostic tool8,9). Mignot et al. proposed that hypocretin 

Table 1. CSF Hypocretin Concentrations in Various Diseases 

diseases n mean+/－SD <110 pg/ml 110-200 pg/ml >200 pg/ml

narcolepsy-cataplexy 12  98+/－91 n=10 n=2 0

OSAS 16 284+/－74 － 1 15

AD 9 282+/－63 － 1 8

PD 19 289+/－66 － 3 16

intracranial neoplasms 5 232+/－20 1 － 4

multiple sclerosis 10 273+/－54 － － 10

infections 23 273+/－62 － 2 21

GBS 16 206+/－72 2 3 11

poliomyelitis 35 292+/－27 － － 35

epileptic seizures 22 305+/－55 － 1 21

motor neuron diseases 8 308+/－31 － － 8

hematological disorders 11 304+/－44 － － 11

congenital abnormalities 12 289+/－87 － 2 10

CVD 20 320+/－99 － 2 18

total number 218 13 17 188
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levels below 110 pg/mL were diagnostic for narcolepsy 

and values above 200 pg/mL were considered normal9).

　The majority of narcoleptic subjects in this study had 

extremely low hypocretin levels (<110 pg/ml)4). Al-

though a significant decrease in CSF hypocretin levels 

was observed in some GBS patients6), levels in patients 

with OSAS5) and neurological diseases such as AD, PD, 

MS, CNS infections and other disorders were almost 

within the normal range (>200 pg/ml, 188/206 cases) in 

Japanese populations. CSF hypocretin levels in patients 

with AD and PD, two conditions with established sleep 

abnormalities10,11), were normal. Dysfunction of other 

neurochemical systems, for example dopaminergic and 

cholinergic systems in PD and AD, may be more directly 

involved in sleep abnormalities in these subjects10,11).　
OSAS is a disabling condition characterized by secondary 

excessive daytime sleepiness, severe snoring, repeated 

episodes of upper airway obstruction during sleep, and 

nocturnal hypoxemia5). Among sleep disorders, idio-

pathic hypersomnia4) and OSAS, hypocretin levels were 

normal5), suggesting that low hypocretin levels are highly 

specific for narcolepsy-cataplexy. 

　The biological markers of diagnosing for narcolepsy-

cataplexy, such as nocturnal polysomnography (PSG), 

multiple sleep latency test (MSLT) and HLA-DR2 

(DQB1*0602) test, are not easy to perform for most gen-

eral hospitals. In addition, the HLA test is not sufficient 

for positive diagnosis of narcolepsy. The measurement 

of hypocretin level is a useful diagnostic tool in Japanese 

patients with narcolepsy-cataplexy, especially when other 

diagnostic measures (e.g. nocturnal PSG, MSLT and 

HLA) are not sufficient. 

References

 1)　Nishino, S., Ripley, B., Overeem, S., Nevsimalova, S., 

Lammers, GJ., Vankova, J., Okun, M., Rogers, W., 

Brooks, S. and Mignot, E. (2001) Low cerebrospi-

nal fluid hypocretin (Orexin) and altered energy 

homeostasis in human narcolepsy. Ann. Neurol., 

Sep ;  50(3), 381-388.

 2)　Peyron, C., Faraco, J., Rogers, W., et al. (2000) A 

mutation in a case of early onset narcolepsy and a 

generalized absence of hypocretin peptides in human 

narcoleptic brains. Nat. Med., Sep ; 6(9), 991-997.

 3)　Ripley, B., Overeem, S., Fujiki, N., et al. (2001)　CSF 

hypocretin/orexin levels in narcolepsy and other 

neurological conditions. Neurology, Dec 26 ;   

57(12), 2253-2258.

 4)　Kanbayashi, T., Inoue, Y., Chiba, S., Aizawa, R., Saito, 

Y., Tsukamoto, H., Fujii, Y., Nishino, S. and Shimizu, 

T. (2002)　CSF hypocretin-1 (orexin-A) concentra-

tions in narcolepsy with and without cataplexy and 

idiopathic hypersomnia. J. Sleep Res . ,  Mar ;   

11(1), 91-93.

 5)　Kanbayashi, T., Inoue, Y., Kawanishi, K., Takasaki, H., 

Aizawa, R., Takahashi, K., Ogawa, Y., Abe, M., 

Hishikawa, Y. and Shimizu, T. (2003)　CSF hypocre-

tin measures in patients with obstructive sleep 

apnea.　J. Sleep Res., Dec ; 12(4), 339-341.

 6)　Nishino, S., Kanbayashi, T., Fujiki, N., et al. (2003)　
CSF hypocretin levels in Guillain-Barré syndrome 

and other inflammatory neuropathies. Neurology, 

Sep 23 ; 61(6), 823-825.

 7)　Arii, J., Kanbayashi, T., Tanabe, Y., Sawaishi, Y., 

Kimura, S., Watanabe, A., Mishima, K., Hishikawa, Y., 

Shimizu, T. and Nishino, S. (2004)　CSF hypocre-

tin-1 (orexin-A) levels in childhood narcolepsy and 

neurologic disorders. Neurology, Dec 28 ; 63(12), 

2440-2442. Review. No abstract available.

 8)　Dauvilliers, Y., Baumann, C.R., Carlander, B., et al. 

(2003)　CSF hypocretin-1 levels in narcolepsy, Kle-

ine-Levin syndrome, and other hypersomnias and 

neurological conditions. J. Neurol. Neurosurg. Psy-

chiatry, Dec ; 74 (12), 1667-1673.

 9)　Mignot, E., Lammers, GJ., Ripley, B., et al. (2002)　
The role of cerebrospinal fluid hypocretin measure-

ment in the diagnosis of narcolepsy and other hyper-

somnias. Arch. Neurol., Oct ;  59(10), 1553-1562.

10)　Watts, R.L. and Koller, W.C. (1997)　Movement dis-

orders specific to sleep and  the nocturnal manifesta-

tions of waking movement disorders. Movement 

disorders : neurologic principles and practice.　
McGraw-Hill, San Francisco, pp. 687-713.

11)　Bliwise, D.L. (1994)　Dementia. In Kryger, M.H., 

Roth, T. and Dement, W.C.(eds.) Principles and 

practice of sleep medicine.　WB Saunders, Philadel-

phia, pp. 790-800.

（29）

Akita University




