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IPARFSERRES - HA N restless legs JEfEhE (RLS)
F\TI T 5 JE IS EB OFAE & BRI EZRIC OV T
4 \Eﬁﬁwﬁ : S BV

e . RV, PR P AHHEERED
Fﬁﬁﬁ’rﬁ"“ KRR %ﬁ@ﬂﬁ%ﬂﬁﬁ&?ﬁ%ﬂl D ERENT
e HE AL, Y ENORE R RS v 2 — i
PRFRATES  HEARE Ei‘ﬁﬁ@

e

JE HAME U RS SE®D (periodic limb movements during
sleep; PLMS) IZHEHRAIZAE L S, TUREOKIEMEATEETE
BTHD, LA LA Ly REFEREE Restless 1egs
syndrome; RLS)IZAPELL9V, ZiUd., MiAYRABIZIE
LT RS AR RIS DOREED S LT D729
EZEZDBNTWD, Fiz, PIMS XA RRIG B D
overshoot % ~ U —7 57 RLS (28T DA i+
FEDOHERN /2> TND ERESNLTNS Y,

KCKIZHIT D, BAD—fEA [ TO RLS DAL
8~10% &L SN TND 29Dz L, BARZEOTT VT
TOFRRIZZ DDLU T OBKAETH D Z & adbnao
TS Y90 F7- Bk RLS BEFIZIIT 5 PLMS &0F
ITZD2/3 L FITGETHLEENTWER VDY 77
ANIZHF % RLS @ PIMS SORERIXZ AU T DK
WEDHENH DD, FI/IREsEIcE EE o TR

O ZHS RLS ([ ZAFET DI Els & ORI A K
L TCWOAENNTIIA ST,

ARFZETIE, 2B EEB LT, RLS HRHIZOWNT
PLMS DEfF & Z OB ZF~, T4 & T RLS TOEE
JEAPHTDOUNT PLMS B4 (PLM index=15/Bf) %Nz

7oA RN & OBIRIC OV TR & IR 72,

ik

AMFFE I REBEE NS ERICL DA VT H—L Ka
Yo b EAGE EChE T S, 2002 4 12 A5 2015 4R
5 AORICHEReA 7T 7 ) =y 7 Rx KEdie LT-HA
FHC LU F DS AT LT 2% TR R LT,
(a ) FEARFEEERRSFES =0 WiIc S\ TRl Sz,
WIZ W 5 T 20 mELL b oo BRI RLS B
( b )PSG(polysomnography) 23 fEfT AL CH Y . IRLS
(international restless legs syndrome rating scale)
2 AR OB &\ T ENC B SRR
FNBHDHHD, 2IMERLS &, RRI T I=Z b, a2
SV R, RUVITEELRELIZIRA L QA
W3R Lz,

TSR L, 2D 7= D PSG FhiRFO I % FHV Y,
A = 140mmHg & U < (35E3EH T =90mmHg T
HH0Y | EMETIERFE T THREERA AFT
IR L WA b oiEiEH b e Lz, £z, *F
GHEDOMRISEER & LT, M. 4EE, BMI, BEFRR,
NAREE, RLS OFIRE, WIsHED 7 = U F A, IRLS %
Eﬁau l/f\_o

PLEDTE#RZ T2, XEEEITH1T 5 PIMS OAFEEZ
L, T EEREORRIZOW TR L, F7-,
I EOF I ZEET AE 7 & LT, v, MR, BMI,
IRLS, PSG (Z331F 2 JERFIR ARSI AE S (AHT), PIMI %8
BEBE L TR YRAT 4 v 7RG 21T o7, FHIS
ETOERIZIB W THEBMHT 21T o7, AROHTIZERBN

W BT CHE Ch > =285 VTS EBfiE
WraiT-72,
(EES

RLS & wém1¢m1m@9%>%8m:MW@ﬂ%e
ot ZHUTIE, 7=V FUAENEER L O HERT
eh o7 39 BINE EN T D, S ESRIE 511 + 18. 2
1% C. 289 141 (61. 8%) 23t Tdh o 72, IRLS DS
22.4+7.7 T, BLZ 80% I FESE~TEIETH -7z, AHL
DOINHHENT 3. 5+3.7/h TdhoT-, FENTRIG L 727~ 468
FD 55, BILEH Y OFEEET- LZ0ix 67 4
(14. 3%) T ->7~ (Table 1),

Total (n=468)

Age 51.1=18.2 [20-88]
Female 289 (61.8)
BMI (kg/m?) 21.7+3.2 [14.5-35.6]
SBP (mmHg) 120.6+17.7[80-210]
DBP (mmHg) 70.111.0 [40-104]
HT 67(14.3)
IRLS score 22.47.7 [0-39]
IRLS severity

Mild (0-10) 31(6.6)

Moderate (11-20) 151 (32.3)

Severe (21-) 228 (48.7)

Very severe (31-) 581(12.4)
Serum ferritin (ng/ml) {(429) 79.0+77.2 [0.4-620]
Family history 77 (16.5)

n-PSG variables
TST (min)
Sleep latency (min)
N1 (%SPT)

350.3+00.1 [16.0-593.5]
21.4+33.5 [0-346]
15.3+10.0 [1.4-79.0]
N2 (%SPT) 50.6+14.3[1.1-83.7)
N3 (%SPT) 3.7+45[0-35.9]
AHI (hr) 3.5+3.7[0-26.3)
Arousal index (hr) 10.8+15.6 [0-187.5]
PLM index (/hr) 25.4+36.6 [0-203.0]
PLM index »= 15 /hr 200 (42.7)
PLM arousal index (hr) 6.8+145[0-176.3]

Respective variables are expressed as average+standard deviation [range] or number(%).

BMI. body mass index: SBE. systolic blood pressure: DBP, diastolic blood pressure; HT, hypertension: ESS,
Epworth Sleepiness Scale; PSQI, Pittsburg’s Sleep Quality Index: IRLS, International Restless Legs
Syndrome Study Group Rating Scale: n-PSG, nocturnal polysomnogram: TST, total sleep time: SPT, sleep

period time: AHI apnea hypopnea index: PLM, periodic imb movemenis during sleep

F7-. PIMI =15/hr 1% 200 {31 (42, 7%) T -7,

BAERTOPIMI = 5/hr, PIMI = 15/hr DEIGZFT
L Figurel X 912720 IR L Y PLMS OREER 723
B9 AEM AR E 37 Figure 1),
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Fig.1 Prevalence of PLMI == 5/h or PLMI == 15/h in patients with restress lege syndrome stratified
by 10-year age categories.

PLMI, periodic limb movement index

PLMI >= 15/h ZOERZARE L, YR, el (40 mekli
% reference & L7-) . BMI, BEFEE. RLS OFEE, #2
D7 = UF Al IRLS . AHI (5 /BRI 2
reference & L72) ZMMNIEHE Liza P AT v 7[A|
J”rﬁ SSHCEWTIL, univariate DT Tl B TH D
Z L (40=¢,<60; odds ratio [OR] = 4.115, 95%
confidence interval [CI] = 2.394 - 7.075, p <0. 001,
60=<; OR = 6.695, 95% CI = 4.080 — 10.986, p <0.001),
AHT W2 & (5=<,<15; OR = 2.052, 95% CI = 1.334
- 3.155, p = 0.001) NAEETHY. IRLSHAITIFE
T3> 7=. multiple logistic regression model Tl
M T D 2 & (40=<,<60; OR = 3.983, 95%CI =
2.312 - 6.863, p <0.001, 60=<; OR = 6.298, 95%CI =
3.802 - 10.432 , p <0.001) 7Z1F2SPLMI >= 15/h [GE
& BE# L QU7 (Table 2).

BMEDFEEEIEEE L L= Univariate TOI YA
T 4w ZERSHTTCIX. EmETH D Z & (odds ratio
[OR] = 1.088, 95% confidence interval [CI] = 1.062
- 1.114, p<0.001), BMI 2357 2 & (OR = 1. 084, 95%CI
= 1.006 - 1.169, p = 0.035), AHI "W\ 2 & (R =
1.090, 95%CI = 1.025 — 1.158, p = 0.006) B’ FE &
7eol-—J7, PIMI 13 BBz 588072 -7 (R =
1.006, 95%CI = 1.000 — 1.012, p = 0.060),
Multivariate model TiL, m=ilin CTdh5HZ & (OR = 1. 092,
95%CI = 1.065 -1.120, p < 0.001). BMI 28&E\ 2 & (OR
= 1.112, 95%CI = 1.017 - 1.217, p = 0.020) 2 =)+
WINT LT RIZBSE L7 (Table 3)

B

ABFZED RLS HE D PLMS=15/hr ORERIL 42.7%
THY . Ak L7z AN TOKEEZ TR T2, 2
VERE T ORER(PLMI= 5/ 57.9%, PLMI= 15/ 42.3%) &
1T & A LRBEDEIE TH o729 ZHUTT7T 7 A RLS
HIZBITH PLMS OAUIZL &8 L CW5, 78
. RLS OREBRICANFEAENRH H7211 T/ <, RLS HBH
@D PLMS &0FRICH AFEEN B D FTHEEN 55,

PLMS DOAFTEIZITEE T OBE3%  #iE ShTind,
John Winkelman &3 7T 734 Cld, PLMS FEEE Tl

BTBD9. MEISI. MAP2K5/SKOR1 Ti&Hfn %A 85
72 LEESILTEY Y, Moore HiX BTBD9, MEISI,

TOX3/BC034767 TOiEfn -2 AaHE LT 5 9, KRz
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B E AT EATHEE O CIE. BEDY 29.9%. otk
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BRI TIUTEEATE RS, BER 1919 L3820 |
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F7-. RLS FEEE, PLMS V97U Bl oD BB
W72 B72o T, Rbo T, EmIEICEE L-0id,
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Table2. Factors associated with PLMI == 15/h«

& & URiAnELe”

Factorad a %) ADRS 85%CI B &} ADRs
Age (g =404 1583400 | 12 al1a
& A0===f04 | 117 (25000 | 41167 | 239470755 | <0001° | < 3983
& = 192 {4100 | 6.6957 | 40B0-10.986° | <0.001- | <! G298
- - o - - - o
Bens Males 179(38.23 | 14 “ “ &

& Females | 280(618+ ! 0.816< | 0.560-1189< | 02800 &} &

- - o - - - -
Family history | Mos 391{B3 501 1= “ “ dala

of RLS-

& Fage TT(16.5) | 0885« | 0.538-1456< 0831« &)@

- - o - - - oo
BMI (kgfm?he | 2524 405 (8650 | 14 “ “ ala

8 5= 63(13.5)¢ ! 1688 | 00502878~ 00540 |4 &

- o - - - = =
Serum ferritn | A0== 238{55.601 1< & & &
(ng/mlles

8 =50« 191 {4450 06967 | 04731025 | 0067 | &) @

o o ] o o ol I
IRLE= =114 gew 4 L L LI

8 11==s21¢ | 151{32.3 1 0.712¢ | 032715474 [ 0391« & @

a 21=5=314 | 228{48.704 ! 0.518° | 024311024 |00BBa 4} 4

8 Fl== 58(12.4)¢ | 06247 | 025915014 |0292¢ & &

- - o o o - dala
AHIS =5 353 {To.40 § 14 & A aia

a 5===159 | 11202400 1 20517 | 133431567 | Q0017 | <) 14840
a 15=2s304 | 3 (06} 0798~ | 0072-8.883 : 0B54~ |« 03764
& 0= [1%] ) ) ] ala

“ “ « “ “ « dala

PLMI, periodic

= Liatwize deletion was utilized for 39 cases with missing data on serum ferritin.+

lmb movements index; RLS, restless legs aypdroms:BMI, body
International Restless Legs Syndrome Study Group Rating Scale; AHI, apnea hy
adjusted odds ratie; CI, confidence interval+

Table3. Factors associated with hypertension

univariete multivariste
Factors n(%) AOR 95%CI F AQR 95%CI F
Age (y1) =40 159 (34.00 1
40== <60 117(25.0) 14766 1.863-117.047 0.011 12977 1.629-103.412 0.015
60== 192 (41.00 65.059 2.8BB-476.241 <0001 62.981 B.548-464 062 <0001
Sex Male 179 (38.2) 1
Female 289 (61.8 1129 0.658-1.934 0.659
BMI (kgim? =25 405 (86.5) 1 1
25== 63 (13.5) 2624 1.397-4928 0.003 2693 1.306-5.556 0.007
IRLS =11 31 (6.6} 1
11===21 151(32.3) 1151 0.367-3.611 0.209
21== =31 228 (48.T) 1102 0.362-3.359 0.264
31== 58 (12.4) 1240 0.3458-4 406 0.740
PLMI <15 268 (57.3) 1
15== 200 (42.3) 1458 0.868-2.450 0.154
AHI <5 353 (75.4) 1 1
5==,<15 112 (24.00 2.301 1.332-3973 0.003 1.265 0.692-2.314 0.445
15==,=30 3008 0.000 0 0.999 0 0 0.999
30== 0

The data was controlled for total sleep time, N1, N2, N3 and arcuzal index on nocturnal polysomnogram.
EMI, body maszz index: IRLS, International Restless Legs Syndrome Study Group Rating Scale: PLMI, periodic limb movements index: AOR, adjusted odds

ratio: CI, confidence interval
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2-1
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 makes 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 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 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 additionally applied for batch review of the multicenter collaborative studies.

Existing PSG data from the collaborating facilities and the data from the PSG tests to be conducted is collected in a
common format (European Data Format: EDF). In addition, metadata regarding clinical and background information on
patients with sleep disorder is transferred via the cloud server in the Excel format, and a file integrating data from each
facility is managed on the server. The metadata and PSG data server information is encrypted and strictly managed by the
staff in this department. After anonymizing personal information, PSG data and metadata from each facility is uploaded
sequentially, but the Department of Sleep-Wake Disorders, NCNP is 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 is 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 estimated 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. Currently, data incorporation has been completed for approximately 800 cases
at NCNP, 16,000 cases at Yoyogi Sleep Disorder Center, 600 cases at Nihon University, 300 cases at Akita University,

and 200 cases at Kurume University.



II. Development of Biomarkers for Sleep Disorders
(D  The presence and clinical significance of periodic limb movements in Japanese patients with restless legs syndrome

Periodic limb movements during sleep (PLMS) are repetitive involuntary movements of the limbs that occur during
sleep and are frequently associated with restless legs syndrome (RLS). PLMS triggers sympathetic overshoot, which may
contribute to nocturnal hypertension in RLS. The prevalence of RLS in the general adult population in Europe and the
United States is approximately 8-10%, whereas the prevalence in Asia, including Japan, is less than half that in Europe
and the United States. The complication rate of PLMS in RLS patients is much lower in Asians than in Europe and the
United States, and the association with hypertension is clearly different from that in Europe and the United States. In this
study, we investigated PLMS complications and their factors in consecutive RLS cases and examined the background
factors of complicated hypertension.

Patients with idiopathic RLS (ICSD-3 criteria) who first visited Sleep Comprehensive Care Clinic Yoyogi between
December 2002 and May 2015 and were at least 20 years old at the time of their first visit, had a PSG performed, had an
IRLS (international restless legs syndrome rating scale), blood pressure records, and antihypertensive medication were
included in the retrospective study. Patients with systolic blood pressure >140 mmHg or diastolic blood pressure >90
mmHg at PSG, and those taking antihypertensive medication on a daily basis even if their blood pressure was normal
were defined as having hypertension. The clinical background of the subjects included gender, age, BMI, medical history,
medications, family history of RLS, ferritin level at the first visit, and IRLS. The complication rate of PLMS was
investigated and the relationship between PLMS and the background indicators were examined. In addition, logistic
regression analysis was performed using age, gender, BMI, IRLS, apnea-hypopnea index (AHI) in PSG, and PLMI as
continuous variables as factors related to the presence of hypertension. Multivariate analyses were performed using
variables that were significant in preceding univariate analyses.

Of the 1191 patients diagnosed with RLS, 468 were included in the analysis. The mean age was 51.1 £ 18.2 years, 289
(61.8%) were female, the mean IRLS score was 22.4 + 7.7, approximately 80% had moderate to severe RLS, and the
mean AHI was 3.5 + 3.7 per hour. Of the 468 patients analyzed, 67 (14.3%) met the criteria of hypertension. PLMI
>15/hr was present in 200 patients (42,7%).

Logistic regression analysis was performed with PLMI >= 15/h as the dependent variable and gender, age (<40 years
as a reference), BMI, medical history, family history of RLS, ferritin level at initial visit, IRLS score and AHI (<5/h as a
reference) as independent variables. In the multivariate model, only being older (40=<,<60; OR = 3.983, 95%CI = 2.312
- 6.863, p <0.001, 60=<; OR = 6.298, 95%CI = 3.802 - 10.432 , p <0.001) was associated with PLMI >= 15/h and
associated with PLMI >= 15/h. Logistic regression analysis (Multivariate model) with hypertension as dependent variable
showed that being older (OR = 1.092, 95%CI = 1.065 -1.120, p < 0.001), having a higher BMI (OR = 1.112, 95%CI =
1.017 - 1.217, p = 0.020) were independently and significantly associated with hypertension. The PLMS >15/hr rate in
RLS patients was 42.7%, which seemed to be lower than that of Europeans. This rate is almost the same as that reported
in Korea, suggesting that PLMS is less likely to occur in Asian RLS patients. There may be racial differences not only in
the incidence of RLS, but also in the PLMS complication rate in RLS patients.

PLMS might not be associated with severity of RLS and was significantly associated with age. PLMS pathogenesis
was not necessarily associated with RLS and may be related to increased spinal sympathetic nerve activity with aging.
Only age and BMI were associated with hypertension, and neither RLS severity nor PLMS was an associated factor for

hypertension.



@ Physiological analysis of sleep disorders associated with major depressive disorder

The number of people affected by depression has surpassed 300 million worldwide, and WHO predicts that
depression will be the highest burden of disease by 2030. Therefore, there is a strong need to develop biomarkers that
contribute to diagnosis, treatment option, and prognosis prediction. Sleep disturbances are frequently observed in
depression, with insomnia being a complication in more than 80% of patients. Since depression is associated with
disease-specific sleep abnormalities such as elevated REM sleep pressure, the idea of using PSG indices 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 establish a PSG data bank that can be
used to develop objective indices for psychiatric disorders and sleep disorders, and to use the banked data to develop
stable biological markers for clinical use in depression.

PSG data collected at the Sleep Center of Nihon University Itabashi Hospital and clinical data associated with the
PSG data will be accumulated on a data server managed by NCNP. PSG data and clinical data of psychiatric disorders
other than depression and primary sleep disorders will be used as controls to identify useful indices for diagnosis,
severity assessment, treatment responsiveness, and prognosis prediction of depression.

A study using the bank data, "A Study on Physiological Characteristics of Sleep Disorders Complicated by
Depression Using the Polysomnography Data Bank," was designed and approved by the Clinical Research Ethics
Committee of the Nihon University Hospital. We also conducted a study to deepen the clinical significance of
insomnia in psychiatric disorders. Data on sleep and clinical symptoms obtained from 144 patients with major
psychiatric disorders (71 with depression, 25 with schizophrenia, 22 with bipolar disorder, and 26 with anxiety
disorders) were analyzed. In all of the disorders, there was a significant association between insomnia (as assessed by
the Athens Insomnia Scale) and depressive symptoms (as assessed by the Beck Depression Index).

Depressive symptoms are also found in psychiatric disorders other than mood disorders, such as depression and
bipolar disorder, and are known to be associated with clinically important issues such as decreased quality of life,
increased suicide risk, and decreased treatment responsiveness. In depression, a close association between insomnia
and depressive symptoms is known to exist, and a similar relationship has been found to be a common feature of major

psychiatric disorders as well.

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

Sleep state misperception (SSM) is one of the most difficult to treat among the factors that resist treatment of chronic
insomnia. SSM is a condition in which subjective sleep evaluation remains low despite objective sleep improvement, and
is one of the main causes of refractory and long-term use of multiple medications for sleep disorders that do not respond
to pharmacotherapy. This is one of the main causes of patients who do not respond to drug therapy, are refractory to drug
therapy, and fall prey to multiple and long-term use of sleep medicines. From the viewpoint of deterrence, analysis of risk
factors, clinical diagnosis, and development of treatment methods for SSM are required. Patients with psychiatric
disorders are known to be more prone to high-titer and long-term use of sleep medicines than non-psychiatric patients,
and patients with psychiatric disorders may be a high-risk group for SSM. Therefore, this study aimed to explore factors
associated with SSM using data from patients with psychiatric disorders who underwent PSG.

Patients with psychiatric disorders who were admitted to Akita University Hospital and during hospitalization had
their objective sleep status assessed by PSG and at the same time their subjective sleep status was assessed by a sleep

diary were included in the study. The following clinical indicators were extracted as relevant factors. (1) demographics



(age, gender, body mass index [BMI], past and current histories of psychiatric disorders), (2) medical history, (3)
subjective sleep indices (subjective total sleep time [Sub_TST], subjective sleep onset latency [Sub_SL], subjective
wake-up time [Sub_WASO]), (4) objective sleep indices (objective total sleep time [Obj TST], objective Sleep Onset
Latency [Obj SL], Objective Time to Awake at Mid-Sleep [Obj WASO], Apnea-Hypopnea Index [AHI]), ® Insomnia
(Insomnia Severity Scale [ISI]), ® Sleep State (Pittsburgh Sleep Questionnaire [PSQI]), @ Depression (Brief
Depressive Symptoms Scale [QIDS]), Anxiety (Generalized Anxiety Disorder-7 [GAD-7]), and (9) hyperarousal
(Hyper arousal scale [HAS]). Sleep state misperception was calculated from subjective and objective sleep indices
(ATST(Obj_TST-Sub_TST),ASL(Sub_SL-Obj_SL),AWASO(Sub_WASO-Obj_WASO)).

Deviations between subjective and objective sleep indices were examined by Wilcoxon's signed rank test.
Spearman's rank correlation coefficient was used for correlation. The study was conducted with the approval of the Ethics
Committee of Akita University Graduate School of Medicine.

Data were obtained from 26 patients with psychiatric disorders for a total of 38 nights. The median age was 44 years,
39% were male, and the median BMI was 23.1 kg/m% Diagnoses of mental disorder were schizophrenia in 50% and
mood disorder in 50%. The median subjective sleep index was Sub TST 460 minutes, Sub_SL 30 minutes, and
Sub_ WASO 20 minutes; the median objective sleep index was Obj TST 453 minutes, Obj_SL 12 minutes, Obj WASO
32 minutes, and AHI 2.3 times/hour. The median subjective symptom rating scale was ISI 13 points, PSQI 12 points,
QIDS 13 points, GAD-7 8 points, and HAS 38 points. There was a significant difference between subjective and
objective ratings for SSM in SL (p<0.001), but no significant difference between the two groups for TST and WASO
(p=0.815, p=0.157, respectively); a significant positive correlation was found between ISI and ASL (r= 0.476, p=0.014),
indicating that the greater the severity of insomnia symptoms, the greater the SSM during sleep onset latency. No
significant associations were found for the other items. Due to the small sample size of this study and the large number of

factors not considered, further research is needed.

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

In addition to central hypersomnias, sleep-disordered breathing, and sleep deprivation syndromes, hypersomnias can
also be caused by circadian rhythm sleep-wake disorders and psychiatric disorders such as mood disorders and
developmental disorders. In differential diagnosis, sleep-disordered breathing can be diagnosed by PSG sleep-disordered
breathing index, while sleep deprivation syndrome and circadian rhythm sleep-wake disorder can be diagnosed by sleep
diaries and actigraphy. Central hypersomnias include narcolepsy, idiopathic hypersomnia, and recurrent hypersomnia.
Narcolepsy can be diagnosed by measuring orexin levels in spinal fluid and detecting SOREMP using PSG and MSLT
(ICSD-3). However, since there are no objective criteria for the diagnosis of idiopathic hypersomnia, the diagnosis is
made by excluding other diseases that cause hypersomnia. In sleep-disordered breathing, there is also the problem of
residual sleepiness even after recovery of the PSG sleep index after treatment with continuous positive airway pressure
(CPAP), but the pathogenesis of this problem remains unclear. In this study, we collected PSG data from multiple centers
and examined the correlation between the subjective and objective measures of daytime sleepiness (MSLT) and various
indices such as sleep index, k-complex, spindle wave number, frequency analysis value, and autonomic nervous activity
index (based on heart rate variability) obtained from PSG data to identify factors more strongly associated with daytime
sleepiness. The aim of this study is to extract factors that are more strongly related to the disease, and those that are
disease-specific and related to the degree of hypersomnia, and to find a highly accurate index for clarifying the

pathophysiology, objective diagnosis, and evaluation of treatment efficacy.



Continuing from last year, PSG and MSLT data from the most recent year have been registered in a common
format in the data bank, and processing has been started so that the data can be linked to medical data. We have also
started to search for polysomnographic markers of sleepiness, which is a research project to be carried out under our
responsibility, and are extracting and analyzing MSLT and Epworth Sleepiness Scale data from registered hospital data
for diseases that present with hypersomnia (narcolepsy, idiopathic hypersomnia, recurrent hypersomnia, sleep apnea, etc.).
Analysis is performed by conventional sleep analysis, frequency analysis, CAP analysis, spindle wave count

measurement, and heart rate variability analysis.

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 most
data into a format that can be stored at each facility, and are working to store and organize the data prospectively.
We have started uploading a lot of 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 psychiatric 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. Data
collected from all research institutes are going to be used for carrying out each research project through repeated
discussions among all institutes. We aim to further increase the number of collaborating institutions, further

enhancement of the data bank, and expand our research project.
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