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AREFIED B HIIX, FEIIFEE 2 A TSN & OIEIR OZ R L OV H %158
PEZ TN L. A RIEENTE 1 2 MEROE & IHEhE & o BEIZ W TR
THILTHDH, AE~DSIMNORE ZF/FTARINBENT# 24 4 (5 13
11, FEEE 66.048.2 %) ZEMTHEL L. Filn, FRBIGEEL~ v F &
TR HE 24 4 (5 14, & 10, FAFHE 70.3+6.8 %) &, 2 JHEH OMER
NTA—5 (KRBEIRERD, BEIRZIR, ANRIER;, R REERFH) o X OvEEM:
(%, MEREEEE, B0 E) oW\ T aiT o7,
ZORER, MBEOKREEREMIZET R EEEO ANIRE K
(0:29+0:20) B L OB FEEREM  (2:21£1:00) (TRFHRREE CAIRIERF 0:1620:13,
HOR BRI 1:3520:41) ITHE_NAREICHEE L (p<0.05) F 7-HEIRZIE (BT
BE 0 67.1 £ 13.6%vs XTHAHE @ 77.5£9.7%) I3AEICIKETH -7 (p<0.01) , F
. MREORERTERE N 22T o 722y, JAEMEOmRE 2 RT omor—72
T FREE (0.068+0.019) (ZH~ZEHTRE (0.050+0.028) THEIEME TH -7
(t=2.49, p<0.05) . %L, XM (8,696+3,047 %) (T~ #r BE
(4,774+£2,845 %) THEIZILL (t=4.61, p<0.01) . BEAR/XT X — X O iRz
IRFfH] & D HFF WA OBHEN GO b7z (1=-0.308, p<0.05) AMfLOMERRFEEE & 13
MBERE D bR oo, —J5, HERTEEEHOM I 2RI HHMH B e —2
B, PREEERFH (1=—0.436, p<0.01) & A EZRAOBENTED bz

59, MERZIREFEREOREE (r=0.532, p<0.01) . AHREFE (r=0.501,



p<0.01) & L HERADHEENGED L,
INODOFERNG, [FHEAENSELZ2 L0, HEAERY XLE2¥ZD
ZENEVENEOEROEICEELEZ KT T EE2 L., BT ORIR « JEIR

D FBE7e L. BT O Z LT ~ON AN MLIGENTE OBEIR OB S E# I A %N T

& D ATHEMED R S T,
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1. iR smds KO E 1

HABHTEFROFEHI L D & BAROEMEN T BEEIE 2011 4 12 A KA
T 30 TAZ#EAx, A% BN RIAENTWD, Fo, BREbm{bihas 2 ik
T 5 X0 IEITEE bELmik L, FIEABRE L X OGN Q&K1
Fnix, EH0 8 65 % LEl- TS (2011 A8 ABE OFHF i 68.4 k.
2011 FEREE OFHER 66.8 %) . —fRIC, HEZ LA THEEE TIX, 18
BRI, MIRENT R OADHE, HILRREA, IREHREZR & 04 0HE K BUEE
R, BEAEEEO B SAE~OEENRENVEF DTN D,
ZDXEORERNG . MIEENTEH DOATEZE D D~O RN EITH#E D HEUER
TRIEEZ BN TWD, £z, BIESEITIRED 96.8% Ik T O MLIKENT TH
D, KEDEFRETH D Z L EEXEDE D L SORIMHGENT & O A4 1% 2%
~DOFEDY ZIRO TN T ENBNTFEHEIZL > TEHERBRETHY, T L
INFHTE ORECR BTG SR T 5 Z LIZBR 5 L B s,

M BT VR REIRIE E 2 £ ># 732 < (Kosmadakis and Medcalf, 2008) . %

AVEENED 6 ENZE Y (Yngman-Uhlin et al. 2012) . EEE, ¥ 3 [BD#HE
FR@ T 1L 8% (Unruh et al. 2003, 2008) (2% % #1A (Unruh et al. 2008) (2
HIEROE MR Z LR SN TN D, — ik 7 BEIR R o0 BLIR] 2 i i
IZHTEDDE, FEASR LA ML ALy ZHEGRE (RLS) 7o & OH{RAER
BT OFIRY 72 EAMEEER, EE EOARZ R EOHFER, S oY

FEAPESR R, BRER R SHH PR RN H D L EZ DN D,
1



GNTEED BIEO—21F, EiFEOHFE., T720bb k& H O R §EAEORE
TR OB OLREY - HETH 5, MIEKENTE O B HE OATEOTEEINEEE 2
Teha. —MEEEFHE RS ERLA0E, B3EL 1E4E72D 4~5 ok
BHTIC K D HIRIEBIOHIRICH 5 &2 5, BARIZET 5 MBI
Priss DEA 72 EITHE - T 1991 4ELARRAE 2 JHfE S v, 2007 45 TP 4 FEfH
Toho7hd, 2008 FEOBFBMSOE I E > TEIREIC TREEICIS U7FE
i) DEEASNZZ LT 4 B EICERE ShABENEE > TV D (2%
W, 2012) . L7=3-> T, MIEENTE O HE OTEEMESCAETE Y XAk BERO
BEOBEZRFTLZLIIHFEFHIMTHERRELE S A5, FEBE. ke
M o A RGBT OV TR L2 B TR Cid, — @& sk~ T 1 A
DHBENRAEIRETH H 2 & D3R STV % (Zamojska et al. 2006, Cupisti et al.
2011, Akber et al. 2012), Z D X 5 2 ARVEEBES AR Y X AITRELEZ KT L,
ERDOE Z ATV DAREENREZ X D, L L, MEETH OMEROE &
A % OTEEIE & 0O B 2 IR FEIE TG L 72iFZEI, 12 & A E R B,

T 2Ty AREFGEIL. BEIIEE 2 IV CONSKRIMIEENTE OEROE 5 L OH
FIREMEZ TN L, REIROE 18I L OFEICOWTHRFTT 2 2 YL

LC3EE L7,



2. ik

IDEPSE =

5L UTc M Bt & OIS, BITEA% 6 » A DL LRSI CHE
PR - PR - BEEANRHER R - SRAVED G OHEN 72 < BT KV
>12 &Lz,

AHFFE~DBIMOD [FE Z TR MEENT# 24 4 (5 13,0 & 11, FEF
66.0£8.2 %) AEMTHEL Uiz, @EATIRITHERREHT 1| 2L E 34 R0 (CFH
10.449.1 /) ToH Y, JFHEBIL, BURERIEE K 12 4. FERPITERERIRE AL
fiE 2 4, BERIATERE 3 44, BE(LIE 1 4, SPEEITHREKIAE R 1 4. IgA
BR14, FH4LTHoT,

F7o, BITRECH LT, i, FEBIOREEZ Y v I Sk #H 24
& (B 14, 010, FHER 70.3+6.8 %) ZxiEREE L, W& {T-7,

7k, 1 B OMEIREAFIEE HE 1TENTRE 10 4, HREE 2 A Th o7,

2) e BRAYACLIE

ABFFEIEAF R ZER BRI IER - REFPMEE BRI THEBOF A &
ek, MAESREOFLZAToTe, TNTOMRHITK LT, ABFED HAY,
FHik, RSN DRI L ORFIRICOWTHA L, BEEHICCREEZSG, £
oy HRAOBIMIBHEETHD 2 &, OB T TH-> THRIREERD Z

L. ORRET S 2 LISk o TRRBSIZAE RN L AR L, BbhiT—4
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X, BEHEZZMH L CTEAMEZERL TRV —RFEAEIBLR T 7 AL

WZRE L, BELLT,

3) FIH

XFRE VTG EIERLSHE (T4 7 2 —4 GS, Suzuken) % AJRKEHEILISL 2 18
MR E S5 & & i, EIRB L UKL 2tk S ¥, AF O
IEEMEORIFEIE L U CTHRBAETRM L, IR 5K £ TOR O fE 2 HH
L7, F7o. BEIREMEOEREIE & LT, MERTELE W L OEIE O S
ERTOME— IV MERA L., 74 73— X &35 Lz 2 Bl OFE T — 4
B, fENTY 7 b Sleep-Sign-Act (X vt 2T v7) ZHNTXU A RS
7o (AN fr 2170, BERTEE NG LU0 e — 7z R, HER
TR JE NI RER & ATEND DHEE SR U XA R L, TOBMOMSS A%
WIE EoEE (i) 23 < 72272, o v — 7 il A0 S OFE T
ELz (K158 .

Flo. TA 7 a—% GSITRERINTIEBIET — % B L OBLIK - EIRIFEZ )
5. fEHTY 7 b Sleep-Sign-Act (¥ vt A a3 LT v ) ZHAWT, REEIRRRL
(TST: total sleep time) . AHBRWERF (SL:sleep latency) . FRFEEREM (WASO:
waking after sleep onset) 3 X OMMEIR%E)=R (SE: sleep efficiency) D45 MEIRZ ¥4 %

K7~ (Enomoto et al. 2009)



4) MEIRBEER U X LTS 2T A

MEAR REAG O FEHER) 7 k1T, BEIRA U 77 F & (PSG. Polysomnogram) T& 5 73,
M5 213 U o mBR R AE o bsn 2 LB & T 213000 2, ZFEZHOEMmLE
BIZL oG E O EHE L L < BFATRICIT 2 MR T ER 510 HER
EEOLEPRIIIARME L F 2D, Lo T, KU T, fEICEEE TREZR
BBV &R (74 72 —4 GS, Suzuken) % FHWIEIRTEER Y X AMEHT & AT L
(Sleep-Sign-Act, ¥ v EA LT v 7) ITL->T, IRHFEDHEFEEIZDONT
MER A DR Z1To 2L & LT,

IR DN SN IEB &R 7 4 72— 4 GS 1L, L~ 0, 0.5, 1, 2, 3.
4, 5, 6. 7, 8, 9D 11 EFFETEZDOIFEFRE Z L (L~UL 0 < 0.06G) . ME
IR FEJE Wb L OMEIRZ oG HICHWH D, 4789 (Enomoto et al.
2009) ZHBWT, —Mek A 31 £ & xIGUC LK RBIBER H > PSG gy & o —%
FTHRBEITREINTEY, Stage 1 : 60.6%. Stage 2 : 89.3%. Stage 3+4 : 99.2%.
Stage REM : 90.1%, &ILHAMBEIRTEEE U X AT 27 A & L CEEMENEW
LWz D,

¥, A TRV B MERAEKIIKRO LB TH D,

- #REELPRIF ] (TIB: time in bed)

HEIR 7> B LR T D RFIH]

&

« WRMEARIFRE  (TST: total sleep time)

LR 5 HREIR (sleep stage 1-4) & € S 7= O #Fo
5



- ANIR¥EE  (SL: sleep latency)
LR B AR F T ORFH
- R EERER]  (WASO: waking after sleep onset)
FOBLIRIF D 9 B TEEE L CU 72 REfR ik
- REARZH=R  (SE: sleep efficiency)

R RERR AR & Fa b IREFRI D b (= ratio of TST/time in bed)

5) s3#r

TRTOT =X, FHEAEYERZE (SD: standard deviation) TixL7z. B
[ D EEZ IR D720y t BEZ VY, RSB L < 20561213 Cochran
Cox IETHE L. £/, 2 BEMOEEIZOWTIIET Y OHEBERE % H

WTHETL, WINOGEAICH A EKEET 5% L Lz,



3. R

1) MEARZ %

BATHE & SRR IC B 1T D EIRZE I D HERIZ DWW T, £ 1 IR Lo, MO
PEAREEH] GEATRE 7:03 + 1:33  vs  HHREE 7:04 + 0:59) (ZEITERO o
7oy BHTHED AIRIER; (0:29 +0:20) 36 K OVRFEEERFH (2:21 + 1:00) [3%f
FREE (ABRVERF 0:16 + 0:13, HRTEERR 1:35 £ 0:41) ([CHAFREICIERE L
(p<0.05) . MEIRZHR CHEHTHE : 67.1 £ 13.6% Vs
BIEETH -7z (p<0.01) , £72. JefThi%E ( Unruh et al. 2008) (ZE- T,

HEARZHZE 70% AT D inefficient sleep ZHH L7 & 2 A, xHIREE 29%. BATHE

50% 3 FZEEYS LT,

xR1 WMBEICHTHEEEHDLLER

KHHBEE © 775 £9.7%) 134

MEEREH / MiEBEREMO=24) 2> bO—)LE0n=24) P fi
#2 B BR FF ] (h:min) 7:03+1:33 7:04+0:59 NS

A BE & BF (h:min) 0:29+0:20 0:16+0:13 0.017
ik B B2 B (h:min) 2:21+1:00 1:35+0:41 0.047
BEAR XN (%) 67.1+13.6 77.549.7 0.004

NS: not significant



2) HERR i 1

1, WOV A R 7T MM OMBGI 2R L T D, ZOFITiE, M

FEDXIGE DAy D B — 7 13312 24 B[] 00 532~ L CWAH 0N, o —7

BV RRBE I ANBTIE C RV IRMETH 2 Z & B0 D,
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WEEOMERTEEBE I OFEIMEE g Lz & 2 A, BHEE (24:06 £0:27) &%
FRHE (24:00+£0:03) OMICAERETRD NN -T2 (t=1.02,NS) , L
L. BEEOMI 2R T o8 E— 7 X, xHIREE (0.068+0.019) 2t~ &
it (0.050+0.028) THEIZKME (t=2.49, p<0.05) TdH-o7=, XL L MEIR

REER NI R Do 7oy, BT O BMEIIAEICHWZ LR she (K
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3) HEOIFEME & MEIRZS £ 0 B

B4 3 1%, JEAHHES B — 7 fE & BEIRZROBEA /R L TR Y . W& ORIZIE
BEREOEENED bz (1=0.532, p<0.01) ., £7-. AL E— 27 E
1L, ABRERE (1=-0.501, p<0.01, ¥ 4) I OHBEFEERH (r=—0.436, p<0.01,

X 5) LAELADOEERRLNI,

100
90
80
70

60

EERRRIE (%)

>0 o0
'. y = 287.4x + 55.38
R?=0.283

40 R=0.532, p<0.01

30
0 002 0.04 006 0.08 0.1 0.12

ERRTERAMIEE—IE

M3 BEEREREEHSEE—7 B & ERHEROREE

(n=48)
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y =-0.273x + 0.032

® R?=0.251

R=0.501, p<0.01

0.05 0.1 0.

BERFEERIAN B E— D&

4 MERTEEERIMS M E— B L EEBROEE

(n=48)

PREEEIERS (h:min)

6:00
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15

y =-0.7215x + 0.1248

R?=0.1899
r=0.436, p<0.01
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HEIRFPEERAM A E— D18

5 BRI E—VE L hRRERRE(WASO)DEE

(n=48)
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WNBHTRED 2 B O 558 (4,77442,845 A%) 1%, KTHREE (8,696+ 3,047
H) ICHANEEBIKETH-7- (24.61,p<0.01, X6) ., 7=, BRI
T, BHTH (3,860 +2,333 %) 13, FEAENTH (5,645+2,917 4) I[ZHA~THE
IR TH > 72 (t24.41,p<0.01) . A& MEIRZFITI VTR, HERSHER
(r=0.230, NS) 35 L OVABRIERE (=-0.253,NS) & ORICHERBI# LR,

R BRI O 55 WA OBE2FE O b7z (1=—0.308, p<0.05) .

14000 -
p<0.01**

12000 H

10000 A ‘{

43 8000 -

/6000 -
EQ)
4000 A

2000 1

K6 WEOEHEZIHE (HH) OLK

HD : FBATEE (n=24) . C : xtHEEE (n=24)
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4. ik

ABFGE T DT EfE R, MEEOMEIRIFHEIZEIT 272 b DO HER
DE % RTHBIAIEE ONRIBRE, FRTERIFR], MERZE) (BN CHE
(EAL LT e, Ee, MREOMERTEEE I EIT Lo Tob DD, JH B
R S 2 R EIINE S E — 7 Eds X ONEEME O BRVIEIE T 2 80T, < IREE
(S THENRECH B o 72, FRBIIERIEE & OM#AE 725 & Bf L
ORI | IR Y — 7 8 L A FBIIEIRIEE & OFIC T ETNAE
72 BE T O BT,

SRWBE 2 BB # 1, EREE 280802 Enmbh
TuW% (Kosmadakis and Medcalf, 2008) , Unruh et al. (2008)i%, I BT 46
& LA - M - BMI - ANfiE~ » FEETo A 137 412D CTHERRHE O A
H B — RTo 5 PSG AT &2 KEUEIZAIT 5 T inefficient sleep (REARZNH 70% A
i) OBEEEHEH L, —RA 34%IZ AT, SN TE Tix 50% & A RIS
ThorZeZzHELTWD, RIFFEICIH T DHEIRZIE 70%ARmOEIS S £,
XTHERE 29%ZATHE 50% THY . FATHIZER R LITE—B L, Zoko57m
HENTH DIRWIEROEIZHOWTOHER I A2 B 5N D505, AL TIEEIC
[EEMEO & LE & OREIZOW TR 21T o 72, £aUE, EHMHEMENWZ &
RBAERY XA EE KIE L, EROEZHEAQTHDAIEENRE 2 515 0
H5CThDH, FEEE MEKENFIL, 1 4~5 RIS SFBHTIC L > TIEEIASHIR

XI5, Sabbagh et al. (2008)I%. 46 4 OHEFREHTHE O B IAHEHE L BEIR DB 25
13



WTRRFET L, TEEMER 27 MK, 23D CRP AEWiEHiTE 1L, BERRIC L2 E
> Y N — MR OV CIEIRFE HE A 2 L TWD Z L2 A LT\ D, A
FIZBNT S, BHREOIETE (B8 ITHRRIC S THEICRS . F8l0
IEIRFEAE DA RICH > TWVe, D OFERIL, TEBMEOLREF - HHED Mk
Wi OBEIRIZ A58 % RAF T ATREME A RIe 325 L & HI2, HE OIEEIES QOL
MERF « ] RIS HBELRE 2 R LHRETE 5,

L L., AFZEICE VT, {EEMED &AJFEEE Th o BAEITH IR TR & D
FCIWEIEAR D Sz b 00, MEIRSESCAIRER: & 136 B 28I E S
Iehr otz —J, ISEMEOBERIEIE Th 2 MEIRTEERE WMo e — 7 ffid, &
MEIRfEEE A BB 2 R Lz, 202 &id, HiIc—HOFEEoELZ NS &
HEeWH X0 b, EFEYXLZET D 24 B OBEHMEL X0 < BfEICT 5
KO REBMELEMESE L2 &, LV EROEOM RICHERT 5 2 & 2R
LTW5o, FEEE. BTEE TIIRAET — #2026 Z OJRKRNBFE T E VMBS
R RET e ST, BEIRFEEE Y XA SRR Y XL EY—hT 47 ) X LD
AR (U XA0Fhn) L@ESn g UIE, 2001) S SICHEENTH IS
BT, BHHICEIRY ORAR (nap) 2072026 FRBR L T Y (Parker et
al. 2000) . HYH DR nap WAEIE Y X 22 RHPRIC L, KRIEROE O TIZ
BRoTnbaeBExbhb, LEEn->T, HROEBMHEORR, &0 DITENT
T T LT ~DITANBBEL B DiL, ZD 1 SOffRIEE L TErh OEH)

FENFREZZOND, EF, ST OES) 7 0 7 7 AR MERREE O —
14



KTHDHLARLAL Y ZREGERE (RLS) IZKIFTHEIZ OV TG L 72 AfF%E
T, BT OREFEIEERD 16~24 BERIEEIZ L > T, RLS SEAREEE
(EEE RLS f5EE) 2% 42~58% AR Lz Z Lovrah, BRMIC L 5 E
B RHEROE O EH B HE THE STV S (Sakkas et al. 2008, Giannaki
et al. 2013) , F7z., MEENTHOERFEEIL, EIROELSMNC S, Bzl
(spKt/V) Dk (Parsons et al. 2006, Dobsak et al. 2012) | IfliEZ7 L7 F =
L~Ub (Afshar et al. 2010) 8 K ORIEMIE (hs-CRP)  (Afshar et al. 2010,
2011) O T, MyFEY v BLOFRF 7 A L-LOKF (Makhlough et al.
2012) 72 EDIREBSENR. D WITA AR OFEE TH D Ik mip T
& (Ouzouni et al. 2009) <° 6 7y A TEERE (Parsons et al. 2006, Koh et al. 2010,
Dobsak et al. 2012) O EVEEMWEDM £, X512, 9O (depression) DK
PR ZE TR i 2 (Life Satisfaction Index) -« ZEWE O E FEHE (Quality of Life
Index) 72 EOFEAYBEROUE (Ouzouni et al. 2009) 2RI TCWDH, ZD LX)
(. BT OEB)ERIT, HEOH R, H D WITOHENEROSKERK S
NLOHRELT AEY ALOWM b ERNL, BEROE L HET 52 &0
I N D,

2002 4FIZ 54%77 o T2 E OBME M FGENTE O B b ERIL, 2012 120X
69% LEELEE->TEBY (AARGHITESES HP) | £DH, T XTOHEEN
oD —EREL FOEEBZFEERTEL L ITI0T LEF AR, L, A%

OfER, MERTEERY X AORMEORS (HHE—271E) Zmd 5 & BSHER
15



DEWBIZHRT D AREMDR H D Z RSN, - TIDZ LITA MLy
F o7 EOREENZ L S nap TPiZe EOFEHTHOME T LT ~DIr ADEIR T
EEJE 2 L0 BRI L, MEROEOUEZ e T AN DD Z L 2R L TE

D, ABROERDLMFTENPLEEND,
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5. PRA LA

ARWFFE T, A RMEENT # OMEIRTEHE U X LR EPE IS SV CIRB &R 2
MWTEMfi L7z, LrL72Rs b, BEIRFEEE U X A3, sy OF ECEBNA L
EICbBez 052005, HREDOMITRLSLCEHBENRICONT, K

FRFHRIIGEONTEL T, T L 20 LIRS R OMEL VR D,
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6. i

AWFFENT TSI T2 72N T8 SR s AT 3 do o ONHILIE oD i i oD AR Ll
W2 LET, £, 87 4 — L K& TR W W AR R - A HE
S CATWI U =y J B - RARZERESE AR, BRI - I OEL AT
CHAZ 7 OJF 2 T BIEHHR L B9,

AR EE LD DIHTzo>TUL, ZLDOF 2D ITXZR72 DN THRE A W -
ZEE L, B R R AT ER B0 - A)IE— e, REAEXET
e RS, FHEFEERD D T — X WE O T TS A2 W o720
T2 LBV LET, fRETELDDIThI > TE, REARS AT
D TERICZHEEZ Y £ Lo R R MR E A R R - R ek
DN DEEER L, EHELBL EFET, 72, BEWEEHROoT T, €
IS ZELTHEERIERLZ S ES ot RFPESRFER G #E S
DRFFEAECH L VEILE L EFET,

BRI, R L LTR— =L LT NeRkE, BRE LA E G

AT TSN TFEBE, BRA LI T NEEBEIZ LB EHWZ LET,

18
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The purpose of this study was to examine the correlations among objective sleep variables, sleep—wake
cycle parameters, and daily physical activity in hemodialysis patients and controls.

Twenty-four hemodialysispatients (HD group) were compared with acontrol groupconsisting of 24
healthy participants matched for age, height, and weight. Sleep variables (total sleep time [TST], sleep
efficiency [SE], sleep latency [SL], and wakingafter sleep onset [WASOY]), sleep-wake cycle parameters
(the sleep—wake cycle period and the peak of sleep—wake cyclevariance), and daily physical activity (steps
per day) for each participant were assessed by objective methods for two weeks.

While there was no difference in TST between the two groups, the HD groupshowed a significantly
increased SL (HD: 0:29 + 0:20 vs control: 0:16 + 0:13, p <0.05) and WASO (HD: 2:21 + 1:00 vs control:
1:35 £ 0:41, p < 0.05) and decreased SE (HD: 67.1 £ 13.6% vs control: 77.5 £ 9.7%, p < 0.01) compared to
the control group.

There was no significant difference in sleep—wake cycleperiod between the HD and control groups.
However, the peak of sleep—wake cycle variance in the HD group (0.050 + 0.028) was significantly lower
(t=2.49, p <0.05) than in the control group (0.068 + 0.019). The number of daily steps taken in the HD
group (4,774 + 2,845 steps) was also significantly lower than in the controlgroup (8,696 * 3,047). The peak
of sleep—wake cycle variance was significantly correlated with SE (r =0.532, p <0.01), SL (r =-0.501,
p <0.01), and WASO (r =-0.436, p < 0.01), whereas the number of steps showed a weak correlationonly
with WASO (r =-0.308, p < 0.05) among the objective sleep parameters.

Our results suggest that sleep quality in HD patients may be more effectively improved by maintaining
the regular 24-hour sleep—-wake cycle ratherthan by increasing the amount of daily physical activity,
indicating that intervention such as measures to prevent napping during hemodialysis sessions may prove
effective in improving the quality of sleep in HD patients.

(10) (20)

Sleep disorders are prevalent in HD patients' ,with nearly 60% of patients suffering from disturbed sleep

In fact, studies have shown that sleep quality is compromised subjectively '*'* as well as objectively"” in
maintenance HD patients receiving dialysis on tri-weekly basis. The factors common to sleep disorders in HD
patients include physical factors such as itching or restless legs syndrome (RLS); physiological factors such as
excessive napping during hemodialysis sessions; psychological factors such as anxiety over daily living;
psychiatric factors such as depression; and pharmacological factors such as antihypertensive drugs.

One of the objectives of dialysis nursing is the maintenance of a regular pattern of daily life in HD patients,
in other words, to maintain and enhance their daily physical activity and quality of life (QOL). In comparison
with the general population, the daily activity patterns of HD patients differ substantially in that their physical
activity is restricted by being attached to a dialysis machine on tri-weekly basis for 4-5 hours at a time.In fact,
previous studies assessing the daily physical activity of HD patients indicated that the number of daily steps
taken by these patients was significantly fewer compared to the general population ®**, and it is plausible that
the reduced level of physical activity may affect the biological thythm of HD patients in such a way as to
compromise their sleep quality.However, there have been few studies conducted to date which examine the
correlations between sleep quality and daily activity in HD patients using objective parameters.

This study, therefore, was conducted to clarify the relationship between sleep quality and daily physical
activity in HD patients using objective parameters.

25



S. SHIBATA et al.

METHODS

Subjects

All subjects for this study were recruitedfollowing authorization by the Ethics Committees of Kobe
University Graduate School of Health Sciences. The following were the criteria for the inclusion of HD patients
in this study: maintenance HD patients who had undergone hemodialysis treatments for >6 months, who had no
serious cardiac, neurologic, or orthopedic diseases or dementia, and with a dialysis efficiency of Kt/V >1.2.

The group of 24 HD outpatients (13 men,1 lwomen; mean age: 66.0 = 8.2 y) who consented to enroll in this
study were designated as the HD group. These subjects had a >1 to <34 yearhistory of maintenance HD (mean:
10.4+£9.1y); and the underlying diseases included primary glomerular diseases 16 (67%)(chronic
glomerulonephritis 12 patients, rapidly progressive glomerulonephritis 1 patient,IgA nephritis 1 patient), diabetic
nephropathy 5 patients (21%), nephrosclerosis 1 patient (4%),unkown 4patients (17%). The rate of primary
glomerular diseases were higher compared with ordinary Japanese hemodialysis patients. A group of 24 healthy
adults (14 men,10 women; mean age: 70.3 £+ 6.8 y) matched for age, height and weight were designated as the
control group for comparison.Ten subjects in HD outpatients and two in the control took sleep medications
several times per week. Subjects were informed of the purposes and methods of this study and gave written
consent to participate in the investigation.

Procedures

All subjects were asked to wear a lifestyle recording device (Lifecorder GS, Suzuken) around the waist for 2
weeks, at all times except during bath time, and to record their morning rising times and bedtimes. The number
of steps taken was employed as a quantitative parameter for daily activity, and the mean number of steps taken
from rising time to bedtime was computed. The sleep—wake cycleperiod and the peak of sleep—wake
cyclevariance, which represents the intensity of periodicity, were employed as the qualitative parameters of daily
activity. Sleep-Sign-Act (KISSEI COMTEC) analysis software was used to conductperiodogram analyses of the
activity data obtained over 2 weeks from the Lifecorder GS, in order to calculate sleep—wake cycle period and
peak values of variance. The sleep—wake cycleperiod represents the circadian rhythm extrapolated from sleeping
and physical activity. The more periodic elements there are, the higher the variance values (y-axis) become;
therefore the value for peak variance was assigned as a parameter representing the intensity of periodicity (see
Fig. 1).

Sleep-Sign-Act software was then usedto analyze the activity data obtained from LifecorderGS together
withrising times and bedtimes to calculate the following sleep parameters: total sleep time (TST), the sum of
sleep stages1—4 and REM; sleep latency (SL), bedtime to the first epoch of stage 1 sleep;hours of waking after
sleep onset (WASO); and sleep efficiency (SE),the ratio of TST/time in bed®. The validation in the accuracy
and convenience of this method has been previously described ©.

Analysis

All the data are shown as mean values +SD. An unpaired t-test was used to compare the data between the
groups, andthe Cochran—Cox method was used to analyze data havingunequal population variances. The
correlation between 2 variables was determined using Pearson correlation coefficients, and the level of
significance was 5% in eachcase.

RESULTS

Sleep parameters

Table 1 shows acomparison of the sleep parametersinthe HD andcontrol groups. There was no difference in
TST between the two groups (HD: 7:03 £ 1:33 vs. control: 7:04 + 0:59); however, SL (0:29 + 0:20) and WASO
(2:21 £1:00) in the HD group were significantly prolonged(p <0.05) compared to the control group (SL:
0:16 + 0:13, WASO: 1:35 + 0:41); andSE was significantly lower in the HD group (HD: 67.1 + 13.6 vs. control:
77.5+£9.7) (p<0.01). Moreover, inefficient sleep (IS), defined as sleep efficiency of less than 70%, was
calculated in both groupsas described ina previous study (Unruh et al.2008). The results show that the
percentage of subjects manifestinglSwas 29% and 50% in the control and HD groups, respectively.

Table 1Sleep variables in the HD and control groups

Sleep variables HD (n=24) Control (n = 24) P-value
TST (h:min) 7:03£1:33 7:04£0:59 NS

SL (h:min) 0:29£0:20 0:160:13 0.017
WASO (h:min) 2:21%1:00 1:35+0:41 0.047
SE (%) 67.1+13.6 77.5%£9.7 0.004

TST, total sleep time; SL, sleep latency; SE, sleep efficiency; WASO, waking after sleep onset
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Sleep—wake cycle

Figure 1 shows thetypical pattern of periodogram analysis in one subject from each group. In theseexamples,
the variance peaked at 24:00 in both subjects, while the peak value of variance was lower in the HD patient than
in the control subject. When the mean values of the sleep—wake cycleperiod in the two groups were compared,
no significant difference was found between the HD (24:06 = 0:27) and control (24:00 £ 0:03) groups (t = 1.02,
NS).However, the peak value of variance, which representsthe intensity of periodicity,was significantly lower in
the HD group (0.050 = 0.028) than in the control group (0.068 + 0.019) (t = 2.49, p < 0.05). Although there was
no difference in sleep—wake cycleperiod between the two groups, the periodicity in HD groupwas found to be
significantly weaker (Fig. 2).
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Correlations between daily physical activity and each sleep parameter

As shown in Figure 3, there wasa significant positive correlation between the peak of sleep—wake cycle
variance and SE(r=0.532, p <0.01). Moreover, the peak of sleep—wake cycle variance showed significant
negative correlations withSL (r =—0.501, p < 0.01) and WASO(r= —0.436, p < 0.01). The number of steps taken
in the HD group (4,774 + 2,845 steps) was significantly lower than in the control group (8,696 + 3,047 steps)
(t=4.61, p<0.01). In addition, the number of stepstaken during dialysis treatment days was significantly lower
(3,860 2,333 steps) than onnon-dialysis treatment days(5,645+ 2,917 steps) in the HD group (t=4.41,
p <0.01). There was no correlation between the number of stepstaken and SE (r = 0.230, NS)orSL (r=—-0.253,
NS).The number of steps taken showed onlya weak negative correlation to WASO (r=—-0.308, p < 0.05).
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Figure 4Relationship between the peak of sleep-wake cycle Figure 5Relationship between the peak of
variance and sleep latency(n=48) sleep—wake cycle variance and WASO(n=48)

DISCUSSION

This study revealed that the values of the objective parameters (SL, WASO, and SE), which represent sleep
quality, were significantly worsened in the HD group. Moreover, the peak of sleep—wake cycle variance, which
represents the intensity of periodicity, and the number of steps taken, a quantitative parameter of physical
activity, were significantly lower in the HD group than in the control group. In addition, significant correlations
were only obtained between the peak of sleep—wake cycle variance and each sleep parameter.

HD patients, including those with end-stage renal failure, are known to often suffer from sleep disorders
Unruh et al. ™ conducted a study with 46 HD patients and a control group of 137 healthy participants,matched
for age, sex, BMI, and race, to calculate the rates of IS (SE<70%) by performing a large scale
polysomnographic analysis, a standard sleep diagnostic tool. The rate of IS in HD patients was reported to be
50%, significantly higher than the rate of 34% seen in the control group. The percentage of patients with SE
below70% in the present studywas 29% and 50% in the control group and the HD group, respectively; these
values consistent with those in the previous study. Although there are various factors causing poor sleep quality
in HD patients, an important factor might be the issue related to the physical activity.Because it was considered
plausible that the low volume of physical activity could impact biological rhythm and thereby compromise sleep
quality, particularly as the physical activity of HD patients is restricted by 4-5 hours at a time during
hemodialysis treatment. Sabbagh et al. ‘Yinvestigated the relationship between physical function and sleep
quality in 46 maintenance HD patients, and reported that those having low activity scores (adjusted activity
score) and high levels of C-creatinine protein (CRP) scored low on the Pittsburgh Sleep Quality Index
questionnaire and were more likely to suffer from sleep disorders. The results obtained in this study also show
that the amount of physical activity (the number of steps taken) and the values of the objective sleep parameters
in the HD group were significantly lower than those in the control group. These results suggest that
maintenanceof or increase in physical activity may favorably affect the sleep quality of HD patients, and that
daily physical activity may play a vital role in the maintenance and improvement of QOL.

(10)
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However,although the number of steps, a quantitative parameter of physical activity, showed a weak
correlation with WASO,no significant correlations were found with SE or SL in this study. On the other hand,
the peak of sleep—wake cycle variance, which represented the intensity of periodicity showed significant
correlations with all of the sleep parameters. To our best knowledge, this finding might be the first report and has
clinical importance, because it suggeststhat increasing activity that would intensify the periodicity of the 24-hour
rhythm of life, rather than simply increasing the volume of daily activity, may contribute to improving the
quality of sleep. In fact, in HD patients, symptomssuch as malaise and fatigue, the cause of which cannot be
identified solely by data obtained from laboratory tests, have become associated with the desynchronization of
circadian rhythms such as the sleep-wakeand body temperature cycles®. Many HD patients have a tendency to
sleep or nap during HD treatments ¥, and it is likely that this long napping during the day may lead to
interference with the daily rhythm of HD patients and worsen the quality of nighttime sleep. It is therefore
necessary to make sure that HD patients obtain enough daytime physical activity, and it is particularly important
to intervene in terms of how the time is passed during treatment sessions; the implementation of physical
exercise programs as one of such interventions is considered to be promising. A recent study on the effect of
implementing exercise programs during HD treatments on restless legs syndrome (RLS), one of the factors in
sleep disorders, showed that implementing 1624 weeks of aerobic exercise regimens during HD treatment
sessions significantly reduced the severity of RLS symptoms (International RLS study group rating scale) by 42—
58%, and the objective quality of sleep reported inquestionnaires also showed improvements 7', Furthermore,
the implementation of exercise during HD sessions was effective in improving not only sleep quality, but also
the following factors: improvements in HD efficiency (spKt/V) ©'¥); improvements in clinical conditions such
as reduced serum creatinine level " and inflammatory reactions (hs-CRP) "*? and reduced serum phosphorus

and potassium levels !'"; improvements in physical activity such as increased maximum oxygen uptake, an index

for aerobic capacity '?, and increased 6-minute walk distance ®*'¥; and improvements in psychological factors
such as a reduction in depression and improved Life Satisfaction Index and Quality of Life Index scores 2.
Thus the implementation of exercise during HD sessions is considered to contribute not only to improvement in
clinical conditions, physical functions, and psychological factors but also to defining the daily rhythm so as to
improve the quality of sleep.

In Japan, the proportion of elderly individuals in chronic HD patients was 54% in 2002 and increased to 69%
by 2012 ” . The high proportion of elderlypatients makes it difficult for all HD patients to achieve a certain level
of high-volume physical activity. However, the results obtained in this study provide evidence that
intensification of periodicity in the sleep—wake cycle (the peak of sleep—wake cycle variance) might contribute
to improving sleep quality; this suggests that intervention measures to prevent HD patientsfrom napping, by
implementing a light exercise program such as stretching during HD sessions, may clarify the sleep—wake cycle
and help promote an improvement in sleep quality.

Our study has several limitations. The jobs influence the daily life style and are important factor for our
study. However, we did not analyze about the jobs in detail. Therefore, further studies are needed.

ACKNOWLEDGEMENTS
This study was supported by JSPS-KAKENHI in Japan, No0.23593461.

REFERENCES

1. Afshar, R., Shegarfy, L.,Shavandi, N., and Sanavi, S.2010.Effects of aerobic exercise and resistance
training on lipid profiles and inflammation status in patients on maintenance hemodialysis.Indian J
Nephrol.20: 185-189.

2. Afshar, R., Emany, A., Aaremi, A., Shavandi, N., and Sanavi, S. 2011. Effects of IntradialyticAerobic
Training on Sleep Quality in Hemodialysis Patients. Iranian Journal of Kidney Diseases.5: 119-123.

3. Akber, A, Portale, A.A., and Johansen, K.L. 2012. Pedometer-assessed physical activity in children and
young adults with CKD.Clin J Am SocNephrol.7: 720-726.

4. Cupisti, A., Capitanini, A., Betti, G,, D'Alessandro, C., and Barsotti, G. 2011.Assessment of habitual
physical activity and energy expenditure in dialysis patients and relationships to nutritional
parameters.ClinNephrol.75: 218-225.

5. Dobsak, P., Homolka, P., Svojanovsky, J., Reichertova, A., Soucek, M., Novakova, M., Duesk, L.,
Vasku, J., Eicher, J.C., and Siegelova, J. 2012. Intra-dialyticelectrostimulation of leg extensors may
improve exercise tolerance and quality of life in hemodialyzed patients. Artif Organs. 36:71-78.

6. Enomoto, M., Endo, T., Suenaga, K., Miura, N., Nakano, Y., Kohtoh, S., Taguchi, Y., Aritake, S.,
Higuchi, S., Matsuura, M., Takahashi, K., and Mishima, K. 2009. Newly developed waist

29



10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

S. SHIBATA et al.

actigraphyand its sleep/wake scoring algorithm. Sleep and Biological Rhythms. 7:17-22.

Giannaki, C.D., Hadjigeorgiou, G.M., Karatzaferi, C.,Maridaki, M.D., Koutedakis, Y., Founta, P,
Tsianas, N., Stefanidis, 1., and Sakkas, G.K. 2013. A single-blind randomized controlled trial to evaluate
the effect of 6 months of progressive aerobic exercise training in patients with uraemic restless legs
syndrome. Nephrol Dial Transplant. In press

Kawase, Y. 2001. Chronobiological investigation of biorhythm in patients undergoing hemodialysis.J
Kyoto PrefUniv Med. 110:379-390. [inJapanease]

Koh, K.P., Fassett, R.G,, Shaeman, J.E., Coombes, J.S., and Williams, A.D.2010. Effects of intradialytic
versus home-based aerobic exercise training on physical function and vascular parameters in hemodialysis
patients: a randomized pilot study. Am J Kidney Dis. 55: 88-99.

Kosmadakis, G.C., and Medcalf, J.F. 2008. Sleep disorder in dialysis patients.Int J Artif Organs.37:919-
9217.

Makhlough, A., llali, E., Mohseni, R., and Shahmohammadi, S.2012.Effect of intradialytic aerobic
exercise on serum electrolyes level in hemodialysis patients. Iran J Kidney Dis. 6:119-123.

Ouzouni, S., Kouidi, E., Sioulis, A., Grekas, D., and Deligiannis, A. 2009. Effects of intradialytic
exercise training on health-related quality of life indices in haemodialysis patients. ClinRehabil. 23: 53-63.
Parker, K.P., Bliwise, D.L., Rye, D.B., and De, A. 2000.Intradialytic subjective sleepiness and oral body
temperature. SLEEP.23: 887-891.

Parsons, T.L., Toffelmire, E.B., and King-VanVlack, C.E. 2006. Exercise training during hemodialysis
improves dialysis efficacy and physical performance. Arch Phys Med Rehabil.87:680-687.

Sabbagh, R., Igbal, S., Vasilevsky, M., and Barre, P. 2008.Correlation between physical functioning and
sleep disturbances in hemodialysis patients.Hemodial Int. S2: S20-24.

Sakkas, G.K., Hadjigeorgiou, G.M., Karatzaferi, C., Maridaki, M.D., Giannki, C.D., Mertens, P.R.,
Rountas, C., Vlychou, M., Liakopoulos, V., and Stefanidis, I. 2008.Intradialytic aerobic exercise training
ameliorates symptoms of restless legs syndrome and improves functional capacity in patients on
hemodialysis: a pilot study. ASAIO J. 54: 185-190.

The Japanese Society for Dialysis Therapy Homepage, 2013. URL: www. Jsdt.or.jp/

Unruh, M.L., Hartunian, M.G., Chapman, M.N., and Jaber, B.L. 2003. Sleep quality and clinical
correlates in patients on maintenance dialysis. ClinNephrol.59: 280-288.

Unruh, M.L., Sanders, M.H. Redline, S., Piraino, B.M. Umans, J.G.,, Chami, H., Budhiraja, R.,
Punjabbi, N.M., Buysse, D., and Newman, A.B.2008. Subjective and objective sleep quality in patients
on conventional thrice-weekly hemodialysis: Comparison with matched controls from the sleep heart health
study. Am J Kidney Dis. 52: 305-313.

Yngman-Uhlin, P., Fernstrom, A., Borjeson, S., and Edell-Gustafsson, U. 2012.Evaluation of an
individual sleep intervention programme in people undergoing peritoneal dialysis treatment. J
ClinNurs.21:3402-3417.

Zamojska, S., Szklarek, M., Niewodniczy, M., and Nowicki, M. 2006. Correlates of habitual physical
activity in chronic haemodialysis patients. Nephrol Dial Transplant. 21: 1323-1327

30



