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A case study for feasibility and effects of eccentric cycling training on patients with hemodialysis
: Pilot study for a clinical trial

Rika Fukuda? Haruhito Honda> ? Toshio Otsubo® Kazunori Nosaka®

Abstract

Patients with hemodialysis (HD) have limited exercise capacity, which further decreases muscle strength and
volume, functional physical capacity, and quality of life (QOL), and increases risk of cardiovascular diseases.
It has been reported that eccentric (ECC) cycling is less metabolically demanding than concentric cycling for
the same work, and is effective for improving lower limb muscle strength. However, no previous study has
applied ECC cycling training for HD patients. This pilot study investigated the feasibility of ECC cycling
training in the rehabilitation using a HD patient. One male patient (65 y, body mass: 65.2 kg, height: 164.6 cm,
BMI: 24.1kg/m?) who received HD three times a week for 9 months performed ECC cycling twice a week for
12 weeks on non-dialysis days, and the intensity and volume were gradually increased over 24 sessions.
Cardiovascular responses during ECC cycling were assessed, and blood tests, measurements of
cross-sectional area (CSA) of the thigh and psoas major muscles and several functional physical fitness tests,
and QOL assessment were taken before and after the intervention. The ECC cycling was well received by the
patient, and he completed 24 sessions without any adverse effect. Upper thigh and psoas major muscle CSAs
increased by 3-10%, and balance, leg muscle strength and some of the health-related QOL variables improved
from pre- to post-training. It appears that ECC cycling training is feasible and effective for HD patients.
Further study is necessary to increase the number of patients, and investigate whether ECC cycling can be
performed during HD.
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2HEE. BIRNEHERZEAITS[6], X SIZZDOAREENL. EEDNE (Quality of life: QOL) DIET
[7,8]. ODWTIIRHTRL &EEEDGEVMMIEREDY AT 25h 5 Z ENRDHNTV B9, 10],
ZD7=H, HD BEDEGFREUED/-DITIL, B, BICTHROSBOERELIH TS Z L NE
ETHdLeEZOND[9].

HEE N —=V 713, HD BEMIZ S LARDOMER R 5 HED—2 L UTEDEERNS
FOoTWB,NFX A=A NT VT, —EHDI—0 v N\ e MNIEFFENEAINDDH D,
HARIZBEWTIE, 2018 FEiZ BV NEY F—Ya v hH1 RI10 V] 12]AMER I N IEN) TH
D, UNEYF—Ya v ERELU TSR BEARNDLRODONERTH S, HIE. HD BED YN
BV F—Ya VIZBAINTWSEENL HEETILIA—Z—[13-16]2 /A L - EHBREE).
NV RAT, 1817 VY 7NV LA NIT-19]2 WA N —=V I RERTH D, TNETDE
TR T, B /0[16, 17, 190 EFMMZRED [A]_E[14, 15]. QOL DEkE[8, 13, 15, 16, 18]7: & DR 1%
B2 < H DM, TROFHECHHEWTETE (Cross sectional area: CSA) DIENN % 888 /= #1347\ V13,
18, 19], HD FBEE. THHACEEMAEMET LU TE Y., BHICHEEN. BENElE2E7267
DD+ REEEZEDNHE LN ENZFD—RHE L TEZONS,

It MY wZ (Eccentric: ECC) ¥4 27V vV 7lE, E—F—IZXVEEET DAV LS
DIV THAEREULNSHRERIZARAE) VI 5EHTHS, LaMN->T, EEEHIZHL
THEEIAMERALY S JEHIAIIC R 2 7 = — A CARRIUEEM AMEERIEIMEE T2 LW\ D 1=— T 2%
BEHEEI THh D, /2. ECCHA 27V UV IIL, FESDBERENE TN LIEREED IV K
) w2 (Concentric: CON) ¥+ 27V ¥ 7 LE—DHLHEEDEHNHETH D Z £[20-22], I 5IT—
FRBEREA[20, 23, 241K DEEE [25]IZ BV TARBRE D E LIRS ENFREINT
Wb, ZD& DRI NG, BIE, EEMEEAMEL VIR BB E[26-28] X [E M PR AR B EE[29, 30]
B EDREAIBMEERBIZN TN Y F—Ya W= LTIEHEEEZEDTWS[31], OMEE
BV AT NEL]9, 10]. FHHDETOHEBENRD 5NS HD BEHIZL > TECCH A7) v Tk
INSDOMEERR L ERFEOWEITENRFERLLY I IHAEEEEL TS LEZOND,
U UBRTE, EREEICNT S ECCH A 7)) v TDFEIZ DV THRET U AEIRRY~ 570,

ECC E#&)iX. CON EEIX 7V A MY v 7EE L U T, FHEECEEREH MR 55
BEBEDR TR E %5 BRMAEZ 5| X2 TRMREMAVRB I N TH Y [32).HD BHITH LT ECC
EF#HEUNLY TF—YaVIiZAWSGEAR. Nr—=r 7 abha—IDRENEEL LD, LH
L. EFEE 2 KEFNSBRLZIZET TN I 8IZL > T, ECCHIHEIZ X VBRI NLFHEED
B2 EREBEICX 2 Z MO NE R > THY[33,34]. ZORANRE->TTOTT LA&2EKRT
52 LIZL>THD BENDERAREUENEEL LEZOND,

T T ERREDA Y Z—NIVECCH A 27 ) VT DEFR L HEHEEERRA BN Y 5EFH 70 b
I—NEEHRL, ECCHA 2V V7% HD BEIZNTAZINLY F—Ya vy UTCHATE INT
DAREME ZIRET T D IRERDE —H & U TEFIRZEZ 1T > 72 AIFFED BHYIE HD & IZHWT ECC
YA 2 TMNNIERIIRIBREHEENTZ 4L, THEOBIOBERENTZ I LNTX S
M, ECCHA 27V v Ty Y a VHRDERIGE L N ARIEROMFRE. BIAKEEEIE, KBRS CSA
BES LV QOL MoMETdT 5L THD,

2. Hik
1) NEEL IOHETY 1 >

FERRMEEEIC L 2 EBMEBTR 20D, HD %38IZ 3EFZIT T\ 5 65 MDOB M (FF : 164.6cm,
fKEE : 65.2kg. BMI:24.1kg/m?) Zxt& & U7, HD BitEH S DFSEHIRIZ 9 WA TH - -, BE 10
FEL LA ZEER D EREREIL LD - 72, BIFFEIE, EAXFAREGEZEROAR (FKRES
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20— 001 5) 28/ RICEML /-, EEFREEZITOEEREMNS ECC N —=V FADSINZHR
21872 LT, HEHIIHUTAHEDENEAEEZHAL, AREE-,

WEEIL, ECCHA 7V v TITEND DITEEN ARG 2 BERTE TIZ, PL—=V 73RN
HRWEEDBRNERT 1 EHZY 3~5 PRREOHE % 4[ElfT>7/2, ECCHYI 7Y VT L —=
YU WEKEFRETERL 7=,

2) ECCH A 27V VT hL—=V2

ECCHA 7V VIR ANFIEBENBIZEREL 72, 8 2 [, 12 38, BEARBEETILIA—42— (R
NV VT AT T 240 BHlEAR, ZFEHKT V=T ) V) 2RV, 1RIGEDDTTOS
T VA—IVITTYT (W-up) . IV VTRV EEDTH LERTH - 72,

X2 EIE, W-up & LT, 50W. 50rpm T 3 28D CON %1 7V VT %478 o7, TDH, 55
D ECCHA 7V V7% 3INHEDARERIIIATA~6 Y NEFEL =, ECCH A 2 ) v TDET
HEIE, [EEE NVY, RZVEERRE Y MROEAEDEIZ L VIR ITEINX /-, [ ~NLY
X CON B A 7V V7T &> THIE L -5 A FHERH T (leg extension maximal torque during concentric
cycling: CON-MAX) @ 30%h*& 100% £ TRZIZEIF TV o 7= (Table 1) , 228, EiEz MV 21,
A 6 BREIZICEERIE (CON-MAXMD) L, BiEE%zBEHEL -,

Table 1: Eccentric cycling intensity Week Session Intensity Target Cadence Number Mechanical

relative to maximal torque during (%)  Torque (rpm) ofSets  Work rate
concentric cycling, target torque, (Nm) (No) )

cadence, number of sets and

mechanical work rate of 24 sessions 1 1 30 37 40 4 69.5 = 7.5
over 12 weeks. 2 30 37 50 4 959 * 174
2 3 40 50 40 4 879 £ 7.2
4 40 50 50 4 1258 + 58

3 5 50 62 40 4 128.7 £ 55
6 50 62 50 4 1208 + 38

4 7 60 74 40 5 1365 £ 2.0
8 60 74 50 4 1824 + 15

5 9 70 87 40 5 1533 + 54
10 70 87 40 5 1522 + 52

6 11 70 87 50 5 2119+ 79
12 70 87 50 5 2047 + 29

7 13 80 104 40 6 181.1 £ 7.5
14 80 104 40 6 1769 + 24

8 15 80 104 50 5 230.7 + 23
16 80 104 50 5 2392 + 138

9 17 90 117 40 6 1977 £ 37
18 90 117 40 6 1975 + 2.7

10 19 90 117 50 5 2586 £ 8.0
20 90 117 50 5 2534 + 42

11 21 100 130 40 6 2159 + 50
22 100 130 40 6 2144 + 46

12 23 100 130 50 6 2851 + 32
24 100 130 50 6 289.7 £ 34
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3) ECCHA 27V Vv Tkyya  yhDERICES LU EREVESHE

by Y a vhERAERMEGEREE (40 M2) IV EBIGEEERL -, OE% (heart
rate : HR) . UHEEAALIRAME (systolic blood pressure : SYS / diastolic blood pressure : DIA) . Z L T
Z7)0N7Fu& s ~ (Double product: DP) [35]%. kL —=Y JHIDEZERRE. W-up (CONC) DEf%
143 W-up#& T2 30 #, ZU TR ECCHDRE 14, v MED 24 30 MEESIZHEIEL /-,
F/z, YA 2V U TERIZ, Borg #8E([36] 2 W T2E, M, KO BEREHGEE (Rating of Perceived
Exertion: RPE) % FEEX L 7=,
4) MEEFRE

BENMERHERICTHAFBEORIH, BLONMATKENS 72 REBICRMU, IFOEBIZD
WTHRE U 7z, ZRM3REL (red blood cell: RBC) . HIMBkEX (white blood cell: WBC) . NEZ OB Y

(hemoglobin: Hb) . A~ k27 U w ~ (hematocrit: Ht) . M/IMiEL (platelet: PLT) . fREZEE (blood

urea nitrogen: BUN) , 27 L' 7 F =" (creatinine: Cr) , #EE X BR{ATEE(E (glomerular filtration rate: eGFR) .
faa L A7 1 —Jb (total cholesterol: TC) . EthE Y R4 /X2 (high-density lipoprotein cholesterol:
HDLC) . {&ELE Y AR & > /X2 (low-density lipoprotein cholesterol: LDLC) . H{4AgHf (triacylglycerols :
TG) . 7 L 7 F > FF—¥ (creatine kinase activity : CK) . ~N\E 2 11> Alc (whole-blood glycosylated
hemoglobin: HbAlc)

5) KEEERS L OKEERRD CSA HIE

AR B D 1B & A 3 B#IZ 1.5T MRI (MAGNETOM ESSENZA SIEMENS &) % F\W T,
KEEERES & OREE D TLFAESR 2 e U BB T — X 2 58TV 2N T — X TEBR R TR L /-,
Z D%, EHgEENTY 7 b (Unitia o Ver.1.82 KONICA MINOLTA &) ZF\, FHERREE LERM 2
X VRRFE RN L 2R UZRIZ N L — R 2TV, ENTNOFD CSA 2HIE U /=,
BALBILEHRI DM ERED BN TR RS KO BB LR, TOMNBZREEL LTE
ABEHTHRLVBEES £ CTAT 1 AR 12mm IZTHRE L 72, BoNEEE XD GRBEEZFEO
BT R R OV5E 5 FBMERTTE 2 & HIE U BRI IO T hE B CBER THh - /2 2 L H SEENRE D
ERIIR—EAIAREBEINT VD Z L 2 RER L /=,

KEBEISE RBEBETFEHDAT A ALY 15 251 AT (180mm) 75 19 A5 1 AT £ T(228mm)
D 5 ATA A entagige UT, KRUSES (CRBRESS. AMALE:. LA, AEIES) |
WEARE (KANEss. BN, EHEE) . NAANY V72 (REBZEES, EBEER. R
) D3 DZHEIL, TNZTNOD CSA ZHIE L /2, KIBFHISEIEMHTIREY 5 AT 14 ADDES
D CSA ZHIZE L 7=,

6) CON ¥ 27V v I HIT o RAFEMH T (CON-MAX)

IO AHT (CON-MAX™RE) | A 6 B[R (CON-MAXMP) | fr A% (CON-MAXPOST) (2, 4k
DI TA =L —IZHED CON ¥ 7V ¥ 712 & BH781E € — N THIE U 72, [BEREK 50 [E/5T
BWARKY V75 EERIIE] S X RAS ST 5 HERARAY VT ETV, EEZNENDRKEEE
VI DY— E%TmKHHS (CON-MAX) & U7, £/, ECCHA IV YV DBEFREICIL. £E
BARBHDOFEE V-,

7) S REERET A S
ECC h—=7r ARitE 18 Hel. LB BEITNAKT 3 BRIZEAB#EES 1 (Maximal
voluntary isometric contraction strength of the knee extensors: MVC) . #&7/1 (Grip strength: GS) . 30
fE-f ABEV) 3L H T A I (30-second chair stand: CS), 3m & 1 L+ 7 v & T—F A I (3-metre timed up
and go: TUG) . 10miE@#xfT (10-metre walk at normal speed: 10mW-Norm) | 10mEAEEAST
(10-metre walk at maximal speed: 10mW-Max) . 5m#& > 5 A#4TF (Tandem walk: TW) | 6 4 fE#4T
(6-minute walking : 6minwW) . FAER, “EARRF 325 (Static balance ability with eyes open: Bal-EO / eyes
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close: Bal-EC) DEIEZFT> /=, 0ME A ALY IH T A B L6 HREETERN =T NTDIE
BIZOWTIE, &3EERUKRREEZFRAL -,

8) QOL FH#&
ECCHA 27V VI ML —=V T AR, BEERERN QOL RE :KDQOL-SF™ Version1.3 H
AREBIRE FAWTHE L ~[37],

9) ECCHA 7V V7 HAITKd 248
AIREAFET U7=1%, 125BEDECCH A 7 ) VY IAAIIHTEEEEENTE 557,

3. fER
1) ECC hL—=V 7

JEENRHIZE 2 |, 128/, §H24 BILTERL =, Table 112, 128, 24 v >3 D ECC
YA 20V TOME (%CON-MAX) . BIRENIV7, EiEH, Y ML EEOEENT— (W)
ZRU7z, SEIENT =3 AFIEID 69.5W N SHE U, HA&ElD 24 [ H Tid 289.7W TH o7, ¢
wht, 12 BIZH55 24RO N —=V T TR AZITEL /2,

2) ZEREE. W-up. ECC v ¥ a vHhOERIGE

LEFIFOD HR 1% 97.346.4 /4>, BP 13 144.5+10.6 mmHg/90.5+4.9 mmHg (SYS/DIA) . DP & 14.0+1.0

(X103) bpm-mmHg T&H o7z, CONH 1 7V v 7z LD W-up Tl HR I3 115.9+4.4 /4> THEE
BRAOEE (HRmax, 220-2E#e, 155 $A/43) D#J 75%. BP I 203.0£9.3 mmHg/86.2+3.7 mmHg. DP
1% 23516 (x10%) bpm-mmHg £FTEF U, 8T 2 0¥RITITVITNE ZEF L FAEE E CREL
77o

Figure 112, ECC Y1 7 V) v 7 s L Uz v MDD HR, SYS, DIA, DP #/R U /=, HR, SYS,

(@) 140 -
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220 4

(b) Systolic
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100 A i E E A
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20 A
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Session

Figure 1: Average heart rate [a], systolic (upper lines) and diastolic (lower lines) blood pressure
[b] and double product (heart rate x systolic blood pressure) [c] during 4-6 sets of eccentric
cycling (black) and interval between sets (white) over 24 training sessions in 12 weeks.
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Table 2: Changes in red blood cell Pre Post

(RBC), white blood cell (WBC),

hemoglobin (Hb), hematocrit (Ht), ~ RBC (x10%/uL) 3.72 3.50

platelet (PLT), blood urea nitrogen

(BUN), creatinine (Cr), glomerular WBC (XlO3/|,LL) 8700 7200

filtration rate (eGFR), total cholesterol

(TC), high-density lipoprotein Hb (g/dL) 114 10.6

cholesterol (HDLC), low-density Ht (%) 33.6 30.9

lipoprotein cholesterol (LDLC),

triacylglycerols (TG), creatine kinase ~ PLT (x10%/uL) 29.5 22.9

activity (CK), whole-blood

glycosylated hemoglobin (HbAlc) and BUN (mg/dL) 44.7 43.9

Kt/V before (Pre) and after (Post) Cr (mg/dL) 6.12 6.41

12-week eccentric cycling training.
eGFR (mL/min/L) 8.1 7.7
TC (mg/dL) 162 167
HDLC (mg/dL) 32 28
LDLC (mg/dL) 102 91
TG (mg/dL) 208 319
CK (U/L) 50 104
HbAlc (%) 6.7 6.9
Kt/V 1.00 0.99

DPIXECCH A7V IR ERL, v MEIZIZZDHDZERF & IFIEFE L NV TEEL 7z, DIA
WL A EEEDZRD SN0 Ty BEIZAD L, ECCH A 7)) VI BiE 1 S TORIEIE
B, £y "BIUOHIZE>TEZADIESHOXEIHZEDD, 7THHE (14EE) £TIEZELTH
7=o HRIE, 110~123 /53T, 70~77%HRmax TH > 7=, 8BBELEIX. HR, SYS, DP IZHW\T
P FEMEIZHY . THENORESEIZ. 130 bpm (8 85%HRmMax) . 220 mmHg. 28,200 bpm -
mmHg Td - 7z,

3) ECCH1 2> JDRPE

AALEE (1, 2y aYy) ORPENDA 12 ZR_U7EH, 2:BBELEIL 3 AL TIZENT
11 TH o 7=,

A ABIZEEL FiEO ECC ¥4 7V VT Lk & HRADERYD PEAZFIZOWTOETEL .,
WBEEDO N —=VJEHIZ, B KRR ICBOHREEZ RO~ (HD #IEE) MANL. BT
VANt el TN =] = R N W
4) MEEZERES LU KUV

Table 2 (2. MARBDOMFEMERES L KUV OFERE2RL -, BHEMN, SE0LE 5
HbALc 3FRD SNz, WTNDEBEIZEWTENMARIETAIRE(IZRL ECCYHA 7V VT b
L —=V VT DEEERNRITERD SN h - 7z,

5) KEEESES L OKHEAD CSA

KRR B E ZOTIEED MRI & T, KBEES. BHNEHRE RKXIN-7/2AT 1 A% Figure 2 (2R
UZzo E7-. KBRES CKBEPUSERS. NAA NV VT A, NERHEE) . KEFHIZBIT5 CSADRAS
A ABLV 5 AT 1 ADFEHEEE Table 3I1TRUz, AT ABIZIESDENHEEDD, KERM
BEAROD CSA IR & 2 INREDEMMRD SNz, NAA N VT AL, HHIT 10%REE. £
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BIT 7% RREDEIMD RO SNz, NEFHEEIL, AT 11%EE, £HIT 3% BEEDEINIRD S
-, REfpIL. GHITA45%. E£BIT9.4%HEMU /-,

6) CON-MAX & & U E{FH%EET A b

Table 4 |2 CON-MAX B XU GMRHEEET A NOIEREZRU 2, 13& A EDIEE CHEMEAIZH >
J2o £ <IZ, TW I 26.9%. Bal-EO i% 26.4%. CON-MAX % 8.1%. CS % 6.3%, MVC I 5.6%IZ
BVWTHELRLEENRD SN,

7) QOL &

Table 5 12, QOL FAEICHIFE FTMREENA AT 2R U7, BEMERE 15EED> S 101E
HCWENZED SNz, I TE, KOFEAD 625 M5 100.0, BEIRA 62.5 15 875, BEEDH
HAETENDFED 65.6 15 90.6, HRETEHEEEN 75.0 35 100.0 12, KX LRWEN RO SN, T
DA, BERBIZK D&, FER, JEH. ALDO2XHV, TIADREEIZENTE 10 K1~ MLE
DRENRDH > /=,

8) ECCHA 7V V7 HAITH§ 248
Colum 1 12, KRIFEDNEENENSZECCH A 27V VI N —= v T3 BM8E %L /-,

Pre Post

Upper Thigh

Total 105.0cm?  109.2cm? 114.8cm? 116.0cm?

Lower
Abdomen

7.8cm? 9.2cm? 8.1cm? 10.5cm?

Figure 2: Magnetic resonance images of the upper thigh and lower abdomen of one participant
where the cross-sectional area of the whole thigh muscles and psoas major are the largest before
(Pre) and after (Post) 12week eccentric cycling training.

99



Table 3: Changes in muscle cross sectional area of whole quadriceps, hamstrings, hip adductors and psoas
major in each of five slices and average of the five slices for the right and left legs before (Pre) and after
(Post) 12-week eccentric cycling training, and their percent changes.

. . Change
Slice Muscle Side Pre Post
(%)
1 Quadriceps Right 56.7 62.8 10.8
(cm?) Left 58.1 64.0 10.1
Hamstrings Right 16.8 19.0 12.9
(cm?) Left 15.1 17.9 18.4
Adductors Right 334 36.4 9.0
(cm?) Left 31.5 32,5 3.3
Psoas Major Right 6.8 7.5 10.2
(cm?) Left 6.9 8.0 15.2
2 Quadriceps Right 57.9 63.3 9.3
(cm?) Left 60.5 65.8 8.7
Hamstrings Right 17.6 20.3 155
(cm?) Left 16.8 18.7 11.0
Adductors Right 29.7 33.0 11.0
(cm?) Left 30.2 31.2 3.3
Psoas Major Right 7.3 7.8 6.0
(cm?) Left 7.4 8.5 11.8
3 Quadriceps Right 57.5 62.0 7.7
(cm?) Left 61.8 66.9 8.3
Hamstrings Right 19.2 21.9 14.2
(cm?) Left 19.1 19.5 2.2
Adductors Right 28.3 32.7 15.9
(cm?) Left 30.0 30.2 0.7
Psoas Major Right 7.4 7.4 0.4
(cm?) Left 8.1 8.5 4.8
4 Quadriceps Right 56.6 61.6 8.8
(cm?) Left 61.5 65.8 7.0
Hamstrings Right 224 23.1 3.2
(cm?) Left 21.1 21.5 2.0
Adductors Right 26.1 30.1 15.5
(cm?) Left 26.7 28.7 7.7
Psoas Major Right 7.8 8.1 4.0
(cm?) Left 9.2 10.5 14.6
5 Quadriceps Right 56.3 60.9 8.3
(cm?) Left 58.6 64.6 10.2
Hamstrings Right 214 23.0 7.4
(cm?) Left 20.7 22.2 6.9
Adductors Right 25.2 25.6 1.7
(cm?) Left 23.4 23.7 15
Psoas Major Right 7.1 7.3 2.4
(cm?) Left 8.5 8.8 2.7
Average Quadriceps Right 57.0 62.1 9.0
(cm?) Left 60.1 65.4 8.8
Hamstrings Right 19.5 21.5 10.2
(cm?) Left 18.6 19.9 7.4
Adductors Right 28.5 31.6 10.7
(cm?) Left 28.3 29.3 3.3
Psoas Major Right 7.3 7.6 45
(cm?) Left 8.0 8.8 9.7
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Table 4: Changes in maximal

torque during concentric cycling Pre Post ~ Change (%)

(CON-MAX), maximal voluntary o\ pmaxX (Nm) 124 134 8.1

isometric contraction strength of the

knee extensors (MVC), grip strength  MV/C (kg) 35.5 375 5.6

(GS), 30-second chair stand (CS),

3-metre timed up and go (TUG), GS (kg) 34.4 34.6 0.6

10-metre walk at normall speed .

(10mW-Norm), 10-metre walk at CS (times) 16 17 6.3

maximal  speed  (10mW-Max),

5-metre  tandem walk (TW), TUG (5) 51 4.9 3.9

6-minute walk  (6minW), ~static  10mwW-Norm (m/s)  1.43 1.45 14

balance ability with eyes open

(Bal-EO) and closed (Bal-EC)  10mW-Max (m/s) 2.04 2.04 0.0

before (Pre) and after (Post)

12-week eccentric cycling training,  1W (S) 16.7 12.2 26.9

and heirchanges Trom 1 gminw (m) 607 618 18

Bal-EO (s) 51.1 64.6 26.4
Ba-EC (s) 7.8 6.3 -19.2

Table 5: Changes in the scores . -

(0-100) of each dimension in Dimension Pre Post Change

KDQOL-SF™ before (Pre) and Symptoms / Problems 77.1 95.8 18.7

after (Post) 12-week eccentric Effect of kidney disease 65.6 90.6 25.0

cycling training, and their ) )

changes. Burden of kidney disease 50.0 68.8 18.8
Work status 100.0 100.0 0.0
Cogpnitive function 93.3 100.0 6.7
Quality of social interaction 86.7 100.0 13.3
Sleep 62.5 87.5 25.0
Social support 100.0 100.0 0.0
Dialysis staff encouragement 75.0 75.0 0.0
Patient satisfaction 66.7 66.7 0.0
Physical functioning 90.0 90.0 0.0
Role functioning physical 100.0 100.0 0.0
Bodily pain 62.5 100.0 375
General health perceptions 50.0 50.0 0.0
Vitality 65.0 80.0 15.0
Social functioning 75.0 100.0 25.0
Role functional emotional 100.0 100.0 0.0
Mental health 84.0 96.0 12.0

4. BE

AL HD BEIZH U ECCH A 7 ) V7 e WSEERREEA U D TOEHIFETH 5,
HD B 1 &I U T, JEEFEIE 2 [, 128, EREOMXHZ ECCH A 7V v T & ERL
7= (Table 1) , SEEIZ, AFED ECCH A 7)) U TIZDOWTREMEERD L A, —fi&#7%4 CON
YA 7)) TR LT, SRR, BHICELEE ThH- 72, LR TWS(Colum 1) , ZDH
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HE UT, KERATRENVEBEAIAA, TDHZFEHGELZITHIXN TR CON 127 v ok
bt U CL KRR DRI R ECC 31 27U ¥ 71k REVIZHT S RFICBRHENICH 2 HIET 5217 T
EHBMNIFE AL R, BEWIZETH- =l 2HITTVDE, EEDAT— (W) 1%, 69.5W H
5 12 BMT 289.7W £ T LEMN 57~ (Table2) (IZE»»H 5T, RPE IFH. K, £5\FhElFe
AEMN 11 TH o7z, HD BED LS BEEAEIZE 5T, A ECC ¥4 7V VT3 EEH, K
FEHBEEIEL, LU, EFR—Ya VEHBLOTWVEHNTHELEZ NS,

ECC ¥4 7V VA AR, EERIGEDEYE (Figure 1) . FRECRBEERES OBM AR
BIIZRD SN0 -, /-, MIERT— &, B 3ED HD D KUYV IZEFEE2 525 Z L7 < (Table
2), 1238, 24 Y>¥avDECCHA I VT EEMTE -, AFETRHETNEERIL. 128
D ECC YA 27V V72 kY) ., KEEERFIE L ORIEAED CSA IZ 3~10%DIEMERD/~Z L TH
% (Figure 2, Table3) . T DFERIL. AIFLED ECCH A1 27 V) v T DEBIE A HD BE D TR
I U TR RRISE 5 2 /- TREE 2 R U T W5,

INE T, HD BEITNT 2EE M AREIZE W T, FEAADENNL6, 17, 19]. EENHARED M
_E[14, 157 L DREIZ LD B A8, FEAHD CSA[13, 19]CKRASHTE[18)IZ %R % SR - & 1347
W, Giannaki 5[13]i%. 60~65%VO0zpeak #ED CON ¥ 7 1) > 2% HD FIZE 3 [E, 6 M ARE
MEL. KEEPUSEASOD CSA DY 7%IEML /-2 & 2 #E L T3, F/z, Johansen KL S[19]i. 3
|, 3/AM. HDHIZ 7Y 74 b eFERUZTREOG D ML —= 7 %270, KEEMYEER &
REROD CSA M3 25% ML 1= Z & #ZBH TS, —F., 29D RPE>17 (~90%VO.max) FRED
CONH A7V V7% 2 HHEOKERIZXA LY bWV, BRES VAN L —=V 7%
HD FZE 3 [E, 3MARIER L R TIE. R—=A5 1 U6 b —= V7 ER/ 2714%, &E/\
T =M 11%ZTNZNERIEINL ZIZE 0D 63, DEXATEIZ & 5 T ORIEIH=Z I IZIEMAER
DENBMN- 72 L EHRE LTV S[38], AMFETIE. HIHE 2 |, 3 NHART. KEREED CSA
AT 8~10%1EMM L 7= (Figure 2, Table 3) . T SHATHIZED b L —=" JEEK - b L KRR
PUSERRD CSA DMK Y Ll d 5 &, ARFZEDRIRI ECC ¥4 7)) V I HIRIZHIER 2 & /-
S5UELEZBTHAI,

ECC ¥4 71 7%, (ROEEZREEET CON Y1 7V V7 L RE—DHEEEDEFHNARETH D
[20-22], 2%V, FAREEOZANF—HEETEEFH2REL/-HE. ECCHYA 7V V2L CON ¥
A7) VT TREEESRELRETIIENTELZ LW EE L., HHYHIERD
SHERMHIF T X 5[20, 23-25], ZDXME. ECC EBNIAHIEMECEENEE H Mk 3 2 AEED KT
RE M BREEHBNEURT VWS RAEFHLEDE TV S23[32]. EEFEE 2RZIZET
T ZEIZE>TINSDEREREIITEX D ZEARINTVD[33,34], LA ->T, AIET
1ty YAV DMLY (Nm) 2EEXE 27213 TR<, BEEPE Yy MIOHAEHET, 1
tyTarvdhiz) DRIAINF—HEE (K) BEETS 70 b a—I&2EKLZ (Tablel) . &
2o FEHADE A=V % Z/NRIZHIZ DD, BRMICEWEBE BRI 572012, 5 S HEOMX
A V2 —NIVARERALE, —RBEMIZBWT, ECC ¥4 2V V7D —(F, CON ¥
DY T AEDORZXTH DI EMMEINTVD[24], AAEIZBITDEBEDECCH A7) v
JDONT—%, ¥ 70W S 12 8/, 24 vy ¥ a TR 300W £ TEIFSZ EMNTX 7 (Table 1)
CON ¥4 27 ) VI TIHIIFEMAARELEE TH D L EZ DN, HREE2R/NRIZINZ, 12 8
M. 242y > a VEFEREY ICEBTI 22 L% TREDOHBEICNAL—XIZTEX/ZEZ NS,

AHETIE, BRIGEIZOVTEREIT LA (Figurel) , &ty b, BIZk->TEADESD XL
H2EDDTEE (14[EE) FTIEROTHOEBIZODWTEZELTEY, W-up D CON ¥ 7Y
VIR ESMEERZRLU A, 8 BEUKIE., HR, SYS. DP IZHWTXRXR_LEFMERIZH > /=h%,
WINE BBLEIIED SNEN o7z, TNODRERIZ, A TERA L g &I & 25680
FDEIRIECC YA 7V VI, fBERRICKILZEHENT S Z Ll ZREHERTH- /-
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ZLERTEDTHD, ECC Y7V JERICHERL 225, WKk, THO RPE (X, 1:EED
RPE Leg DA 12 2R U724 3B, £T 11 (PX%) 2RU. EBD HR X DP O1E L FE/-
DN o7z, FEREOBRIESN TH > /-2 ENZDREREAD—DTH 3 LEZSNIMN, EFHEE
DEHIZ RPE 2 AT 2DIILZEHEDEENSEIFEIREXTH S,

SAHEBEDEIE Tl /NT V ARES 2 FUE 3 % Bal-EO., TW 2% 26%[a] LU /= (Tabled) , /N
VAR, BRE - IFATINVRBEEIZL > TEEIFEDIREIZH S HD BH[39)IZL > T, B
FlaEEd 5L V) R TEETHD, X612, HEHHIDIIETH S CON-MAX, MVC, CS T 5~8%
DYENGRD & 17= (Table 4) , Fesdk U 7= FEZAFEED CSA MMENIL 7= Z & & &8 (Figure 2, Table 3),
EEIDY AT NEVT7 VAL IVDERE &2 NE L ULAERSIZEW T E EFEDEREMNMESNT NS,
UZEMoT, ECCHA 7Y Vv I7HHD BEIZBWVTE TN U THEENLZbDAR 5T, 1%
BERWERE 26, BRIV AT ETIFMENH DL 2RTEDEELOND,

QOL IX ECC M Af%, HEEESEIEE D 15IHBE DS H 10 IHEH THENRD SN/ (Table 5) , Z
DFERIL, ECCHA 27V U I LB TEHDIEX (Figure 2, Table 3) . iADM_ES & U H1ARRE
DNE (Table4) LEELTWBEDEEZ S5NB[S8, 13,15, 16],

HD BEIINTHEE ML —= 2 JIZDOWTIL, WOEETI2NEFBRT DLENDH D [14, 15,
40, JEBEHDER T COEE) b L —= Y ZIIIEE ISR’ H 5 —FH T, MERIMENZ & 23 FEHE
XNTWB[14, 15], £/-. BETIE, EEHETTHYFHEIN/EEI T TS T LADIEFIEEL <,

MDARY MINFEEULBIIERAZ Y IR CITIGTE S 2L, RENSTRETIEI DHEN
Z LY ANSNT WS, 772U, HD FISIMEIRETRENREE Th 5 728 HD Fth 2 R LAA D
EfEHHR XN TV B[41], AFZEIE. HD BE I LT ECC ¥+ 27 ) v 7 &@EA L -G I1T 00
272720, EFTIEBHEICERL., THRAFEDOEANTETHE2MRFTTEIILE2E LDOENE L
TEWEL =, 518, ECCHA 2V V7% HD FHIZRZLIZERTX 0N, ANEELZ2BOL GE
EEE I DOWTEH ISR 2 ER T BAENH 5,

5. ARIFFEDELD

HD B&EIZNT RN TF—Ya Y —I)be LT, ECCHA 7V v ITDERTEEM ZMETL /-
O TDEFIRRETH > /=, AFZEDOBIIL, HD BEIZBEWTECCH A 271 v ZWNLIERIZK
SREHEHENTIEZZ LR, THEOBIBERENT S ZLNTEX S0, ECC v Y a VHDER
IE & N ARIERDOIMIEIRE. FAEEEIE. THAD CSAHIES LU QOL AENOKEFTTLIZ &
Thol, ERMERIL ERBEOBRBECCH A7) U 7IZ&-> T, RELERSEL2ADLI L
7 <, KERIUSEEFOMEWTERE (B MEIMLA-Z 8 ThHb, /-, BFHEEE. QOL NIEL R
72 ZOFERIZ. BHOZEMES LODIEY) A7 2 ESEEKND HD BFIZL > T, ERFEDHERI
ECCHA 2V VI, B2THENZINEYF—Ya v UTHETEXSTEERZ RTEDLE
Zo6hd,

Colum 1
[ECC HA VT —= T #RRBLTORE (AR RO RENME)

ECC H AU T EBRERLIzC&TaM oz, SETIE. —fRIIGH AV T EBZSEIKYEERL
EERE CECEWS L —=U T (FAEL RN H o1z, TDT=. F(L—=U BB R ERT L%
IERIEE A MANEEZSICHYRROLH oIz, Tz, CNFTRBRUBEET LI A—2—ZE o1k
L—=27 1%, SEOEBLYERT L EFECREERS B 5T ENFEAE THT1=8H . ECC 19
YOG L—=U T TR VLD EERIZKH LIERT 5. LWHhR AR TEMNFTEESTEEFTE D L57%
MENELIDONTLHH o=,
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LA, EICRERLIZECAI UMY (CON) AT L—=0 5 KU hEY K[EGNL
—ZUJ TH21=. CON AV T —Z 0T TRENRF I EEE L THREICKELNZEBEEL. &
BIZENEFHRSE TENGR T NIELSRN =R FTRERRLLIEH THADITHL T, ECC 4
DUDTRN—Z U TIREFHT IRV —DABELNOH, “EBZEZL TS EWVSRERELYS,
“BERGREBEAI— /NI TIT O TWS SRR RETEFA TE -, Tz BEFLISLLVDSREFD
DRAIFMNAYOFT FERICETH oI, FL—ZU T HBIHNIFTESCIZTTHLERL ., EH THH#
BLEWERZDRESNH o1z, RRER D BFHBELIELAELGM o=,

BAEHIELELTIIRERAIZIRY ZREL = BRERTH AN, KT KERIUER; O A THMALFHAE
MU= SIZREL TV =, SBI2, MET IR IVEHLBOHISET HE. BIEZTTHIEA DFHICER
BN EFHDER LT O TN =EITHS, FICEE. EEEDHISH T SAFARLLNT

KRCIMBRENTEEZETHAIMIZE TEBDLEREIHOAIDN, EFTHRFLDEY EAYI
RITTNS, BEVDEKYESEIZFIEL. R ANITHESTLE L DRAR—YEZERL TULV =AY, 401K%
FEYRERBEDOBUEBTREANEEITLTOLERAR—YNSILEDUN TS, MREHT DZEARE
EGEFLGVEFENMROTO T EBLESERSTHE NN LT SLVEFBAH o1&
TW=DOWBIRTHS. LML, §E ECC H AV T —ZUJERBRULT. COFHEGO BRI
FTEHEBOTLSL, #GELI=LEEA TS,

iR
MRI B OREHTIZBEL TS A% AT, AR AN O A AR TROE
HORRRITPEE AT S O e LT,
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