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conducted pre-inspection

Test subjects obtained informed consent and

43 cases

Conflict with the exclusion criteria
- 19 cases

PSQI- J score below 6 points

4 cases

Total 23 cases

20 cases

Possible subjects incorporated in the study

Ranking below 13th - - 8 cases

12 cases

Test subjects incorporated in the study

Analysis sets
12 cases (Male 4 cases, Female 8 cases)

Fig. 1. The number of analysis sets.

PSQI- J, Pittsburgh sleep quality index, Japanese version.
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Table 1. Sleep quality evaluation

Before 2 weeks p value

, Test 21 + 0.1 10 + 0.0% 0.001

Sleep quality Control 20 £ 0.1 11 £ 0.1%* 0.002

Test 21 % 02 11 £ 03% 0.010

Sleep latency Control 19 + 03 11+ 03% 0.031

_ Test 16 + 0.1 11+ 0.2% 0.014

Sleep duration Control 15 £ 02 12 = 02 0.103

o Test 02 + 0.1 01 + 0.1 0317

PSQI-J Sleep efficiency Control 03 + 02 03 = 0.1 0.655

. Test 08 + 0.1 05 = 0.2% 0.046

Sleep disturbance Control 09 = 0.1 03 = 0.1% 0.005

, Test 0.0 = 0.0 00 + 00 1.000

Use of sleep inducers ") 00 + 0.0 00 + 0.0 1.000

, , Test 13 + 02 03 + 0.1% 0.006
Daytime dysfunction — * 09 + 02 04 + 0.2% 0.014 4

Test 80 + 05 40 £ 0.7% 0.002

PSQIG Control 75 = 07 43+ 0.7% 0.006

Results are expressed as mean + SEM, *p < 0.05, **p < 0.01 vs Before, ¥ p < 0.05 vs Control, Wilcoxon signed-rank test, n = 12. PSQI-J, Pittsburgh Sleep Quality
Index (Japan version) questionnaire; PSQIG, PSQI global score; SEM, standard error mean.

Table 2. OSA sleep Questionnaire.

Before 2 weeks p value
First factor Test 40.17 = 4.52 70.61 + 5.23%%* 0.003 :I ¥
(Sleepiness on rising) Control 44.53 + 6.24 66.95 + 5.09* 0.012
Second factor Test 3497 + 4.81 66.02 + 4.25%%* 0.003
(Initiation and maintenance of sleep) Control 33.73 = 3.36 59.28 + 4.28%* 0.005
OSA sleep Third factor Test 74.04 = 7.03 79.17 = 3.84 0.463
Questionnaire (Worries) Control 7142 + 7.72 77.29 + 3.86 0.310
Fourth factor Test 41.69 + 4.35 71.58 + 4.57%* 0.003
(Refreshing) Control 44.81 + 5.02 65.09 += 4.02* 0.011
Fifth factor Test 52.88 = 5.96 75.54 £ 4.17%* 0.010
(Sleep length) Control 52.75 £ 6.15 75.71 £ 5.43% 0.016

Results are expressed as mean + SEM, *p < 0.05, **p < 0.01 vs before, ¥ p < 0.05 vs Control, Wilcoxon signed-rank test, n = 12. OSA, obstructive sleep apnea
syndrome; SEM, standard error mean.

Table 3. Anthropometry.

Before 2 weeks p value
Height cm Test 163.63 + 1.83 - E -
Control 163.63 + 1.83 - = - -
. k . + 1. 63+ 1.61%* .
Weight g Test 60.19 + 1.68 59.63 1.61 0.004
Control 59.87 + 1.7 59.76 = 1.67 0.491
% Test 28.78 + 1.97 2831 = 1.96% 0.028
Body fat
Control 28.58 + 1.89 28.35 = 1.98 0.494
BMI - Test 22.45 + 0.39 22.23 £ 0.37%%* 0.003
Control 22.33 + 0.38 22.27 + 0.38 0.296
+ 3. .
Blood pressure (systolic) mmHg Test 116.8 :I + 3.7 113.3 3.1 0.176
Control 111.0 + 3.2 111.3 = 34 0.817
+ 3. .
Blood pressure (diastolic) mmHg Test 67.8 + 34 67.2 3.0 0.698
Control 65.2 + 2.8 67.1 = 3.1 0.280
/min Test 69.3 + 2.7 68.6 = 2.8 0.701
Pulse
Control 66.3 + 2.6 67.8 £ 24 0.437

Data are expressed as mean + SEM, *p < 0.05, **p < 0.01 vs before, { p < 0.05 vs Control, paired t test, n = 12. BMI, body mass index; SEM, standard error mean.

(6)
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Table 4. Blood, urine, salivary examination.

Hormonal examination Before 2 weeks p value
T + 10, 1 o+ 14, .
GE1 ngmL est 1243 £ 10.1 119.1 14.4 0.473
Control 1147 + 82 1247 + 14.0 0.256
+ . .
Serum  DHEA LeldL Test 1288 + 17.1 121.3 16.7 0.325
Control 1384 + 220 1244 + 160 0.098
. Test 90 = 0. 83 + 067 0.913
Cortisol pg/dL s 790 075 7.83
Control 898 + 0.96 763 + 061 0.157
Test 9878 + 2.932 9117 = 2725 0.370
SaMT /mg C
a nerme tre Control 11132+ 3715 12342+ 3.904 0.761
Test 20431 + 5791 20951 + 4.136 0.940
HaMT /mg C
a pgrme tre Control 15371 = 2761 12394 = 2327 0.201 J#
. Test 19547 + 6.878 15614 + 3.795 0.446
Urine MEL /mg C
pg/me tre Control 22297 = 5412 10679 + 3.000% 0.019 It
Test . + 21251 60171 + 13.923 0.249
NAS pg/mg Cre s 78618
Control 70475 + 16.237 45550 = 7.744 0.064
Test . + 1757 21012 = 3.106 0.886
SHT ng/mg Cre °s 20.468
Control 22479 + 2.037 20700 = 2.854 0.413

Data are expressed as mean = SEM, *p < 0.05 vs before, ¥ p < 0.05, # p < 0.1 vs Control, paired t test, n = 12. IGF-I, insulin-like growth factor-I; DHEA-s,
dehydroepiandrosterone-sufate; SaMT, 6-sulfatoxymelatonin; HaMT, 6-hydroxymelatonin; MEL, melatonin; NAS, N-acetylserotonin; SHT, serotonin
(5-hydroxytryptamine); SEM, standard error mean.

Table 5. Continuous glucose monitoring.

Average GLU p value
. T . + .
During sleep (24-6 o’clock) mg/dL est 86.65 = 237 0.849
Control 86.03 = 3.42
Morning (6-12 o’clock) mg/dL Test 0462 = 1.89 0.832
Control 95.27 = 3.30
Afternoon  (12-18 o’clock) mg/dL Test 10722 = 2.68 0.892
Control 107.71 = 3.73
. Test . + .
Night (18-24 oclock)  mg/dL es 106.78 == 2514 515
Control 106.37 = 3.72
24 hours me/dl, oSt 98.83 2 200 494
Control 98.85 = 3.27
Portion
GLU 140 mg/dL or larger
(Average of 1st day-7th day) % Test 585 = 130 0.145
Control 8.14 = 2.06
(Average of 8th day-14th day ) % Test 5:23 = 1.66 0.787
Control 437 = 1.13
(Average of 1st day-14th day) % Test .49 = 143 0.301
Control 7.03 = 2.00
GLU below 80 mg/dL.
(Average of 1st day-7th day) % Test 13.93 = 5.59 0.593
Control 18.53 + 548
(Average of 8th day-14th day) % Test 11.28 =299 0.138
Control 2395 = 6.02
Test . + .
(Average of 1st day-14th) % ©s 12,72 = 4.07 0.280
Control 2049 = 540

Data are expressed as mean = SEM, n = 12. GLU, glucose values measered by Free style Libre.
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Fig. 2. Changes of melatonin metabolites in urine.
a: SaMT, b. HaMT, ¢. MEL, d: NAS, e: SHT. Results are expressed as mean + SEM, n = 12, paired t test vs control.

SaMT, 6-Sulfatoxymelatonin; HaMT, 6-Hydroxymelatonin; MEL, melatonin; NAS, N-acetylserotonin; SHT,
serotonin (5-hydroxytryptamine); Cre, creatinine; SEM, standard error mean.
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f

5 A D BN

[ B UGS 55 C D4R 75 40 7% LL L 65 7% Rl o fe B 72
B ARNRIHER~ Y ML 2% 2 HEEH L 7B OBEIRO
BAOEL b N IR CoEEIZO>wTr o
AT =N — HBGRER I TR L 72 BEBRE 1261 (B - 4
B, P8 1) D4R, 51.9 £ 7.2 5% (BME:53.5+79
M. LM 511 £7.25) Tholo

MERRBE oo H B AEIRIZ. PSQI- T T [ H R EENEE | A%
FRBRTECUCEMN (p<0.1). OSA MEIRFHAEZET [P
RO Th5H] WRBHCHEICUE (p<0.05). [
BHbH] (p<0.1) [IRYDE,ro72]) 25T COEE
M%7z (p<0.1)e TNEHOFTENS, RERMHHIC
£ % BRIERGCERROTRIZ S NS,

PR X T b = ACEI KA TR SaMT, NAS, 5HT
A B ZACIZERD 5Nk o 7275, HaMt 3 akBRiE C
CPRZ=NZMEE (p<0.1). AT b= 25ilBafECHZIZ
RNz (p<0.05) 0 PLE X0 sBRaHEFT B 0 )5 237
HIERF O X T b= Y G IEDS L VI REMEDTRIZ S LA o

2 308 I At 1 I A 0 52 AR 7 T3S GLU I I ik B
ERIRBEICEER X R o 720 F 72 IE R o S I
Fe ORI pE O W BLE A ISR Z o 7225, —HT L
DEFHIBVT, 9 HH LV 11 H B T ImAE o HBHE
(CHEH I AR S, BB O J A5 B L ) 1B
MR EI DS A S 7z (p<0.1)o RERGEHAREO T
AR T REEHR O BB O TE R P28 & < PRz LT 2 & 3R
T& 5,

A EFMIE B R E L OVERIR . BMIIZDW T,
AT & el O 2 8212 B CRRBREE TR B A
DREO HNTzo HEFZRAEIZB VT4 KE AR
SN I T, R TH o 7272 ERT O
MW CRBRIER G L7z . BRiASEREEZ 5N
ELEROMRIN Do T,

H R IR o G

ARPER IOV TIE 2 TRE2 [l B R R % Ji AT
220 A3 EETH S

PSQI-J 12DV Cid, 45 1 5B CalBRah o 4
LD U Tom HEFEROLEI S N2, RO
H (2101 - 1.5+0.2, p=0.008), AMNLER (2.3 +
0.3 = 1.7+0.3, p=0.034)., BERKEZ (1.4 +£0.2 - 1.0
£0.0, p=0.046). HPEEKEE (1.7+£0.1 - 0.7+0.2,
p=0.002) ODAITIPHEEIYLEL . PSQIG 13k
#9.5+£04) POBWERE (7.1 £0.7) ICHFEICUEEL
7= (p=0.005),

55 2 BRI 4 HH OB OMEHIZ L ) LT o<
PSQI-J HHEFERDOUED A S 722, RIROE (2.0 0.4
—0.8+0.6, p=0.006), ARFH (2.0+09 — 0.8+ 1.0,
p=0.016), FEAEHMH (1.7+0.5—>1.0+0.8, p=0.011).
FEIRAEE (1.3 £0.5 = 0.7 £0.5, p=0.034), HHEHE
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W (1.5+0.8 = 0.5+0.7, p=0.026) DAIATHEE
12203 L7z, PSQIG IZRERESE (9.0 £ 1.7) 2 SR
£ (39+2.1) ICHEZICEEL. (p=0.005),

85 3 EERCIE, 2 A OREBRGBOMHIZ L ) LLUT ol
< PSQI-J BEAERDEFED A S N7z MEIROE (2.1 0.1
—1.0+0.0, p<0.01), AMREH (2.1 £0.2—1.1+0.3,
p<0.01), MERFMH (1.6 +0.1 — 1.1 £0.2, p<0.05).
IERNEE (0.8+0.1 = 0.5+0.2, p<0.05. HHEERK
# (1.3+£02—0.3+0.1, p<0.01) DAITHEEIIL
# 72 PSQIG &, HHEICIZEEREE (8.0+0.5) »
LEERE (4.0£0.7) 1Z¥GEL7: (p<0.01). THotz,

3HOREE HIZIZFFROKRIE S, AREBO B
FEIRELERN RO W TEHBMAEH N2 L 2R LT 5,

OSA IEHRE M ZIC oW TId, 4 1 BB T 1 N7 -
RERIFIRAL (15.29 + 3.75 — 20.23 + 5.37, p = 0.041).
552 T AR & MEARAMERR (11.87 £3.83 — 17.47 £3.92,
p=0.012). %4 KT fEo7mE (14.23 £ 3.84 — 19.30
£5.79, p=0.038) IZBWTHER AT TUWEN AN,

83 ERBRCIX. 1 AT RIRIFIRS (13.40 £ 5.22
— 23.53 £ 6.05, p< 0.01), %2 KT @ AHR & MEHRHE RS
(11.66 £ 5.55 = 22.01 +4.91, p< 0.01). %4 KT : J&
FrmfE (13.89 + 5.02 — 23.85 £ 5.28, p< 0.01), %5
AT o BEIREER (17.62 + 6.88 — 25.18 £ 4.82, p< 0.01)
ICBWCHBER AT TUWEDN AR LN,

BRI T A A BRI S 20D TTH bo xf
& OBEFILEIZB W TIE, PSQI-J A2 7IZIdHEM A
HEOHLEA I 2o 72h% PSQI-T @ H v B R 8 2
BRI IC B W CUGEEEIN 2 RO 72 (BEMILE p = 0.058) .
OSA MEREMETIXEBNER [HARAaKSThHE] A3
T OUERPRBETHEIIE o7 (p<0.05). 72
OSA HEIREMZFEOH 1 WT (REKFIRS) ] (p =0.060).
EBIEE O [fRED S 5 | (p=0.075) TIRY) 25% 5> 7= |
(p=0.091) DOZALE|\ZBEMAG BT % 2072,

ARl OR RS2 L 72BC b B4 7 B RAEIRSE Z S
UELTBY., L EMEHLAERELVMEIE2 -7
L) TH 2. ZD72OIFH RS &S & O TR DS
HH &SI ook E2 5N D,

e I o> & B A

LA B L AP FIRE Th BRI EE TIEAH
40% D372 AL OIEIREE Z G0 L T\ %, EIROED
T %19 RFEWIRE T H 5 MENR IR EEINFIE 25 (sleep
apnea syndrome: SAS) Tl MR RE % &P 540
TN, T b b, IR &BERH AT o B
EHLTWD, HLA ML 22T 5720020, A
S L ERES E T T LG - IREER LT L TE
B9 BN H D,

FATIIZE Cldk, LA b L ATRIED R H AGEs Hkit
i (SAF: skin autofluorescence) [ HR R 0 K 4512



P A 2T, IEIRIE 0 4 Tld SAF B O E#ER 23
FHIwEE (78 $5Z8dmEanY, bbb,
FERE R R S (4 A ZOVIRIR A ) T2 H AGEs %&
DL H, BRI AT 7% SH A 7»@&5@@)
TIRELA NV ADPRETH L, TabbiEROY
HTIIHLA N L ZAAVNE W,

WEARFE 2 VRGO 52 23 & F V CHERR 0 B & ImpE2E 1k
DEEIZOWTIRIT 24T 0 720 Z DGR, BENRFER ASTE 5
BRI IR R O ARIHE L F 28 0 TE =27 T 140
mg/dL % B % 7 20 o 7oA, BERRIERI 25 3 ~ 4 BRI REEE O

5 (XA AR A ESAAYE L WBIATH S 7z 19, BREIRAS 1
BRI ZHIE LTV,

ZENEIRFIMBE D FE 137 < T, £%I2140 mg/dL 2L Lo
B IR A X 7o IRRE R B A <A & LI E S 1T 1Y,
B A 784 73BN RS 2 ER L9 <, #hRd &

BIRBEAL D AEATAT (. BRIk R 2 B 5o 4
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IZIMEASA 71 [TV Fe FAS—2] 25| XEI32
EWDhPoTERIG20 g s va— 20—
& L CE#fE (open-chain form) #2 L 7 V7 b N
(-CHO) #FTH L, FELTVTY FIEMH % 384 5 M
B2 E o TEHO T VT FRERBIER SN LBRT
H5bo

MEIRAS 2 % 138 LTI 2 S 7 OME 2 52 L8
TENE, TVFe FA=2 OIS DARH ) |
HEFRFICRECHBITZ A2 THH ),

A7 = ACHEY O RFA

ASRORABFIC BV TREABBHER2 X 7 b= 25w
FBZTRHEBIZOWTEHNIT 2 HWTEHERY ~ 7 vx Hw
TAT b=V ROAT b= Y (HaMT, SaMT.
AMK) DHEEEIT>720 AT b= OERR & RHEHRER %
Fig.3 \ZR$ 2,

NH,

HO
Serotonin (SHT)

1
AANAT

HO

N
H

}}ch

“ NAS

HIOMT lI CYP2C19

<O

"\g/ Melatonin

MelDA or Pyrrole ring cleavage
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AANAT
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v
e | \8/
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0 i CH,
ol Y
-0,50 I
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Fig. 3. Melatonin metabolism.

SHT, serotonin (5-hydroxytryptamine); AFMK, N(1)-a
5-methoxykynuramine; HaMT, 6-Hydroxymelatonin;

N-acetyltransferase; HIOMT, hydroxyindole-O-methyltransferase ;

cetyl-N(2)-formyl-5-methoxykynuramine; AMK, N-acetyl-
SaMT, 6-Sulfatoxymelatonin; AANAT, arylalkylamine
MelDA, melatonin deacetylase; AAAs, aryl

acylamidases; AAF, arylamine formamidase; CYP, cytochrome P450 monooxygenase or dealkylase. Quoted and

modified from Reference 7).
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AT = IS A TN T A 2 LIS & o T
MEAL v b TIEBEFRZ WG FEA L L BRI 5 ) &
N5, ZHUEAT P VRIBEIEN S D WERO
I AR I3 < (10-50 pmol/L) . K57 ] o I i 1%
7\ (200-500 pmol/L) o A 5 b = > RIEITHIEG 12 FE VI
V5 Do o TAT b=Vt 512 72> Tk,
MARHEE T, ARy MREOEEIZRETH ). FRD A
Sho v REEDOEEDP oL BHLTWVE, TS
I ERBIEE VT AT b= OREMRHEDTH 5
HaMT 2729, SaMT 33, AMK 5% i & % 5% L 72,

JRAED AT b= ANIBEOEE DA% IR 2T b=
EDOBEEDR N EAMOLN TS, HaMT 1327 b=
YRREEWTH Y. RETIE AT P = 2O 100-1000 f5EE
ETHZE, M AT M= EOMBZRT I &R EDH
S5NTW52,

SaMT I3HERRG 3D R E RV E VWAL Y OEHT
BETT 2, SNOEDORF AT M= U BHEWZIBEL L
TEXMRFEHEMD Y 7 ML BE3Y, KEFEE BT
ALY BIRPOEFOEE S O HEr D 5,

AMK I 2 9 b= oL BED TH 27,
AMK (ZZ N KT 23 )30, F 728 Cldf
FMf o & > a0y - —ElEEE T 2 2 LIS N
“Cb‘é”’”)o

AF b= VI TEIZ AFMK, AMK I2f#f s b,
AMK I EMREHFET 28 E 055 54, v 7 20FF R
BRlzBWTd AMK #5512 & ) B EMEE SN D, &
Fh= BTN —BEAEIC BT AP T ISR
BEZIIHT 24, o T, MEhoTFH - SR &
FAVE (27 =) RSRICHEBC X 2R D ) . TIFED
ARVIRY/3

I & L HEIZBN D WO biZ, T h= v
BWHIMETTHIEN—HE > TWhH, ERETIE, &
WAL BEBREENZAONLDIE, COBTH S,
MECPED 2D ) 6. RIETIOMT . BFFHE OB,
IL AT = VRHORFIZIEAT P U boTW
bho AT N UNRRG - AR E Vo ZINERBEOMERE, B
DORRI\CEE R BER T2 ERB I T 529,

2T b= v R

WAED > EDFEHENTVDDON AT~ = v OFEH~
OIETH Do AT =132 AGEs O 4 SIhEH % #:7-
A, AGEs 7 fRRHEERA 2/ 35, BIKIZA T b=
AT 2 L BMHOBBEMBESEH SN DL, 250K
ATERIZ X DHEEA b L AT 5,

AT = U HERER# A UE L, LA ML AR
T AT % Fig. 4 12F L7,

Melatonin

— 2 N

ROS| AGEs|

Orexin amplitude |

Cortisol | TG|

HDL-C?

»

Carbohydrate metabolism
modulation

N

[ Insulin sensitivity modulatW

Lipid metabolism

modulation

Glycative stress|

Fig. 4. Melatonin and glycative stress.

ROS, reactive oxygen species; AGEs, advanced glycation end products; TG, triglyceride; HDL-C,

high-density lipoprotein-cholesterol.
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B—ICAT P VMBI A AT 2 P, Zhug
reactive oxygen species (ROS) % HZ:3 2 EHIEMH & Bt
1 LB (Bl : superoxide dismutase (SOD), gluthatione
peroxidase) D% EIFATEM QM I230 2659, &
72 AFMK. AMK 7% EORHEY b iRILFH 2 69 %,

BETICA TN =13 AGEs R RHENE I % A 3 5 Y, HEIR
I 7 EHEACH S RIS B IR /Mg 1k (endoplasmic
reticulum: ER) A M LADTCHE L £~ 2 ) VWK
%%, AGEs (3B MO ER A b L A Z A S 4,
{ VA VEA, FWEIT &%, AGEs #75f#I1C &
DIRATIULTER A P LADPERSINLZ EI2X D, KT
L7zA A0 Y WReD T 5 L E2 b b,

BEEAVEVENLIERTH S, AT b=V IidHE
BRGNS OME IV F a2 F (] : cortisol) 43l & K
TEE5b. EaNTF a4 NidEH RO TUHE K OB
Erfideedbic, f A VIR AR TS S5 2 L
T, WMMEDPERE SN L. BEHI VT a4 PO 95%
% cortisol 2340 9 SR BB IS T H HEEH 2 HE T
bo BMEA ML ATHMW SIS cortisol 1F N5 & 4
(lypolysis) #4 L. ¥EE. IBE. 7 /EEOI ba >y R
U TR RS S — . cortisol DI H T IKEE T
I EEIEN @ PPARY (Peroxisome Proliferator-Activated
Receptor y) #* ¥l L CHaRh&RE % &k 3 57,

BN AVEYO—fit L3y VITERBIERAE L. &
FARFIIEEZRL, I EroBEICTwmI NG OF
¥ UIRIE) . A L ¥ D i3I X ) 28 E 2T,
R IMUHE C oW RESE . 255 LA C 23 2SI & % 98692 o 1
F 2 VRIEIZIE R T 50 A LR T v LA
BT L&) 720, MR T ICRO720
A LF Y VREE RO EDRYTH D, AT M=
BERICTTHE L2 L X v AR T EE5 28124
T LT VRIEEZRIE S5,

BINE AT M= OREABUBEERTH 5, Bk
MEZ 2T 2FEBREYTIE AT b= o5
(triglyceride: TG). LDL-C XN & & 21EA D 1 . fE
#F v bTHHDL-C LR 2009, x5 = v #&%4
WZED A2 VRO UEET 5 2 E b —Hid A 2 X
DMEREN L T Do MRKYIRT v P TIEIAT b=
SUAHSRIN L CHERR EACH R 2R 2 & 5 Y BERE
R OEFEMEZRO/ZDICAT b= IFEEREE % R/
LTWBIEbhbdb, AT M=V R BERICHENT 5 L.
BEAOFA A FRIMBE - FA5ER S5 %,

DEodaoox7 s = AR Z BT 208, —#idA
YA AEH A L ISR HE IR B AR EH S B
BB AMENOVER S e U THATIL 2 WS, BERIEEE S
W B\ I 2 BIBEIR G & o 7eE A v A Y IMED IR
BETIEAT b= V32 A VR Y RTS8 5%, —
e BB TEA YA AEADP RS TV a— 2R
ABDNEFEAL L 0708 45 L LT HOMA-IR (homeostasis
model assessment of insulin resistance) (XK T3 5% 2 &
PH, A YA VRIS Lo LT & 5, 72

-~ B2y
-
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FRILA N L ARHELA b L AATBRVIRAE Tl AGEs LS
ML, BEBMIFEER A ML ANHAL, 1A VA&
B & TWAMET§ 50 20 X9 % IREECIEPUERLIEH J O
PubEILIER (AGEs 7)) #3527 b=V I3HEPR
MDA > 2 Vi ER§ %, AT b =245
WM 1L 2 BERIRFSIED ) A7 T TH L, 25+ =
RS AR O B L LIS B BIS LT D 7Y,
HICHERRERH DA% ST 00V F— R EoH #1125
boTwnwbEEZLNS,

S RIORER B CRES O I X ) HIRH HaMT
BRORAT M= rvadrmd RN EmE B0l b,
MEIROENE T o 72kER A T b= v waEdyem Rz
LEZOND, TOL) RIERE HHE, il L2k~ 7%
AT MM EZTLIENTELTHS ),

L9 PR IS S o D BF-Aiff

ArmlOFER T, AERmOMHIZ LY HbAle A8 5.31 +
0.23% %5 5.19 +0.17% ~HEIALT L7z (=2.6%, p=
0.003) #ERPHE LNz, SHORETIX, R iy MoHE fE
WA T, RERHEED J7 25 BREE X 0 AR e o 3L
DDA DS B H AR SN Tze BEIRODE OIS
1% K IRE % S A BER I O s (HbAlc o2ss) 12 &
DEINZOBDBEDODN, ZTOFIZONWTELET S,

RIMBE LA A X2 M, RRAVEISERE S NITT 2 &
PBHSNT VDTN g YRR 12 B $ % il b Ir 4R
BN L T 2o 72 BRIIUHE (31 & 12 BV C O R IR B
BV THEFOEOET %2 b 7253 7379, 1 Rk o
HHHETIXHEBREME (MEA S 7)) &3
D, HER IS 7 FRICHSET AT VT FAS—
ZIZEDAETOUE Y ORESER S NS, KRR O
RIBE DFEIR & L CEROZAL (2% - EE) . BT,
HOFEN D 505, MAROEE L% v, R
MLBERE .2 E 2D & QT B DR, A EANFETT
BRI AN D AEEIZEZ L Vi RO Y
PETT 570, AhOBEIK, 9K, KoL % &R
DOIGEN B H TS TRERRE), BRI, Rt
DT 7% EEERLHIH IR D BT L5600 5, £
I2b7z bk, RRENET 7% ERABEREOIR T I2 24D %,

HHRIMAE ISR T2 2N E COMZER R F LD 5,

FHREAR P IMAE I DOWTH - & SR IREIX, Sl
B D IIAE S 72 < B 2 HBH N CHEBEMEAR 7 72 IREE &
WO TRWTH A ) KIMFEICHS &, SRR,
TR - BB R RRIIE (cortisol) M7 EOEFTASHID
D, EROEMKT2ET 5, S CGEHERFEE) <
(IHECH R OMIIZS) & L CIRIMEEAEH LR 9 Wil el
M b,

T IR (381 O LA T IR (b 2 281 7)) & B
Wb, TOFMETIEIARHTH L7200 LH LA HET
ELLPHERTH LT DD R\, S HORERERD
M, REMOMHD 2 W Idho#EY) 2 EEOMHIZ LY

B ARILNE 25e 3% S X, B o B EIIE (i 2 /3
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F MO BRI AR CHERICUE L2 HE 2RO
L7z THIEHMAZEENS DS I ho/zb o b RE
BIEREEZEZ BbiD,

FEGE A MBS M E A ORE R IIMA DA G % KB L CTH
DL MERREEZD. EIRIFEZ), SHRL, BHRNEOMAED
K&, FLT—VEPERTH L 7-OMFNTIIKE 2557
P L7z SR OMATIRE L L CREIRT oFHImaE, &k
MAEAE, e/ NUHEE o M B T | R R RS & L 72
INAIE LW AE DI DWW THERE CHIBT 2 O3 T
Hbo SEMETRERETH S,

et
AEHAR P IcE EHR IO 51T, Aot
OWTIIMEZ W E T 5

SE X

1) Kageyama M, Odagiri K, Mizuta I, et al. Health-related
behaviors associated with subjective sleep insufficiency
in Japanese workers: A cross-sectional study. J Occup
Health. 2017; 59: 139-146.

2) Nakata A, Tkeda T, Takahashi M, et al. Sleep Health
at Work: Sleep-related risk of occupational injuries in
Japanese small and medium-scale enterprises. Ind Health.
2005; 43: 89-97.

3) Fukasawa K, Aikawa H, Okazaki I,et al. Perceived
sleepiness of non-shift working men in two different types
of work organization. J Occup Health. 2006; 48: 230-238.

4) Tokuda Y, Hayano K, Ozaki M, et al. The interrelationships
between working conditions, job satisfaction, burnout and
mental health among hospital physicians in Japan: A path
analysis. Ind Health. 2009; 47: 166-172.

5) Kubota K, Shimazu A, Kawakami N, et al. Association
between workaholism and sleep problems among hospital
nurses. Ind Health. 2010; 48: 864-871.

6) Sakakibara H, Torii Yasuda M, Shimoi K. Effects of
environmental and social stressors on biological rhythms.
The Journal of Physical Fitness and Sports Medicine.
2016; 5: 143-152.

(13)

T

FABRAE CILIEIR 1B 5 5 B RERICSCEM@EIN, A T b
ZVROAT M= RBEYWTH S HaMT 258 Rz
BAEIN), A WK MRS O SHEE AT A B 25780 Sz, 2
NSO RITHBEOMEHIC LY AT b= v 45
L. WHEIEEOEEESHER SN D TREERH 5 Z &
ERBEL TS, REBRIIFIHDP DL 5BOE6R 5
WREDS VT H 5 A% WY 3B X o THEIR O B A%
AT, EEEEICEEBRT X 2 RS D B

HEF
AEFIE O —E SO E AR (#26350917) 12
X o TEME NI

HREARBAS

KIFFE % ZATT DI H 2 D TN SH L ) g+ %
172

7) Otake K, Sasanabe R, Hasegawa R, et al. Glucose
intolerance in Japanese patients with obstructive sleep
apnea. Intern Med. 2009; 48: 1863-1868.

8) Kashine S, Kishida K, Funahashi T, et al. Selective
contribution of waist circumference reduction on the
improvement of sleep-disordered breathing in patients
hospitalized with type 2 diabetes mellitus. Intern Med.
2011; 50: 1895-1903.

9) Tamura A, Kawano Y, Watanabe T, et al. Obstructive
sleep apnea increases hemoglobin Alc levels regardless
of glucose tolerance status. Sleep Med. 2012; 13: 1050-
1055.

10) Yamada K, Nakayama H, Kato T, et al. Prevalence and
clinical characteristics of unremembered nocturnal eating
in diabetic subjects: Kurume sleep trouble in obesity and
metabolic disorders (KUSTOMED) study. Endocr J. 2013;
60: 1059-1063.

11) Tamada D, Otsuki M, Kashine S, et al. Obstructive
sleep apnea syndrome causes a pseudo-Cushing’s state
in Japanese obese patients with type 2 diabetes mellitus.
Endocr J.2013; 60: 1289-1294.



12) Shimizu K, Yamamoto T, Shirai K. Arterial stiffness, as
monitored by cardio-ankle vascular index, is affected by
obstructive sleep apnea, blood glucose control, and body
weight: A case with 8 years follow up. Int Med Case Rep J.
2016; 9: 231-235.

13) Nagayoshi M, Punjabi NM, Selvin E, et al. Obstructive
sleep apnea and incident type 2 diabetes. Sleep Med.
2016; 25: 156-161.

14) Kawada T. Untreated sleep apnea syndrome and glycemic
control in patients with type 2 diabetes. J Diabetes. 2017,
9:717.

15) Nomoto K, Yagi M, Arita S, et al. Skin accumulation of
advanced glycation end products and lifestyle behaviors in
Japanese. Anti-Aging Med. 2012; 9: 165-173.

16) Yonei Y, Yagi M, Takabe W. Glycative stress and sleep
quality. Prime: International Journal of Aesthetic & Anti-
Ageing Medicine. 2018; 8: 19-23.

17) % W . WS A MREMEEORE  mANIER T 2%
BUWRE 2 A MAEAE 2 78 7 A Z LI LT RIS
2017;9: 175-183.

18) A IEE., FHiE #5. @2 @ S A/ %1 7 &1L, Heart View.
2017; 21: 837-843.

19) Kz —, S RHEZ , BT [5 > /X7 BRE O 55 T-151ii]
WEALA ML AL AR RS . 2018; 69: 516-517.

20) Yagi M, Takabe W, Wickramasinghe U, et al. Effect of
heat-moisture-treated high-amylose corn starch-containing
food on postprandial blood glucose. Glycative Stress Res.
2018; 5: 151-162.

21) Takabe W, Ogura M, Yagi M, et al. Effect on sleep quality
of bedding with a high user rating in a post-marketing
survey: A non-controlled open-label study. Glycative
Stress Res. 2016; 3: 110-123.

22) Ogura M, Takabe W, Yagi M, et al. Effect of mats with
“A Distinctive 4-Layer 3-Dimensional Structure” on
sleep quality, anti-oxidative and immunological function.
Glycative Stress Res. 2017; 4: 172-183.

23) BIHMAIF . € v voN— FHRIRE R ZE HARTEMOER . Kt
FHGHT . 1998; 13, 755-763.

24) BHHTCHE , AR O & S IEBIHY 2 S E (2 BT D B EIRE
CGEDE L OB . HAAEB AL 20065 11: 163-168.

25)Hardeland R. Melatonin in aging and disease: Multiple
consequences of reduced secretion, options and limits of
treatment. Aging Dis. 2012; 3: 194-225.

26) Yonei Y, Hattori A, Tsutsui K, et al. Effects of melatonin:
Basics studies and clinical applications. Anti-Aging Med.
2010; 7: 85-91.

27) Mahlberg R, Tilmann A, Salewski L, et al. Normative
data on the daily profile of urinary 6-sulfatoxymelatonin
in healthy subjects between the ages of 20 and 84.
Psychoneuroendocrinology. 2006; 31: 634-641.

28) Attachment. Melatonin-Sulfate ELISA Kit. Ref # 40-371-
25006. GenWay Biotech Inc., San Diego, CA, USA.
https://www.genwaybio.com/melatonin-sulfate, accessed
at December 1st, 2015.

29)Kawamoto T, Takabe W, Maruyama Y, et al.
Relationships between urinary melatonin metabolites and
glycative stress and body functional age. Glycative Stress
Res. 2016; 3: 15-22.

30) Kondo M, Tokura H, Wakamura T, et al. Physiological
significance of cyclic changes in room temperature around
dusk and dawn for circadian rhythms of core and skin
temperature, urinary 6-hydroxymelatonin sulfate, and
waking sensation just after rising. J Physiol Anthropol.
2007; 26: 429-436.

(14)

Glycative Stress Research

31) Chen W, Cao H, Lu QY, et al. Urinary 6-sulfatoxymelatonin
level in diabetic retinopathy patients with type 2 diabetes.
Int J Clin Exp Pathol. 2014; 7: 4317-4322.

32) Fideleff HL, Fideleff G, Boquete HR, et al. Decreased
6-sulfatoxymelatonin excretion in male GH-deficient
children and adolescents. Horm Res Paediatr. 2015; 84:
88-93.

33) Yamauchi H, Iwamoto M, Harada N. Effects of night
work on urinary excretion rates of 6-sulfatoxymelatonin
and norepinephrine in hospital nurses. International
Medical Journal. 2003; 10: 185-190.

34)Roach GD, Lamond N, Dorrian J, et al. Sleep health
at work: Changes in the concentration of urinary
6-sulphatoxymelatonin during a week of simulated night
work. Ind Health. 2005; 43: 193-196.

35)Ressmeyer AR, Mayo JC, Zelosko V, et al. Antioxidant
properties of the melatonin metabolite N1-acetyl-5-
methoxykynuramine (AMK): Scavenging of free radicals
and prevention of protein destruction. Redox Rep. 2003; 8:
205-213.

36) Silva SO, Rodrigues MR, Carvalho SR, et al. Oxidation
of melatonin and its catabolites, Nl-acetyl-N2
-formyl-5-methoxykynuramine and Nl-acetyl-5-
methoxykynuramine, by activated leukocytes. J Pineal
Res. 2004; 37: 171-175.

37) Schaefer M, Hardeland R. The melatonin metabolite
N-acetyl-5-methoxykynuramine is a potent singlet oxygen
scavenger. J Pineal Res. 2009; 46: 49-52.

38)Kim TK, Lin Z, Tidwell WJ, et al. Melatonin and its
metabolites accumulate in the human epidermis in vivo and
inhibit proliferation and tyrosinase activity in epidermal
melanocytes in vitro. Mol Cell Endocrinol. 2015; 404:
1-8.

399Kim TK, Lin Z, Li W, et al. NI-Acetyl-5-
Methoxykynuramine (AMK) is produced in the human
epidermis and shows antiproliferative effects. Endocrinology.
2015; 156: 1630-1636.

40) BRIFEZ , AN, iltshe , . REIRCESEA (Long-
term memory inducing agent). 4%/ 2016-042875, 2016
F10H25H .

41)Ali T, Kim MO. Melatonin ameliorates amyloid beta-
induced memory deficits, tau hyperphosphorylation and
neurodegeneration via PI3/Akt/GSk3[} pathway in the
mouse hippocampus. J Pineal Res. 2015; 59: 47-59.

42) Tan DX, Chen LD, Poeggeller B, et al. Melatonin: A
potent, endogenous hydroxyl radical scavenger. Endocrine
J.1993; 1: 57-60.

43) Pieri C, Marra M, Moroni F, et al. Melatonin: A peroxyl
radical scavenger more effective than vitamin E. Life Sci.
1994; 55: PL271-276.

44) Cuzzocrea S, Zingarelli B, Gilad E, et al. Protective effect
of melatonin in carrageenan-induced models of local
inflammation: relationship to its inhibitory effect on nitric
oxide production and its peroxynitrite scavenging activity.
J Pineal Res. 1997; 23: 106-116.

45) Okatani Y, Wakatsuki A, Kaneda C. Melatonin increases
activities of glutathione peroxidase and superoxide
dismutase in fetal rat brain. J Pineal Res. 2000; 28: 89-96.

46) Karslioglu I, Ertekin MV, Taysi S, et al. Radioprotective
effects of melatonin on radiation-induced cataract. J
Radiat Res. 2005; 46: 277-282.

47) Tiitiinciiler F, Eskiocak S, Basaran UN, et al. The
protective role of melatonin in experimental hypoxic brain
damage. Pediatr Int. 2005; 47: 434-439.



[4 @RS LARMES | R Z H\72r 0 24 — /3 — ek

48)Zhang L, Wei W, Xu J, et al. Inhibitory effect of
melatonin on diquat-induced lipid peroxidation in vivo as
assessed by the measurement of F2-isoprostanes. J Pineal
Res. 2006; 40: 326-331.

49) Guang LI, Gang HOU, Wei LU, et al. Melatonin protects
mice with intermittent hypoxia from oxidative stress-
induced pancreatic injury. Sleep and Biological Rhythms.
2011; 9: 78-85.

50) Ahmadiasl N, Banaei S, Alihemati A, et al. Effect of a
combined treatment with erythropoietin and melatonin on
renal ischemia reperfusion injury in male rats. Clin Exp
Nephrol. 2014; 18: 855-864.

51) Motawi Tarek K, Ahmed Samia A, Hamed Manal A, et al.
Combination of melatonin and certain drugs for treatment
of diabetic nephropathy in streptozotocin-induced diabetes
in rats. Diabetology International. 2016; 7: 413-424.

52) Ozdem M, Kirzioglu FY, Yilmaz HR, et al. Antioxidant
effects of melatonin in heart tissue after induction of
experimental periodontitis in rats. J Oral Sci. 2017; 59:
23-29.

53)Reiter RJ, Tan DX, Osuna C, et al. Actions of melatonin
in the reduction of oxidative stress. A review. J Biomed
Sci. 2000; 7: 444-458.

54) Takabe W, Mitsuhashi R, Parengkuan L, et al. Cleaving
effect of melatonin on crosslinks in advanced glycation
end products. Glycative Stress Res. 2016; 3: 38-43.

55)Masuzaki H, Kozuka C, Yonamine M, et al. Brown
rice-specific y-oryzanol-based novel approach toward
lifestyle-related dysfunction of brain and impaired glucose
metabolism. Glycative Stress Res. 2017; 4: 58-66.

56) Park JH, Shim HM, Na AY, et al. Melatonin prevents
pancreatic f-cell loss due to glucotoxicity: The
relationship between oxidative stress and endoplasmic
reticulum stress. J Pineal Res. 2014; 56: 143-153.

57) BT A, EHERE, W B, Al . v oL SR E AR .
The Lipid. 2012; 23: 35-41.

58) Tsuneki H, Wada T, Sasaoka T. Role of orexin in the
regulation of glucose homeostasis. Acta Physiol (Oxf).
2010; 198: 335-348.

59) Tsuneki H, Wada T, Sasaoka T. Role of orexin in the
central regulation of glucose and energy homeostasis.
Endocr J.2012; 59: 365-374.

60) Tsuneki H, Tokai E, Nakamura Y, et al. Hypothalamic
orexin prevents hepatic insulin resistance via daily
bidirectional regulation of autonomic nervous system in
mice. Diabetes. 2015; 64: 459-470.

61) Nishida S, Segawa T, Murai I, et al. Long-term melatonin
administration reduces hyperinsulinemia and improves the
altered fatty-acid compositions in type 2 diabetic rats via
the restoration of Delta-5 desaturase activity. J Pineal Res.
2002; 32: 26-33.

62) Hussain SA. Effect of melatonin on cholesterol absorption
in rats. J Pineal Res. 2007; 42: 267-271.

63)Rios-Lugo MJ, Cano P, Jiménez-Ortega V, et al.
Melatonin effect on plasma adiponectin, leptin, insulin,
glucose, triglycerides and cholesterol in normal and high
fat-fed rats. J Pineal Res. 2010; 49: 342-348.

64) Nishida S, Sato R, Murai I, et al. Effect of pinealectomy
on plasma levels of insulin and leptin and on hepatic lipids
in type 2 diabetic rats. J Pineal Res. 2003; 35: 251-256.

65) Ogura M, Okuda F, Hattori A, et al. Effect of melatonin
intake on postprandial blood glucose in the breakfast.
Glycative Stress Res. 2018; 5: 75-81.

(15)

66) Peschke E, Miihlbauer E, Musshoff U, et al. Receptor
(MT[1]) mediated influence of melatonin on cAMP
concentration and insulin secretion of rat insulinoma cells
INS-1. J Pineal Res. 2002; 33: 63-71.

67)Ha E, Yim SV, Chung JH, et al. Melatonin stimulates
glucose transport via insulin receptor substrate-1/
phosphatidylinositol 3-kinase pathway in C2C12 murine
skeletal muscle cells. J Pineal Res. 2006; 41: 67-72.

68)Quan X, Wang J, Liang C, et al. Melatonin inhibits
tunicamycin-induced endoplasmic reticulum stress and
insulin resistance in skeletal muscle cells. Biochem
Biophys Res Commun. 2015; 463: 1102-1107.

69) McMullan CJ, Schernhammer ES, Rimm EB, et al.
Melatonin secretion and the incidence of type 2 diabetes.
JAMA. 2013; 309: 1388-1396.

70) Tan DX, Manchester LC, Fuentes-Broto L, et al.
Significance and application of melatonin in the regulation
of brown adipose tissue metabolism: Relation to human
obesity. Obes Rev.2011; 12: 167-188.

71) Goto A, Goto M, Terauchi Y, et al. Association between
severe hypoglycemia and cardiovascular disease risk in
Japanese patients with type 2 diabetes. J] Am Heart Assoc.
2016; 5: e002875.

72)Lin CH, Sheu WH. Hypoglycaemic episodes and risk of
dementia in diabetes mellitus: 7-year follow-up study. J
Intern Med. 2013; 273: 102-110.

73) Brod M, Pohlman B, Wolden M, et al. Non-severe
nocturnal hypoglycemic events: Experience and impacts
on patient functioning and well-being. Qual Life Res.
2013; 22: 997-1004.

74)King P, Kong MF, Parkin H, et al. Well-being, cerebral
function, and physical fatigue after nocturnal hypoglycemia
in IDDM. Diabetes Care. 1998; 21: 341-345.

75) Jauch-Chara K, Hallschmid M, Gais S, et al. Hypoglycemia
during sleep impairs consolidation of declarative memory
in type 1 diabetic and healthy humans. Diabetes Care.
2007; 30: 2040-2045.

76) Gill GV, Woodward A, Casson IF, et al. Cardiac arrhythmia
and nocturnal hypoglycaemia in type 1 diabetes--the 'dead
in bed' syndrome revisited. Diabetologia. 2009; 52: 42-
45.

77) Takeishi S, Mori A, Kawai M, et al. Major increases
between pre- and post-breakfast glucose levels may
predict nocturnal hypoglycemia in type 2 diabetes. Intern
Med. 2016; 55: 2933-2938.

T8RS, R, M EE, b, FEEE = — kL
& — WS &0 B AR R o B RS B2 AL & T L
Ri7z 1 BURELRF O 1 6. BER . 20165 5: 475-481.



