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Abstract:

Objective The association between narcolepsy and rapid eye movement (REM)-related obstructive sleep ap-
nea (OSA) has not been reported. This study aimed to examine the prevalence of REM-related OSA in nar-
colepsy patients.

Methods From January 2013 to April 2018, 141 adult patients were diagnosed with narcolepsy using noc-
turnal polysomnography and the multiple sleep latency test. The prevalence of REM-related OSA in narco-
lepsy patients was retrospectively reviewed. Three criteria were used to determine REM-related OSA: Defini-
tion #1, an overall apnea-hypopnea index (AHI) 5 and AHI during REM (AHIREM)/AHI during non-rapid
eye movement (NREM) (AHINREM) >2; Definition #2, an overall AHI >5 and AHlrew/AHIneem 22 and
AHIxrem <15; and Definition #3, an overall AHI >5 and AHlrew/AHIngew 22 and AHInrem <8 plus an REM
sleep duration >10.5 minutes.

Results Of the 141 narcolepsy patients, 26 were diagnosed with narcolepsy with cataplexy (NA-CA) and
115 with narcolepsy without cataplexy (NA w/o CA). Seventeen patients with NA-CA and 39 with NA w/o
CA had OSA. According to Definition #1, the prevalence of REM-related OSA was 47.1% and 41.0%, re-
spectively, in OSA patients with NA-CA and NA w/o CA; according to Definition #2, the respective preva-
lence was 47.1% and 38.5%, while that according to Definition #3 was 41.2% and 25.6%. No significant dif-
ferences were found in the prevalence of REM-related OSA for each definition.

Conclusion A high prevalence of REM-related OSA was confirmed in adult narcolepsy patients with OSA.
Compared to previous reports, we noted a high frequency of REM-related OSA satisfying the relatively strict
Definition #3. These results might reflect the pathophysiological characteristics of narcolepsy.
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obesity is a potent risk factor of obstructive sleep apnea

Introduction

Narcolepsy is a neurological disorder with several primary
symptoms: excessive daytime sleepiness (EDS), cataplexy,
and rapid eye movement (REM)-related symptoms, such as
hypnagogic hallucination and sleep paralysis caused by an
increased propensity for REM sleep (1, 2). Obesity is not a
primary symptom of patients with narcolepsy; however, pre-
vious studies have noted an association between narcolepsy
and an increased body mass index (BMI) (3). Furthermore,

(OSA) (4). Therefore, narcolepsy patients tend to suffer
from OSA and sometime need therapeutic intervention, such
as continuous positive airway pressure (CPAP) therapy (5).
OSA is characterized by repetitive apnea and hypopnea
due to total or partial collapse of the upper airway during
sleep. In recent reports, OSA has often been divided into
two patterns of pathophysiology: non-stage specific OSA
and REM-related OSA (6). Clinically, it is important to
separate OSA into these patterns because previous studies
have indicated that REM-related OSA is independently asso-

'Department of Sleep Medicine and Sleep Disorders Center, Aichi Medical University Hospital, Japan, “Center for Clinical Research, Aichi
Medical University Hospital, Japan and °Sleep Medicine Division, Stanford University School of Medicine, United States
Received: December 29, 2018; Accepted: February 6, 2019; Advance Publication by J-STAGE: April 17, 2019

Correspondence to Dr. Ryujro Sasanabe, sasanabe @aichi-med-u.ac.jp

2151



Intern Med 58: 2151-2157, 2019 DOI: 10.2169/internalmedicine.2601-18

ciated with prevalent and incident hypertension, increased
insulin resistance, impairment of human spatial navigational
memory, and non-dipping nocturnal blood pressure (7, 8).
Furthermore, recent studies have reported that patients with
REM-related OSA occasionally do not tolerate CPAP ther-
apy (6, 9).

Several studies have described the prevalence of OSA and
pathophysiological mechanisms contributing to an increased
rate of OSA in narcolepsy patients (5, 10-14). However, the
association between narcolepsy and REM-related OSA has
not been reported. The aim of this study was to clarify the
prevalence of REM-related OSA in adult narcolepsy patients
diagnosed in our sleep disorders center.

Materials and Methods

This retrospective study was approved by the ethics com-
mittee of Aichi Medical University Hospital (AMUH). In-
formed consent was waived due to the non-invasive and ret-
rospective nature of this study. We assessed 896 patients
who first visited our sleep center at AMUH and underwent
polysomnography (PSG) and the 5-nap multiple sleep la-
tency test (MSLT) due to suspicion of narcolepsy, hyper-
somnia, or other sleep disorders from January 2013 to April
2018. A total of 190 of the 896 patients met the Interna-
tional Classification of Sleep Disorders (ICSD)-2 criteria for
narcolepsy (15). Of these 190 patients, 49 who were <18
years of age were excluded, as the criteria of OSA are dif-
ferent for pediatric patients according to ICSD-2. Ultimately,
141 adult patients were enrolled in this study. At the time of
the first visit, all patients filled out questionnaire, which was
used to determine the Epworth sleepiness scale (ESS) and
the presence of cataplexy, hypnogogic hallucination, and
sleep paralysis. All patients underwent diagnostic overnight
PSG followed by the 5-nap MSLT the following morn-
ing (16).

Overnight PSG was performed on an Alice 6 System
(Philips Respironics, Tokyo, Japan). The following biologi-
cal variables were continuously monitored: electroencephalo-
gram (EEG), submental and anterior tibial electromyogram
(EMG), electrocardiogram (ECG),
oculogram (EOQG), airflow measured by nasal pressure trans-
ducer and thermistor, respiratory effort measured by thoracic
and abdominal inductive plethysmography bands, body posi-
tion, snoring sound, and arterial oxygen saturation. Apnea,
hypopnea, and other PSG parameters were scored manually
by polysomnographic technologist according to the Ameri-
can Academy of Sleep Medicine (AASM) 2007, version
2.1 (17). The apnea-hypopnea index (AHI) was defined as
the average number of apnea and hypopnea events per hour
of sleep, and OSA was defined by an AHI >5 according to
ICSD-2 (15). According to previous reports, three criteria
were used to determine REM-related OSA: Definition #1: an
overall AHI >5 and AHI during REM (AHIkem)/AHI during
non-rapid eye movement (NREM) (AHIxkem) 22, Definition
#2: an overall AHI >5 and AHIremv/AHIngem 22 and AHlngem

bilateral electro-

<15 and Definition #3: an overall AHI >5 and AHlew/
AHlwem 22 and AHIwkew <8 and REM sleep duration >10.5
minutes (6, 18, 19).

The MSLT consisted of 5 naps performed on the day af-
ter PSG according to the standard protocol (20). Narcolepsy
was diagnosed and subdivided into narcolepsy with cata-
plexy (NA-CA) and narcolepsy without cataplexy (NA w/o
CA) according to ICSD-2 (15). In this study, none of pa-
tients underwent the measurement of their cerebrospinal
fluid orexin A level, as this examination for narcoleptics is
not covered by the Japanese health insurance system.

All clinical records, PSG and MSLT date were made
available in anonymize format. Using these data, we evalu-
ated the prevalence of REM-related OSA among NA-CA
and NA w/o CA patients with OSA.

Statistical analyses

All continuous variables were expressed as the meant
standard deviation. Categorical variables were expressed as
the number (percentages) and were compared using Fisher’s
exact test. Continuous variables were compared between the
groups using Student’s #-test for normally distributed data or
the Mann-Whitney U test for non-normally distributed data.
Normality was assessed using the Shapiro-Wilk test. A p
value <0.05 was considered to be statistically significant.
Statistical analyses were performed using the SPSS software
program for Windows, version 25.0 (SPSS, Chicago, USA).

Results

Of 141 narcolepsy patients, 26 were diagnosed with NA-
CA and 115 with NA w/o CA. Seventeen patients with NA-
CA and 39 with NA w/o CA had OSA (Fig. 1).

Table 1 shows demographic, polysomnographic,
MSLT findings of narcolepsy patients with and without
OSA. We noted significant differences between narcolepsy
patients with and without OSA in the age (35.4%+15.0 vs.
27.6+9.8 p=0.001), BMI (25.6£5.2 vs. 21.6+2.5 p<0.001),
percentage of cataplexy (30.4% vs. 10.6%, respectively; p=
0.003), sleep efficiency (87.7+11.6 vs. 92.1£5.9 p=0.02),
arousal index (28.0+15.7 vs. 16.3£7.2 p<0.001), %N1 (26.2
+15.2 vs. 21.5£18.3 p=0.006), %N2 (47.0+13.2 vs. 51.6+
11.3 p=0.016), AHI (15.0+10.1 vs. 2.0+1.3 p<0.001),
AHIREM (22.7+15.9 vs. 3.1+2.9 p=0.002), and AHINREM
(12.7£10.8 vs. 1.7+1.3 p=0.003).

Table 2 shows the characteristics, electrophysiological
findings, and prevalence of REM-related OSA in the OSA
patients with NA-CA and NA w/o CA. According to Defini-
tion #1, the prevalence of REM-related OSA was 47.1% and
41.0%, respectively, in OSA patients with NA-CA and NA
w/o CA; according to Definition #2, the respective preva-
lence was 47.1% and 38.5%, while that according to Defini-
tion #3 was 41.2% and 25.6%. No significant differences
were found in the prevalence of REM-related OSA for each
definition. However, we did note a significant difference be-
tween OSA patients with NA-CA and NA w/o CA in the

and

2152



Intern Med 58: 2151-2157, 2019 DOI: 10.2169/internalmedicine.2601-18

Underwent PSG and MSLT due to suspicion for narcolepsy,
hypersomnia or other sleep disorders (n=896)

‘ Narcolepsy (n=190) ’

Aged<18 (n=49)

Analysis (n=141)

[ NA-CA (n=26, 18.4%) |

|

|
| NA w/o CA (n=115, 81.6%) |

I

l

NA-CA without OSA
(n=9, 34.6%)

NA-CA with OSA

(n=17, 65.4%)

NA w/o CA without OSA
(n=76, 66.1%)

NA w/o CA with OSA

(n=39, 33.9%)

Figure 1. Flow diagram of the study. NA-CA: narcolepsy with cataplexy, NA w/o CA: narcolepsy

without cataplexy

Table 1. Characteristics and Electrophysiological Findings in Narcolepsy Patients with and

without OSA.
Narcolepsy
total(n=141)  with OSA(n=56)  without OSA(n=85) p value
Age 30.7+£12.7 35.4+15.0 27.6£9.8 0.001*
Sex male (%) 96(68.1) 42(75.0) 54(63.5) 0.106
BMI (kg/m?) 23.3+4.3 25.6+5.2 21.6%2.5 <0.001*
ESS 14.8+5.1 14.7+5.6 14.8+4.8 0.882
Medications
Antihypertensive (%) 8(5.7) 7(12.5) 1(1.2) 0.006*
Antidepressant (%) 9(6.4) 4(7.1) 5(5.9) 0.738
Benzodiazepine-hypnotic (%) 14(9.9) 7(12.5) 7(8.2) 0.402
Cataplexy (%) 26(18.4) 17(30.4) 9(10.6) 0.003*
Hypnagogic hallucination (%) 29(20.6) 14(25.0) 15(17.6) 0.199
Sleep paralysis (%) 43(30.5) 20(35.7) 23(27.1) 0.182
Mean sleep latency in MSLT (min) 2.3+1.6 2.0+1.4 2.5+1.7 0.118
Mean REM latency in MSLT (min) 49+2.7 4.6x2.7 5.0+£2.8 0411
Number of SOREMP 3.2+1.1 3.1x1.2 3.2+1.1 0.524
Sleep efficiency (%) 90.3+8.9 87.7+11.6 92.1+£5.9 0.02*
Arousal index (events/h) 18.5£10.4 28.0x15.7 16.3£7.2 <0.001*
%REM (%) 22.6+6.0 22.0+£5.9 22.9+6.1 0.487
9%N1 (%) 23.4+17.2 26.2+15.2 21.5+18.3 0.006%*
9%N2 (%) 49.7+12.2 47.0+£13.2 51.6+11.3 0.016*
9%N3 (%) 6.0+£5.9 5.5+5.5 6.4+6.1 0.288
AHI (events/h) 7.1£9.0 15.0«10.1 2.0+1.3 <0.001*
AHIREM (events/h) 10.9£14.0 22.7x15.9 3.1£2.9 <0.001*
AHINREM (events/h) 6.1+£8.7 12.7+£10.8 1.7£1.3 0.003*
AHIREM/AHINREM 3.1£3.9 3.3+3.9 2.9+3.9 0.398

*p<0.05 when comparing the narcolepsy patients with and without OSA.
REM: rapid eye movement, BMI: body mass index, OSA: obstructive sleep apnea, SOREMP: sleep-onset REM sleep pe-
riod, %REM: percentage of stage REM per total sleep time, %N1: percentage of stage 1 per total sleep time, %N2: per-
centage of stage 2 per total sleep time, AHI: %N3: percentage of stage 3 per total sleep time, AHI: apnea and hypopnea
index, AHIREM: apnea and hypopnea index during the REM sleep period, AHINREM: apnea and hypopnea index during
the NREM sleep period, ESS: Epworth sleepiness scale

age (45.0+20.1 vs. 31.2+£9.9 p=0.019), ESS (16.9+£5.2 vs.

13.7£5.5 p=0.025), mean REM sleep latency in MSLT (2.6+
1.7 vs. 5.5£2.7 p<0.001), number of SOREMP (4.0+1.2 vs.
2.7+1.0 p=0.001), sleep efficiency (80.1+16.1 vs. 91.1+6.4 p

=0.015), arousal index (31.8+16.3 vs. 20.4+9.1 p=0.012), %
NI (36.1x17.4 vs. 21.9+11.9 p=0.003) and %N2 (37.5+14.7

2153

vs. 51.3+10.0 p=0.002).

Discussion

This is the first study evaluating the prevalenc
and REM-related OSA in adult narcolepsy patients.

e of OSA



Intern Med 58: 2151-2157, 2019 DOI: 10.2169/internalmedicine.2601-18

Table 2. Characteristics, Electrophysiological Findings, and Prevalence of
REM-related OSA in Patients with NA-CA and NA w/o CA with OSA.

NA-CA NA w/o CA

with OSA (n=17)  with OSA (n=39) P Yalue
Age 45.0+20.1 31.2+9.9 0.019*
Sex male (%) 10(58.8) 32(82.1) 0.065
BMI (kg/m?) 27.1+6.3 25.0+4.5 0.314
ESS 16.9+5.2 13.7+5.5 0.025*
Mean sleep latency in MSLT (min) 1.6+1.2 2.1%1.5 0.205
Mean REM latency in MSLT (min) 2.6x1.7 5.5+2.7 <0.001*
number of SOREMP (MSLT) 4.0x1.2 2.7+1.0 0.001°*
Sleep efficiency (%) 80.1x16.4 91.1x6.4 0.015%
Arousal Index (events/h) 31.8+16.3 20.4+9.1 0.012*
%REM (%) 22.0+5.2 22.1+6.2 0.803
P%N1 (%) 36.1x17.4 21.9+11.9 0.003*
9N2 (%) 37.5+14.7 51.3+£10.0 0.002%*
9N3 (%) 4.3+54 6.1+5.5 0.105
AHI (events/h) 16.5+£10.2 14.3£10.1 0.387
AHIREM (events/h) 24.6+15.6 21.8+16.2 0.423
AHINREM (events/h) 14.0+11.7 12.2+10.5 0.782
AHIREM/AHINREM 3.4+3.8 3.2+3.9 0.682
REM-related OSA definition #1 8(47.1) 16(41.0) 0.675
REM-related OSA definition #2 8(47.1) 15(38.5) 0.548
REM-related OSA definition #3 7(41.2) 10(25.6) 0.245

#*p<0.05 when comparing the group of NA-CA and NA w/o CA with OSA.
REM: rapid eye movement, NA-CA: narcolepsy with cataplexy, NA w/o CA: narcolepsy without

cataplexy, BMI: body mass index, OSA: obstructive sleep apnea, SOREMP: sleep-onset REM sleep

period, AHI: apnea and hypopnea index, AHIREM: apnea and hypopnea index during REM sleep

period, AHINREM: apnea and hypopnea index during NREM sleep period, ESS: Epworth sleepi-
ness scale, Definition #1: an overall AHI >5 and AHIREM/AHINREM >2, Definition #2: an overall
AHI >5 and AHIREM/AHINREM 22 and AHINREM <15, Definition #3: an overall AHI >5 and
AHIREM/AHINREM 22 and AHINREM <8 and REM sleep duration >10.5 min

Previous studies have shown that the prevalence of OSA
in narcolepsy patients ranges from 2% to 68% (5, 10-14).
This marked variability is due to the use of inconsistent
definitions for OSA and some studies being conducted in
very small groups. The definitions of OSA differ among
studies, ranging from AHI 25 (10), AHI 210 (5) to AHI
215 (13). In the present study, we defined OSA as AHI 25
according to the ICSD-2, and the prevalence of OSA among
patients with narcolepsy was 39.7%. Surprisingly, 17 of 26
NA-CA patients (65.4%) had OSA (Fig. 1). These results
suggest that not only do aging and a tendency to be obese
play a role in OSA, but other pathophysiological mecha-
nisms might also contribute to the increased prevalence of
OSA in narcolepsy patients. Indeed, previous studies have
shown that orexin deficiency attenuates the ventilator re-
sponse to hypercapnia and reduces the long-term facilitation
of ventilation after exposure to intermitted hypoxia (21, 22).
In addition, experimental models have shown that orexin A
and B activate the hypoglossal motor activity and enhance
the activity of the largest upper airway dilator muscle: the
genioglossus muscle, which is important for maintaining
pharyngeal patency (23, 24). Eckert et al. reported that a re-
duction in the activity of such upper airway dilator muscle
may be an important contributor mediating REM-related

OSA (25). With respect to previous research, it can be as-
sumed that narcolepsy, especially in NA-CA patients with
low or non-detectable levels of orexin, cannot maintain pha-
ryngeal patency, which may lead to an increase occurrence
of REM-related OSA. This hypothesis was supported by our
results, as the percentage of REM-related OSA in NA-CA
with OSA was higher than that in NA w/o CA with OSA
(Table 2).

Fig. 2 shows the prevalence of REM-related OSA in NA-
CA and NA w/o CA patients with OSA and of the Japanese
OSA sample collected by Sakao et al. (26). The prevalence
of REM-related OSA for each definition in NA-CA and NA
w/o CA with OSA was higher than that of the Japanese
OSA sample. These results might also reflect the patho-
physiological characteristics of narcolepsy patients.

REM sleep without atonia has been reported in the pa-
tients with narcolepsy, suggesting nocturnal REM sleep mo-
tor disturbance in these patients (27). However, our result
did not show a significant difference in AHI during REM
and NREM sleep between NA-CA and NA w/o CA (Ta-
ble 3). These results indicated that the pathophysiological
mechanism contributing REM-related OSA in the patients
with narcolepsy is not fully supported by nocturnal REM
sleep motor disturbance. Further studies are needed to con-
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Figure 2. The prevalence of REM-related OSA for each definition in our narcolepsy patients with

OSA and Japanese OSA patients reported by Sakao et al. (26). NA-CA: narcolepsy with cataplexy

Table 3. Prevalence of REM-related OSA for Each Definition in Different Studies.

Percentage of

(Resftel;gr{ce) ORS];:%Nfi:feilnaitt?Sn Hypopnea definiton Defgtslf:l o 0 ?liﬁion REM:-related
pop OSA patients(%)
[18] #1 415 36.4
Chicago criteria
[28] #2 2,486 27.5
[29] #1 100 45
[31] #3 931 16.8
#1 36.7
[19] #2 931 24.4
#3 AASM2007 13.5
AHI>5
#1 24.8
[26] #2 468 17.7
#3 11.1
[30] #2 231 18.0
#1 429
This study #2 AASM2007 ver2.1 56 41.1
#3 304

REM: rapid eye movement, OSA: obstructive sleep apnea

firm the external validity of our study results.

Table 3 shows the wide-ranging prevalence of REM-
related OSA in different studies, ranging from 11% to 45%
of OSA populations (18, 19, 26, 28-31). Such variability in
prevalence is due to the usage of different definitions for
REM-related OSA. Conwell et al. reported that Definition #
3 led to a 12.3% decrease in prevalence when compared to
Definition #2 and a 23.2% decrease in prevalence when
compared to Definition #1 (19). However, our results did
not show a significant decrease in the prevalence when com-

paring the relatively strict Definition #3 with Definitions #1
and #2, especially in patients with NA-CA with OSA.
REM-related OSA patients in this study satisfied Definition
#3, the most stringent definition, with a higher frequency
than in previous reports.

We noted significant differences in the antihypertensive
medication use between narcolepsy patients with and with-
out OSA (Table 1). This result might reflect the importance
of treating OSA in narcolepsy patients. CPAP treatment is a
symptomatic rather than radical treatment; therefore, main-
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taining adherence is crucial to achieve a beneficial effect.
However, Sansa et al. reported that 45.4% of narcolepsy pa-
tients who started CPAP treatment could not maintain this
treatment (5). Previous studies have reported that CPAP ad-
herence is lower among patients with REM-related OSA
than among those with non-stage-specific OSA (6, 9). No
single factor has been consistently identified as a predictor
of CPAP adherence; however, the high prevalence of REM-
related OSA among narcolepsy patients with OSA might af-
fect the results reported by Sansa et al.

Several limitations associated with the present study war-
rant mention. First, although measuring the cerebrospinal
fluid orexin A level is the most important diagnostic crite-
rium for affirming narcolepsy, none of our patients under-
went this test, as it is not covered by the Japanese health in-
surance system (32). This may have led to selection bias.
Second, selection bias may have been present, as this study
was conducted at a single facility. Finally, the effects of un-
known confounding factors could not be excluded because
this study was retrospective.

Conclusion

A high prevalence of REM-related OSA was confirmed in
adult narcolepsy patients with OSA. Compared to previous
reports, we noted a high frequency of REM-related OSA
strictly satisfying Definition #3. These results might reflect
the pathophysiological characteristics of narcolepsy. Further
studies are needed to confirm the external validity of our
study results.
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