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Background and Objective To investigate the severity of narcolepsy based on the presence of
nocturnal sleep onset rapid eye movement sleep period (nSOREMP).

Methods Subjects included 167 narcolepsy patients diagnosed at the St. Vincent Hospital, the
Catholic University of Korea. They underwent polysomnography (PSG) and Multiple Sleep Laten-
cy Test (MSLT). The standardized face to face interview and Epworth Sleepiness Scale were used to
inquire about daytime sleepiness of patients. Overall retrospective chart review was performed on
their sleep health data.

Results The presence of nSOREMP was highly correlated with short mean sleep latency and
high number of SOREMPs in MSLT. Subjects with nNSOREMP also demonstrated higher percentage
of N1 sleep, lower percentage of N2 sleep, and more frequent arousals in PSG. They also showed
higher prevalence of cataplexy and human leukocyte antigen DQB1*06:02 positivity.

Conclusions Subjects with nNSOREMP showed more excessive daytime sleepiness and lower
quality of sleep compared to subjects without nSSOREMP. Our results suggest that nSSOREMP might
be a severity marker of narcolepsy. Sleep Med Res 2020;11(1):19-24

Key Words  Multiple sleep latency test, Nocturnal sleep onset rapid eye movement, Sleep period,
Nocturnal polysomnography, Narcolepsy, Cataplexy.

INTRODUCTION

Narcolepsy is a chronic neurological disorder characterized by excessive daytime sleepiness,
rapid eye movement (REM) sleep dysregulation, and nighttime sleep disturbances. Since it oc-
curs in 0.02-0.05% of population, accurate diagnosis and treatment are challenged [1]. Mean-
while, several studies have disclosed that nocturnal sleep onset rapid eye movement sleep pe-
riod (nNSOREMP) appearing in nocturnal polysomnography (PSG) is highly specific to narcolepsy
[2,3]. The specificity of nSSOREMP in narcoleptics is nearly 97% (97.8% [3] in adult population
and 97.3% [2] in pediatric population). Like above, the diagnostic value and utility of n"SOREMP
have been continuously identified in various age and race groups, especially in diagnosing nar-
colepsy with cataplexy [4,5].

Following such findings, international classification of sleep disorders third edition (ICSD-3)
has updated the diagnostic criteria and stated that nSSOREMP may substitute one of SOREMPs
in Multiple Sleep Latency Test (MSLT) when diagnosing narcolepsy [6]. However, few stud-
ies have explored homogeneous features of n"SOREMP positive group.

Thus, the objective of this study was to investigate whether the presence of nSOREMP might
be associated with diagnostic and clinical characteristic of narcolepsy. We defined such charac-
teristics including the presence of cataplexy, higher Epworth Sleepiness Scale (ESS), shorter
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mean sleep latency (SL), and higher number of SOREMPs in
MSLT as symptom severity. The aim of this study was to evaluate
the severity of narcolepsy based on the presence of nSOREMP.

METHODS

Participants and Patient Evaluation

A chart review was conducted for 167 narcolepsy patients who
visited the sleep clinic in St. Vincent’s Hospital, the Catholic Uni-
versity of Korea. All subjects were categorized into two groups
based on the presence of nNSOREMPs. These subjects were fur-
ther categorized into four groups by the type of narcolepsy:
Type 1 Narcolepsy (T1N) with nSSOREMP (n = 52), TIN without
nSOREMP (n = 44), Type 2 Narcolepsy (T2N) with nSOREMP
(n =13), and T2N without nSOREMP (n = 58). A diagnosis of
TIN and T2N was made using ICSD-3. Confirmation on the
presence of cataplexy and objective measurement of sleep was
completed by a sleep medicine specialist. Subjects with any his-
tory of medical disorder associated with excessive daytime sleepi-
ness were excluded. At their baseline, all participants were drug-
naive. They were asked to stop prescribed medication or over-the-
counter drugs for 14 days before PSG and MSLT. All participants
gave written informed consent for participating in this study af-
ter obtaining approval from the by Institutional Review Board of
St. Vincents Hospital, the Catholic University of Korea (VC20RI-
SI0061).

Diagnostic Test and Evaluation

All patients underwent PSG and MSLT for objective sleep
parameter. They were also asked to fill out ESS in order to mea-
sure excessive daytime sleepiness. Human leukocyte antigen
(HLA) typing was also performed. The presence or absence of
DQB1*06:02 was determined using DQB1 exon-2 sequence-
specific primers [7]. Diagnostic findings included the following:
1) demographic characteristics such as age, body mass index
(BMI), sex, and HLA DQB1*06:02 typing; 2) daytime sleepi-
ness such as ESS, number of naps, and the presence of cataplexy;
3) MSLT such as mean SL and number of SOREMPs; 4) noc-
turnal PSG, such as time in bed (TIB), total sleep time (TST),
sleep efficiency (SE), SL, apnea hypopnea index (AHI), periodic
limb movement index (PLMI), total arousal index (TAI), num-
ber of awakenings, REM latency, percentage of stage N1 sleep
(N1), stage N2 sleep (N2), REM sleep, and slow wave sleep. Di-
agnostic features of subjects were studied by categorizing data
based on the presence of nNSOREMP and the type of narcolepsy.

Statistical Analysis

Subjects were first categorized into two groups by the pres-
ence of nSOREMP. They were then subcategorized by the type
of narcolepsy. Normality of each group was represented with
mean and standard deviation according to skew statistics. We
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used one-way analysis of covariance for normative data and the
Kruskal-Wallis test for data with a marginally skewed distribu-
tion. These analyses proceeded under controlling covariate,
HLA DQBI1*06:02 genotype. All analyses were conducted with
SPSS version 18 (SPSS Inc., Chicago, IL, USA) with an o value
of 0.05 for all tests.

RESULTS

Comparison between nSOREMP Positive and
Negative Groups

Demographic, laboratorial characteristics, and clinical char-
acteristics of narcolepsy patients based on the presence of
nSOREMP are listed in Table 1. nSOREMP was present in 65
(38.92%) of 167 subjects, while it was absent in 102 (61.07%)
subjects. The age of participants ranged from 13 years to 67
years, with a mean age of 29.03 £ 13.00 years. In the nSOREMP
positive group, 58.46% of subjects were males. Average BMI was
24.37 £ 3.35 in the nSOREMP positive group. In the nSOREMP
negative group, 64.71% were males. The average BMI was 24.18
1 4.17 in the nSOREMP negative group. We did not detect any
significant difference in age, BMI, or sex between the two groups.
However, the nSOREMP positive group showed significantly
higher HLA DQB1*06:02 positivity compared to the nSOREMP
negative group (p < 0.05). In the nSOREMP positive group,
77.42% of subjects showed HLA positivity while 42.50% of sub-
jects showed HLA positivity in the nSOREMP negative group.
Of daytime sleepiness parameters, there was no significant dif-
ference in ESS or the number of naps (both p = 0.15) between
nSOREMP positive and negative groups. However, prevalence
of cataplexy was significantly higher in the nNSOREMP positive
group than that in the nSOREMP negative group (80.00% vs.
43.14%, p < 0.05).

Sleep parameters measured by MSLT showed significant dif-
ference between the two groups. The nSOREMP positive group
demonstrated significantly shorter MSL and higher number of
SOREMPs in MSLT compared to the nSOREMP negative group
(both p < 0.05). MSL and the number of SOREMPs in MSLT
of the nNSOREMP positive group were 1.62 + 1.15 min and 3.53
+ 0.69, respectively. Those in the nNSOREMP negative group were
4.26 +2.66 min and 2.48 * 0.97, respectively.

Of nocturnal PSG data, there was no significant difference in
TIB, TST, or SE (p = 0.7, p = 0.15, p = 0.14, respectively). Mean-
while, percentage of N1 was significantly higher in the nSOREMP
positive group (p = 0.001). Percentage of N1 was 10.53 + 5.90
in the nNSOREMP positive group, while it was 7.59 £ 5.64 in the
nSOREMP negative group. However, percentage of N2 was sig-
nificantly higher in the nSOREMP negative group (p = 0.003).
Sleep in the nNSOREMP positive group contained 50.63 + 10.06%
of N2, while sleep in the nNSOREMP negative group contained
55.35 + 8.78% of N2. There was no significant difference in slow
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Table 1. Demographic, clinical, and laboratorial findings of narcolepsy patients based on the presence of NSOREMP

Presence of SOREMP Present (n = 65, 38.92%) Absent (n =102, 61.07%) p-value
Demographic data
Age, mean * SD (years) 29.72 £ 13.04 27.87 £13.33 0.38
BMI, mean * SD (kg/m?) 2437 £3.35 24.18+4.17 0.75
Sex (male, %) 58.46 64.71 0.42
HLA-DQB1*06:02 (+, %) 77.42 (n = 53) 4250 (n=77) <0.05
Daytime functioning
ESS 14.88 + 3.82 (n = 50) 15.89 + 3.24 (n = 78) 0.15
Number of naps 5.89+3.24 (n=39) 521+ 2.78 (n=53) 0.15
Cataplexy (present, %) 80.00 43.14 <0.05
MSLT
Mean sleep latency (min) 1.62 +1.15 4.26 +2.66 <0.05
SOREMPs in MSLT, mean * SD 3.53+0.69 2.48 £0.97 <0.05
Nocturnal PSG
TIB, mean * SD (min) 459.54 + 32.48 461.45 £ 28.06 0.70
TST, mean * SD (min) 427.37 £ 50.43 438.39 + 42.09 0.15
SE, mean * SD (%) 92.55*8.29 94.40 + 6.89 0.14
N1, mean *+ SD (%) 10.53 £5.90 7.59 + 5.64 <0.05
N2, mean *+ SD (%) 50.63 £ 10.06 55.35+8.78 <0.05
SWS, mean + SD (%) 6.99 + 8.54 4.76 £ 6.66 0.06
REM, mean + SD (%) 21.59+£7.24 20.41 £5.55 0.24
REML, mean * SD (min) 3.38£3.55 92.55 +43.02 <0.05
SL, mean + SD (min) 3.19%3.14 7.32£991 <0.05
AHI, mean * SD (/h) 1.74 £ 6.90 1.29 +4.97 0.63
PLMI, mean * SD (/h) 6.58 £ 15.03 3.09£9.33 0.07
Number of awakenings 8.33£9.04 6.02 £ 6.35 0.06
TAI 13.65 £ 10.20 10.54 £ 7.08 0.03**
p<0.05.

BMLI: body mass index, ESS: epworth sleepiness scale, MSLT: multiple sleep latency test, "SOREMPS: nocturnal sleep-onset rapid eye move-
ment periods, PSG: polysomnography, TIB: time in bed, TST: total sleep time, SE: sleep efficiency, N1: stage 1 sleep, N2: stage 2 sleep, SWS:
slow wave sleep, REM: rapid eye movement, REML: rapid eye movement latency, SL: sleep latency, AHI: apnea hypopnea index, PLMI: peri-

odic limb movement index, TAI: total arousal index, SD: standard deviation, HLA: human leukocyte antigen.

wave or REM sleep between the two groups (p = 0.06, p = 0.24,
respectively). REM latency and SL were significantly shorter in
the nSOREMP positive group (both p < 0.05). REM latency and
SL in the nSOREMP positive group were 3.38 £ 3.55 min and
3.19 + 3.14 min, respectively. In the nSOREMP negative group,
REM latency and SL were 92.55 * 43.02 min and 7.32 £ 9.91 min,
respectively. Differences in AHI, PLMI, and the number of awak-
enings were not statistically significant between the two groups.
However, TAI was higher in the nSOREMP positive group than
that in the nNSOREMP negative group (13.65 £ 10.20 vs. 10.54
7.08,p = 0.03).

Comparison between nSOREMP Positive and

Negative Group Based on the Type of Narcolepsy
Based on the type of narcolepsy and the presence of nNSOREMP,

subjects were further categorized into four groups (Table 2). The
prevalence of nNSOREMP in T1N subjects was significantly high-
er than that in T2N subjects (54.17% vs. 18.31%). There was no
significant difference in demographic data (age, BMI, or sex).
HLA DQB1*06:02 positivity was significantly different in both
TIN and T2N groups (p = 0.04, p = 0.03). In T2N, ESS of the
nSOREMP positive group was significantly higer than that of
the nSOREMP negative group (15.50 £ 4.42 vs. 12.63 = 4.09, p
< 0.05). Except for ESS in T2N, there were no significant differ-
ences in daytime sleepiness parameters, including ESS and the
number of naps.

In both TIN and T2N, the nSOREMP positive group showed
significantly shorter MSL in MSLT (both p < 0.05). MSL of the
nSOREMP positive group was 1.54 £ 1.12 min in T1N and 1.90
+ 1.27 in T2N, while that of the nSOREMP negative group was
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Table 2. Demographic, clinical, and laboratorial findings of narcolepsy patients based on the type of narcolepsy and presence of NSOREMP

Type 1 narcolepsy (n = 96)

Type 2 narcolepsy (n =71)

Number of awakenings 9.47 £ 9.51 (n=51)
TAI 13.81 + 8.81 (n=51)

7724689 (n=43) 070
1241+ 10.1 (n=43) 035

Presence of n"SOREMPs Present Absent p- Present Absent p-
(n =52, 54.17%) (n=44,4583%)  value  (n=13,18.31%) (n=58,81.69%)  value
Demographic data
Age, mean * SD (years) 31.54£13.58 28.22+13.71 0.15 2246*7.11 27.37 £13.03 0.36
BMI, mean * SD (kg/m?) 2423 £328 24.18 +3.80 0.72 2491 %383 2428 + 4.44 0.52
Sex (male, %) 53.84 53.33 0.96 76.92 74.58 0.86
HLA-DQB1*06:02 (+, %) 79.0 (n = 43) 52.94 (n = 34) 0.04*  70.00 (n = 10) 32.56 (n = 43) 0.03**
Daytime sleepiness
ESS 14.72 £3.68 (n=40) 15571466 (n=34) 037 1550+442(n=10) 12.63+4.09(n=44) 0.05**
Number of naps 631+£342(n=32) 628%£3.04(n=22) 016 421+162(n=7) 440+228(n=31) 0.32
MSLT
Mean sleep latency (min) 1.54 £ 1.12 4.05+293 <0.05 1.90 £ 1.27 449 +2.55 <0.05
SOREMPs in MSLT, 3.55£0.70 2.47 £ 1.10 <0.05 3.46 £ 0.66 2.53£0.88 <0.05
mean * SD
Nocturnal PSG
TIB, mean * SD (min) 458.41 £ 35.11 457.75 £ 28.77 0.99 464.08 £ 19.93 463.01 £27.89 0.90
TST, mean + SD (min) 423.08 £53.23 423.31 + 46.06 0.86 444.50 £ 33.50 448.37 £ 32.22 0.67
SE, mean * SD (%) 91.91 £8.90 91.89 £8.72 0.71 95.13 £ 4.59 95.68 £ 5.50 0.43
N1, mean *+ SD (%) 10.97 £ 5.99 9.71 £5.80 0.23 8.76 £ 5.35 6.07 £5.02 0.05**
N2, mean * SD (%) 50.21 £ 10.64 52.46 £ 8.35 0.31 52.31£7.48 56.98 £9.08 <0.05
SWS, mean + SD (%) 7.69 £9.16 7.24 £ 8.46 0.80 4251 4.80 3131421 0.50
REM, mean + SD (%) 21.46 +7.70 19.23 +5.75 0.21 22,10 £5.25 21.38 +524 0.52
REML, mean £ SD (min) 3.19+3.65 92.13 + 47.69 <0.05 415+ 3.16 91.59 + 39.33 <0.05
SL, mean t SD (min) 299 +3.11 7.92+794 <0.05 3.95+3.29 6.80 = 11.18 0.27
AHI, mean £ SD (/h) 4.36+9.35 5.10 = 10.81 0.70 6.15 + 16.06 4.01+£7.84 0.60
PLMI, mean * SD (/h) 6.80 + 15.36 3.79 £9.55 0.31 5.75+ 14.20 2.80 £9.37 0.62

3.85+5.03 (n=13)
13.04 + 14.92 (n = 13)

470 +548(n=53) 0.60
9.79+7.09 (n=53) 048

**p<0.05.

BMLI: body mass index, ESS: epworth sleepiness scale, MSLT: multiple sleep latency test, nNSOREMPS: nocturnal sleep-onset rapid eye move-
ment periods, PSG: polysomnography, TIB: time in bed, TST: total sleep time, SE: sleep efficiency, N1: stage 1 sleep, N2: stage 2 sleep, SWS:
slow wave sleep, REM: rapid eye movement, REML: rapid eye movement latency, SL: sleep latency, AHI: apnea hypopnea index, PLMI: peri-
odic limb movement index, TAI: total arousal index, SD: standard deviation, HLA: human leukocyte antigen.

4.05 £ 2.93 min in TIN and 4.49 *+ 2.55 min in T2N. Further-
more, both TIN and T2N showed statistically higher numbers
of SOREMPs in the nSOREMP positive group (p < 0.05, p =
0.001). The number of SOREMPs in MSLT within the nSOREMP
positive group was 3.55 £ 0.70 in TIN and 3.46 £ 0.66 in T2N,
while that within the nSOREMP negative group was 2.47 + 1.10
in TIN and 2.53 * 0.88 in T2N.

Among sleep parameters measured by PSG, both TIN and
T2N failed to show significant difference in TIB, TST, or SE (all
p > 0.05). However, in T2N subjects, the percentage of N1 was
significantly higher in the nNSOREMP positive group (p = 0.05),
while the percentage of N2 was significantly lower (p < 0.05).
Between nSOREMP positive and negative groups, differences
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in the percentage of N1 and N2 were not significant either in
TIN (p =0.23 and p = 0.31, respectively). The percentage of N1
in the nSOREMP positive group was 10.97 £ 5.99% in TIN and
8.76 £ 5.35% in T2N, while that in the nSOREMP negative
group was 9.71 + 5.80% in T1N and 6.07 + 5.02% in T2N.
Moreover, the percentage of N2 in the nNSOREMP positive
group was 50.21 + 10.64% in T1N and 52.31 £ 7.48% in T2N,
while that in the nSOREMP negative group was 52.46 + 8.35%
in TIN and 56.98 + 9.08% in T2N. However, there was no statis-
tical difference in the percentage of REM or slow wave sleep be-
tween nSOREMP positive and negative groups (all p > 0.05).
Along with MSLT data, REM latency was significantly shorter in
the nSOREMP positive group than that in the in the nNSOREMP



negative group in both TIN subjects (3.19 + 3.65 min vs. 92.13
+ 47.69 min, p < 0.05) and T2N subjects (4.15 £ 3.16 min vs.
91.59 * 39.33 min, p < 0.05). In T1N, SL of the nSOREMP posi-
tive group (2.99 + 3.11 min) was significantly shorter than that
of the nSOREMP negative group (7.92 £ 7.94 min). However,
the difference in SL was not statistically significant in T2N sub-
jects (p = 0.27). Additionally, there was no statistical difference
in AHI, PLMI, number of awakenings, or TAI between nNSOREMP
positive and negative groups (all p > 0.05).

DISCUSSION

This study is one of the few studies that have categorized nar-
colepsy based on the presence of nSOREMP in order to inves-
tigate the correlation between nSOREMP and symptom sever-
ity. In accordance with an earlier study [8], we defined symptom
severity as the presence of cataplexy, higher ESS, shorter mean
SL, and higher number of SOREMPs in MSLT. As the nSOREMP
positive group was highly associated with such characteristics,
the presence of n"SOREMP might denote a novel predictor of the
severity of narcolepsy.

Subjects with nSOREMP tended to present more severe symp-
toms of narcolepsy. They reported shorter mean SL and higher
number of SOREMPs in MSLT. Moreover, they demonstrated
higher percentage of N1 and shorter SL in PSG. With their higher
prevalence of cataplexy and TAI, they are more likely to show
similar diagnostic features with TIN [9]. Our results were con-
cordant with previous studies revealing that subjects with TIN
were more likely to show higher percentage of N1 and nocturnal
sleep disturbance compared to subjects with T2N [10,11]. This
implies that the quality of life and sleep of the nSOREMP posi-
tive group might be worse than those of the nNSOREMP nega-
tive group because health-related quality of life and daytime
sleepiness of patients with TIN have been found to be lower than
those of patients with T2N [12-14].

Another interesting finding was that the difference between
nSOREMP positive and negative groups was more obvious in
T2N. Subjects with nSOREMP presented significantly higher
percentage of N1 and lower percentage of N2. Since N1 is a more
alert state than N2, we considered that subjects with nSOREMP
might be experiencing more unstable sleep than subjects with-
out nSOREMP. In fact, the nSOREMP positive group also dem-
onstrated significantly lower ESS than the nNSOREMP negative
group. Showing lower quality of sleep and higher daytime sleepi-
ness, T2N subjects were more notably affected by the presence
of nSOREMP. Thus, we considered nSOREMP as a potential
marker of the severity of narcolepsy, especially in T2N. This
may help us diagnose T2N whose diagnosis has been challeng-
ing even with MSLT and HLA typing [5,15].

Lastly, our study revealed a high correlation between nNSOREMP
and HLA DQB1*06:02 positivity. Subjects with nSOREMP
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showed significantly higher prevalence of HLA positivity. Since
earlier studies have also suggested that HLA positivity is highly
correlated with cataplexy [16,17], the nNSOREMP positive group
would be more likely to have cataplexy. Indeed, the nSOREMP
positive group disclosed significantly higher prevalence of cat-
aplexy compared to the nSOREMP negative group. Our findings
therefore support that nSOREMP is a possible mediating fac-
tor between genetic marker of narcolepsy and prevalence of
cataplexy.

Our study has several limitations. First, our results might have
been impacted by site selection bias because all sleep data were
collected and analyzed in one sleep clinic. Also, all diagnostic
tests were performed once. Thus, there might be a possibility of
parameter changes. Despite these aforementioned limitations,
the presence of nSOREMP potentially indicates the severity of
narcolepsy.
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