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Objective: To evaluate the relationship between CSF hypocretin-1 levels
and clinical profiles in narcolepsy and CNS hypersomnia in Norwegian
patients.

Method: CSF hypocretin-1 was measured by a sensitive radioimmunoas-
say in 47 patients with narcolepsy with cataplexy, 7 with narcolepsy with-
out cataplexy, 10 with idiopathic CNS hypersomnia, and a control group.
Results: Low hypocretin-1 values were found in 72% of the HLA
DQB1*0602 positive patients with narcolepsy and cataplexy. Patients
with low CSF hypocretin-1 levels reported more extensive muscular in-
volvement during cataplectic attacks than patients with normal levels.
Hypnagogic hallucinations and sleep paralysis occurred more frequently

in patients with cataplexy than in the other patient groups, but with no cor-
relation to hypocretin-1 levels.

Conclusion: About three quarters of the HLA DQB1*0602 positive pa-
tients with narcolepsy and cataplexy had low CSF hypocretin-1 values,
and appear to form a distinct clinical entity. Narcolepsy without cataplexy
could not be distinguished from idiopathic CNS hypersomnia by clinical
symptoms or biochemical findings.
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INTRODUCTION

Narcolepsy is a sleep disorder with a prevalence of 0.2%, -
0.52°,, "* It is characterized by daytime hypersomnia, sleep at-
tacks, and cataplexy (sudden, bilateral loss of postural muscle
tone, triggered by sudden emotions). Associated symptoms like
hypnagogic hallucinations, sleep paralysis, automatic behavior,
nightmares, parasomnias, and fragmented nocturnal sleep are
frequently reported. The diagnosis is based on anamnestic data
and supported by the presence of REM in >2 sleep onset periods
(SOREM) in a multiple sleep latency test (MSLT). It is associ-
ated with HLA-type DQB1*0602 in all ethnic groups, with a fre-
quency of 95% in patients with severe cataplexy and 40%-60% in
patients with milder forms. However, as about 25% of the general
European population also has this HLA-type,>¢ it cannot be used
as a diagnostic test alone.

In 1996 a new mRNA in the rat brain restricted to the later-
al hypothalamus and parafornical area was isolated.” The cor-
responding peptide was called hypocretin (orexin), and was
shown to exist as two variants: hypocretin-1, and hypocretin-2,
with distinct receptors.® The hypocretins are neuroexitatory, and
hypocretin-producing neurons were shown to have projections in-
nervating systems with regulatory functions on sleep and wake
mechanisms.®'* Narcolepsy with cataplexy in humans has been
shown to be associated with low levels of CSF hypocretin-1 in
many, but not all patients, and measurement of CSF hypocretin-1
levels is now being evaluated as a diagnostic tool.!>?!
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The objective of the present study was to determine which
clinical criteria were associated with reduced CSF hypocretin-1
levels and HLA DQB1*0602 type in a Norwegian population of
patients with narcolepsy. For comparison we also included pa-
tients with idiopathic CNS hypersomnia.

PATIENTS AND METHODS

Sixty-four previously diagnosed patients were recruited, the
majority from the neurological outpatient department of Ulleval
University Hospital in Oslo. Others were recruited from other
main university hospitals and from the patient organisation of
sleep disorders. All were Caucasians of Norwegian parentage.
Only patients who fulfilled internationally accepted criteria for
narcolepsy or idiopathic CNS hypersomnia were included. The
patients answered a questionnaire on sleep habits, daytime sleepi-
ness, accessory symptoms, duration, and treatment. The patients
with cataplexy also had a structured interview by a senior neu-
rologist, with special emphasis on a detailed description of their
cataplectic attacks, triggering factors, and frequency.

Inclusion criteria for narcolepsy with cataplexy were exces-
sive daytime sleepiness for more than 3 months and typical cata-
plexy. Results of previous MSLT were available for 32 of the 47
patients with cataplexy, showing mean sleep latencies <5 min and
>2 SOREM. Cataplexy was defined, based on internationally ac-
cepted criteria, as sudden bilateral loss of postural muscle tone of
short duration (<5 minutes), triggered by sudden, intense emo-
tion. Patients who did not meet these criteria were either excluded
from the study or reclassified as narcolepsy without cataplexy or
CNS hypersomnia, depending on clinical symptoms and results
of MSLT. Inclusion criteria for narcolepsy without cataplexy
were excessive daytime sleepiness for more than 3 months, ab-
sence of other disorders that could explain the symptoms, and
mean sleep latency <5 min and >2 SOREM in an MSLT. Patients
with idiopathic CNS hypersomnia with and without long sleep
periods,” were included if they had documented prolonged sleep
period of >10 hours and/or excessive daytime sleepiness for more
>6 months, MSLT with mean sleep latency <8 minutes, no SO-
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Table 1—Demographic and Clinical Data

N+ Cataplexy
Low hert
n =31
Female/male 20/11
Median age 59 (16-76)
Age at symptom onset 15 (4-50)
Duration of disorder 26 (1-60)
Hypnagogic hallucinations 20 (71%)*
Sleep paralysis 19 (68%)*

Patients with relatives
with sleep disorder 11 (36%)*

(18 relatives)

N+ Cataplexy
Normal hert
n=16
12/4

46 (23-72)
16 (5-50)
22.5 (9-50)
15 (94%)
15 (94%)

7 (43%)
(14 relatives)

Table 1 shows the number and median age of patients in each group, and median age at symptom debut and median duration of the disorder in each
patient group. It also shows the number and percentage of patients in each group who reported hypnagogic hallucinations, sleep paralysis and rela-
tives with similar sleep disorder. (*Number of patients reduced to 28 due to incomplete answers to the questionnaire). The total number of reported
relatives in each group is given in brackets. N = Narcolepsy, hert = hypocretin-1

N- Cataplexy Idiopathic CNS Controls
Hypersomnia
n=7 n=10 n=>50
3/4 82 27/23
35 (13-57) 39 (29-60) 40 (16-80)
23 (4-55) 20 (4-20)
10 (2-30) 15 (5-25)
5 (71%) 7 (70%)
3 (42%) 3 (30%)
1 (14%) 2 (20%)

(1 relative) (3 relatives)

REMs, and no other causes of daytime sleepiness. Results from
previous MSLTs were reviewed, and new sleep recordings per-
formed when necessary.

Fifty controls were recruited consecutively from patients with-
out hypersomnia, admitted to the neurological department at Ul-
leval university hospital for lumbar puncture as part of diagnostic
procedures for other neurological disorders, such as mononeu-
ropathies, polyneuropathies, and unspecified paresthesias. Lum-
bar puncture was performed between 10:00-12:00 in patients
and controls, and spinal fluid analyzed for hypocretin-1. A blood
sample was analyzed for HLA DQB1*0602-type.

The study was sanctioned by the regional committee for medi-
cal ethics and both patients and controls gave their informed ver-

bal and written consent according to the Helsinki declaration. All
regulations in the Norwegian law of biotechnology and biobank-
ing were met.

Biochemical Analysis

Hypocretin-1 was measured by radioimmunoassay (RIA), us-
ing a polyclonal antibody as described by the producer (Phoenix
Pharmaceutical, St. Joseph, MO, USA). Two ml CSF was cen-
trifuged and stored immediately at -70° until assay. The samples
were never thawed more than once. CSF portions of 1 ml were
chromatographed on Sephadex (Sep) columns after pre-treatment
with 1.0 ml of 0.1% trifluoroacetic acid (TFA), mixing, and ap-
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Figure 1—Distribution of HLADQB1*0602 types in each diagnostic group.
CSF hypocretin-1 levels in HLA DQB1*0602 positive and negative patients with narcolepsy with and without cataplexy, and patients with CNS
hypersomnia. The horizontal line is 2 SD below the mean hypocretin level of the controls.
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Muscle groups involved in cataplexy

Hert<209 Hert>209
N=30 N=16
Jaw/face 27 (90%) 9 (56%)
Neck 26 (86%) 8 (50%)
Arms/hands 24 (79%) 11 (69%)
Legs 27 (90%) 16 (100%)

and normal CSF hypocretin-1 levels.

Table 2—Muscle Groups Involved in Cataplexy and Triggering Factors

Muscle groups involved in cataplexy and the most frequent emotional stimuli causing cataplectic attacks in patients with low (hert-1<209pg/ml)

Triggering factors

Hert<209 Hert>209

N=30 N=16
Laughter 30 (100%) 13 (81%)
Surprise 21 (69%) 8 (50%)
Sudden fright 14 (45%) 7 (44%)
Anger 15 (52%) 5(31%)

plied to the columns after 20 minutes in room temperature. Each
column was washed twice with 3 ml 0.1% TFA and eluted with 3
ml 60% acetonitril in 0.1% TFA. The eluate was collected as 3 ml
fractions which were freeze dried. The precipitate was resuspend-
ed in 0.5 ml RIA buffer and mixed well; 100 pl in duplicates were
analysed in RIA. The detection limit of the RIA was 5.0 £ 0.7 pg/
ml. The intra assay coefficient of variation was 4.8%, determined
by 7 replicate analysis of the same sample. The interassay coef-
ficient of variation was 15.5%, determined from measuring the
same sample in 7 different assays. The standard curve range was
from 1-128 pg/ml. In all assays, 3 pooled internal standards were
included, representing low (ca 100 pg/ml and ca 180 pg/ml ) and
normal (ca 475 pg/l) values. The recovery of peptide added di-
rectly to CSF after purification, concentration, and resuspension,
was 71% + 4.5% (mean + SD). Dilution curves of CSF samples
were parallel to the standard curve.

Statistics

The significance of different muscular involvement in cata-
plexy was calculated by 2-sided Fisher’s exact test. Differences in
frequency of sleep paralysis and hypnagogic hallucinations, and
in number of relatives with sleep disorder were calculated by un-
corrected chi-square test.

RESULTS
Patient Categories

Sixty-four patients were included (Table 1). Forty-seven pa-
tients had narcolepsy with cataplexy, with 43 of them having
HLA type DQB1*0602. Seven had narcolepsy without cataplexy,
with 2 of them being HLA DQB1*0602 positive; and 10 had a
confirmed diagnosis of idiopathic CNS hypersomnia with 4 HLA
DQB1*0602 positive patients.

CSF Hypocretin Levels and Association with HLA DQB1*0602

The mean CSF hypocretin-1-level in the controls was 399.8 pg/
ml (SD =95.5) with no sex related difference. The lower limit for
normal hypocretin concentration was set at 2 SD below the mean
level for the controls (209 pg/ml). In the 43 patients with narco-
lepsy with cataplexy and positive HLA type there was a clustering
of 31 patients with markedly reduced values (mean 85.9 pg/ml,
range 5-144 pg/ml), including one below 5 pg/ml. In the remain-
ing 12 the values were within the normal range (mean 460.0 pg/
ml), not significantly different from the narcolepsy patients with-
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out cataplexy (mean 411.5 pg/ml) and those with idiopathic CNS
hypersomnia (mean 487.2 pg/ml) (Figure 1).

Correlation Between CSF Hypocretin and Duration of Disorder

The median age at symptom debut for the patients with nar-
colepsy with cataplexy was 15 years for the patients with low
hypocretin values and 16 for those with normal values. Duration
of the disorder was measured as the number of years between the
first symptoms and the time of the study. There was no correla-
tion between the duration of the disorder and the CSF levels of
hypocretin-1. The values for the patients with low hypocretin-1
levels seemed to distribute as a separate population, independent
of disease duration.

Relationship Between CSF Hypocretin -1 levels and Clinical De-
scription of Cataplexy

Except for one patient who could not be reached, the remain-
ing 46 patients with cataplexy had a thorough interview to get a
detailed description of their cataplectic attacks (Table 2). Involve-
ment of jaw and face muscles was reported by 90% of the patients
with low hypocretin values and by 56% of the patients with nor-
mal values (P = 0.020). Similarly, involvement of neck muscles
was reported by 86% with low values, and by 50% with normal
values (P = 0.013). In contrast, involvement of the leg muscles
was not significantly different in the 2 groups. Laughter was the
main triggering factor in both patient groups.

Hypnagogic Hallucinations and Sleep Paralysis

These symptoms were reported in all diagnostic groups (Table
1). There was no significant difference in frequency of hypnago-
gic hallucinations and sleep paralysis between the patients with
cataplexy with low and normal CSF hypocretin values. The pa-
tients with CNS hypersomnia or narcolepsy without cataplexy
reported a slightly lower frequency of sleep paralysis than the
patients with cataplexy with low or normal levels of hypocretin
(P =0.03), whereas there was no significant difference in the fre-
quency of hypnagogic hallucinations.

Relatives with Sleep Disorder

The number of relatives with sleep disorder reported by patients
with cataplexy with normal or low hypocretin-1 values was sig-
nificantly higher than the number reported by the patients without
cataplexy or with CNS hypersomnia (P = 0.001) (Table 1). Eleven
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patients with narcolepsy, cataplexy, and low hypocretin values
(36%), reported a total of 10 first-degree relatives and 8 second-
degree relatives with similar symptoms. Seven of the patients with
cataplexy and normal hypocretin values (43%), reported 10 first-
degree relatives and 4 second-degree relatives with similar symp-
toms. Among the patients with narcolepsy without cataplexy, only
one patient (14%) reported one symptomatic first-degree relative,
whereas 2 of the patients with idiopathic CNS hypersomnia (15%)
reported 3 affected first-degree relatives. The affected relatives had
either a confirmed diagnoses of narcolepsy or undiagnosed hyper-
somnia with or without associated symptoms.

DISCUSSION

The mean hypocretin value in the control group was 399 pg/ml
with the lower limit for normal values at 209 pg/ml (2 SD be-
low the mean). This is comparable to the levels previously found
by others.!>!71%2 The detection limit in our study was 5 pg/ml
whereas detection limits in the previous studies varied between
10 and 100 pg/ml.'>17:1920 The differences may partly be due to the
use of different batches of polyclonal antibodies and partly to dif-
ferences in method, as some studies have used a direct assay and
others assay from extracted CSF, like the present study.

A previous study' using a direct hypocretin assay set the cut
off for narcolepsy with cataplexy to 110 pg/ml, representing one-
third of the mean of the controls, based on sensitivity/specificity
ratio. This has been proposed as the diagnostic hypocretin-1 level
in The International Classification of Sleep Disorders, Second
Edition (ICSD-2).*

In our study a cut off value at one-third of the mean value for
the controls is 134 pg/ml and defines a cluster of 30 patients. In ad-
dition, one patient with a slightly higher value (144 pg/ml) seems
to cluster with the others and is therefore included in this group,
indicating that a somewhat higher cut-off value might be feasible.
The limit of 134 pg/ml is not necessarily valid for measurements
using assay of extracted CSF, which is recommended by the pro-
ducer of the test kit. Furthermore, details in methodology and an-
tibody batch variability may influence the cut-off value.

The previous studies have reported low hypocretin-1 values
(below 110 pg/ml) in approximately 90% of narcolepsy patients
with cataplexy and HLA type DQB1* 0602.">!7' In the present
study 72% of such patients had low values (<134 pg/ml). In diag-
nosing cataplexy there is a danger of including patients with atyp-
ical cataplexy or cataplexy-like symptoms of other origin. Our
recruitment procedures were especially designed to avoid this. We
therefore conclude that contamination of the cataplexy group with
patients without typical cataplexy is unlikely and does not explain
the higher percentage of patients with normal hypocretin-1 lev-
els. As narcolepsy with cataplexy with normal and low hypocre-
tin-1 values seem to represent separate pathogenetic entities, the
relative percentage of each category may vary in different ethnic
populations. So far, little has been done to clarify this, and more
extensive studies of different patient populations are needed.

Previous studies based on single patient observations, have
suggested a lack of correlation between hypocretin-1 levels and
the duration of the disorder.” The hypocretin-1 level was measur-
able in all our patients with narcolepsy with cataplexy, and it was
therefore possible to correlate the CSF levels to the duration of
the disorder. The results show no such correlation, and support
the assumption that patients with low and normal hypocretin-1
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values represent separate clinical subgroups with different patho-
genetic mechanisms. It also indicates that the patients with low
CSF hypocretin already had low values in the early phase of the
disorder, without evidence of further decline, which might have
been expected in a progressive degenerative or immunological
process. The mechanism causing similar symptoms in patients
with normal hypocretin values must be different. The existence
of nonfunctional hypocretin receptors has been postulated, simi-
lar to the situation in inherited narcolepsy in dogs.'”

The present results confirm the strong association between
cataplexy, HLA DQB1*0602, and low hypocretin-1 levels. The
patients with low hypocretin values described cataplectic attacks
with significantly more extensive muscular involvement of face,
jaw, and neck than the patients with normal levels. This has also
been indicated by previous studies."

Although both hypnagogic hallucinations and sleep paralysis
were most frequently reported by patients with cataplexy, there
was no correlation to low hypocretin-1 values. Hypnagogic hal-
lucinations and sleep paralysis are usually thought to be isolated
components of REM sleep in the waking state. Similarly, cata-
plexy has been considered as an isolated manifestation of REM
sleep atonia, triggered by emotional stimuli. However, the close
correlation of low hypocretin values with cataplexy, and not with
sleep paralysis or hypnagogic hallucinations, and the occurrence
of hypnagogic hallucinations and sleep paralysis in disorders
without cataplexy, indicate that cataplexy may involve other
neuronal pathways than hypnagogic hallucinations and sleep
paralysis. This is in accordance with observations by others.”
Narcolepsy with cataplexy seems to contain a subgroup in which
reduction or lack of hypocretin-1 aggravates the muscle paralysis
in cataplexy, pointing to the importance of hypocretin neurons in
balancing muscle tone.

The 7 patients with narcolepsy without cataplexy all had normal
hypocretin values similar to the 10 patients with idiopathic CNS
hypersomnia. The median duration of the disorders was 10 and 15
years, respectively (Table 1), which supports the concept of the
disorders as separate entities from narcolepsy with cataplexy, and
not early stages of this disorder. Although daytime sleep episodes
in narcolepsy sometimes differ from idiopathic CNS hypersom-
nia by being more refreshing, the clinical manifestations of day-
time sleepiness and sleep attacks are often similar. In our study
hypnagogic hallucinations and sleep paralysis occurred with the
same prevalence in both conditions. With normal hypocretin val-
ues and no HLA association, narcolepsy without cataplexy is only
objectively distinguishable from idiopathic CNS hypersomnia by
having >2 SOREMs in MSLT, which may occasionally be found
in other conditions with marked daytime sleepiness.?**

An issue which is not settled is how familial occurrence of
narcolepsy is transmitted as an increased risk to relatives.'8262 Ag
our data were collected from the questionnaire, without possibil-
ity of examining the relatives, we cannot be sure of their diagno-
sis. However this lack of precision is the same for all the patient
groups, and there still is a marked difference, with a higher num-
ber of reported family members with narcolepsy or similar sleep
disorders among the patients with narcolepsy and cataplexy both
with low and normal hypocretin values, suggesting that heredi-
tary factors may play a role in both these groups, compared to the
other diagnostic groups. Genetic studies, however, have found no
significant association between narcolepsy susceptibility in hu-
mans and gene polymorphism to hypocretin or its receptors.?*¥
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Mutations in genes regulating the expression of hypocretin or its
receptors have been suggested as possible alternatives.

CONCLUSION

Measurement of CSF hypocretin-1 level in a Norwegian pa-
tient population identified 72% of the patients with narcolepsy,
cataplexy, and HLA DQB1*0602 type as a well-defined subgroup
with low hypocretin-1 levels. In clinical diagnostics of narcolepsy
both PSG, MSLT, HLA-typing and hypocretin measurements are
needed, beginning with PSG and MSLT in most cases. CSF hypo-
cretin-1 measurement will confirm the diagnosis in most, but not all
HLA DQBI1*0602 positive patients with cataplexy, and is particu-
larly valuable in patients where MSLT is inconclusive or cannot be
performed. Patients with low hypocretin values reported cataplec-
tic attacks with more extensive muscular involvement. Hypnagogic
hallucinations and sleep paralysis were not statistically correlated
to low hypocretin-1 levels. There was no correlation between dura-
tion of the disorder and CSF hypocretin-1 level.

Patients with narcolepsy without cataplexy and idiopathic CNS
hypersomnia all had normal hypocretin-1 levels. No significant
clinical or biochemical differences were found between these pa-
tient groups.

As the number of reported studies of CSF hypocretin-1 mea-
surements so far is low, with variations in methods, sensitivity and
ethnic diversity, the recommended cut off value at 110 pg/ml, based
on only one previous study ought to be open for revalidation.
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