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Establishment of a Sleep Disorders and Polysomnography Databank
Principal investigator: Kenichi Kuriyama, M.D., Ph.D.
Department of Sleep-Wake Disorders, National Institute of Mental Health,
National Center of Neurology and Psychiatry

Research Objectives

Polysomnography (PSG) has been used since the 1980°s as an excellent modality for observing brain activity
(EEG) and other physiological information during sleep. In Japan, PSG was initially introduced as a research
device, and then applied to clinical practice for diagnosis and evaluation mainly at medical institutions
specializing in the treatment of sleep disorders nationwide in the late 1990s. Although PSG has been suggested to
be useful as an objective indicator (biomarker) that contributes to the diagnosis and severity assessment of various
sleep disorders, its operation is limited to a few specialized institutions because it requires hospitalization for more
than one night for accurate evaluation. Therefore, PSG is essential for clinical diagnosis of just a few sleep
disorders, and it is expected to be applied to further expansion of indications in conjunction with the development
of biomarkers, including diseases for which clinical phenotype is the main diagnostic indicator, such as insomnia,
and psychiatric disorders that frequently coexist with sleep disorders. Therefore, this study aims to establish a
databank for sleep disorders and PSG in collaboration with major PSG operating institutions in Japan, and to build
a foundation for achieving the above tasks.

The databank will make it possible to develop diagnosis and severity assessment of sleep disorders based on
objective PSG indices, to elucidate physiological pathology in more detail, and to reduce inappropriate
prescription of hypnotics and wake-promoting agents. It is also expected to contribute to the development of
objective diagnostic markers for psychiatric and neurological disorders and to the advancement of pathological
clarification.

We will also accumulate sleep data using portable electroencephalographs and PSG devices, confirm the
consistency with conventional PSG data, and aim for the practical application of PSG that can be easily performed
at home for clinical and research purposes in the future. We will also aim for the spread and social implementation
of objective diagnostic methods and the standardization of sleep indices based on the collection of large-scale
cohort data.

The research project is being collaborated with the following facilities of sleep medicine.
A) Yoyogi Sleep Disorder Center (in collaboration with Tokyo Medical University)

B) Nihon University Itabashi Hospital

C) Akita University Graduate School of Medicine

D) Kurume University

Using the collected PSG data and the associated metadata, we will develop objective biomarkers for sleep
disorders and mental disorders for which objective indices are lacking in diagnosis and pathological evaluation.
Each collaborating institution will set its own clinical research agenda, and each agenda will be carried out in
consultation with all the institutions using the data collected from all the research institutions.

As an initial task set, the following research topics will be assigned to each institution.

A) Development of PSG-related diagnostic and pathological markers in parasomnias

B) Development of PSG-related diagnostic and pathophysiological markers in sleep disorders associated with

major depressive disorder



C) Development of PSG-related diagnostic and pathological markers in insomnia disorder

D) Development of PSG-related diagnostic and pathological markers in central disorders hypersomnolence

Research outcomes
1. Establishment of a Sleep Disorders and Polysomnographic Databank

A PSG data server was set up in the cloud, and a system was constructed to allow each collaborating research facility
to upload data through the network. Cloud storage (Amazon S3) provided from Amazon Web Services (AWS) was used
for the cloud data server, in a format compliant with the Medical Information System Security Management Guideline
established by the Ministry of Health, Labour and Welfare, the Ministry of Internal Affairs and Communications, and the
Ministry of Economy, Trade and Industry. The JMA Systems (Japan Management Association Group) was commissioned
to build an infrastructure in which all communications from NCNP and other sites (each university) to the server (An
infrastructure was established in which all communications (VPN connections) and storage from NCNP and other sites
(at each university) to the servers were encrypted. Furthermore, the server system was designed to enable secure
operation by issuing client certificates to each site for the purpose of access restriction and identification. The cloud
server was operated and managed by the Department of Sleep-Wake Disorders, National Institute of Mental Health,
NCNP under the auspices of the JMA Systems. On March 17, 2022, permission was obtained from the NCNP Ethics
Committee to conduct the multicenter collaborative study (B2021-128), and each collaborative site agreed to conduct the
study. Only Tokyo Medical University did not accept the batch review of the multicenter collaborative research by NCNP
and is proceeding with the review process by its own Ethics Review Committee.

Existing PSG data from the collaborating facilities and the data from the PSG tests to be conducted in the future will
be collected in a common format (European Data Format: EDF). In addition, metadata regarding clinical and background
information on patients with sleep disorder will be transferred via the cloud server in the Excel format, and a file
integrating data from each facility will be managed on the server. The metadata and PSG data server information will be
encrypted and strictly managed by the staff in this department. After anonymizing personal information, PSG data and
metadata from each facility will be uploaded sequentially, but the Department of Sleep-Wake Disorders, NCNP will be
authorized to download only the necessary data for each research project after consultation with the collaborating
facilities.

The Data Bank Management Committee was organized to formulate policies for the operation of the Data Bank and a
common format for PSG and metadata; a common format for PSG data was shared among all facilities, and each facility
tested the feasibility of converting existing PSG data to the EDF. We also developed a common format for clinical and
background metadata in accordance with the Mental Illness Registry Study, and shared it with the collaborating
institutions. With regard to studies that are prospective and accumulate PSG data, we are considering plans to collect a
data set comparable to the Mental Illness Registry Study, and have decided to use a two-story structure with existing data
studies.

Based on the above construction, data incorporation was started: PSGs and the associated metadata for the past 9 years,
collected by the AASM 2.0 version criteria (or the R&K criteria), were collected at the NCNP for approximately 3,000
cases, at the Yoyogi Sleep Disorder Center for approximately 17,900 cases, at the Nihon University for approximately
1,900 cases, at the Akita University had approximately 500 cases, and the Kurume University had approximately 3,000

cases of PSG and the associated metadata that could be collected.



II. Development of Biomarkers for Sleep Disorders
(D  The distribution of catathrenia during nighttime sleep

Catathrenia, characterized by expiratory groaning during sleep, is a relatively rare disorder that accounts for
0.063%-0.54% of patients seen at sleep centers, with fewer than 250 cases reported in the past. This disorder is classified
as a sleep-related breathing disorder group in the International Classification of Sleep Disorders, Third Edition (ICSD-3),
but was classified as parasomnia in the previous edition, ICSD-2, and the lack of clear pathophysiological features is
attributed to the confusion in the diagnostic classification. In this study, we examined physiological markers focusing on
the variation in frequency of catathrenia occurrence between sleep stages and the change in symptoms with body
position.

Twenty-four patients who visited the Yoyogi Sleep Disorder Center between October 2015 and April 2019 and met the
diagnostic criteria for catathrenia in the ICSD-3 were included. All patients had hypopnea/apnea for at least 2 seconds
during sleep expiration, and at least 2 grunts were confirmed by voice recording. In all cases, periodic limb movements
(> 15 times/hour) and apnea-hypopnea (> 5 times/hour) were not comorbid. The frequency of catathrenia was tabulated
for each sleep stage/position (supine/lateral) as the number of times per unit time (catathrenia index: CI). Information on
age at onset of catathrenia, gender, and body mass index (BMI) was also collected. For the comparison of CIs for each
sleep stage and position, 19 cases with at least 30 minutes of data for each were included in the analysis.

The CIs were significantly lower in the N1 (10.9 cycles/h) and REM (3.9 cycles/h) phases than in the N2 (1.38
cycles/h) and N3 (0.00 cycles/h) phases (all p<0.001). It was also shown that the CIs were significantly higher in the
supine position (4.60 cycles/hour) than in the side lying position (0.51 cycles/hour) (p<0.01). This study also confirmed
that catathrenia is more prevalent in younger and less obese women, as noted in previous studies. This trend is clearly
different from that of OSA (obstructive sleep apnea), which is more common in middle-aged and older obese men. In
addition, the frequency of catathrenia was higher in the supine position, where upper airway collapsibility is increased
compared to the side-lying position, and this condition may be related to upper airway collapse, including the fact that it
was higher during the REM period, when upper airway muscle tonus is decreased, and collapsibility is increased
compared to the NREM deep sleep period. Furthermore, the higher frequency of events during the N1 period, when the
respiratory arousal threshold is lower and respiratory events are more likely to occur, compared to the deep sleep period,
also indicates the common physiological nature of this disease and OSA. The fact that the frequency of events was low
during the deep sleep period is very different from the general characteristics of NREM parasomnia. Therefore, it can be
inferred that catathrenia is a disease that has elements of both parasomnia and OSA.

Future studies using the PSG data bank and increasing the number of cases will enable the creation of pathological

markers for catathrenia.

@ Physiological analysis of sleep disorders associated with major depressive disorder

WHO predicts that major depressive disorder (MDD) will be the disease with the highest burden by 2030, and there is
a strong need to develop biomarkers that contribute to diagnosis, treatment selection, and prognosis prediction. MDD is
frequently associated with sleep disorders, with insomnia being a complication in more than 80% of patients. Since MDD
is associated with disease-specific sleep abnormalities such as elevated REM sleep pressure, the idea of using PSG for
biomarker development has existed for some time, but it has been difficult to collect the necessary number of data to
develop a stable marker on the scale of a normal clinical study. In this study, we aim to develop stable biological markers

for MDD by utilizing a large amount of PSG data and linked clinical information collected from multiple centers across



Japan.

To explore PSG biomarkers associated with comorbidity between MDD and sleep disorders, we used existing U.S.
cohort data. The study examined the association between the presence of insomnia-related symptoms at study entry
and the development of MDD one to two years later in 1,196 U.S. community residents, and found that nonrestorative
sleep (NRS) was a stronger risk factor than other insomnia symptoms (difficulty falling asleep, wake up often during
the night, early morning awakening, and difficulty resume sleep). The high predictive value of NRS for MDD may be
due to the fact that NRS may be a more direct indicator of mental and physical restorative dysfunction than insomnia
symptoms. In the future, it is important to focus on restfulness from sleep in order to develop biomarkers for diagnosis,
severity assessment, treatment responsiveness, and prognosis of MDD using the PSG databank established in this

study.

@ Development of diagnostic categories for insomnia disorder based on PSG data

Sleep state misperception (SSM) is one of the pathological features of insomnia, in which subjective sleep evaluation
remains low despite objective sleep improvement, and is refractory to drug therapy. From the viewpoint of deterrence,
analysis of risk factors, clinical diagnosis, and development of treatment methods for SSM are required. In this
preliminary study, we examined the pathophysiology of SSM based on a comparison of subjective and objective
measures of sleep in insomniacs and healthy controls.

Sleep was recorded for 14 arbitrary days, and was simultaneously recorded with a sleep diary and an actigraph
(MTN, a waist-worn activity meter). Survey items included (1) demographic data (age, sex), (2) medical history, (3)
insomnia severity (Athens Insomnia Scale [AIS]), (4) social function/quality of life (Sheehan Disability Scale [SDISS]),
and (6) sleep status (Pittsburgh Sleep Questionnaire Index [PSQI]). Objective total sleep time (TST), objective sleep
latency (SOL), and objective wake after sleep onset (WASO) were calculated from the actigraph data using a unique
analysis algorithm. The corresponding subjective sleep parameters were calculated from the sleep diary, and the
differences between subjective and objective sleep parameters were calculated as /JTST, /ISOL, and /JWASO as an
index of the degree of SSM.

The insomnia group had significantly shorter /ITST (101 min, p<0.001), significantly longer IWASO (34 min,
p=0.003), and significantly longer ISOL (31 min, p<0.001) than the control group, indicating a worse perception of
sleep state. The insomnia group had a significantly earlier bedtime compared to the control group (33 min, p=0.037), but
there was no difference in wake-up time between the two groups (p=0.304), and total time in bed (TIB) was significantly
longer (45 min, p=0.002). The insomnia group had significantly poorer sleep and daytime dysfunction on all scales
compared to controls: AIS (9.0 vs. 5.0, p<0.001), SDISS (8.1 vs. 3.9, p=0.003), and PSQI (11.3 vs. 5.5, p<0.001). The
control group (R=0.627, p<0.001) showed a strong and significant positive correlation between subjective and objective
TST, while the insomnia group did not (R=-0.061, p=0.743). In the insomnia group, there was a negative correlation
between TIB and JTST (R=-0.428, p=0.016). In other words, the longer the bedtime, the greater the dissociation
between subjective and objective TST. In the insomnia group, there was a positive correlation between bedtime and /]
TST (R=0.375, p=0.038). In other words, the earlier the bedtime, the more likely the subjects were to underestimate their
sleep duration. On the other hand, there was no significant correlation between the two in the control group (R=0.028,
p=0.859; R=-0.049, p=0.757).

These results indicate that the insomnia group rated their subjective sleep status more severely compared to their

objective sleep status. In addition, bedtime behavior of patients with insomnia disorder was related to SSM, with longer



total bedtimes and earlier bedtimes associated with lower ratings of TST. This is consistent with the rationale for sleep
restriction methods, a key component of cognitive behavioral therapy for insomnia (Cognitive Behavioral Therapy for
Insomnia; CBT-I).

We will proceed with a more detailed risk factor analysis of SSM using PSG data and clinical indicators collected in

this research project.

@  Development of PSG markers as physiological indicators of somnolence, including idiopathic hypersomnia

In addition to central hypersomnia, sleep-disordered breathing, insufficient sleep syndromes, circadian rhythm
sleep-wake disorders and psychiatric disorders such as mood disorders and developmental disorders can also cause
hypersomnolence. Differential diagnosis is made by PSG apnea-hypopnea index for sleep-disordered breathing, and by
sleep diary and actigraphy for insufficient sleep syndrome and circadian rhythm sleep-wake disorders. Narcolepsy is
diagnosed by measuring orexin levels in spinal fluid, and by conducted multiple sleep latency test (MSLT) to detect short
sleep onset latency and sleep onset REM period (SOREMP) (ICSD-3). However, since there are no specific diagnostic
criteria for idiopathic hypersomnia, the diagnosis is made by excluding other diseases that cause hypersomnia. In
sleep-disordered breathing, there is a problem of residual sleepiness even after treatment with continuous positive airway
pressure (CPAP). The goal is to find a highly accurate index that is useful for elucidating pathological conditions,
objective diagnosis, and judging the effectiveness of treatment of central hypersomnia including somnolence per se. and
idiopathic hypersomnia.

Based on past data from Kurume University Hospital, we found that the sleepiness index (mean sleep onset latency)
in the MSLT diagnostic criteria, the gold standard for narcolepsy diagnosis, has difficulty differentiating narcolepsy from
other disorders with somnolence such as insufficient sleep syndrome, and that various parameters in the MSLT are not
sufficient to differentiate narcolepsy. The results also suggest that it is difficult to differentiate narcolepsy Type 2 from
other disorders with somnolence using various MSLT parameters. Furthermore, no marker was found to predict the
presence or absence of pathological sleepiness as revealed by the MSLT in patients with somnolence other than
hypersomnia. Based on these results, there is an urgent need to explore sleepiness-related factors for improving
diagnostic accuracy and determining treatment strategies.

For this reason, we will extract data from the PSG data bank on MSLT and Epworth Sleepiness Scale in diseases that
present with hypersomnia (narcolepsy, idiopathic hypersomnia, recurrent hypersomnia, sleep apnea, etc.), and analyze the
data. The analyses will include sleep analysis using conventional methods, frequency analysis, cyclic alternating pattern
(CAP) analysis, spindle wave count measurement, and heart rate variability analysis for each of the approximately 1000

cases to be analyzed.

Summary:

We are establishing a databank of sleep disorders and PSG in collaboration with major PSG operating
institutions in Japan, and are building a foundation to accomplish the clinical research tasks. We have finalized a
common format for the databank and are confirming its feasibility at all facilities. We have already converted some
of the data into a format that can be stored at each facility, and are working to store and organize the data. We have
started uploading some of the data to the cloud server. The collected PSG data and the associated metadata will be
used for research on the development of objective indices for sleep disorders and mental disorders, for which

objective indices are lacking in diagnosis and pathological evaluation.



The clinical research topics set for each collaborating institution were judged to be appropriate for further
study. In the future, data collected from all research institutes will be used to carry out each research project

through repeated discussions among all institutes.
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