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a b s t r a c t

Study objectives: Narcolepsy and obstructive sleep apnea syndrome (OSAS) are two conditions associated
with excessive daytime sleepiness (EDS). They may coexist in the same patient but the frequency of this
association and its clinical significance is unknown. The presence of obstructive sleep apnea (OSA) in a
narcoleptic patient may interfere with the diagnosis of narcolepsy. The aim of the study was to determine
the prevalence of OSA in narcolepsy.
Design and setting: University hospital sleep clinic series of narcoleptic patients diagnosed with nocturnal
polysomnography and multiple sleep latency test. Patients were systematically interviewed evaluating
narcoleptic and OSAS features and their response to continuous positive airway pressure (CPAP) treat-
ment when applied.
Patients: One hundred and thirty-three patients with narcolepsy.
Results: Thirty-three patients (24.8%) had an apnea–hypopnea index greater than 10 with a mean index
of 28.5 ± 15.7. Ten of them were initially diagnosed only with OSAS and the diagnosis of narcolepsy was
delayed 6.1 ± 7.8 years until being evaluated in our center for residual EDS after CPAP therapy. In the
remaining 23 patients, narcolepsy and OSA were diagnosed simultaneously. Cataplexy occurred with
similar frequency in both groups. EDS did not improve in 11 of the 14 patients who were treated with
CPAP. The presence of OSA was associated with male gender, older age and higher body mass index.
Conclusions: OSA occurs frequently in narcolepsy and may delay the diagnosis of narcolepsy by several
years and interfere with its proper management. In patients with OSA, cataplexy should be actively
looked for to exclude the presence of narcolepsy. Treatment with CPAP does not usually improve EDS
in narcoleptics with OSA.

� 2009 Elsevier B.V. All rights reserved.

1. Introduction

Narcolepsy is a neurological disorder with a prevalence of 0.03–
0.16% [1] characterized by excessive daytime sleepiness (EDS), cat-
aplexy, sleep paralysis and hypnagogic hallucinations. In most
cases multiple sleep latency test (MSLT) shows two or more sleep
onset periods (SOREMPs). Cataplexy is the most characteristic
symptom occurring in 65–75% of the patients and EDS is usually
the most disabling feature. EDS in narcolepsy, however, may not
always be distinguished from the sleepiness caused by other disor-
ders such as obstructive sleep apnea syndrome (OSAS) [2].

OSAS is a much more prevalent disorder occurring in 2–4% of
the adult population [3], whereas EDS is one of the major present-
ing complaints [2]. In OSAS, increased body mass index (BMI) is a
frequent finding that leads to upper airway obstruction causing
breath cessation during sleep. Narcolepsy is also associated with

increased BMI [3,4] which may predispose one to comorbid
obstructive sleep apnea (OSA). Narcolepsy and OSAS may be con-
founded because (1) both disorders are associated with EDS and in-
creased BMI, and (2) MSLT in patients with OSAS may occasionally
show two or three SOREMPs [5,6].

Due to the high prevalence of OSA, a large number of patients
presenting to sleep centers with EDS are evaluated with nocturnal
sleep studies only to confirm the presence of sleep disordered
breathing. Thus, it is possible that narcoleptics with comorbid
OSA presenting to sleep centers with EDS may be diagnosed with
OSAS alone and that narcolepsy is overlooked. In the current study
we aimed to determine the prevalence of OSA in a large series of
narcoleptics diagnosed in our sleep center. We also assessed how
many narcoleptics were initially diagnosed only with OSAS before
presenting to our sleep center and the effect of continuous positive
airway pressure (CPAP) on EDS when applied.

2. Methods

We evaluated 133 consecutive narcoleptics, diagnosed accord-
ing to ICSD-2 criteria [2] presenting to our center with EDS
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between 1991 and 2007. All patients underwent polysomnography
and a 5-nap MSLT the following day. A definite history of cataplexy
was present in 104 patients. We included patients without cata-
plexy and an AHI > 10 only when they had four or five SOREMPs
in the MSLT [5,6] or low hypocretin-1 (<110 pg/mL) in the CSF.

At the time of this study all patients were contacted and sys-
tematically interviewed regarding the following demographic
and clinical parameters: age, sex, BMI, Epworth sleepiness scale
(ESS) score, presence or absence of cataplexy and response to CPAP
treatment when prescribed. The effect of CPAP therapy was evalu-
ated asking the patients if they had experienced any improvement
in their EDS or in their nocturnal sleep quality.

Polysomnography was performed recording electroencephalog-
raphy (C3, C4, O1, O2 referred to the contralateral ear), electro-ocu-
logram, submental electromyography, right and left anterior
tibialis surface electromyography, electrocardiogram, nasal and
oral air flow, thoracic and abdominal movements and oxyhemoglo-
bin saturation. Sleep stages were scored according to standard cri-
teria [7]. Sleep efficiency was defined as the ratio of total sleep
time to total recording time. Apnea was defined as the absence
of airflow for at least 10 s. In obstructive apnea, respiratory effort
was maintained, whereas in central apnea, breathing movements
were absent. Mixed apnea was defined as a combination of central
and obstructive apnea. Hypopnea was defined as a decrease in air-
flow of at least 30% for at least 10 s with either an arousal or an
oxygen desaturation of 3%. The AHI was defined as the average
number of apneas and hypopneas per hour of sleep, and sleep ap-
nea was defined by an AHI P 10. The MSLT consisted of 5 naps per-
formed according to published standards [8]. In all patients treated
with CPAP, CPAP titration was performed with conventional full
nocturnal polysomnography.

For statistical analysis independent Student’s t-test and Fisher
test were used when appropriate.

3. Results

We evaluated 133 consecutive patients with a mean age of
38.6 ± 16.4 (range, 11–80) years. Eighty-eight (66%) were male and
45 (34%) female. The mean BMI was 23.9 ± 4.7. Polysomnography
showed an AHI P 10 in 33 (24.8%) patients with a mean of

28.5 ± 15.7 (Fig. 1). In all of them apneas were obstructive except
in two patients who had predominantly central apneas (AHI of 14
and 40, respectively). Patients with AHI P 10 were significantly
more often men, older and had a higher BMI than those with
AHI < 10 (Table 1). Percentage of cataplexy, ESS score at the time of
PSG, sleep latency in the MSLT and number of SOREM periods in
the MSLT were not different between patients with AHI P 10 and
patients with AHI < 10 (Table 1).

3.1. Diagnosis of narcolepsy initially overlooked

Ten of the 33 (30.3%) narcoleptics with AHI P 10 were initially
diagnosed in other sleep centers as having only OSAS. The mean
delay in the diagnosis of narcolepsy in these 10 patients was
6.1 ± 7.8 years. Cataplexy occurred in 8 of them and was present
in all before they were first evaluated for EDS (a mean of
4.1 ± 5.7 years) and were diagnosed as having only OSAS. In these
8 patients narcolepsy was not diagnosed because patients did not
spontaneously report cataplexy and because physicians did not ask
for its presence. The other two narcoleptics previously diagnosed
only with OSAS had no cataplexy but in our center the MSLT
showed in both patients a mean sleep latency of less than 5 min
and four SOREM periods. The remaining 23 patients with AHI P 10
were simultaneously diagnosed with narcolepsy and OSA in our
center. No differences in gender, age, BMI and frequency of cata-
plexy were found between patients diagnosed initially only with
OSAS and those diagnosed simultaneously with OSA and
narcolepsy.

3.2. Effect of CPAP treatment on EDS

Nine of the 10 patients diagnosed only with OSAS were treated
with CPAP before they were diagnosed with narcolepsy in our cen-
ter. None of these patients had been treated with sodium oxybate,
modafinil, methylphenidate or any other central nervous system
stimulant. With CPAP therapy four of these patients reported no
improvement in EDS and in sleep quality, two no improvement
in EDS but better nocturnal sleep quality, two a mild improvement
in EDS, and one did not tolerate CPAP.

Narcoleptics 
(n= 133) 

AHI  <10 
(n=100) 

AHI ≥10 
(n=33) 

Diagnosed only with 
OSA 

(n=10) 

Narcolepsy and OSA 
diagnosed 

simultaneously 
(n=23)

CPAP therapy
(n=9) 

Not treated 
with CPAP 

(n=1)

CPAP therapy
(n=11) 

Not treated 
with CPAP 

(n=12)

No improvent 
in EDS  
(n=4) 

Sleep  quality 
improvement 

(n=2) 

Mild EDS 
improvement 

(n=2) 
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(n=5) 

Mild EDS 
improvement 
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(n=1) 

CPAP not 
tolerated 
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Fig. 1. Flowchart of the patients.
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Of the 23 patients that were simultaneously diagnosed with
narcolepsy and OSA, eleven were initially treated only with CPAP
because of a high AHI (mean AHI of 32.2 ± 13.1). After CPAP ther-
apy, five patients reported no improvement in EDS, one experi-
enced some improvement in EDS and five did not tolerate CPAP.

Overall, 20 out of the 33 patients with an AHI P 10 were treated
initially only with CPAP. Fifteen reported no change in nocturnal
sleep quality or daytime sleepiness, three reported some improve-
ment in EDS (baseline AHI of 56, 53 and 26), and two better noctur-
nal sleep quality but no change in EDS (baseline AHI of 67 and 13).

4. Discussion

This is the first study evaluating sleep apnea in a large series of
patients with narcolepsy and the effect of CPAP therapy in narco-
leptics with comorbid OSA.

Previous studies assessing the prevalence of OSA in narcolepsy
are scarce and reported results ranging between 2% and 68%.
Guilleminault et al. [9] noted two patients with narcolepsy and
central sleep apnea. Laffont et al. [10] described the occurrence
of sleep apnea in five patients. One had central apneas, one had
obstructive apneas and the remaining three had both central and
obstructive apneas. Kales et al. [11] studied the prevalence of sleep
apnea in a series of 50 narcoleptics with cataplexy and only one
had sleep apnea on the polysomnogram (AHI of 67). Chokroverty
[12] reported the presence of apneic episodes in 11 of 16 narcolep-
tic patients, the majority of them with cataplexy. Apneic episodes
were predominantly central, but obstructive and mixed events
were also observed. A few additional isolated case reports of narco-
lepsy with OSA have been described [13–15]. Other studies have
noted the occurrence of AHI > 5 in 9.8–19% of narcoleptics under-
going polysomnography [16–19].

We found that 24.8% of narcoleptics had an AHI P 10. Since we
did not evaluate a control group we cannot assess if this prevalence
is higher than in the general population. Like in the general popu-
lation, OSA in narcoleptics was associated with higher BMI, male
gender and older age.

In our study, 30% of narcoleptics with AHI P 10 were initially
diagnosed as having only OSAS in other sleep centers. Eighty percent
of them had cataplexy, and this symptom was already present when
patients first complained of EDS in other sleep centers. Narcolepsy
was not diagnosed then because patients did not spontaneously re-
port that they had cataplexy and because physicians did not ask for
its presence. Underecognition of cataplexy and other narcoleptic
symptoms delayed the diagnosis of narcolepsy several years. Young

age and a frank contrast between major sleepiness (e.g., ESS > 15)
and mild–moderate OSA (AHI < 30) should help clinicians to suspect
narcolepsy. In another study, the diagnosis of narcolepsy was de-
layed because (1) late-life expression of cataplexy after initial con-
sultation, (2) mild disease, (3) narcolepsy lacking cataplexy with
later-life onset of EDS, and, as in our series, (4) misdiagnosis [20].
Lack of diagnosis of narcolepsy delays proper management of the
disease with adequate sleep hygiene and with the use of specific
medications such as stimulants of the central nervous system,
anticataplectics and sodium oxybate, which none of our patients
was taking at the time of diagnosis. Moreover, in our study, CPAP
was ineffective in most of our narcoleptics with OSA. Although the
number of CPAP treated patients is too low to draw a definite conclu-
sion and we did not objectively evaluate EDS after CPAP treatment,
our findings might suggest that OSA does not play a major role in
the pathophysiology and severity of EDS in narcolepsy.

In conclusion, based in our results we suggest that cataplexy
should always be actively looked for (1) in patients referred to
sleep centers with EDS and initially suspected to have OSAS, and
(2) in patients with OSA and residual EDS despite the correct use
of CPAP therapy.
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Table 1
Demographic and electrophysiological data of narcoleptic patients with AHI P 10 and
AHI < 10.

AHI P 10 (n = 33) AHI < 10 (n = 100) P value

AHI (n) (range) 28.5 ± 15.7 (11–67) 2.9 ± 2.6 (0–9) <0.0001
Male/female (n) 28/5 60/40 0.0063*

Age (years) 49.3 ± 15.4 35.4 ± 15.5 <0.0001
BMI (kg/m2) 25.3 ± 4.0 23.4 ± 4.8 0.0368
Cataplexy (%) 78.8 78 0.6378*

ESS score at the time of
diagnosis of narcolepsy

18.8 ± 4.4 17.4 ± 4.2 0.152

Sleep efficiency in PSG (%) 80.8 ± 13.8 84.8 ± 12.2 0.1941
Sleep latency in MSLT (min) 2.1 ± 2.1 2.1 ± 1.7 0.7755
REM sleep latency in

MSLT (min)
4.8 ± 2.6 4.8 ± 2.8 0.7142

SOREM periods in MSLT (n) 3.1 ± 1.4 3.3 ± 1.4 0.2421

AHI, apnea–hypopnea index; BMI, body mass index; PSG, polysomnography; MSLT,
multiple sleep latency test; SOREM, sleep onset REM; ESS, Epworth sleepiness scale.
Independent Student’s t-test and Fisher* test were used when appropriate.
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ABSTRACT 

Background: There are several case reports of patients with narcolepsy and 

schizophrenia, but a systematic examination of the association of both disorders has not 

been done. The aim of this work is to assess the frequency of narcolepsy with cataplexy 

in a large consecutive series of adult patients with schizophrenia and schizoaffective 

disorder. 

Methods: We screened 366 consecutive patients with schizophrenia or schizoaffective 

disorder with a sleep questionnaire and the Epworth Sleepines scale (ESS) exploring 

narcoleptiform symptoms. Those who screened positive were assessed by a sleep 

specialist, and offered an HLA determination. CSF hypocretin-1 determination was 

proposed to those who were HLA-DQB1*0602 positive. 

Results: On the screening questionnaire, 17 patients had an ESS score ≥11 without 

cataplexy, 15 had cataplexy-like symptoms with an ESS score < 11, and four had an 

ESS score ≥11 plus cataplexy-like symptoms. Of those, 24 patients were evaluated by a 

sleep specialist. Five of these 24 were HLA-DQB1*0602 positive, and three of these 

five subjects underwent lumbar puncture showing normal hypocretin-1 levels.  

Conclusions: Our results suggest that narcolepsy with cataplexy is not an unrecognized 

disease in adult patients with schizophrenia or schizoaffective disorder. 

Keywords: Hallucinations; Narcolepsy; Hypocretin; Psychotic Disorders; 

Schizophrenia. 
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BACKGROUND 

 

Narcolepsy with cataplexy (narcolepsy type 1) is a chronic neurological disease with an 

estimated lifetime prevalence of 2.5-5 per 10.000 people [1,2].  Clinically, it is 

characterized by excessive daytime sleepiness (EDS), cataplexy, 

hypnagogic/hypnopompic hallucinations and sleep paralysis, as well as other sleep 

disturbances, such as sleep fragmentation [3].  Symptoms usually begin in adolescence, 

1,4 and they are the result of hypocretin deficiency [4].    

Hypocretins are neuropeptides that have a central role in the control of alertness [5, 6]. 

Undetectable or low hypocretin-1 levels in cerebrospinal fluid (CSF) are found in 95% 

of narcoleptic patients with cataplexy [4, 7]. The mechanism causing this hypocretin 

deficit is still unknown, but is currently thought to be immune-mediated since up to 85-

95% of patients with narcolepsy with cataplexy have the HLA haplotype DQB1*0602 

[3, 8].  

Hypocretin deficit is closely related to HLA DQ B1*0602 and cases of hypocretin-

deficient narcolepsy without this HLA haplotype are exceptional. HLA typing is a 

useful screen before lumbar puncture since 98% of patients with hypocretin-1 

deficiency are DQB1*0602 positive. 7 There are neurological disorders that can cause 

secondary narcolepsy [9, 10].  Clear-cut or definite cataplexy is considered a 

pathognomonic symptom for diagnosing narcolepsy [11]  and is defined as more than 

one episode of generally brief and usually bilaterally symmetrical sudden loss of muscle 

tone with retained consciousness precipitated by strong emotions typically associated 

with laughter or elation. Some subjects may report features reminiscent of cataplexy 

that are not clear-cut, either because they are mild, atypical or only subjective 

experiences, a situation termed “cataplexy-like” particularly when using questionnaires 

in population-based studies [12, 13].  Narcolepsy type 1 [9]  is diagnosed when 

hypersomnia is accompanied by 1) cataplexy and abnormal multiple sleep latency test 

(MSLT) or 2) low values of hypocretin-1 concentration in CSF.   

Schizophrenia is one of the most devastating mental illnesses and has an estimated 

lifetime prevalence of 7, 2 per 1.000 people [14]. The core symptoms of schizophrenia 

include delusions, hallucinations and thought disorder [15].  Schizophrenic symptoms 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



 

4 

 

usually also emerge during adolescence [15, 16].  Dopamine neurotransmission 

abnormalities in the mesocorticolimbic system with an increase in dopamine synthesis, 

dopamine release and resting-state synaptic dopamine concentrations play a central role 

in the generation of schizophrenic symptoms [17, 18]. The etiology of schizophrenia is 

unknown, although and interplay between genetic and environmental factors has been 

suggested [15].  

There are several previous case reports of narcoleptic patients with psychotic symptoms 

[19, 20] and of schizophrenic patients with narcoleptic features [21-23].  Two recent 

studies have evaluated the presence of schizophrenia in a large number of children and 

adolescents with narcolepsy [24, 25], finding a small group of individuals that 

developed schizophrenia after being diagnosed with narcolepsy.  

Several explanations could account for a possible association between narcolepsy and 

schizophrenia. Psychosis may develop in narcoleptic patients as a consequence of 

stimulant therapy, although this side effect seems infrequent even in patients treated 

with high doses of stimulants over a prolonged period time [23, 26]. Another possibility 

is that some narcoleptic symptoms, especially hypnagogic and hypnopompic 

hallucinations, could be misdiagnosed as an active psychotic state of schizophrenia [22, 

23, 27]. A third option is that narcolepsy and schizophrenia could occur in the same 

patient because both diseases might share similar physiopathological factors. Finally, 

the coincidental occurrence of schizophrenia and narcolepsy in the same patient could 

also occur by chance. The frequency of coexistent schizophrenia and narcolepsy could 

be expected to be 18-36 cases in a population of ten million based on the independent 

prevalence of these two diseases. It is possible, however, that patients with 

schizophrenia who develop narcolepsy could be unrecognized because sleepiness could 

be attributed to the antipsychotic treatment and cataplexy could be alleviated or masked 

by the same antidopaminergic treatment [28]. 

The aim of this work was to assess the frequency of undiagnosed narcolepsy in a large 

cohort of patients with schizophrenia. Finding some patients with narcolepsy in our 

patients could support a possible association between narcolepsy and schizophrenia 

would increase our understanding in both disorders.  
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METHODS 

All consecutive patients with schizophrenia or schizoaffective disorder [29]  followed at 

the adult Psychiatry Department of the Hospital Parc Taulí were proposed  to participate 

in the study during their routine visits from February to June of 2013. Patients older 

than 18 years and able to answer the questions were invited to participate. Patients 

under 18 years were not included as they are controlled in another Psychiatric 

Department at our institution. To assess whether narcolepsy was present in 

schizophrenia, we used a stepwise approach with three phases of evaluation. 

In a first phase, consecutive patients were screened with a semi-structured questionnaire 

where the four main symptoms of narcolepsy were included, namely EDS, cataplexy, 

hypnagogic / hypnopompic hallucinations and sleep paralysis. This questionnaire was 

administered by a psychologist (AG) specially trained in sleep disorders. The presence 

of cataplexy was explored using the following question: “have you ever felt sudden 

weakness of your muscles when you experience a strong emotion?”.  Sleep paralysis 

was assessed asking: “have you ever felt unable to move for a few moments as if you 

were paralyzed, just after waking up or when falling asleep despite being awake?” 

Hypnagogic/hypnopompic hallucinations were explored asking “have you ever noticed 

or seen things or people that do not actually exist, just after waking up or when falling 

asleep?”; patients that responded positively were asked to explain what exactly they felt 

in those moments and try to differentiate these hallucinations from  hallucinations that 

they could appear during wakefulness. Finally the presence of EDS was assessed with 

the Epworth sleepiness scale (ESS) and an score > 11 was considered indicative of this 

symptom [30].  Data on age, gender and age at onset of schizophrenia were also 

collected. 

In a second phase of the study, patients with an ESS score > 11 and/or cataplectic-like 

features were reevaluated by a neurologist from the Multidisciplinary Sleep Unit of the 

Hospital Parc Taulí (GS) who conducted a systematized clinical interview focusing on 

the presence and features of EDS, cataplexy, hypnagogic / hypnopompic hallucinations 

and sleep paralysis. In addition, current medications were evaluated as well as the 

existence of other sleep disturbances (sleep fragmentation, symptoms suggestive of 
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obstructive sleep apnea (OSA), insufficient sleep, and cyrcadian rhythm disorder). In 

those patients in whom EDS and/or cataplexy experiences were considered to be likely 

present, HLA typing was tested. 

As medications such as antidepressants or other psychotropic drugs may significantly 

affect REM sleep, it is recommended that polisomnography and multiple latency sleep 

test should be used to diagnose narcolepsy only in patients free of drugs that influence 

sleep. Drugs must be stopped for at least 14 days (or at least five times the half-life of 

the drug and longer-active metabolite), confirmed by a urine drug screen [9]. 

 Since psychotropic medications could not be stopped in our patients we could not use 

these tests for the diagnosis of narcolepsy. However, given that narcolepsy-cataplexy  

type 1 occurs almost exclusively in patients with HLA DQB1*0602, we tested the 

presence of this HLA in  patients with symptoms suggestive of narcolepsy.   

In a third phase, hypocretin-1 level determination in CSF was proposed to those patients 

who were HLA DQB1*0602 positive. If a patient (and caregiver when necessary) 

accepted, 5 ml of CSF were obtained and immediately stored at -80ºC. The lumbar 

puncture was performed in the morning, before 11 am. Hypocretin-1 levels in CSF were 

determined using commercially available direct radio-immunoassay kit (Phoenix 

Pharmaceuticals, USA) as previously described [4, 31, 32] at the Hospital Clinic of 

Barcelona. In order to minimize inter-assay variation, reference samples with internal 

controls with known hypocretin-1 values were included in each assay and the values 

were adjusted accordingly as recommended [33].  

The study was approved by ethics committees of both hospitals (Hospital Parc Taulí and 

Hospital Clínic), and a written informed consent of patients was obtained.  

 

RESULTS 

We included 366 consecutive patients with the diagnosis of schizophrenia or 

schizoaffective disorder (Table 1). There were 226 men and 140 women, with a mean 

age of 44.3 ± 12 (range, 18-81) years and a mean age at diagnosis of the psychiatric 

disorder of 25.3 ± 8.1 (range, 7-56) years.  
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The mean ESS score was 4.1± 3.4 (range 0-18). Twenty-two (6%) patients had an ESS 

≥11 (Figure 1).  

Nineteen (5.1%) patients reported cataplexy-like experiences. Thirty-three (9%) 

responded that they presented sleep paralysis and 78 (21.3%) hypnagogic/hypnopompic 

hallucinations. 

Thirty-six (9.8%) patients had an ESS score ≥ 11 and/or responded affirmatively to the 

cataplexy question (Figure 2). Seventeen had an ESS score ≥ 11 without cataplexy, 15 

presented cataplexy-like symptoms with an ESS score < 10, and 4 patients had  an ESS 

score ≥ 11 and/or responded affirmatively to the cataplexy question. All these 36 

patients were offered to participate in the second phase, and 27 accepted. Three patients 

were excluded after detailed questioning by the sleep specialist (GS) who considered 

that neither EDS nor cataplexy-like experiences did occur. Twenty-four patients were 

finally included in this second phase, 11 women and 13 men, with a mean age of 39.7 ± 

10 (range, 21-57) years, and a mean age at onset of the psychiatric disease of 22.8 ± 7.5 

(range, 12-44) years. Clinical characteristics of this group of patients are detailed in 

Table 2. In 14 patients EDS was temporally related to the beginning of the antipsychotic 

treatment.  Six out of these 24 patients reported features reminiscent of cataplexy, but 

no case of clear-cut cataplexy was found. Five patients presented hallucinations mainly 

during sleep-wake transition (two auditory –knock on the wall, a buzz-, one visual –

could not specify which- and two tactile –both being touched-). Sleep paralysis was 

present in five out of the 24 patients.  

Twelve (50%) patients were snorers and in six of them their bed partners reported 

apneas during sleep. Only one patient had been previously diagnosed of obstructive 

sleep apnea syndrome with a sleep study, which showed an apnea/hypopnea index of 

78, but she did not tolerate CPAP treatment. Nine patients were treated with one 

neuroleptic drug, 13 patients with two, and three patients with three. Five patients were 

treated with one benzodiazepine, and four with two. Nine patients were treated with one 

antidepressant drug, one patient with two, and one patient with three.  Eight patients 

were treated with one antiepileptic drug, one patient with two and one patient with 

three. 

Five out of the 24 patients had HLA DQB1*0602, none of them homozygote nor 

positive for DQB1*03. Clinical characteristics of these five patients are shown in Table 

3. In these 5 patients a lumbar puncture to measure CSF hypocretin-1 was proposed. 
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Patient 1 and 2 refused. Hypocretin-1 levels were finally determined in three patients 

showing normal values (> 200pg/ml) in all of them.  

 

 

DISCUSSION 

 

To our knowledge, this is the first study evaluating systematically and prospectively the 

prevalence of narcolepsy type 1 in a large group of patients with schizophrenia or 

schizoaffective disorder. Since antidepressants or other psychotropic drugs may 

significantly affect REM sleep, we did not use polisomnography and multiple latency 

sleep to diagnose narcolepsy in our patients, given that these drugs could not be stopped 

for a long enough period of time. We used instead a stepwise approach, with an initial 

screening of characteristic symptoms of narcolepsy in 366 patients and offering HLA 

determination in those who referred hypersomnia and/or possible cataplexy. Last step 

was determining hypocretin in CSF in those who were HLA DQB*0602 positive and 

had EDS and /or cataplexy-like experiences. We did not find any patient with clear 

narcolepsy type 1 in our cohort. Although we only measured CSF hypocretin in three 

patients, they were the majority of subjects reporting hypersomnia and cataplexy-like 

symptoms who had a positive HLA DQB1*0602. Although there are cases of 

DQB1*0602 negative patients with narcolepsy type 1, this is highly infrequent since it 

is estimated that less than one in 500 HLA-negative patients will have low CSF 

hypocretin-1 levels [34]. 

It is considered that sleep disturbances, particularly poor sleep quality, are common in 

schizophrenia [35]. Although hypersomnia is a common side effect of neuroleptics, few 

studies have focused on this aspect. While some authors [36]  found a mean sleep 

latency >36% longer (sleep propensity was lower) in 30 untreated patients with 

schizophrenia than in healthy subjects, other authors  [37] reported a prevalence of 

hypersomnia of 24-31% in 1493 treated schizophrenic patients. In our sample the 

frequency of hypersomnia was remarkably lower and only 5.7% of the patients had an 

ESS ≥ 11, usually temporary related to the beginning of the treatment for the psychiatric 

disorder or the coexistence of a possible sleep breathing disorder, as in our cohort half 

of them were snorers, and the mean BMI was 32.8 (moderately obese). The lower 
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prevalence of hypersomnia in our study could also be due to the long duration of 

therapy and disease compared to the previous studies [36, 37]. 

Our findings do not suggest that in a large, single-center sample of adult schizophrenic 

patients narcolepsy is underdiagnosed. However, it is possible that the association of 

schizophrenia with narcolepsy could be age dependent, with higher risk of developing 

schizophrenia in only those patients who had previously initiated narcolepsy in 

childhood or early adolescence. Huang [25]   reported that subjects with narcolepsy 

linked to schizophrenia were younger than those narcoleptics without schizophrenia 

(mean age of onset of narcolepsy, 11.25 ± 3.92 years vs 12.59 ± 3.41 years). Canellas 24 

reported that the age of onset of EDS was 12.6 ± 2.3 year, age at narcolepsy diagnosis 

was 17.9 ± 6.2 years and age at onset of psychotic symptoms was 16.9 ± 3.4 years. 

Since in our sample, mean age at diagnosis of schizofrenia and schizoaffective disorder 

was higher, with a mean age of 25 years, we cannot completely exclude that a 

relationship between narcolepsy and schizophrenia exists only in younger patients.  

Our study has limitations such as the lack of a detailed expert sleep history in all the 336 

patients initially evaluated, the lack of sleep recordings, and the lack of HLA and 

hypocretin-1 determinations in the whole cohort.  However, in the majority of patients 

reporting EDS and narcoleptiform symptoms in the screening evaluation the sleep 

expert confirmed these symptoms. On the other hand, sleep recordings are less useful in 

patients treated with psychotropic drugs and the determination of CSF hypocretin-1 in 

such a large sample of patients with schizophrenia is almost unfeasible.  

 

 

CONCLUSIONS 

 

Based in our findings, narcolepsy is not an underrecognized disease in adult patients 

with schizophrenia or schizoaffective disorder. Complaints of hypersomnia are rare in 

these patients and whereas hypnagogic/hypnopompic hallucinations are the most 

frequent narcoleptiform symptom.  
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FIGURES 

 

 

Figure 1. Epworth Sleepiness Scale values.  

 

Distribution of Epworth Sleepiness Scale scores in the 366 patients screened are shown 

in the following figure.  

 

Figure 2. Flow-chart describing the study results.  

 

Of the 366 patients screened, 35 presented hypersomnia and/or cataplexy. Of them, 5 

were HLA positive and no abnormal hypocretin value was obtained.   
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TABLES 

 

Table 1. DSM-IV-TR diagnosis. . 65% of the  patients were diagnosed as paranoid type 

of schizophrenia, being  schizoaffective disorder diagnosis the second more frequent 

one. 

 

 

Diagnosis DSM-IV-TR         

diagnosis code  

Number of patients 

(n=366) 

Schizophrenia, 

Disorganized Type 

295.10 13 (3.5%) 

Schizophrenia,       

Paranoid Type 

295.30 240 (65.6%) 

Schizophrenia,        

Residual Type 

295.60 27 (7.4%) 

Schizophrenia, 

Undifferentiated Type 

295.90 17 (4.6%) 

Schizoaffective Disorder 295.70 69 (18.9%) 
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Table 2.  Clinical characteristics of the patients.  Characteristics of the patients included 

in the second phase (ESS≥11 and/or cataplexy) are summarized in the following table.  

 

 PATIENTS (n=24) 

Age (years) 39.7±10.3  ( range 21-57) 

Age of onset psychiatric 

disorder (years)  

22.8 ± 7.5 (range, 12-44) 

Male gender (%) 54.2 

Body Mass Index (n) 32.8 ± 5.6 (range, 20-43.7) 

Epworth Sleepiness Scale 

score (n) 

11.4 ± 4.1 ( range, 2-18) 

Duration of EDS (years) 16.8 ± 14.2 (range, 1-50) 

Possible cataplexy (n/%) 6 (25) 

Hypnagogic/hypnopompic 

Hallucinations (n/%) 

5 (20.8) 

Sleep paralysis (n/%) 5 (20.8) 

Estimated Nocturnal sleep 

amount (hours) 

9.7 ± 2 (range, 5-13.5) 

(14 patients slept ≥ 10 hours/night) 

Nocturnal sleep 

fragmentation (≥ 2 

awakenings/night) (%) 

1 (4.1) 

Refreshing short naps (%) 0 (0) 

Circadian rhythm disorder 1 patient had advanced sleep phase 

disorder 

4 patients had delayed sleep phase disorder 

Snorers (n/%) 12 (50) 

Witnessed apneas (n/%) 6 (25) 

Previous diagnosis of 

OSAS (n/%) 

1 (4.1)  

Neuroleptic treatment (%) 100 

Benzodiazepine treatment 

(%) 

37.5 

Antidepressant treatment 

(%) 

45.8 

Antiepileptic treatment (%) 54.2 

 

 EDS= Excessive daytime sleepiness; OSAS= Obstructive sleep apnea syndrome 
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Table 3. Table 3. Clinical characteristics of HLA positive patients. The clinical 

characteristics of the five HLA positive patients with hypersomnia and/or cataplexy are 

described in this table. 

 

PATIENT 1* 2* 3* 4* 5** 

Age (years) /Gender 36/F 47/M 40/M 21/F 32/F 

Age at onset of 

psychiatric disorder 

(years) 

29 12 15 18 19 

Age at onset of 

hypersomnia (years) 

29 12 6 18 19 

Epworth Sleepiness 

Score (n) 

12 14 14 16 10  

Cataplexy present NO NO NO YES YES 

Sleep paralysis present NO YES YES NO NO 

Hypnagogic/ 

hymnopoimpic 

hallucinations present 

NO NO NO YES YES 

BMI (n) 31.2 43.7 26 37.1 20 

Snoring present NO YES YES NO NO 

Witnessed apneas   NO YES YES NO NO 

Mean sleep at nighttime 

(hours) 

8 8 7.5 13 10.5 

Hypocretin-1 value 

(pg/ml) 

NA NA 276.5 333.7 419.8 

Current treatment ZIPRASIDONE 

TOPIRAMATE 

OXCARBAZEPINE 

VALPROIC ACID 

RISPERIDONE 

OLANZAPINE 

FLUOXETINE 

PREGABALIN 

RISPERIDONE 

OLANZAPINE 

CITALOPRAM 

CLOZAPINE 

PALIPERIDONE 

VENLAFAXINE 

LORMETAZEPAM 

OLANZAPINE 

FLUOXETINE 

 

* DSM Diagnosis was 295.30 ** DSM Diagnosis was 295.90 

BMI= body mass index;  NA= not available 
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Figure 1. Epworth Sleepiness Scale values.  
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Figure 2. Flow-chart describing the study results.  
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SAD= squizoaffective disorder 

ESS= Epworth Sleepiness Scale 

 

9 patients refused further evaluation 

3 patients denied symptoms 

366 schizophrenic/SAD patients screened 

17 patients ESS≥11 

15 patients cataplexy-like 

4 patients ESS ≥ 11 plus cataplexy-like 

24 patients included in the second phase 

5 patients HLA DQB1*0602 + 

3  patients normal CSF hypocretin 

2 patients refused lumbar puncture 
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Study objectives: The diagnosis of narcolepsy is supported by the presence of two or more sleep onset REM pe-
riods (SOREMPs) in the multiple latency sleep test (MSLT). The distribution of SOREMPs throughout the MSLT
has not been systematically studied in narcolepsy. We studied the temporal distribution of SOREMPs in the
MSLT of a large series of narcoleptics and calculated the effects of age and the diagnostic value of shorter versions
of the test.
Patients: 129 patients consecutively diagnosed with narcolepsy (73.4% with cataplexy) underwent nocturnal
polysomnography followed by a five-nap MSLT.
Results: 429 SOREMPs were recorded in 645 MSLT naps (66.5%). The probability of presenting SOREMPs in the
fourth nap (3:30 pm) was significantly lower than in the remaining naps: 22.4% SOREMPs in the first nap,
20.5% in the second, 20.5% in the third, 16% in the fourth and 20.5% in the fifth nap (p b 0.034). Patients older
than 29 years had less SOREMPs than the younger ones (p:0.045). Shortening theMSLT to three or four naps de-
creased the capability of the test to support the diagnosis of narcolepsy in 14.7 and 10% respectively.
Conclusion: The temporal distribution of SOREMPs in theMSLT is not even in narcolepsy, with the fourth nap hav-
ing the lowest probability of presenting a SOREMP. This should be taken into accountwhen evaluating the results
of the MSLT, and particularly when using shorter versions of the test.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

The multiple latency sleep test (MSLT) consists of a series of four or
five nap opportunities at 2-hour intervals that provides an objective
measure of sleepiness and detects sleep onset REM periods (SOREMPs)
[1]. MSLT results correlate well with spontaneous daytime sleep and
spontaneous SOREMPs in daytime continuous polysomnography [2]. It
has also demonstrated an excellent intra and interrater reliability in
scoring the test [3] and is a gold standard test for the diagnosis of narco-
lepsy. Pooled data from healthy individuals show that the mean sleep
latency in 5 napMSLT is 11.6± 5.2min [4]. Pathological daytime sleep-
iness is defined as a mean sleep latency of less than 5 [4,5] or 8 min [6]
and is usually caused by sleep breathing disorders, idiopathic
hypersomnia, sleep deprivation or narcolepsy [6].

The presence of SOREMPs in the MSLT is suggestive but not patho-
gnomonic of narcolepsy. SOREMPs have also been reported in obstruc-
tive sleep apnea or even among healthy adults particularly under
sleep deprivation [7]. However the occurrence of more than 3 SOREMPs
in the MSLT is highly unusual in conditions other than narcolepsy. The
test–retest reliability of the MSLT in patients with central nervous sys-
tem hypersomnia (excluding narcolepsy with cataplexy) is not good,
as 53% of patients changed diagnosis when repeating the test [8].

The sensitivity of the MSLT for the diagnosis of narcolepsy is 70%
when combining two or more SOREMPs and a mean sleep latency of
less than 5 min, and its positive predictive value is 70% [9]. The highest
specificity (99.2%) and positive predictive value (87%) are obtained
when three or more SOREMPs are present [9]. Shorter versions of the
MSLT (three naps instead of five) have been proposed in order to reduce
the cost of the test [10]. In European sleep centers, Pataka assessed the
variability in MSLT test performance and found that 21.6% (n = 19) of
the centers performed routinely only 4 naps, while 35.2% (n= 31) per-
formed 4 or 5 naps [11].

The ability to detect SOREMPs by these shorter versions of theMSLT
could be influenced by an uneven distribution of these periods through-
out the day. There is insufficient and contradictory information regard-
ing the temporal distribution of SOREMPs in the MSLT in patients with
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narcolepsy [12,13]. The capability of shorter MSLT versions to detect 2
or more SOREMs could also be influenced by age given the decrease in
the number of SOREMPs in older narcoleptics [14].

Based on our impression that the distribution of SOREMPs in the
MSLT is not even, we retrospectively reviewed a large sample of narco-
leptics to study the distribution of SOREMPs in MSLT and analyze the
impact on the diagnosis of narcolepsy when shortening the MSLT to 4
or 3 naps. We also analyzed the effect of age on number of SOREMPs.

2. Methods

We evaluated all patients with narcolepsy with and without cata-
plexy, diagnosed in our center according to the International Classifica-
tion of Sleep Disorders—2 criteria [6]. All of them underwent a
conventional polysomnography (PSG) followed by a 5-nap MSLT the
next day. Patients treated with drugs known to affect sleep latency or
REM sleep such as antidepressants and benzodiazepines or those work-
ing in shifts or having disorganized sleep schedules were excluded.
When clinical suspicion of inadequate sleep hygiene patients were
asked to extend nocturnal sleep before polysomnography and MSLT
were performed.

Demographic and clinical data such as sex, age at the time of the
MSLT, age of onset of symptoms, body mass index, daytime sleepiness
measured by Epworth Sleepiness Scale at the time of MSLT, and the
presence of clear-cut cataplexy were recorded. Laboratory analysis
such as HLA and CSF-Hcrt1 levels was reported when available.

PSG and the MSLT protocol were performed according to standard
criteria [1,15]. The MSLT consisted of 5 naps at 2-hour intervals, begin-
ning 2 h after the end of the nocturnal sleep recording, with the first
nap starting at 9:30 am. Lunch was served at 2 pm, after the third nap.

We compared the frequencies of SOREMPs in the different napswith
theMcNemar test.We analyzed the effect of age on number of SOREMPs
with Wilcoxon test.

The study was approved by the Institutional Review Board of our
center, in accordance with the ethical standards laid down in the 1964
Declaration of Helsinki and its later amendments. Specific national
laws have been observed too.

3. Results

We included 129 patients, with a mean age of 37.5 ± 16.2 years
(range, 11 to 80), 65% were men and 73.4% had cataplexy. Mean age
at onset of symptoms was 22.5 ± 11.6 years and the mean Epworth
Sleepiness Scale score was 17.6 ± 4.3 (range, 5–24). Mean BMI was
23.3 ± 4.4. 90% presented HLA DQB1*0602 and hypocretin determina-
tion was available in 24 patients, being in 21 of them ≤110 pg/ml (all
with cataplexy).

3.1. Distribution of SOREMPs in the different naps

There were 429 (65%) SOREMPs among the 645 recorded naps.
Twenty-five (19.4%) patients had 5 SOREMPs, 39 (30.2%) patients had
4, 32 (24.8%) patients had 3, 21 (26.3%) patients had 2, 10 (7.8%) pa-
tients had 1, and two (1.5%) patients did not present any SOREMP. All
patients with either 0 or 1 SOREMP had clear-cut cataplexy except one
patient who had undetectable hypocretin levels in the cerebrospinal
fluid.

Of the 429 SOREMPs, 96 (74.8%) appeared in the first nap, 88
(68.2%) in the second, 88 (68.2%) in the third, 69 (53.4%) in the
fourth and 88 (68.2%) in the fifth nap. The probability of presenting
a SOREMP in the fourth nap was lower (p b 0.034) than in any
other nap (Table 1) and patients presenting only one SOREMP
never had it in the fourth nap.

3.2. Effects of age on the number of SOREMPs

When analyzing separately the group of patients with 4 and 5
SOREMPs and the group with 3 or less SOREMPs, patients with 4 and
5 SOREMPs tended to be younger and had a significantly shorter disease
duration, shorter sleep latency and shorter REM sleep latency in the
MSLT. Patients older than 29 years old presented significantly less
SOREMPs than younger narcoleptics (p 0.045 Wilcoxon test).

3.3. Effect of using shorter versions of the MSLT

Nineteen patients (14.7%)would have notmet the electrophysiolog-
ical criteria of narcolepsy (≥2 SOREMPs and short sleep latency b8min)
in a 3-nap MSLT and 12 (10%) in a 4-nap MSLT.

4. Discussion

This is the first study evaluating the SOREMP distribution through-
out the MSLT in a large series of narcoleptics. We have found that the
temporal distribution of SOREMPs is not even in narcolepsywith a low-
est REM sleep propensity at the fourth nap (around 3.30 pm).

Our findings support results from previous studies showing a de-
crease in REM propensity in the afternoon using continuous poly-
graphic recording [16,17] or MSLT [10]. In our study the occurrence
of REM sleep in the fourth nap was the least common, despite the
fact that sleep latency tended to be shorter at this nap, dissociating
the homeostatic pressure for NREM sleep onset from REM sleep pres-
sure. Although the effects of food in REM sleep are not clear [18,19],
lunch time, that in our sleep laboratory is served at 2 pm, could have
influenced our results.

Since patients with only one SOREMP never had it in the fourth nap
and most patients with a SOREMP in the fourth nap had 3 or more
SOREMPs, it may be argued that patients able to overcome the negative
circadian pressure to present REM sleep at the time of the fourth nap
have a stronger REM propensity. This is not related, however, with a
more severe form of the disease since sleep latency in the MSLT, ESS
score or frequency of cataplexy is not different than in the group with-
out SOREMP in the fourth nap.

We confirm a decrease in the number of SOREMPs with age, as de-
scribed by Dauvilliers et al. [14], a fact probably reflecting an improve-
ment of the disease with age.

We think that this uneven distribution of SOREMPs in theMSLTmay
influence the results of using the 3 or 4-nap versions of theMSLT for the
diagnosis of narcolepsy [10,11]. Since presenting three or more
SOREMPs in the MSLT has a higher positive predictive value for the di-
agnosis of narcolepsy than having only two [9] (87% and 70% respective-
ly), we think that using a fixed, three or four-nap MSLT may hinder the
diagnostic capability of the test. For theMSLT to have the maximum di-
agnostic value, it should be performed in the best conditions because its
results are influenced not only by motivation [20], sleep deprivation
[21], variability of different sleep centers [11] and test–retest variability
[8], but also, as we have shown here, by time of the day and age of
patient.

Table 1
Distribution of SOREMPs in the different naps.

Nap Number of SOREMPs/
total naps (%)

Mean sleep
latency (min)

Mean REM-sleep
latency (min)

1st 96/129 (74.4%) 1.99 ± 2.30 4.19 ± 3.10
2nd 88/129 (68.2%) 2.00 ± 2.32 5.00 ± 3.51
3rd 88/129 (68.2%) 2.09 ± 2.45 5.19 ± 3.93
4th 69/129 (53.4%) 1.80 ± 1.70 4.03 ± 2.88
5th 88/129 (68.2%) 2.34 ± 2.64 4.20 ± 3.52
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