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a b s t r a c t

Introduction: Sleep is a modulator of glymphatic activity which is altered in various sleep disorders.
Narcolepsy is a sleep disorder characterized by excessive daytime sleepiness (EDS), rapid onset of rapid
eye movement (REM) sleep, cataplexy, disturbed night sleep with fragmentation. It is categorized into
two types, type 1 (NT1) and type 2 (NT2) depending on the presence of cataplexy and/or absence of
orexin. We sought for alterations in glymphatic activity in narcoleptic patients using diffusion tensor
imaging (DTI) along perivascular space (ALPS) index on magnetic resonance imaging (MRI).
Material and methods: Adult patients diagnosed with NT1 or NT2 who had polysomnography (PSG) and
MRI with DTI were included in the study. Sleep recording included Epworth Sleepiness Scale (ESS) score,
sleep latency during multiple sleep latency test (MSLT), sleep efficiency during night PSG, wake after
sleep onset (WASO), REM sleep latency during PSG, percentage of non-REM (NREM), REM sleep and
wakefulness during night PSG. DTI-ALPS index was calculated for each patient and age-sex matched
healthy control(HC)s.
Results: The study group was composed of 25 patients [F/M ¼ 15/10, median age ¼ 34 (29.5e44.5)], 14
with NT1 and 11 with NT2 disease. ESS, WASO and percentage of wakefulness were significantly higher
in NT1 patients (p < 0.05). Mean DTI-ALPS was not significantly different neither between narcoleptic
patients and HCs, nor between NT1 and NT2 patients (all, p > 0.05). However, DTI-ALPS was negatively
correlated with WASO (r ¼ �0.745, p ¼ 0.013) and percentage of wakefulness (r ¼ �0.837, p ¼ 0.005) in
NT1 patients. DTI-ALPS correlated negatively with percentage of N1 sleep (r ¼ �0.781, p ¼ 0.005) but
positively with REM percentage (r ¼ 0.618, p ¼ 0.043) in NT2 patients.
Conclusion: In this study, DTI-ALPS was not significantly different in narcoleptic patients than the HCs.
However, the glymphatic index as assessed by DTI-ALPS correlated with PSG parameters; negatively with
WASO, percentage of wakefulness in NT1, percentage of N1 sleep in NT2, and positively with REM sleep
in NT2. A tendency for a reduction in DTI-ALPS in NT1 patients compared to both NT2 patients and HCs
was also found. These findings might show the first evidence of an alteration of glymphatic activity,
especially in NT1 patients, thus warrant further prospective studies in larger size of narcoleptic patient
cohorts.

© 2022 Elsevier B.V. All rights reserved.
1. Introduction

Maintaining homeostasis through waste clearance is essential
for sustaining functional activity in all biological tissues. Devoid of
classical lymphatic vessels, brain waste clearance had been a
Fakültesi Hastanesi, 06100,
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mystery for a long time. However, in recent years, the discovery of
the brain wide glia-dependent waste clearance system, i.e. glym-
phatic system and the meningeal lymphatics let us gain new in-
sights for the maintenance of brain homeostasis [1e3]. Glymphatic
activity is mainly composed of three steps: 1) Glymphatic influx of
cerebrospinal fluid (CSF) into the brain parenchyma through the
arterial perivascular space with an aquaporin 4 (Aqp4) dependent
manner, 2) CSF mixing with interstitial fluid (IF), carrying solutes
and macromolecules towards perivenous perivascular space, 3)
glymphatic efflux of mixed CSF-IF, carrying solutes to the venous
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perivascular space in an Aqp4 dependent manner. CSF is drained by
either perineural pathways or meningeal lymphatic vessels [4].
Amyloid beta (Aß) protein and tau oligomers are also carried from
IF to CSF via this system [1], in advance, several studies confirmed
impaired glymphatic function in neurological-neurodegenerative
disorders [5], particularly Alzheimer’s disease (AD) and Parkinson
disease (PD) [6,7].

Another novel study demonstrated that sleep and anesthesia
had a triggering effect on glymphatic activity [8]. Glymphatic influx
was drastically (95%) decreased in awake state compared to sleep
and anesthesia in mice. Also, Aß clearance showed a twofold in-
crease in sleep and anesthesia compared to awake state [8]. Further
studies confirmed that one night sleep deprivation or slow wave
sleep (SWS) disruption is associated with higher CSF levels of Aß in
humans [9,10]. These findings were also supported by positron
emission tomography (PET) and magnetic resonance imaging
(MRI). After one night sleep deprivation, Shokri-Kojori et al. [11]
demonstrated 5% increase of Aß burden in the brain parenchyma of
healthy individuals with PET imaging and Eide et al. [12] showed
delayed metabolic clearance from brain parenchyma using MRI
with intrathecal administration of contrast material. Since then,
human MRI studies investigating the relationship of sleep and
glymphatic function have been increasing. As intrathecal admin-
istration of contrast agent is an invasive way to asses glymphatic
activity, a diffusivity index, called diffusion tensor imaging (DTI) e
along perivascular space (ALPS), was suggested by Taoka T et al., in
2017 [13]. This index correlates with the diffusivity along peri-
vascular space in the periventricular region at the level of lateral
ventricles’ bodies, therefore glymphatic activity. Studies using the
DTI-ALPS index have confirmed that DTI-ALPS index was decreased
in patients with AD, PD and idiopathic normal pressure hydro-
cephalus, in correlation with reduced glymphatic activity in these
diseases [13e16]. Besides, recent studies also confirmed altered
glymphatic activity in patients with obstructive sleep apnea and
rapid eye movement (REM) sleep behavior disorder by using DTI-
ALPS index [17e20].

In this study, we sought to determine whether any alterations of
glymphatic activity is present in patients with narcolepsy using
DTI-ALPS index. Narcolepsy is a chronic sleep-wake cycle disorder,
characterized with rapid onset of REM sleep status and excessive
daytime sleepiness (EDS) with difficulty in sustaining awakeness.
The disease has two forms, narcolepsy type 1 (NT1) and type 2
(NT2) [21]. NT1 is more common and pathophysiologically better
understood with loss of orexin (hypocretin) neurons in lateral hy-
pothalamus. The difference between NT1 and NT2 in terms of
diagnostic criteria is the presence of cataplexy and/or CSF orexin
levels equal to or lower than 110 pg/ml [21]. On the other hand, the
pathophysiology of NT2 has not been fully understood, yet.
Although characterized by the same symptoms of NT1, CSF orexin
levels are normal and cataplexy is absent in NT2. Several studies
investigated narcoleptic patients with DTI and revealedwidespread
microstructural alterations in the brain compared to healthy con-
trols [22e30]. But, no study assessed glymphatic activity using DTI-
ALPS index in narcoleptic patients, yet.

Disturbed nocturnal sleep (DNS) with sleep fragmentation is a
major electrophysiologically feature common to both types of
narcolepsy. In addition to that, mean sleep latency is lower than
8 min in multiple sleep latency test (MSLT) and at least two sleep-
onset REM sleep periods are recorded (SOREMPs) in poly-
somnography (PSG) and/or MSLT findings of both NT1-NT2. How-
ever, there are no clear electrophysiological diagnostic criteria to
distinguish the two subtypes. But clinically, REM sleep behavior
disorder (RBD) is frequently seen with narcolepsy, particularly in
NT1 [31]and the presence of REM sleep without atonia (RSWA) is
suggested to be a sensitive and specific parameter for
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distinguishing NT1 fromNT2 [32,33]. Accordingly, we hypothesized
that DNS, sleep fragmentation and the presence of RBD/RSWA
affecting the sleep quality might alter glymphatic activity in these
patients. Furthermore, there might be a difference in glymphatic
activity between NT1 and NT2 patients related to the presence of
RBD/RSWA. To test this hypothesis, we used the DTI-ALPS index and
PSG findings using the previously collected data of narcoleptic
patients [27].
2. Material and Methods

The institutional review board (IRB) approved the study (GO, 22/
309). Patients with narcolepsy and the healthy subjects who un-
derwentMRI including DTI for a previous study [27] constituted the
study group. Because all subjects had given informed consent
previously, informed consent was waived for the current study by
our IRB.
2.1. Patient selection

All patients who were diagnosed with narcolepsy after an
evaluation in our PSG laboratory between 2014 and 2016 and who
had DTI MRI for the previous study [27] were retrospectively
evaluated for further participation in this study. The diagnosis of
NT1 and NT2wasmade according to the International Classification
of Sleep Disorders, 3rd edition [21]. However, for both groups CSF
orexin levels were unavailable.

The inclusion criteria of the patients for this study were set as
having: 1) clinically and electrophysiologically confirmed diagnosis
of narcolepsy, either NT1 or NT2, according to the International
Classification of Sleep Disorders [21]. 2) MR imaging including DTI
at the beginning of the diagnosis of narcolepsy (drug naive patients,
i.e. patients not taking any REM sleep-suppressing medications
including tricyclic antidepressants, SSRIs, SNRIs, stimulants, so-
dium oxybate or sedating drugs), 3) Normal physical and neuro-
logical examination, 4) No medical record of systemic and/or
neurological disorder. Patients were excluded if they had 1) apnea-
hypopnea index �5 h in PSG, 2) any structural lesion on MRI
(including small vessel disease).

Sex- and age-matched HCs served as the control group in the
previous study [27] also constituted the control group in the pre-
sent study. The inclusion criteria for the present study were set as:
1) MR imaging including DTI, 2) No sign of sleep disorder in the
questionnaire forms including sleep apnea scale of the sleep dis-
orders questionnaire, Epworth Sleepiness Scale (ESS), medical
outcome study-sleep scale (MOS-SS), Pittsburgh Sleep Scale (PSS),
3) Completely normal physical and neurological examination and
4) No medical record of systemic and/or neurological disorder. HCs
were excluded from the study if any of the following was present:
1) any structural lesion on MRI (including small vessel disease), 2)
subjects taking any REM sleep-suppressing or sedating drugs.

For this aim, the following information was retrieved from the
medical records of all patients and HCs: Demographic information
including sex and age (at data collection and at symptom onset),
physical and neurological examination (at data collection), history
of systemic and/or neurologic disorders including hypertension,
diabetes mellitus, neuroinflammatory and neurovascular disorders,
medication at the time of the diagnosis including REM sleep-
suppressing or sedating drugs. Previous MR images were also re-
evaluated for the presence of any intracranial lesion suggesting
tumors, neuroinflammatory or neuroimmunologic disorders or
neurovascular conditions.
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2.2. Polysomnography and sleep evaluation

All patients and HCs had complete questionnaire forms
including sleep apnea scale of the sleep disorders questionnaire,
ESS, MOS-SS, PSS. Each patient was monitored for two days in the
video-EEG-PSG monitoring unit using a 32-channel EEG system
(Grass-Telefactor, XLTEK). Scalp electrodes were placed according
to the standard 10e20 system. The other parameters recorded
included electrooculogram (EOG), submental electromyogram and
electrocardiogram (ECG), respiratory effort and airflow, oxyhemo-
globin saturation, and anterior tibialis EMG. Second night-sleep
studies were manually scored in all patients for sleep stages in
30-s epochs with an expanded EEG montage by an experienced
neurophysiologist. Sleep was scored according to the revised
American Academy of Sleep Medicine (AASM) criteria [31]. Over-
night PSG was immediately followed by MSLT for all patients
[34,35].

So, for patients ESS score, sleep latency during MSLT, sleep ef-
ficacy during night PSG, wake after sleep onset (WASO), REM sleep
latency during PSG, percentage of non-REM (NREM) sleep stages,
and REM sleep during night PSG were retrospectively collected
from medical records. Loss of REM atonia was also identified ac-
cording to AASM, as an excessive amount of sustained or inter-
mittent loss of REM atonia and/or excessive phasic muscle twitch
activity of the submental and/or limb EMGs during REM sleep. The
presence of RSWA and/or RBD were noted according to video-PSG
recordings-reports of all patients. Due to lack of a well-
established method for RSWA quantification, RSWA measure-
ments were not obtained.

2.3. MRI acquisition and image processing

All patients and healthy controls (HCs) had MR imaging per-
formed on a 3T MRI scanner (Ingenia, philips) equipped with an
eight-channel phase-array head coil.

All patients had MRI in a month after the diagnosis of narco-
lepsy, before the initiation of therapy. Imaging protocol was set as
follows: Fluid attenuated inversion recovery (FLAIR) imaging (TR/
TE/TI: 4800/355/1650 ms, FOV: 240, matrix: 352 � 352, slice
thickness: 2 mm, pixel size: 1.03 � 1.04 mm2); DTI of the whole
brain, single-shot EPI; TR/TE:3051.2/92.8 ms, b value of 800 s/mm2,
32 independent diffusion weighted directions and one b0 acquisi-
tion, FOV: 233 mm, matrix: 176 � 176, 50 slice with 2.5-mm
thickness without intersection gap, pixel size:1.32 � 1.32 mm2).

For the correction of susceptibility induced artifacts in DTI im-
ages, first the structural FLAIR images and non-diffusion weighted
(b0) images were utilized by the Synb0-DISCO tool to estimate
undistorted b0 images and off-resonance field coefficients [36]. The
estimated field coefficients were then input to the FSL TOPUP tool
to correct diffusion-weighted images using the Jacobian interpo-
lation method for all subjects [37,38]. To suppress the background
regions and non-brain tissue voxels, FSL BET tool was used to
generate a binary brain mask [39]. Diffusion tensor fitting was
performed with the FSL DTIFIT tool. Fractional Anisotropy (FA) map
was overlaid with the primary eigenvector to generate color FAmap
to be used for region of interest (ROI) selection [40,41]. Two neu-
roradiologists with 5 and 20 years of experience, draw square-
shaped ROIs spanning 3 � 3 pixels in consensus on the slice at
the level of lateral ventricle for both projection and association fi-
bers and checkedwith JHU-DTIWhiteMatter Atlas provided by FSL.
Left hemisphere was used as all participants were right-handed.
We were also ensured the ROIs were not contaminated with
other structures by checking multiple diffusion directions. DTI-
ALPS index was calculated using a custom script in MATLAB as
follows [13]:
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DTI�ALPS¼mean
�
Dx;proj;Dx;assoc

� �
mean

�
Dy;proj;Dz;assoc

�

Here, Dx;proj and Dx;assoc represent diffusivities along x-axis for
projection and association fiber ROIs, respectively. In addition,
Dy;proj and Dz;assoc represent the diffusivity along y-axis for projec-
tion fiber ROI and the diffusivity along z-axis for association fiber
ROI, respectively. (see Fig. 1).

2.4. Statistical analysis

Statistical analysis was performed with the SPSS 25.0 package
program. Depending on the type of variables (continuous vs. cat-
egorical) and the distribution of the data, comparison tests was
performed using one-way ANOVA or Kruskal-Wallis test for mul-
tiple groups, Chi-squared test, independent Student's t-test or
Mann Whitney-U tests were used for two group comparisons.
Correlation analysis was performed using the Spearman's rank
correlation to reveal the relationship between DTI-ALPS index and
PSG findings. The level of significance was 0.05 in all tests.

3. Results

The PSG data and MR images of the patients (n ¼ 28) collected
for the previous study were retrospectively reviewed. One patient
had obstructive sleep apnea, one patient had previous brain sur-
gery, and one patient had distorted MR images, therefore excluded.
The study groupwas composed of 25 patients [F/M¼ 15/10, median
age ¼ 34 (29.5e44.5)]. Fourteen patients with cataplexy attacks
constituted NT1 patients [F/M ¼ 9/5, median age ¼ 33.5
(27.5e38.5)]. NT2 group was composed of 11 patients [F/M ¼ 6/5,
median age ¼ 40 [30e47]]. Hypocretin/orexin levels of cerebro-
spinal fluid were unavailable. There were 11 age and sex matched
HCs [F/M ¼ 6/5, median age ¼ 36 (31e58)] (Table 1). The median
ages were not statistically different between groups. PSG findings
of each group were summarized in Table 1. ESS, WASO and the
percentage of wakefulness were significantly higher in NT1 pa-
tients. The ratio of RBD and/or RSWA was 85% in NT1 and 81% in
NT2. There was no statistically significant difference between
subgroups in terms of the presence of RBD and RSWA (p ¼ 0.531).

Mean DTI-ALPS of narcoleptic patients and HCs were
1.699 ± 0.046 and 1.814 ± 0.086, respectively and were not signif-
icantly different (p ¼ 0.211). There was no correlation between age
and DTI-ALPS in patients with narcolepsy. Mean DTI-ALPS of NT1
and NT2 patients were 1.631 ± 0.049 and 1.786 ± 0.08, respectively.
Although NT1 patients had a tendency to have lower DTI-ALPS
index compared to NT2 and HCs, no statistical difference was
observed between NT1 and NT2 narcolepsy patients and HCs
(p ¼ 0.140) (Table 1). There was no significant difference in mean
DTI-ALPS values when patients were grouped according to the
presence of RBD and RSWA (p ¼ 0.235).

DTI-ALPS was negatively correlated with WASO (r ¼ �0.5,
p ¼ 0.029), percentage of wakefulness (r ¼ �0.501, p ¼ 0.029) and
percentage of N1 sleep (r ¼ �0.678, p ¼ 0.001) in all patients. There
was no statistically significant correlation between DTI-ALPS and
duration of disease, total sleep time, percentages of N2 and N3 sleep
across the patients. Correlation analysis was reapplied to the sub-
groups of the disease. DTI-ALPS was negatively correlated with
WASO (r ¼ �0.745, p ¼ 0.013) and percentage of wakefulness
(r ¼ �0.837, p ¼ 0.005) in NT1 patients. In addition, DTI-ALPS index
showed a mild positive correlation with N3%, but it did not reach
statistical significance (r¼ 0.552, p¼ 0.078). On the other hand, DTI-
ALPS correlated negatively with percentage of N1 sleep (r ¼ �0.781,
p¼ 0.005) but positively with REM percentage (r¼ 0.618, p¼ 0.043)
in NT2 patients. These findings are summarized in Table 2.



Fig. 1. (A) The diffusion tensor was fitted for each subject and the FA map was overlaid with the primary eigenvector to create a color FA map. Square-shaped 3 � 3 ROIs were
marked on the left projection (white) and association fibers (yellow) at the level of the lateral ventricle. (B) Schematic illustration of the orientation of the fibers and perivascular
space in the periventricular area. Note that direction of the perivascular space is perpendicular to the directions of projection and association fibers.

Table 1
Summary of findings.

Type 1 Narcolepsy (n ¼ 14) Type 2 Narcolepsy (n ¼ 11) Healthy Controls (n ¼ 11) p

Demographic information
Age 33.5 (27.5e38.5) 40 [30e47] 36 (31e58) 0.436
Sex (F/M) 9/5 6/5 6/5 0.846
Polysomnographic Findings
Epworth Sleepiness score 20.4 ± 2.87 16.73 ± 4.24 0.016*
Total sleep duration (minutes) 426.2 ± 50.85 455.36 ± 30.61 0.137
WASO 71.5 ± 29.08 37.78 ± 25.98 0.017*
N1 (%) 8.09 ± 1.92 8 ± 4.45 0.951
N2 (%) 47.18 ± 11.43 53.45 ± 9.29 0.174
N3 (%) 14.27 ± 6.24 12.91 ± 4.18 0.555
REM (%) 16.18 ± 4.24 16.82 ± 3.25 0.697
Wakefulness (%) 16.22 ± 6.22 10 ± 5.63 0.035*
Presence of RBD/RSWA (n) 12 9 0.531
DTI-ALPS index
DTI-ALPS 1.631 ± 0.049 1.786 ± 0.08 1.814 ± 0.086 0.140

*represents significant difference (p < 0.05).
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4. Discussion

This study revealed some important findings showing the
relation between narcolepsy and glymphatic function of the brain.
First, we observed a tendency of reduced DTI-ALPS index, as an
imaging marker of glymphatic activity in patients with cataplexy
(NT1) compared to those without cataplexy (NT2) and HCs, albeit
not reaching statistical significance. In addition, DTI-ALPS index
showed negative correlations with WASO and percentage of
Table 2
Correlation of DTI-ALPS index with PSG findings.

WASO Wakefulness % N1% N2% N3% REM %

DTI-ALPSpt
r �0.500* �0.501* �0.678* 0.344 0.190 0.335
p 0.029 0.029 0.001 0.117 0.397 0.128
DTI-ALPSNT1
r �0.745* �0.837* �0.353 0.118 0.552 0.032
p 0.013 0.005 0.287 0.729 0.078 0.925
DTI-ALPSNT2
R �0.25 �0.17 �0.781* 0.388 �0.051 0.618
p 0.516 0.638 0.005 0.238 0.883 0.043

DTI-ALPSpt: represents all narcoleptic patients.
DTI-ALPSNT1: represents patients with NT1.
DTI-ALPSNT2: represents patients with NT2.
r: Spearmann’s correlation coefficient.
p: statistically significant <0.05.
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wakefulness in the NT1 group. In the NT2 group, this activity
correlated negatively with N1%, but positively with REM percent-
age. Based on these findings, increased wakefulness with frag-
mentation of sleep are associated with altered glymphatic function
in narcoleptic patients and this alteration is possibly more promi-
nent in NT1 patients compared to NT2.

Although not reaching statistical significance, the decrease in
DTI-ALPS index of NT1 patients in our study is the first trace that
glymphatic activity could be impaired also in narcolepsy as well as
other sleep disorders [17e20]. Increased glymphatic activity during
normal sleep is thought to be driven by the oscillations during SWS,
i.e. N3 stage of sleep, and interstitial volume increase with the in-
hibition of noradrenergic system [8]. Importance of the integrity of
SWS for glymphatic activity was confirmed with several studies.
SWS disruption is strongly and significantly correlated with CSF Aß
levels [42], while partial sleep deprivation preserving SWS resulted
in no accumulation of proteins in CSF as shown in a study by Olsson
M et al. [43]. A study using different anesthetic regimens further
showed importance of the power of slow wave oscillations and its
correlation with glymphatic influx [44]. In the established form of
narcolepsy, DNS with sleep fragmentation, frequent shifts between
sleep stages and arousals become prominent, which causes
increased N1 stage of sleep. Although both our patient groups have
good total sleep time, N3 stage was reduced (<20% of total amount
of sleep) in both compared to normal sleep [45]. NT1 patients had
significantly increased percentages of wakefulness and ESS
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compared to NT2 patients, suggesting lower sleep quality and
integrity. All these might contribute to the mildly lower DTI-ALPS
levels in NT1 patients compared to NT2 patients. Additionally,
DTI-ALPS was negatively correlated with percentage of wakeful-
ness and WASO in NT1 and percentage of N1 sleep in NT2. Unfor-
tunately, due to lack of PSG studies in our HCs and limited number
of patients, the relationship between DTI-ALPS and N3 sleep per-
centage could not be assessed, which creates a major limitation in
current study. However, a mild positive correlation was found be-
tween DTI-ALPS index and N3% in NT1, not reaching statistical
significance (r ¼ 0.552, p ¼ 0.078). Further prospective studies
might explain whether a true relation exist between these pa-
rameters in narcoleptic patients.

Other sleep related symptoms/signs of narcolepsy include the
presence of RBD and RSWA, both of which are also associated with
and accepted as prodromal markers of a-synucleinopathies [46].
The glymphatic dysfunction in a-synucleinopathies has already
been shown and also, a very recent study revealed impaired
glymphatic function in patients with RBD and PD in correlation
with the severity of clinical findings [20]. Therefore, RBD/RSWA
might impair the glymphatic function, not directly but destroying
the sleep structure. There is no definite evidence of NT1 to be an a-
synucleinopathy [47], but with aforementioned changes in glym-
phatic activity in RBD and a-synucleinopathies, wewanted to show
whether the presence of RBD/RSWA would affect the DTI-ALPS
index. In our small cohort, RBD/RSWA was documented in most
of the patients (n ¼ 21, 84%) in either type of narcolepsy and the
comparison of DTI-ALPS showed no difference. Considering the
limited number of patients in our study, larger cohorts are needed
to reveal whether RBD/RSWA might have an effect on glymphatic
function including patients with a-synucleinopathies and
narcolepsy.

Orexin regulates wakefulness and REM sleep and NT1 is char-
acterized by presence of cataplexy and/or deficient orexin in CSF
[48]. The neurodegenerative disorders that are related with glym-
phatic dysfunction like AD and PD, are also shown to have alter-
ations in the orexinergic system. Moderate-severe Alzheimer
patients had higher CSF orexin levels [49]. There is loss in orexin
neurons in PD in both patients and animal models [50,51]. CSF
orexin levels were unavailable in our cohort but, NT1 patients, who
are supposed to have deficient orexin, had a tendency to have
slightly lower DTI-ALPS compared to NT2 and HCs, not reaching
statistical significance. This finding may raise a suspicion on a
slightly higher alteration of glymphatic function in NT1 patients.
However, our study had a retrospective designwith limited number
of patients and unavailable CSF orexin levels. Further studies are
needed to investigate whether a glymphatic dysfunction is present
in narcoleptic patients with larger cohorts including CSF orexin
levels.

There are several limitations in our study. First of all, the number
of patients was very limited. Orexin levels from CSF were unavai-
lable, and the HCs lacked PSG results. Therefore, we could not
clearly discuss the effect of PSG findings including sleep fragmen-
tation and RSWA/RBD. In addition, night-sleep quality of patients
and HCs before MRI scan that might affect the function of glym-
phatic system, was unavailable. These limitations could not be
overcome due to retrospective design of the study. However, we
believe that our findings add to the literature that glymphatic
function disturbance in narcolepsy could be investigated in relation
to specific sleep components using DTI-ALPS as an imaging marker.
Further studies with larger cohorts including narcolepsy patients
with and without RBD/RSWA are needed to reveal the relation
between various sleep disorders and glymphatic function.
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5. Conclusion

Our study shows the first evidence of an alteration of glymphatic
activity in narcolepsy patients, assessed by DTI-ALPS. Glymphatic
activity in narcoleptic patients were modulated by some of the PSG
parameters. Increase in wakefulness and N1 stage of sleep corre-
lated negatively with glymphatic activity. NT1 patients had a lower
sleep quality, as well as a tendency to have lower glymphatic ac-
tivity, compared to NT2 patients.
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