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it ZBFMOMAREELRD LN
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IPARFSGRRES © HA N restless legs JEfEhE (RLS)
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PRFRATES AR Ei‘ﬁﬁ@
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JE HAME U RS SE®D (periodic limb movements during
sleep; PLMS) (FZHEIRFIZAE T D, WO KEMANEETE
BTHD, LAV ALy REFERE Restless 1egs
syndrome; RLSIZAHELL9 VN, Ziud, miEJHREIct:
LT RS AR OFEED B 5 L T A 79
EEBEZDBNTWD, E£7, PIMS (I EAFRRIGE D
overshoot % N U ' —9"37-, RLS |ZBIT DK EE T
FHOER 2> TS EES TS Y,

RCKIZBIT D, BAD—IXA [ TD RLS OAJFRZRIZ
8~10%& S TND V2 IDIzxt L, ARZEOTT VT
TORFRITFOEGUTOBKIETH S Z L 23bho
TG 990 F1= Bk RLS B2 5 PLMS &0F
KITZD2/3VULITET DL ENTNER VDY 77
NIZEITF % RLS @ PLMS SOFRIZZAUTHARTOV R DK
WEDOHENRH DN, EI/NRRIRITCE EEoTEH

O TS RLS (TP DIl & O A% K
L TCWOAENNTIIA ST,

ARG TIL, THEBE LT, RLS #@EsliconT
PLMS DEPF & ZDEER ZF~, Ziv & T RLS TOER
FEAPHZDUNT PIMS Bt (PIM index=15/BFH]) # 0z

7o R & OBHRIC OV TR E N2 72,

Fik

AMFFE I REBEE NS ERICL DA VT H—L Ka
Yo B EThE T S, 2002 4 12 A5 2015 4R
5 HORICHEREA 7T 7 ) = v 7 {fx KEwiiz Li-#8
H T UL F OS2~ L= B 2 % TR L,
(a ) MEARPESE RS yHEE =R VI EE S TRl s -,
W2 W R S T 20 % LA b oo B 3E M RLS HR
( b )PSG(polysomnography) 23 fEfT AL CH Y . IRLS
(international restless legs syndrome rating scale)
12 i AR SRR A DA HE & o - IE N B S R
FERHDHHO, 2WMERLS &, KR T A=A b, a2
SUHY R, RV UTEPEURESIFRH LT AL
VBRI L7,

ZIBITHT L, 2 7= PSG FEhiaiE £ .,
A = 140mmHg & U < (3R ) =90mmg T
HH0Y | FMETEFHETH - THRTEE A E
IR L WA b 0iEiEH Y e Lz, £z, *F
REOEREEHEE & LT, MR, i, BMI, BEERE,
PNARER, RLS OZEERE, W2k~ = U F L fH, IRLS %
Eﬁau l/f\_o

DL EOAERZ TEIT, EEEIEBT D PIMS O&DFR%Z
L, T EEREORRIZOW TR L, F7-,
I EOF I ZBET AE 7 & LT, Fin, M5, BMI,
IRLS, PSG (Z331F 2 SERFIRAKIEAE S (AHT), PLMI -8
WAL L TR YRAT 4 v 7RG 21T o7, HINT
ETOERIZIB W THEBHT 21T o7, AROHTIZBn

W BT CHEB Ch > =285 VTS EBfE
WratT-o72,
(RES

RLS &3 wém1¢m1m@9%>%8meW@ﬂ%e
Totz, AU, 7= U TFUENRIEE L VSR T
M o7 39 BINE EN TV D, EHESRIE 51,1 + 18. 2
1% C. 289 141 (61. 8%) 23 Tdh 072, IRLS DS
22.4+7.7 T, BLZ 80% I FESE~FIETH -7z, AHL
DOINHHENT 3. 5+3.7/h ThoTo, fFENTRIG L 727~ 468
D S5, BILEH Y OEEET- LZ0i 67 4
(14. 3%) T >7= (Table 1),

Total (n=468)
51.1=18.2 [20-88]

Age

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)

Severe (21-)

Very severe (31-)
Serum ferntin (ng/ml) (429)
Family history

151(32.3)

228 (48.7)
58(12.4)
79.0:£77.2 [0.4-620]
T7(16.5)

n-PSG variables
TST (min)
Sleep latency (min)
N1 (%SPT)
N2 (%SPT)
N3 (%SPT)
AHI (/hr)
Arousal index (hr)
PLM index (/hr}
PLM index == 15 /hr
PLM arousal index i/hr)

350.3+00.1 [16.0-593.5]
21.4+33.5 [0-346]
15.3+10.0 [1.4-79.0]
50.6+14.3[1.1-83.7)
3.7+45[0-35.9]
3.5+3.7[0-26.3)
10.8+15.6 [0-187.5]
25.4+36.6 [0-203.0]
200 (42.7)
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 DEIGEZFT
L Figurel X 512720 M2 L Y PIMS OFEER 3
I AEmI RSz Figure 1),
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OPLMI>=5k MPLMI==15/h

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 Z{ERZARE L, PRIl i (40 mekli
% reference & L7-), BMI, BEEFE, RLS OFNERE, ¥z
KFD 7 = U F /., IRLS 545, AHI (5 /¢ &
reference & L72) ZMMNIEHE LizaP AT v 7[A|
JT—ﬁ STV TI, univariate DT CIL. B CTH S
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),
AHI W2 & (5=<,<15; OR = 2.052, 95% CI = 1.334
- 3.155, p = 0.001) ZWEETHY. IRLSHEHSITAER
T2h>o 7=, multiple logistic regression model Tl
M-S 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
& BEE# L QU7 (Table 2).

BMEDFEEEIEEESE L L= Univariate TOI YA
T4 ZEUFEONTTTIE, B TH D Z & (odds ratio
[OR] = 1.088, 95% confidence interval [CI] = 1.062
- 1.114, p<0.001), BMI 23\ 2 & (OR = 1. 084, 95%CT
= 1.006 - 1.169, p = 0.035), AHI "FmW\ 2 & (R =
1.090, 95%CI = 1.025 — 1.158, p = 0.006) 3 FE &
7eol-—J7, PIMI 13 BB 2588072 > 7 (R =
1.006, 95%CI = 1.000 — 1.012, p = 0.060),
Multivariate model TiL, milinCTdh5HZ & (OR = 1. 092,
95%CI = 1.065 -1.120, p < 0.001). BMI 28E\W 2 & (OR
= 1.112, 95%CI = 1.017 - 1.217, p = 0.020) 2 =)+
WINT LT RIZBSE L7z (Table 3)

B
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Table2. Factors associated with PLMI == 15/h«
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PLMI, periodic limb movement: index; RLS, restlezs legs sypdleoms:BMI body
International Restless Legs Syndrome Study Group Rating Scale; AHI, apnea hy
adjusted odds ratie; CI, confidence interval+

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

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
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(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.
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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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2006 ; Francati, 2007 ; Etkin, 2007 ; New, 2009)
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X 17z Research Domain Criteria (RDoC) T,
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IEiZ Z DfNICih > b DTH 5,
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(TIWI, T2WI, DWI, Resting state fMRI) D
&, LHEFH %175, PTSD 3 X O ED B ofl &
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R B RGO b LW 2 Fhi 3 5, MMEGERYT
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N3 5, FEERE WERE LS AR ICREEICKRD
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JUIAS 6 0 1
st 32 0 14




¥, FAFRE ORI TIED 24, TEEKR. AEE
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Mre®hil Tw3,

fMRI Data R HRIR
Female Fif AP AR BN EDEQ(UUE%)
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2 2

Functional Connec tivity(Z{8)
Occipital Mid (L) - Olfactory (R)

Functional Connectivity (Zf{&)
Angular (R)_Fusiform (L)

R R o h iRl
Pallidum (R) Frontal Inf Orb (L), r=0.55
Thalamus (R)_Cuneus (L), r=0.53

FIRAARBEA R > h il
Vermis 1&2_Rolandic Oper (L), r=0.50

PTSD HEICBIL Tix. &4 FE £ Cic, it
Wi — & 11l ZINEL 72, 11 BlERS co T
I 7 R RS L C B 2 25, PTSD fERIZ A = vk

EERDTI,
(n=11) (n=11) (paired t- test)

FH5 (£ HIZ ) 35.5+5.9 = -
PDS: & &t 34.4+8.6 19.1+12.5 0.006 *
AR 10.1+3.8 4.344.5 0.001 *
[E]#F 14.843.7 8.0%£5.3 0.005 *
BHEE 9.5+2.9 6.8+4.6 0.116
IESR: & &t 52.9+15.7 29.4+24.9 0.003 *
AR 19.7+8.7 9.5+9.1 0.001 *
[E]#F 18.149.7 11.4+10.4 0.055
BEE 15.1+4.5 8.5+7.8 0.007 *

#*p <0.05, paired t-test
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2-2 Bio-genome markers of treatment responsiveness

of severe-stress related mental disorders

Kim Yoshiharu

National Institute of Mental Health

National Center of Neurology and Psychiatry

Post-traumatic stress disorder (PTSD) and eating disorders are both severe stress disorders
that affect not only psychological symptoms but also brain function, gene expression and immune
function. Cognitive-behavioral therapy (CBT) has been recommended and is now covered by
insurance in Japan, but studies of its effectiveness have not included the physical markers
mentioned above. In this study, we first screened for disease-related genes using samples from
the Trauma Registry Study in our department, and then compared the results with those of
standard CBT (PE) and structured CBT for eating disorders (CBT-E), both of which are covered
by insurance. These markers will be measured before and after treatment to (1) rigorously
validate treatment effects, (2) predict treatment response, and (3) predict post-treatment relapse
and social adjustment. We will also conduct a longitudinal observational study before and after
CBT for eating disorders and PTSD to measure the longitudinal changes in brain neural circuit
function caused by CBT, and clarify the relationship between clinical data, gene polymorphisms
and gene expression, and changes in neural circuit function before and after CBT using
multivariate machine learning algorithms and other analyses. By examining cross-disease factors
that contribute to the severity of PTSD and ED, we hope to advance our understanding of the
complex pathophysiology of trauma and eating disorders and our knowledge of how to treat them.

The Trauma/PTSD Registry Study has thus far included 123 PTSD patients, 37 traumatized
controls, and 129 trauma-free controls, and has included detailed baseline psychoclinical
assessments, measures of cognitive function and cognitive biases, biomarker measures, and DNA
and RNA sampling PTSD The analysis and measurement using this database/bioresource
identified PDE4, BDNF, IL-6, DHEA-S, progesterone, etc. as candidate molecules for PTSD,
and the results have been published in a paper (see reference), The results have been published
in papers (e.g., Refs. 1-10). As a particularly important result, we found that the PDE4B gene is
involved in the re-experiencing symptoms of PTSD by integrative analysis of the transcriptome
of PTSD patients and the transcriptome of PTSD model mice owned by the group of Prof.

Satoshi Kida, a co-researcher of the project. Furthermore, there was a significant correlation
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between PDE4B gene expression, DNA methylation, and PTSD re-experiencing symptoms, and
the results of the mediation analysis suggested that DNA methylation may be involved behind
the association between PDE4B gene expression and re-experiencing symptoms (paper under
submission). Regarding intervention studies, we have completed an open clinical trial of
memantine for PTSD and have begun subject entry for an RCT. The CBT study continues to
collect samples.

Integrated analysis of the transcriptomes of PTSD patient blood and mouse hippocampus
models identified the PDE4B gene, encoding phosphodiesterase 4B, a degrading enzyme of
cyclic AMP, as the top gene commonly exhibiting expression variation. Five of the 125
methylation sites were significantly correlated with both re-experiencing symptoms and PDE4B
expression. Mediation analysis of the DNA methylation sites identified as possible enhancers
revealed an association between DNA methylation at this site and PDE4B gene expression,
resulting in worsening of re-experiencing symptoms.

This research project has provided evidence that contributes to the elucidation of the nature
of PTSD and to the development of curative therapies. The ultimate goal is to continue and
develop this project to promote the complementary elucidation of the pathophysiology and
development of therapeutic markers, which will lead to better treatment of patients affected by
PTSD and eating disorders.

We also detected brain circuits significantly correlated with treatment effects before and
after CBT. Although prolonged exposure therapy for PTSD has always been recommended as
the first choice in international guidelines, its dissemination has been limited due to technical
difficulties. For cognitive-behavioral treatment of eating disorders, the need for procedural

improvements to prevent dropout before and after treatment initiation was found.
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2—3 Basic and clinical study for elucidating the mechanism and establishing

infrastructure for clinical application of interactive neuromodulation treatments.

National Center of Neurology and Psychiatry (NCNP)
Takatoshi Hara, Shinsuke Kito, Yuji Takahashi, Masaki Iwasaki, Ayano Matsui, Tomiki
Sumiyoshi, Kazuhiko Seki, Mitsunari Abe, Fumie Arie

The aim of this study is to investigate the mechanism and the best clinical operation of
neuromodulation therapy in patients with neurologic and psychiatric disorders. The

achievements of this year are as follows.

1. Research on the application of neuromodulation techniques to rehabilitation treatment

of neurological diseases

We performed tDCS on bilateral parietal lobes in healthy subjects to temporarily
reproduce a neglect-like effect, and analyzed the correlation between changes in resting-
state functional connectivity (rsFC)on functional MRI and changes in a spatial
exploratory task during this condition. We found a significant correlation between rsFC
in the right dorsal attentional network and performance in the exploratory task. The
results were consistent with the hypothesis that unilateral spatial neglect is caused by an
interhemispheric imbalance in the attentional network.

In order to investigate the effects of neurorehabilitation on neuromuscular diseases
such as Parkinson's disease, spinocerebellar degeneration, and muscular dystrophy, we
developed systems for a motion analysis and muscle synergy analysis with wireless

electromyography.

2. Research on Neuromodulation Therapy for Mood Disorders

Brain stimulation therapy for mental illness has played a complementary role to
pharmacotherapy. In particular, electroconvulsive therapy (ECT) is a treatment with
high efficacy and rapid onset. It is recommended for cases where suicidal ideation is
imminent or for cases where improvement cannot be achieved with medication.
However, while reports on the stimulation conditions of ECT and exploratory studies on
a small number of cases have been conducted, no comprehensive observational studies
have been reported. In this study, a retrospective observational study was conducted to

clarify the relationship between the therapeutic effects and side effects of ECT and the
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clinical characteristics of patients. Patients who received ECT at our hospital were
investigated by reviewing their medical records to verify its usefulness. The trial design
was a single-center retrospective observational study. The therapeutic effects of ECT
were scored on a 0-4 scale by the researcher based on the patient's functional disability
before and after ECT, which was investigated by reviewing the patient's medical
records. The study investigated the age, sex, diagnosis, length of hospital stay, severity,
social functioning disability level, number of ECT treatments during hospitalization,
treatment duration, stimulation conditions, and presence or absence of adverse events
for the target patients. Based on the various clinical characteristics of the patients,
various regression analyses were conducted to identify factors contributing to the
therapeutic effects of ECT and to clarify the relationship between therapeutic effects,
side effects, and patient clinical characteristics. The planned number of study subjects is
350-400.

3. Generating evidence for neuromodulation therapy for intractable movement

disorders.

Severe Tourette syndrome with accompanying severe involuntary movement disorder
can greatly impair a patient's ADL, but there are still cases where treatment is difficult.
While DBS has been performed worldwide for refractory Tourette syndrome and its
effectiveness is widely recognized, many aspects of how DBS works and its effects are
still unknown. In addition, the indications and techniques for DBS have not been
standardized. Therefore, the accumulation of clinical information on DBS-treated
patients, the construction of evidence for the formulation of guidelines, and the
verification of prognostic factors for treatment effectiveness should be pursued. At the
same time, the effectiveness of DBS for psychiatric elements such as impulse control,
which is easily associated with Tourette syndrome, should be investigated by
collaborating with psychiatrists. During the research period, DBS implantation surgery
was performed in six patients with refractory Tourette syndrome. One patient required
removal due to infection, but the others had good treatment response. A retrospective
study was conducted on 25 patients who underwent DBS at four domestic facilities (21
patients at NCNP), and the results of the treatment course and patient questionnaire
were analyzed using a repeated-measures mixed-effects model. The results revealed that
the improvement rate of symptoms was significantly higher in the group of patients with

tics that severely affect their daily lives, such as self-harm and property damage. In
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other words, even patients with the most severe tics showed good treatment response to
DBS.
4. Establishing evidence of the effectiveness of neuromodulation for neurological

disorders.

The satisfaction of patients with Parkinson's disease (PD) regarding non-motor
symptoms such as depression, anxiety, and pain is lower than that for motor symptoms.
This study aims to address these unmet needs and generate new evidence on treatment
through the use of neuro-modulation techniques. A protocol was developed for a
randomized, double-blind, sham-controlled trial (TMS-PD trial) to investigate the
effectiveness and safety of transcranial magnetic stimulation (TMS) for depression and
anxiety symptoms in PD patients, based on the collection of fundamental information
for TMS treatment planning. In order to conduct the TMS-PD trial, a pilot study is
necessary to obtain baseline data on the effect size of TMS. A clinical trial protocol for
PD-TMS was created, and a pilot study will be conducted to obtain basic data on effect

size, with the aim of conducting a randomized controlled trial (RCT) in the future.

5. Study on spinal cord stimulation therapy for pain associated with neuropsychiatric

disorders.

This study examined Parkinson's disease patients who underwent spinal cord
stimulation therapy for intractable pain, and analyzed their walking parameters using a
Walkway system that measures floor reaction force before and after the start of
stimulation. Eight patients received low-frequency tonic stimulation (low-frequency
group), while the other eight received high-frequency BurstDR stimulation (high-
frequency group), and changes in each parameter were observed. The low-frequency
group showed improvements in walking speed, stance phase time, swing phase time,
cadence, and stride length. The high-frequency group showed improvements in walking
speed and stride length, but there were no significant differences in cadence or temporal
factors (stance phase time, swing phase time, and double support time). Spinal cord
stimulation therapy for intractable pain in Parkinson's disease patients was found to
improve not only pain but also walking, and the mechanism of improvement may differ

between low-frequency and high-frequency stimulation.

6. Study on the effectiveness of transcranial direct current stimulation in the treatment

of psychiatric disorders.



Transcranial direct current stimulation (tDCS) is a non-invasive electrical
stimulation method that modulates brain neural activity by delivering weak electrical
currents of approximately 1-2mA from electrodes placed on the scalp. We have
previously confirmed that tDCS applied to the left prefrontal cortex improves positive
symptoms, motor function, language memory, and language fluency in patients with
schizophrenia who have cognitive impairments. However, there is limited knowledge
regarding the effects of tDCS on social cognitive function (such as theory of mind and
facial recognition), which is known to affect patients' social functioning. In this study,
we investigated whether tDCS targeting the left superior temporal gyrus/sulcus
improves social cognition in patients with schizophrenia. We found, for the first time,
that anodal tDCS to the left superior temporal gyrus/sulcus improves social cognitive

function in patients with schizophrenia.

7. Technical assistance for muscle synergy analysis in patients with neuromuscular

diseases.

The purpose of this research group is to provide technical support for analyzing muscle
synergy in patients with various diseases exhibiting movement disorders at NCNP
Hospital. The aim is to establish a disease-crossing quantitative evaluation of movement
disorders and support the development of new treatment methods using muscle synergy
feedback. The method used to extrapolate experimental results in macaques, which are
closely related to humans, to humans. Muscle synergy analysis, which is considered
effective in elucidating the neural basis of physical rehabilitation, was used to verify the
rehabilitation effect on a model monkey with physical damage (tendon transfer).
Significant changes in the temporal activity patterns of muscle synergy were observed
between early adaptation and late adaptation. As a result, muscle synergy analysis was

shown to be effective in evaluating the effect of physical rehabilitation.

8. Development of high-precision EEG brain-machine interface (BMI) technology.

BMI is a technology that decodes the intention of movement in patients with motor
paralysis from their brainwave signals and operates a machine on their behalf. When a
research subject imagines movement in their mind, the alpha and beta frequency band
brainwave rhythms (mu waves) observed from the vicinity of the central sulcus in the

brain change. The machine detects these brainwave changes and operates accordingly.
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The neural circuits that are mobilized to adjust one's own brainwave rhythm during motor
imagery are not yet fully understood. The researchers hypothesized that the adjustment
of mu wave brainwave rhythms involves not only the cerebral cortex but also the spinal
neural circuits. The primary motor cortex and premotor cortex, which are involved in
motor imagery, have synaptic connections with spinal neural circuits. In patients with
complete cervical spinal cord injury, the spatial distribution of mu waves during motor
imagery is observed over a wide range from the central sulcus to the parietal lobe, rather
than being localized to the central sulcus. The researchers applied this technology to
identify the neural circuits involving spinal neural activity that are related to the
adjustment of mu wave brainwave rhythms. They developed a unique MRI functional
imaging method (cs-fMRI) to evaluate spinal neural activity. In parallel with another
research project, they conducted analyses to identify brain circuits related to the
coordination of mu wave brainwave rhythms. They calculated the power fluctuation of
the alpha and beta frequency bands from the time-series brainwave data and searched for
MRI neural activity that correlated with these fluctuations throughout the brain. They plan
to increase the number of cases and observe the functional connection between the brain

and spinal neural circuits in the future.

9. Examination of ethical issues and ethical support in the treatment and research of

neuromodulation

To promote the clinical use and research of neuromodulation, it is essential to establish
a support system for clinical and research purposes. However, the ethical issues in this
field have not been sufficiently clarified, and there has been little discussion on the
support system for research ethics. Therefore, in this study, we conducted a survey on the
ethical issues of neuromodulation therapy and research and established a consultation
system for clinical and research ethics support for specific treatments and research. While
there is not yet enough previous research on the ethical issues specific to neuromodulation,
we will continue to conduct literature surveys and strive to gather information and share
it with the community at related conferences and international meetings. Although we
have been providing support from the ethical aspect of research through the bioethics
office and clinical research consultation, there are few consultations that are specifically
tailored to neuro modulation research. Therefore, it is urgently necessary to promote

cooperation with other institutions and share information as soon as possible.
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in silico prediction to wunravel pathogenic
intronic events and complicated splicing
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OO E (FITHPENEE) oD E Lz,
22 4 0% 5 H OFli &= 1T 7=,

5 4t 3l TlX. summed MMT (p=0.001).
GMFM (p=0.001), #£7 (p=0.013), B> F )
(p<0.001), %FVC (p=0.002). CK (p=0.003).
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JEV R A #H B E (p=0.004) ., SF-36 @ physical
function (p=0.015) B HFERIK T &E R LT,

5 AR THEBICEIE T A O REAR T AR NR I
RWEd72modz, 2 40N B HIC NPPV
ZEANL, MIZEBEMCERL IO 78—
PIREGEREZ A 14T ONFIE L2, BUKH & O
BIGRIZEA S TR o 7=, M/REE 22.0 +/-
6.2, 5 FEMEZB L CTHEREZMEL, KE 3 4
Thot, HMMEmIZ2A4ICEA N, -
VN T Qb G N TR = e DN e o B N G T W g WA
> 7=, —J7 PAIgG Bt 17 6 (65.4%) 1% EFE
DIENREEFA L AEIC D Foi/ ik
Bobiamoi, fin anny x— . r U
K13 PAIgG B L OB TEN o T,

D.%& %

ODMDAEHE TIXW U - MR ERERRT 5
ZEMBY ., FEMOOOEBEORENLETH D,
G e Y E A ez 1) | AP QAR N =2 NP s [ SN
AN

@GNE X # /3 F — O & W] #E &) 5 5 FE Al T34
MO B EZITo TN S 5[], B2
WOLCIXITREECTH O . RUFTRILERIR D%
THEEFH SN D E RS CORE % AT
& L7z, F7GNER A/ XF =BV TIIPAIgGHHE
DR R0 T IVEBEREIIREE DA~ — T —I2 7
LEREMER D D, S B O ERET 5,

E. &
Summed MMT. GMFM. # /1. v F
J1. %FVC, CK., W AEMHE, SF-360D

physical functionlZ E# CHEICHITT D720,
I EHWTHR%ZEAESRE Y B RS %
HATO ZEDARETH D, EAEFEN.OHEEER
L S N TR,

Tt B £ [ 17
Kriz7p L

GMFTE3ER
1. mmSCFERR

Mori-Yoshimura M, Kimura A, Tsuru A, et al.
Assessment of thrombocytopenia, sleep apnea,
and cardiac involvement in GNE myopathy pa-
tients.Muscle Nerve. 2022 Mar;65(3):284-290.
Yoshioka W, Shimizu R, Takahashi Y,et al.
Extra-muscular manifestations in GNE myopa-
thy patients: A nationwide repository question-
naire survey in Japan. Clin Neurol Neurosurg.
2022 Jan;212:

2. FRRER

OFE LD Ny h—BIFFTA a7 4 —DHK
PRI, 55 63 [B] H AR P I R, HURL
2022 % 5

@#F EH:GNE X A/3F— L/, 58 119
[ A ANB R SRS, 55 (Web) @ 2022 4F
4 A

H.23& 3k

[1] Lochmiiller H, Behin A, Tournev I, Tar-
nopolsky M, Horvath R, Pogoryelova O, et al.
Results from a 3-year Non-interventional,
Observational Disease Monitoring Program
in Adults with GNE Myopathy. J Neuromus-
cul Dis. 2021;Jan 10. doi:
10.3233/JND-200565.
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YA b w7 4 — Ok T EE Ol
ESREw - PRRERIFEE v ¥ —IRkE fREr
ARz

SFn 2 AEFE
Tavz XA va T o —EBE O E
B AR BE T 2 2 hi sk LRI 2E

=i

i

i
(Fav U XMHPA a7 4 —BRITA KT
A > 2014] [1]TIE, REKEIEDOBARH 2 [+
BEEABEATETICOVE I DEITTIHE, &
DUVNIHE FREENEEOS AL, BEOELRLY
BEL7ZH)ZAT, RAFBEICLIRERESCHE
W ELHET 5] EHEREL TS,
bivbiit, TavzrXBHFE A a7 4 —
(DMD) E#F o aiid L, R EEEA
OYPRERTFE2RET 52 L2 BIIC, LRIt
ot a FEhEd 5.

Fik

— WA & LT, AR R B e R R HEE Wil s
IR LT % 39 Mk &kt g e, R ELEAE
AL TWDEEDANE, R EEOMEL A
L7-.

TR L LC, SRR MERR 2 RE L, FEA T
RIS B aEA Lz, 2 LT, OREREED
MABMERVEA DMD 255, ORER< H
HEIERR Lok A DMD B#FH, ONFREEDE
ADPREE & S, BEZ R L 72270 - 72 A DMD
BEH, OFEERICE > TRIENAE U A
DMD BHEH Z i L.

7R, MR, ENLRE - AR ERE R o X —
MEEZERICHEL, ARE2HL OKBRES
B2020-033).

S
—IRFAEE, 39 MRk ZKIHL, TD 5 H 31

B (T7%) 7 S EIEN & - 7. HEEH L7~ DMD
BED 96%MNRATHD Z LN LMo,
Z LT, 2014 4F 4 A5 2020 4F 4 H £ TORIC
HEER L2k A DMD B#E 728 1 ALLEWD 14
a2 L RIAF TG & L7z,

TRHENORIG LI HEFIL 251 ATHo T
Z0H5H, OFENLER VA DMD £ 118
A (47%), ORE7 < BEEERR L 72\ DMD &
F 90N (36%), @BEENLELL iz, EA
L72/no 72 N DMD % 41 A (16%), @F#
ERICE > CTHENE U= A DMD B23# 2 A
(1%) Thotz. LT, QOEFOHMIL, K
ARFEE L2V 19 N (46%), FHEBAHE L
8 N (9%), 1BPEREL A4, R SRIERYLIE, (AR
T, W LE ORENZ1ZEi 3 N (8%) Th-oTz.

ik w

H#EERR L7 DMD #BED 96% 1A TH o7z,
ZL T, HEGHKOLERHHOIZ, HELZEA
L7eol2BHIE, RARFRIELRNZ LR
LHEhoTz.

25 SR

1. [Tav=0XAHoA a7 0 —BBRIA R
TA U ERERES, Tavz U XMFH A bn
T 4 —IRTA KT A 2014, ed. B AMREE,
A AN RS, ENCH - AR EREAF I v
X —. 2014, HL: FETLE.

S0 3 AEE
Y A ba 7 0 —O¥RMIC X D RS AT oK
B

e

A br 7 =TI LT LITHE FEEZGOFL,
RERFOFRRNC2 D, LLRBE, WRIC X
S TEMREITS EIE T, B FEEOAOHHE
RZ DIERIZ DN T 72 R A 220 (1). AHF
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JETIE, MRABY A MR T 4 —OBEFIZTONT,
JRALBIN e TSR A L BRI L7z, Xt
GLLEMHYA M7 0 —1%, Ny h—HHD R
ka7 4—BMD), T2y =y XAH A r T
«—(DMD), #EmEF EBfG A har 7 g —1
A(FSHD1), B~ 2 v 7 4 —(LGMD), 7
SREMEY A hr 7 0 —1 BI(DM1), [RNEEER
A kw7 4—(0OPMD) & L7-.

Jiik

20104F 11 H 1 BH25 2020 4£ 6 H 30 H £ TOFH
(2, BT Ok ISR A I LR AR Y A b
n 74— 286 A (i E 40.575%, & 185
A, # 101 N) Zxtg e Lz, o —Rlfj o2
ke 7 ¢— (BMD) 12 A (P defE 37.5 %,
B12 N), Tav=rXAHo R e 70— 61
A (G JufiE 26.0 s, 5 61 A), EmEEH L
Bl A hr 7 4 —1A1 (FSHD1) 36 A (4
MnrP i 49.0 %, B 13 AL & 23 N), BHAAR
YA br7+—(LGMD) 35 A (%l Jefi 53.0
. B 1T AN, & 18 N), FiiREMET A hr 7 4
—17%% (DM1) 135 A (fEisdhfi 46.0 k. 7
76 N. % 59 %), IRWHEABIAR A br 7 ¢ —
(OPMD) 7 A (s fi 67.0 5%, £ 6 A,
1 N) Thole. TRTORFIIAFOREL
BOEEL Tz,

WE T ISR A CIXIRIA N Y 7 A 10ml OWE T % 5
fliL7z. 2 LC, #AuE, MREEZSEA O, ZLRMaEM
DEEONT NN ERD T B 2wk TRaERE, B
WATRN 220N T BE 2 IR E L.
7B, TRTOBRENLLERELZET, BEL
Fhti L7=.

PRI HE T IEEOSHEE 2 A L, W EE
BEEHE N EREEZOWT, AROEVWERG L
(Mann-Whitney U ¥i7E), £7-, HETFEENH D
BEICHNSCTVIERERE L. (RYVRT 47
A[EF 0T, REIEAIE),

(EES

iy A br 7 ¢ —286 ANH, HE FREEOADHEL 184
A (64%) T, ZD 9 LAk 46 N (16%), Mx5H
FEROFKE 104 N (36%), FLRFaMOFLE 133
AN (47%) ThoT-.

BRI OFAME, MEEHEZER O, FURMEM o7
OEPHEE L, Zh i BMD: 0%, 17%, 8%,
DMD: 8%, 25%, 62%, FSHD1: 6%, 8%, 8%,
LGMD: 0%, 9%, 0%, DM1: 26%, 56%, 62.2%,
OPMD: 57%, 86%, 100% T - 7.

E

RAFIY A ha 7 ¢ —BED 64%2 VFG THRA;
AT 278, FAHE 16%, MEIHERD 36%, FEHEAL
IRKaMIDFREE 47% CTd> - 7=, Wk T BEE AR O K
THRETHD B 2T, KEHNOHETRED S
(#4513, BMD, LGMD, FSHD1 (%<, DMD,
DM1, OPMD iZE0»72. D5 b, jakDA 0k
BN E WV OIE, DML 25.9% & OPMD 57.1%C
Ho7-. DM1 & OPMD | EE Zpml | 2 5 0F
THZLERLT.

i

BMD, LGMD, FSHD1 TiHE FFEE DS OHHEEE
2ME<, DMD, DM1, OPMD TiLZ&OHEEN
WZ &L

o

235 3K
1. A, YA ba 7 ¢ —ouk FREE - 5.
MD Frontier. 2021;1(3):34-8.

SN 4 HEBE
AT A v 7 0 —BEITIT D ABERFOmE T
[EEX 7Y —=27

=
AT A bu 7 =%, LIXLIETHE FES 2 &
Ot L, ABEh ORAEEIENZ O FIEC % EF DR

- 103-



K272 D, LnLain, FilaoFoEiEIC X
D, MEIRZ RV D 2HE TSRO T SR
T, FORBRYSIRN/LEICRY, L IRED
DIRNA T ) — = TRRAEOBEENEE Uiz, A4
Ze1X, YA b7 g —ORE LR DA
oA bw 7 —OBETREEZ@EICAS ) —=
VTR EEEE LT

ik

2010 4= 10 A% 2022 4 11 A £ TORIZ, 4Pt
WZABEL, WETFEERA L I LAY A b
v 7 ¢ —iE 283 N (il 43.0 %, %5 178
N, & 105 N) Zxigl Uiz, Wi, BB
VA r7 44— (LGMD) 33 A, ~Xvh—Alf
YA r7 s— (BMD) 14 A, B8 H Efi
A bm~7 o—1% (FSHD1) 386 A, 7=
= XA YA e 7 ¢+ —(DMD) 52 A, fhiRE
PEYA e 7 —1% (DM1) 142 A, HRNEZER
YA ka7 4 — (OPMD) 6 AThHolz.
TORBETIRFORELZROEBIRL T,

WE T ISR A CIXIRIA N Y 7 A 10ml OWE T 4 5F
i L, A, MEEEZSA O, FLIRMAM O O
TINEROTGE, WETESE L HE L. Wil
BN, HETNEEAIFREZRD, 26% L T AR 27
B, 26%0°0 T4% %Y A7 8, T5%LL EEm Y
AT BT LT,

Wi R O BRI, HASREREE T R E M (SDQ)

TAMEL7ZY . 2LC, HURIEIHES T
BE O T EERAOMR L SDQ OHIERM R %,
WA ZRBE T LT, ks, T XTOEEN
LI EFAEZET, Mba Il .

(LS

iy A hr 7 ¢ —283 N, i T EEHEOEIHE 167
A (69.0%) T, D9 Hiamk 44 N (15.5%), Mz
SHEA O 112 A (39.6%), FLiRKaM 5%
131 A (46.3%) T -o7=. AR O T FEEA O
L, KU 27 FEE LGMD 6.1%, BMD 21.4%,

FSHD1 25.0%, 11U A7 L DMD 67.3%, =Y
2 7 BElZ DM1 78.9%, OPMD 100% T~ 7=.
SDQ (%, DMD O FEE %, A 0.46, FrijE
0.82, BtERH 3 84.2%, FEMEMIHF =R 43.7% TH
HIZHE L= < 0.05).

i i

YA ha 7 4 — TR X - CHiE FREEAOF
DY Ry BE 7 ~7. LGMD, BMD, FSHD1 i3,
W REE O 3R 2T, RN A D
VEE RN EE 2 2. —J5, DM1, OPMD |3, Wi
THEEOHREN 2 TH, ABEORHELE
EDOXMAP I TH D & 2 7. DMD 1%, BE
B FREE SO IUE, YRS MLE T H
HEBZI.

STHik
1. Yamamoto T, Ikeda K, Usui H, Miyamoto M,
M. Validation of the

translation of the Swallowing Disturbance

Murata Japanese

Questionnaire in Parkinson's disease patients.
Qual Life Res. 2012;21(7):1299-303.

- 104-



Duchenne/Becker # fff ¥ 2 + v 7 4 —
(DMD/BMD) D ¥ A F 4R DY REfEH
M REREREFZHER B REE/NER S

Duchenne #fH v A a7 ¢+ — (DMD) (£, DMD
BETORFIZIVCA M7 4 v EREBETLHE
IRPEMRIE T, EITIEOMZEME 4 FIER &35, ¥
A a7 4B RBLEHTERHRESEL SR
D3, ZIVE THREARBEOFLE 2 SO~ 5 FEAE AN 72 70
ST, FAIZBIIARMIFREET, B OV L a AT T
DINRROEENZRTTH AT O EY R+
2 A F ) 75 DMD OffaE 2R~/ d~—71—
Elpn lERFLTCEL (1,2, &6ic, <0
DMD BEDRFHZ A F UAREORIEN S, Z D)
FEIFFERICIRIAS AT 5 2 &, BNEBERHHZE
RHDHZ AR L, Fix OIRIENZ A F 53R
WZHEL WL Z el ST, o, YA be
7 4 VEEET DMD LV #ER TH 5 Becker A
i A a7 4 —BMD)DRHZ A F o &RIE L
e Z A, ZOREIZDMD LY IKET, AL
DEfECH-7-, DMD & BMD DOtigmne, #A
SRREOREIIBRFOREEICHESND Z &
DR EN7-A, DMD, BMD ZNZDOHEET,
RIS A F AMED R T REIRAERITWOETZH L )
TRUN,
% Z C.DMD/BMD (#E DGR T — & g,
DMD D f&ffifs v Th D ACTNS #in A% L R
AT REDOBEZFH~, DMD/BMD (Z38()
DIRF S AT DERERIC OV TR LT,

J5 ik

XFGE 2015 4F 4 A5 2022 4F 5 H ORI
FRFELE R Z %27 5 DMD LW
BMD, DMD, BMD @23 AR i % 72 135 4% 5
MHHH L7z gDNA %721 mRNA T DMD Eix

TIERDOREIZLIVITo T, BKRT — 21320k
gD BRI LT,
R 2 A F RIE
assay kit-IBLOKZ &6z A mursear) [8]1% H
V72 ELISA VETHIE L7z, —HRAEZITV, FH)
BEHEM L, JRFP2Z L7 F =% LabAssay
Creatinine(Wako
Ltz HWTHEL, Ry 7 VT F=riEs
pmol/mg Cr T/r L7z, ACTN3BiaTHIX, KiH
M B L7z g DNAZ W TCEREY — 7 = X
HaEFWCIRE LTz, p <0.05 HiH P EES
L7z, & Z OWFZEI3H P R B & B = O 7K
(No.1709) Z#G TR Z7m->7z,

/¥ Human Titin-N fragment

Pure Chemical Industries,

FERLEBE
® 7V k=Yur (PSL) #5iE#IC X %5 DMD
DIFRAEMEIZRORF & A4 F o 2 W=7
(i
DMD % 155 A (0-33 5%) 7> 6 1 CK 275 il
JRAZ AT 660 DT —& ZHfF L, PSL &5
T & IEI 54 RN AR A el L7,
BEHIC T 5 PSL & G#E, R EREOME CK
O REIXZE TR 5683, 2012 U/L T& Y , PSL
BEL5EEOMmE CK "ARICEE Ch -7z (p<
0.01), 0-57%. 6-10 %, 11-15 k. 16 kLl £ T,
PSL ¢ 57 & FE G REO I CKE A bhigs L7- &
Z A, 11-15 %, 16 kb =T PSL & 5-HE D Mg
CK 1R IVARICEME TH-T2 (p<
0.05)
WIZFERDRF Z R 2 A F o THiToT2, &F
Wl D PSL &G0, R GHEOIRTT & A F
OHIAEIZZ L4 875.2, 580.5 pmol/mg Cr T
&Y. PSLEHHORFT XA F U BN HEICHET
Ho7- (p<0.01), 0-575%. 6-10 ik, 11-15 %,
16 %A T PSL & 51 & IER GHED IR 2 A
ViEEE LI E A, 6-10 Tl RGO
EREGRLIVEETH-7= (p <0.05), —
11-15 w16 LA LTI RO R T Z A T AH
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DIFEGHLVARICEETH -2 (p <0.05),
:%L&ﬁﬁ@m%CKk 2 A F o3I
2L BARREMITESORIE F 2RO (K1),
JT<EP&?4’%/ 1% 6-10 %D PSL 58 CH EIZK
<. CKHMIE TIEAE B2 D> 7= PSL Off D

INHIZDF ] BT o T2

1) FlmBERomiE CK &RP #A4F
RIS A F > (36-10DPSLIF SR TERICEL

LLLLL

PSL-

cK

PSL+

*

rrrrrrrrrr

*

* E‘“

0-5 6-10 11-15 16<
F (1)

PSLI%S(C & D EARRE AN

@ RHZAF 1L BMD OKBREF & KR 58
EMED~—D—Th 5D

i CT ZHoe L. MORPZ A F UAGEZHE LT
BMD #%# 18 N CRHFF A F il & /) CT il (75
EVEDFRER) OBEZRE L7z, 5 CT fEld Lk
OB, KBRS CENEN 2, 1, TEOR
WTHELZbDEZEFF LT, # CT EERFH
A F UEOMHBEEF R L 2 A, KRR, & KR
TEAICIRWE OFAR] (FRBSMR S | v | >0.7) & 78
7= (K2), ZDMOFHA TIZTHERE~HRRE D
ADOHBEZFE DT,

KERIERR « ZFAMNINAAL R ERCBTICHE A S b
HCThbd, BITHR EDOIHEZ Y v 92 & T,
BMD EHICEBW I ORREE A4 2 72 LT
HEEFEZ LN, RPZAT AEERE LEET
HiE, HEGRA CHAEMORHmL, Vel

T arEBETOLERDD, RPZAF
(TIRBRIE T & R —BH A Ok & FHl 9% S A
N ERDEBRI,

B 2) KBRS & RBR HERS DD
A F Ml

CT fE& R~

PN L] 5]
r=-0.707

CT value

20 10
-10

-20

r s
100 200 300 4001000
Uninary titin

A 0
0 100 200 300 4001000 0
Urinary titin

® DMD (2875 ACTNS Bi¥HRERFZA
F AABEDRRY
DMD &£ 97 A0 5 277 AR & A F 5%
B L7z, 3 20 ACTNS &= THEE (RR, RX,
XX fF”) DENZENDRFEZ A F o OIFEFEIZ
RO o, WIT 5-20 IR OERE BT D IR
EP&% FAEDO R 4T 572, RR, RX, XX & D
R A F o OFREIZZENEIL 709, 582,
605pmol/mg Cr ThH 7=, 3HEMDRFZ A TF
WCHEBEZITROZe»o7= (X 3), £72. 512 i,
183-20 M CIRP X A FAHED LR 2 AT > 7273, 3 7
M CHEZITRO o1,

ACTN3 Bl fmna—RT5Ha77F= 3137
WCHAT LV ERET DD, a T/ F=2 3%
KT DR (XX B)ORETIEZ A F U
HEPMERET D LB X BN, AEOBRE T
FREEIZ 21T D IR~ T2

3) ACTN3 B R LR & A F
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10000

RR RX XX
A "
o L} -
ey D8 o 4
o
1000 etesst - S,
3 Sraeesits. 5
< .
A e
:
¥ - T
2 e -
= i . ‘2
2

—
11 . . NS: not significant
3

5 37 A A
sS4t Tl 98~ T FEL gt B

PR Z A F oz V-3l <, PSL 23 DMD 8%
DR Z MM T 2R EZH O L, RPH
A F 7 DMD O BREEORREE 2 HE T D InE~
— =B ERLIEMERTHY, PSL L4
T AREE 2 M4 2 EN 4 & 5 12PE% L .DMD ©
AL S IVIVRIRS T T 2 MENL T D

BMD FEE TIE R Z A F U NRERIAT 6 LUK
JB8 —BRAH O EME 2 AT DN, A~ — A — & 7R
52 EEHLMNTL.BMD BEICBITDIRT A
FrREDOREREMEZ R LT,

BE IR

1. Awano, H., et al., Diagnostic and clinical
significance of the titin fragment in urine
of Duchenne muscular dystrophy
patients. Clin Chim Acta, 2018. 476: p.
111-116.

2. Awano, H., et al., Urinary titin is a non-
Invasive  biomarker to  diagnose
Duchenne muscular dystrophy even in
advanced stage. J Neuromuscul Dis,
2018. 5(S1): p. S202-203.

3. Maruyama, N., et al., Establishment of a
highly sensitive sandwich ELISA for the

N-terminal fragment of titin in urine. Sci
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HRMEFHV A ba 7 4 —ThH B IBE DR
HRETFERRZNER
f[E RF

. ARG A ha 7 4 —BEEZASR &
LizAT A ROFE I AHER

[# S 1@ LB KR A b e 7 ¢+ — (FCMD)
MR A BEOHY A a7 4 —Th b,
20 MEATR ISR A, DAEDNRNTHLT T 528
BIEIEITETE 0. AT a4 REEIL, Duchenne
AfHY A ha 7 ¢ — (DMD) (23 TR H A3
HY, EITER K TS T2 Ao ET v
ARG XN TN D, 2013~2015 FFIZH A LT E
KIZBNT, BT E -7 9 #lo> FCMD %
2T D AT A REHORKEBRAIT, HK
HEERE R (GMFM) % 7= @S AE AT 12
THEFFE7-I3kEwET D L2 Lz V. KAiF%E
TlX, FCMD 2B 5 AT 1A REkO RIS
EREREAEL LT, SRR ETTH 2
EEHHBELTND.

[J73E] Sigmmrseig & a42 HiNE LT, 1B
BRI EER, YEE A R 5. 12X, ENCAFEE
FEENE SR - AR ERIF R o 2 — BT B
IRAIFGE - BUEWHE TR P ERARAIFF8 S0 & A5 g 2 -
FENTHI D ARO S48 % 52 1 i 2 D 7.

[ 1R T23A E - 72 FCMD BE 2545 A7
2 A NG ORBKRBRE R wmCGRE L V. £
7= FCMD (2313 5 GMFM % FV 7= SRS 3
X — & & LT L7z 2. 2021 4% AMED
TR IRIFIE - TRBRHEEIF S IR D A5 (R T
7 1) B E AL, FERRSEBE MO AR
T, 7L F=vnr % 1lmgkelEH (0.5mg/kg/ H)
T 6~12 7 AR A& 53 e ERiEHHE TOR
A FCMD #3815 il 2 5t 5 & U= A 290EaT
ik L, @FEHESML IOEA~T n s R
20 il (DxETe) ZX5 e Lz il 4 VER
L, PMDA @ RS & A Fhta U 7. Fai ik

& X D% OBEE RA~ORZEEIC LY mEREIC
BV, EEIxEE &2 IR B R E 1
Eofo. BUESH L OVRBRIERAL, i ENERs
DOEHICBE LK 2D T2, TRER I I 1Mk 42
7 HERCOBEY 70—, FEh AT ReMER A A 58
TL, &KhiskOFHnE 2 GMFM Oz LU
Bk, FCMD B&EICEBITDH GMFM FFHAli O AL
DibFZHE T Lz, 2022 4 o AMED #4
PEWFZE MR FE S (R T v 77 2) ITEIRSh,
2023 FE X VIEBFERO TE L LTV D.
[Z42] ARO XZHEIC LV, ERRABRYEI XM 72
<SET L7z, Bele, FEMirtEEIZB L PMDA & &
HMAEBIZESTZZ LiFREW. ZRETEMLE
GMFM 024 5Hlids & OV RIEMFZE, g Ly
A b U OREBIIAIF TS S 2 & H3 FE Nt ) 2 SR E T
LHOIIEFICAER CTHo=. VI — P bLERES
DWW I1%EHT, VIARMY ZHWTHEmL TS
TEE LTS, HERWZERRER T, s
MERBREZZ L CAMMEZIEN L7122, bl
(2, RBRICSIN U2 BB E I A & VA DM & F
L, /BEMkGE 2L LTS, BESLD LIAR
WL L THEETZHENR. AROBRRFIZENT,
SHIERRTE LOMEE L 72V FCMD (2B % R itk
ITPRIERE LT, HLWIERETIERWAT A
RZERT v ZURDY g =271 &0 ThE
T5. A7 A NME@EEFEICE T, 5%
ENDHEAIE OFA L2 FCMD OFE#EIRESE
ORI L 72D LV ) R THIEFITEBRHED
EEZD.

[#7m] ARO ZHE%#%1F, v b a—L1E,
PMDA L OEEIZHEY, JEBREITN Y 72 < 58
T L7z, REERBRBBTE S LTS,

(%7 k]
1) Murakami T et al. Efficacy of steroid therapy
for  Fukuyama  congenital muscular
dystrophy. Sci Rep. 2021 Dec 20;11(1):24229.

doi: 10.1038/s41598-021-03781-z.

- 108-



2) BERLDLL. BINBEREH VA va 7 ¢
— BB D EFNRE S ORI L. B
RS 2021:48 (5) © 463-472

I fERERIER A b a7 — 8

[#5] FCMD Ti% 10 iR b a—ThDiA=E
WREIK T ORHEAME S TS, BEHE IFEER
DT BRSO EIEGI D722 <, OFERERE A~
DB, KRB OREE ORGEHI+5 Thehro
7o E7z, BEWTHE A ORHIRRGE OW®EIL 7R
AN
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collagen analyses using mass spectrometry.
J Proteome Res. 2014;13(8):3671-8.
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Consensus-Based Care Recommendations for
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Dystrophy Type 1. Respiration 2020;99:360—368
2) Hawkins AM, Hawkins CL, Razak KA, et al.
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Disord 2019;29: 198-212

3) Rao F, Garuti G, Vitacca M, et al. Management
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2—4
Research to Promote Clinical Development and Build Evidence for Muscular Dystrophy
Principal Researcher: Hirofumi Komaki, National Center of Neurology and Psychiatry

Conclusive Research Report

1. Research Objectives

The purpose of this study was to developmentally modify the Patient Registry (Remudy), which has
been in operation since 2009, and the Muscular Dystrophy Clinical Trial Network (MDCTN), which
has been in operation since 2012, as a project of the CareCure-NMD (CCNMD), and to assume its
management by this research group. In light of the current progress in clinical development of
innovative methods such as nucleic acid drugs, we will promote clinical research to generate
evidence to improve clinical development and standard practice by utilizing the foundation of
CCNMD. We will also consider disclosing information from the user's perspective.

2. Research Organization

Principal investigator Hirofumi Komaki: National Center of Neurology and Psychiatry, NCNP
Co-investigator NCNP: Fumie Arie, Kazuhiko Segawa, Eri Takeshita, Harumasa Nakamura, Ichizo
Nishino, Katsuhiro Mizuno (2020-1), Takatoshi Hara (2022), Yuko Motohashi, Madoka Mori,
Toshiyuki Yamamoto, Kobe University: Hiroyuki Awano, Tokyo Women's Medical University:
Keiko Ishigaki, Yakumo National Hospital(2020), Hokkaido medical center(2021-2): Yuka
Ishikawa, Higashisaitama National Hospital: Katsuhisa Ogata, Suzuka National Hospital: Satoshi
Kuru, Kitasato University: Masashi Takaso, Osaka University: Masanori Takahashi, Hyogo Medical
University: Yasuhiro Takeshima, Matsumoto Medical Center: Akinori Nakamura, Yokohama Rosai
Hospital: Takahiro Nakayama, Osaka Toneyama Medical Center: Tsuyoshi Matsumura, The Japan
Muscular Dystrophy Association: Kenji Yazawa, Kumamoto University(2020-1), International
University of Health and Welfare(2022): Satoshi Yamashita.

3. Research Results
i) Clinical Development

a. Research on the Efficacy of Steroids in Fukuyama Congenital Muscular Dystrophy
(FCMD) (Ishigaki): With the aim of starting a clinical trial, PMDA preliminary interviews were
conducted, a protocol outline was drawn up, a multicentre study system was established, the study
was selected for AMED research funding and a system was put in place to start the clinical trial.

b. CCNMD Facility Survey (Ogata): An annual survey was conducted among MDCTN
member facilities on the number of patients and the condition of facilities, and the results were
published on the website.

C. Feasibility Study Using Remudy and CCNMD: Physician-initiated clinical trials
(Myotonic dystrophy: DM1, Duchenne muscular dystrophy: DMD) using Remudy, a patient registry,
assistance in recruiting subjects to corporate clinical trials (DMD), and feasibility study were
conducted on request. Since 2014, support has included 9 clinical trial subject recruitment, 18
feasibility studies, 7 research secretariats and 36 other research support projects.

ii)Registry

a. The National Center of Neurology and Psychiatry continued the project, taking charge of
the secretariat for the treatment of dystrophinopathies (DMD and Becker muscular dystrophy
(BMD)), GNE myopathy, DM1 and congenital muscular diseases. The number of registered patients
was 2104, 240, 1177 and 75, respectively, as of November 2022.

b. Facioscapulohumeral Muscular Dystrophy Registry (Matsumura): Registration started in
2020. The registry items cover the “core dataset for the international FSHD registry,” making the
data available for international use. Dissemination activities were carried out through patient groups,
member facilities, related research groups and academic societies, and 163 registrations were
obtained as of the end of October 2022.
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C. In anticipation of its use in post-marketing surveillance, the multicentre Remudy-DMD
study, a registry with new functions and a certain level of reliability assurance, was started, and 117
registrations were obtained as of the end of 2022 (Osamu Nakamura).

d. Myotonic Dystrophy Registry (Osamu Nakamura, Takahashi): The myotonic dystrophy
registry data operated at Osaka University was transferred to NCNP. Multiple regression analysis of
registry items was performed on 974 symptomatic patients using items from the registry. There was
a strong influence of CTG repeat sequence length on grip strength, %FVC and QRS, and age at
registration on PR. Next to PR, grip strength, %FVC, and QRS were all significantly affected by age
at registration. Using the Remudy patient registry, we conducted a secondary survey on lipid and
glucose metabolism and liver function, and found that dyslipidemia and liver dysfunction were more
frequent, and that dyslipidemia was not adequately treated. Remudy was utilized to recruit patients
for a multicentre physician-led clinical trial to investigate the safety and efficacy of erythromycin
(Takahashi).

e. Oculopharyngeal Muscular Dystrophy Registry (Yamashita): Preparations were made for
the start of registration by setting registry items, examining the establishment and operation system
of the registry system, conducting publicity activities, and international collaboration.

f. Uninsured genetic analysis and curation of dystrophinopathy, GNE myopathy, and FSHD
were performed during registration. We successfully detected D4Z4 repetitive sequence repeat
length and CpG methylation simultaneously by using a nanopore long-read sequencer for genetic
diagnosis of FSHD, which requires a complex procedure and data analysis (Nishino).

iii)Natural History

a. Prospective Natural History Study of DMD (Takeshita): 33 cases were registered and the
study continued with an interim analysis. Using the North Star Ambulatory Assessment (NSAA), we
presented for the first time the minimal change in motor function assessment for Japanese DMD
patients, including an average decrease of 3 points at 1 year from baseline and an average decrease
of 8.9 points at 2 years. The exercise intensity and sedentary time obtained from the activity meter
measured at the same time correlated well with changes over time in the NSAA and the 6-minute
walk test, providing fundamental insights for the clinical application of real-world data. Individual
patient data from this study was provided to a company on request to evaluate the efficacy of the
company trial.

b. Prospective Natural History Study of GNE Myopathy (Mori): A 5-year prospective
observational study was conducted and data on summed MMT, GMFM, grip strength, pinch
strength, %FVC, CK, leg body composition measurements and SF-36 showed significant
progression in the long-term.

C. Multicentre Study of Natural History of BMD (Akira Nakamura): We collected clinical
information from genetic mutation information and medical records of 319 patients with BMD.
Among them, based on the data of 305 patients with BMD for which accurate genetic information
was obtained, we analyzed the phenotypes of skeletal muscle, respiratory function, cardiac function,
and central nervous system disorders, in addition to patient attributes, and their association with the
genotypes. And we found for the first time that the phenotype and severity of these elements differed
according to the genotype of the patients. In addition, the frequency of co-occurring central nervous
system disorders in BMD was higher than expected, with epilepsy and intellectual and
developmental disabilities being the main features in some cases.

iv)Outcome Measure, Biomarker

a. Upper Extremity Function Assessment of DMD (Mizuno, Hara): The Box and Block Test
(BBT) and Purdue Pegboard Test (PPT), an upper extremity function assessment method that can be
applied to various diseases, were performed in 64 DMD patients aged 8-41 years. We found that
BBT and PPT correlated well with the Brooke scale, a standard upper extremity function assessment
method for DMD, and could be used as quantitative indices until about age 15-18, when they could
not be performed. Furthermore, we found that the classification of upper extremity motor
dysfunction, which was developed by the NCNP research team in the past and can be relatively
easily measured in clinical practice, correlates well with other upper extremity function assessments.
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b. Activity Meter Assessment of DMD (Mizuno, Hara, Takeshita): Activity was measured
using an activity meter in 9 patients with DMD who were able to stand up from the floor and walk.
There were no significant changes in exercise over 3 years, but exercise intensity decreased
significantly over time. The results suggest that exercise intensity is more useful as an indicator of
life activity in ambulatory DMD patients.

C. Urine miRNA Analysis of DMD (Motohashi): Of the 2578 miRNAs comprehensively
analyzed by the microarray method, 4 miRNAs showed sufficient expression levels and significant
differences between the DMD and healthy groups, one of which was correlated with the clinical
course and confirmed to be involved in cell survival, proliferation, and size in cell experiments,
supporting its relevance to clinical data.

d. Automation of Quantitative Analysis of Skeletal Muscle Images Using Al (Nakayama):
Regarding the automation of manual erasure of skin and subcutaneous blood vessels outside the
skeletal muscle related to the muscle quantification method using the estimation function of the
skeletal muscle CT image of muscular dystrophy patients which has already been established, we
have developed an automation software using Al by constructing a non-object erasure logic, having
Al machine-learn the position, shape and area of erased parts in a non-object, and having Al
recognize the misdetected tissue as teacher data of a non-object. We developed and validated an
automatic muscle contour extraction program for use in the neural network middle layer of deep
learning. The error of thigh muscle mass between the images obtained by this program processing
and those processed manually was as small as 0.25%.

e. Urinary Titin in FCMD (Ishigaki): Urinary titin levels were significantly elevated in all 18
patients with FCMD compared with healthy control groups, and urinary titin levels were
significantly correlated with serum CK levels. In patients homozygous for the founder haplotype, it
showed a significant correlation with the motor assessment scale GMFM.

f. Biomarker Study of Urinary Titin (Awano): We compared urinary titin levels in DMD
patients classified by ACTN3 genotype, and found no significant differences in urinary titin levels
among the three genotypes in any age group. On the other hand, there was a negative correlation
between urinary titin levels and CT values of the vastus femoris and biceps femoris in patients with
BMD. In patients with active muscle breakdown, it was assumed that the muscles involved in knee
joint movement would be strongly degenerated, and urinary titin could be a biomarker for assessing
degeneration of the vastus femoris and biceps femoris.

v)Evidence Building

a. Epidemiological Study Using the National Database of Neuromuscular Diseases
(Motohashi): The target diseases, assessment items (primary endpoint: number of prevalent patients,
secondary endpoints: incidence of diseases and quality of medical care) and the environment for
handling data were set up, and an ethics application and a data use application were submitted to the
MHLW, which was accepted. A data management system was established, including rules for using
NDB in NCNP.

b. Survey of Parents' Intention to Newborn Screening for Spinal Muscular Atrophy (SMA)
(Takeshima): A questionnaire survey was conducted among parents of children attending outpatient
allergy clinics and parents of 5-year-old children in the prefecture who were eligible for health
check-ups, and revealed that parents tend to be positive about newborn screening, although they do
not have sufficient knowledge about the disease and treatment of SMA.

C. Multicentre Study on the Timing of Introduction of Alternative Nutrition for DMD
Patients (Yamamoto): The data of 166 Duchenne muscular dystrophy patients from 7 multicentre
study facilities are collected and analyzed.

d. Dysphagia Associated with Adult Muscular Dystrophy (Yamamoto): A study of 286 adult
muscular dystrophy patients with dysphagia who had undergone contrast-enhanced swallowing
studies and perceived dysphagia using the Japanese version Swallowing Disturbances Questionnaire
(SDQ) showed that dysphagia was less frequently associated with BMD, LGMD and FSHD1, and
more frequently associated with DMD, DM1 and OPMD. For FSHD1, the complication of
dysphagia could be diagnosed from the patient's perception, but not for the other diseases. We
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believe that patients with DM1 or OPMD should be suspected of having dysphagia even if they are
not aware of it.

e. Cardiac Dysfunction Associated with Myotonic Dystrophy (Segawa): Cardiac
complications were found to be more common in cardiac conduction disturbance, atrial fibrillation,
and atrial flutter, and less common in ventricular tachycardia and decreased left ventricular
contractility.

f. Development of Multidisciplinary Team and Formation of Specialized Centres Related to
DM1 Respiratory Management (Ishikawa): A study according to the international consensus is
underway.

g. Research to Establish the Usefulness of Skeletal Muscle Imaging in the Differential
Diagnosis (Kuru): A diagnostic algorithm for limb-girdle muscular dystrophy (LGMD) using
skeletal muscle imaging findings will be developed, with the aim of completion in the next fiscal
year after approval by the Japanese Society of Neurology. The IBIC Image Database (IBISS)
operated by NCNP was utilized for the creation.

h. Study of Postoperative Outcomes and Risk Factors for Perioperative Complications in
Neuromuscular Scoliosis (Takaso): A study of 30 patients (SMA in 11 patients, DMD in 8 patients,
other in 11 patients) with flaccid neuromuscular scoliosis who had severe deformity with a Cobb
angle of 100 degrees or more at the time of surgery and who had undergone posterior corrective
fusion showed that the average Cobb angle before surgery was 121.9 degrees (42.9 degrees after
surgery) and the patients had severe restrictive ventilatory impairment preoperatively. The average
operating time was 339 minutes, the average blood loss was 1440ml, and 8 patients had
perioperative complications. It required highly invasive surgery to correct severe spinal deformities,
and there were many perioperative complications, and it was necessary to establish a consultation
system with specialists so that therapeutic intervention could be done before spinal deformities
became severe.

i. Study of Ethical Issues in Preclinical Diagnosis, Early Diagnosis and Early Treatment of
Muscular Dystrophy (Arie): ELSI (Ethical, Legal and Social Issues) survey on early diagnosis and
early treatment of muscular dystrophy and public awareness survey on early diagnosis and early
treatment technology were conducted, and ELSI was examined and summarized. The research also
aimed to disseminate and share information to society through outreach and in-reach activities.
Reviews of the literature revealed ELSI's challenges to address key issues such as personal data
protection, genetics discrimination, right to disclosure of information, and family relationships. An
opinion exchange meeting was held on the theme of considering ELSI in the preclinical diagnosis,
early diagnosis and early treatment of muscular dystrophy with clinical and humanities experts and
others. Based on the findings that not enough research has been conducted on the challenges of
living with rare diseases, and that this issue has not yet been clarified from the perspective of
patients, we will continue our research in light of these challenges.

J- Clinical Research from the Patient and Family Point of View in Close Collaboration with
the Patient and Family Association (Yazawa): The research group works closely with patient
associations, and this year again conducted research in collaboration with them regarding the
implementation of lectures, research on registries and outcome measures, and consideration of
ethical issues.

4. List of Published Research Results
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