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W1E S

1. WHREOEREER
JEAEGEE (2015) @ TAOEREREE) 10k &, BARANDKRIIECIRROK 6 Flix
8 Ao, DILE BB OWEIRIF 72 EOETFEEHR N D TN L Z EndmEIN TS, JIE
T AEEEEROARERL NS LN —D2DRFTHDLZ ENMBNTNS. L
MUENG, TVTANTBWTHE, Ko TWAR THAIEEEBRIBET D ABEL
(Kodama et al. 2013), HA AIZEWTiE 2 ALBER B8 O BMI 1T 23.1kg/m2 T
HY (B 2010), OFEEIC K DI IT BMI25ke/m? Kl O AL A 25%) 80% % 5 6>
TWAHZERMESN TS, 4%, INHET 2 @b BTG EER OA R R A NS &
D & TR, ZIUT RO EFRBEERCENEE OB &0 AHAE2 5 &
BEZbID. LIzho T, AAROAIEEER TR RICE W CIEIRmE 231 2 R
IZBET DR FE2 AT L, ZOBEFIEZH LML TN 2 &%, BEERRETH
HEBZOLND.
BT, JEAR A ISR DR T 25 R TN E L TR OA v 2 U RPiE
PABEE T 5 FIREMEAS RIZ ST % (Takeno et al. 2016) . “BH#& 5 1ZHED 70% LA E % Fil
ML, A2 OERICEEREE ZRZL TWLHIESHDO—>TH %S (DeFronzo
1988). v U AZHWEMWEBRIC LD &, BREHICIE OERMAFHE LR, Bk
e A AU ARPUER AT H 2 LD (Kim et al. 2001), A > A U RPUED3
RICHBEE B2 2 —20FRE L THRICERBI DG, 77205, Ml - friE
(IMAT : Inter * Intramuscular adipose tissue) 7357EH &L T 5. IMAT I 3F5R D
M EZITNICERB SN T D IEN 2 BT 5. IMAT 13 #F 12~ T 2 RS RIER00
MEREBEOHHE TEBIE SN TS (Goodpaster et al. 2000; Gallagher et al.

2009). —F, EEOHEEEZAG L TWORWEFEE 25 E LRIV TH IMAT ©



ERHEIRHREYV AR TBIOAZRY v 7 v Fa—2A (MetS : Metabolic
syndrome) OFEV X7 LE T 5 Z ENHEINL TS (Yim et al. 2007;
Therkelsen et al. 2013).

BRI L CTERL TV IMAT I3IRER#WE 5T 5 Z LIk > T, B
OBEREHR T LA A VIEBIMEORAICEEZRIET I ERHESINATVD
(Holland et al. 2007; Timmers et al. 2008; Wang et al. 2009). A > A U U HHiMEIT
MetS <> 2 BUPERIF OFAEINCHERER Th 5 L FIRFIC, OIERBOFREY X7 21
M52 &nb, IMAT OFRIL, BEEHOA AT ARFWELGIZE Z L, MetS
R0 2 BUBEIRIF 5 L OVDBRRZe E OB E B D 2 FTREM S R STV D, 20 k)
(2, THUE TOEATHIIE D IMAT O & AFHRE & ORI —E DB RTR S
TS, Ll b, < OETIE, IEE-PRERFEE LR E L TR,
s 72 EinE 2 x5 & Lic IMAT &R & OBREZ R LI-RITbT N Th
5. F7z, NIEENS BMI O X 5 ISR FITRWNVEEL 525 2 ERMbTVND
HHERIR - & el LT IMAT (IR U 27 R 112hb 5 RERE L T D00, £
ToIIMNE U CTRAE T 2 0B T DWW TR R A 2. S 612, BAITAANITH T
IMAT ARG RE OV 2 7 K & ORFEMEN TRV & 23RS 4L (Albu et al. 2005; Yim
et al. 2007), IMAT &R Y 27 KFOBRIZIIATIZLSEZRN DL LEZZ DR
. L7z s, IMAT ERERE U X7 K7L OBRRERET LIZb DI, 1ZEAL
KN ZE L E LIZAFECH Y, TUT A, FRCHARNE G & LIeFRIE RS 7= 5 72

WONFIRTH 5.

—7J7, IMAT OFEREIITNE (Borkan et al. 1983; Song et al. 2004; Albu et al. 2005;
Delmonico et al. 2009; Buford et al. 2012), HAEANIEB)F L OMES AIEE) & (Manini
et al. 2007; Ryan et al. 2011; Tuttle et al. 2011; Wroblewski et al. 2011; Leskinen et

al. 2013) HEE 5 A LHEERBERTHD ZENMON TV D, M, FERNEDR



FOMEHRFBRICE D IMAT EROA D =X AFELEHLNICENTRVHL OO,
WS DODDIRGAZET HALTWD. EDO—DIF, BAEIHIAAET D A AL & fIEERT
BRHER O BAERICIEE N A L T IMAT DNERBINDLAREMETH S, ARICIFEL
TW D FERTEEIIX, TR~k T 2812 fioMilaTh v, wE, M2l
BERTRAII SN~ b 32 Z L 2l LTV AL L L7 o, e H R RSB O
£ D T B, AR FRBRBE O ZALIC L o TR RO IS /LI > 7 ) v 555
<7e2 b, MZERTBEMRDSENI~53{b L, il T IMAT & U TR S5 Al et A s
INTWAD.

b 92k, HNOIEHBLAEDIK FIC L 2E-TH 5. MAITLERICIEN 2 = %
NEF—JRE LTHERT 272012, IENERbEEZFi> T\ 5. RO RNEENZ X 0 A5
{LREDIR T3 AET 5 &, HIRIIIE OOV Ik 2 = x L F—Ji L L THREE IND.
Tipbb, ZHEEONRBIERNTHROIRREOR D IZHFEER A~ L, Bk
7R TR IECAANZER U, Zauns IMAT & U CERIN A rTREtENS S S
TW5.

ZNHDZ LD, IMAT O%RE THT 2720121, —EDOHKIEENLETHY,
RS ~ORIK, ROFHNEE CTHH EEXOND. BNOFEBHEZHAKSEL )
EELTL, iR —=2 7 DBARGTOLZ ENmbLRTEY (AR 2005), IMAT
DEBOTHZBNTHZOMERWIFIND. ZivE T IMAT OFERA TFi3 5
B hl—=078 LTEICAMBEB ORI HE ST % (Durheim et al. 2008;
Marcus et al. 2008; Murphy et al. 2012). L2>L722 5, AERFEES) XA WIF 72 IMAT
DOWAZITRBI T 53, R TORIEI/ NS <, BRHIICHRAESER LIS WS
AUy ERERENTWD (FiE & AB 2005).

—J7, IMAT (263 2/ 7) b L—= 7 ORRZWE LT-WF5EIE, ARedEE)

T, BEEHESOIEME 254 L L (Marcus et al. 2010; Jacobs et al. 2014; Nicklas



et al. 2015), T REFH T TRV, FEEFRICBITLH I L —=
3 IMAT \ZRIFT BT LN SN T RNWEETH D, I 51, IMAT (s
Lo THINT 2 Z ENHEINTWSA (Song et al. 2004; Delmonico et al. 2009),
RWIRICI T 258 b L—= 7 B> T L T < IMAT O%f% T C
ZDLDENIIRHTHS.

2O LD, IMAT OFR & RBRT & ORIIZI—EOREEMEN RSN TEY, H
ARNZXGAT IMAT & ARG ORMR 2 Itz L7z £ T, IMAT E80 T
TOMPPMETHDLEEZEZDOND.

2. HBY

AWFFENEIEREIEE (236 D A5 BEIN OFIER D & A AR N ORI BT 5
KFZMat L, THI7 w7 T AOMNLIZHRT 572012, Pmid x4 & LT, IMAT
EREHHRE Y 27 RT L OBEEEZH LM L BT, B hL—=2 77 IMAT (2

MIETHBEILOWTHLNCTHZ A2 HME LTz,

3. AWFZEDGER
AWML TIX, AT D 3 ORI ZRE LT,
O HEkEE BT 5 IMAT 3R U 2 7 K+ & BEE3 5
@ M) b == 73 EERE IR T D IMAT OEDICEZITHS.

@ ERHIMICKITHEE N —= 27132t 5 IMAT OFR %2 T 5.



B2E HINE

4. FHM - HNIENIZBE 4 240158
(1) FHf - BRI O E SR & 7

fplE - NAERS (IMAT : inter * intramuscular adipose tissue) &%, BEO FTH
WOMEZIIHHONICER SN TWDEN ZEW 5. IMAT X, #RMICHE—S
T2FRDN RN 2D, %2812 & - T intermuscular adipose tissue, intermuscular fat,
myostasis, low density lean tissue 72 Etk 4 AR TREXNL TV .

IMAT OFHfiFEICBNTIE, A A7 v —, ERSILEE#EE (MRI : magnetic
resonance imaging), =t =a—ZWijgRi % (CT : computed tomography) 7g E73
bV, b Mgl LIEWETIIIFRENIETH S MRI & CT 2 W eigEni % <
A TS, CTIE, WIEVHMEOEE X BURIE) 2HE L, IO E
DEVMEE, IMAT DL RSN TS LT 5 51 TH S (Ryan and Nicklas
1999; Rossi et al. 2011). MRI 3R AT L7z W@ mifgis <, B#sih-CIereak o W
JE% 2557715 TH 5. MRI & CT IFHIERALOBUE J W IMAT ORI £ 72138
JVa—2bzE&MTHILNAEETHS (Ruan et al. 2007; Marcus et al. 2010)

(Figure 2-1-1). W7D J5ik & bETIHBAEOE D 515 57z IMAT & & O
(CEAHBIBIMR (MRI X r=0.92, CT(Zr=0.96) 2/RL T2 &nb, IMAT %
M9 2 AR TR D—D>TH D & STV % (Mitsiopoulos et al. 1998).

—7J7, MRI X° CT DR & IFMII AT 2 I H 2 B Rl T & A7z,
7 b R IEE S E1E  (|H-MRS : proton magnetic resonance spectroscopy) %
WM ONEE Z2HIE L, MM E T DIRE g mmaiEE (IMCL :
intramyocellular lipid), fHIAOIMAAFAES 2 B EIT A& fasEE (EMCL:

extramyocellular lipid) & EF L T\ % (Szczepaniak et al. 1999). MRI (Z X v FF



Figure 2-1-1. Cross-sectional images from the midthigh (Ruan et al. 2007).
pink, intermuscular adipose tissue; red, skeletal muscle;

green, subcutaneous adipose tissue.



fli 47z IMAT 13X IMCL £ Y EMCL & BEICHE (r=0.51~06) LTW5HIEMRN

#WE SN TVD (Akima et al. 2016) Z & 225 IMAT X312 EMCL # & &k L Tw
AREENE X BID.

(2) FhfH - APNHERG DFENE

b R OENRII T 0H L, B SNTW DG & > TR R T 5 A48
PREEN R D Z EARIBE N TS (Edens et al. 1993; Folsom et al. 1993).
FTIRIGETH L0, IMAT (2B T H W OO AR FRIRED, BAFsEIc L v 2%
FohnTng.

BRIz D EMER5 > IMAT & 2 FRERG O M FR I = Bt Lok gtic L 5 &,
IMAT [ 3AEEAE R E 72 1 3NE o il 32 1R B s K OB B TR~ TR BT
K, VIFU, TTaRx7F v, BERIGF-1 %223 —F 4 > 7T 586 ORIN,
il OAEIHIRZ R THEIIRW Z & AR EN 72 (Gardanet al. 2006). £72, KO
THEWG & IMAT @ miRNAs % Hef U 72 3252 Tl IMAT 2R M AEIGIZ e~ TRIE (miR-
21, miR-101) <CHE/RFEIH miRNAs (miR-30a, miR-103) A%\ 2 & 2t L= (Ma
et al. 2013). =52, IMAT, B FEN, RGO BioFRATmn 7740 7%
ST L, FRRRFEZ R OB T2 I N—T T 57 T A2 =177, IMAT &
PNIRARIG 2> & FBL S D RIE, FEBEER 1 & R FEE fFio TV D Z EAVRER
7z (Zhou et al. 2013). IMAT |35 FIRIISCHIBAENI IR THORWETH L H DD,
L ORENE L 1T R DM AR D, AN TED L S ITET 5 2MCIER L THRFT 5 48
BHbDHEZEZDLINLD.

(3) Ml - FNIERF DERE I A 5 2 5 BN
A, s & fnE - ANRENG & o BEIR

sl IMAT BREO T/ — D2 DER THDH Z ENRBINTWS. Fiiil IMAT ©



BEE X 1983 47, Borkan et al. (2 X W #1 THE 4172, Borkan et al.ix CT % [
WCHAE B & E B0 IMAT 231E L, FHERICHTHEREE T IMAT E28FE
2N EEALI L. £0%, %< OREIIIZED SRS b 5, FEE
WEEZ W IMAT RSN 2 ERH LN eolz. S HIT, BRI RS KB AT 72
D ORI 72 IMAT &40 & FRBIBILRICH 5 2 L 3 ST D (Gallagher et al.
2005; Marcus et al. 2010). A AR ANOEEMH) T — 2 25T, BHEFITHER L CElnE
O IMAT BENZ LR E, AARANB MO AFEE RIS, Itk > T IMAT 238
INd 2 ATHEMEDS R & TV D (Akima et al. 2015).
EBIT, T — 2L e S IMAT OZEAH LM STW5. Song b
(2004) 1%, 24, 65 Ll EoZcik 26 4 % %t5 & LT MRI #H\W\W T2 0 IMAT
BEAHN L, £OEEBY L. ZOME, 24M, FESRENE MRS LT
(ZH Db 57, IMAT &E2MERK T0g FREE SN L T\ 5 Z & A fifE78 L 72. Delmonico
etal. (2009) I, 70~79 D & H & 1678 4 & xt5 & Lz KD 27— MFZEIC
£V, 5FEMOKRERE IMAT OZ L Z B LT-. ZO/E, B s bIZKIRE O IMAT
BWE RS A BEICHEML TS Z & 2R L, SBIT, MRELEREOLEIZ L > THH
LT IMAT oZfbxgatLic e 25, B TFRMITEREOZITHBE L TEBT L Z &
IZH, IMAT [ ZEREOZCIZ b b, (RENHER £ 7213 L7eFEIZBN T
IMAT 78 16~75% £ THM L TW5 Z EAURSNTZ. 2D X 9 72l & IMAT OBRIfR
[ZIEFHEDIR TRRIE DO EORk % 72 Bl 45 IMAT OB 2 KT

FTHREMENH D EEZOND.

B. S {ARIEE) & i - IR & OBKR
IMAT (3577 « EFRAREIIC I > T2 Z LBARESNL TN D, 19~28 %

DEAEF 18 L4 x4 & L, 4 B0 TR A v g 02 k5 IMAT O a2/l



7z Manini et al. (2007) OHWFFETIL, 4 WM, KIRFFIX 7.4%4 L, KE&EE O IMAT
13 14.5% 832 Z & 2R Lic. £ 70, FRERE-OM A 11U K 2 DURFRELEHE 2 %51
HIEREE L IMAT OBRICOWTHE SN TV D, HFIEEGREIIHHES 6 EM
%, i, R, KEREE~ v F 7 S HIREBN T RE R @EES I~ T IMAT
DK 126%% <, FHERE 3 » H%IZIX IMAT 23 26%809 5 Z LR E 7. K
BRAR IR EEFE (2~ TR 33% 72 <, 3 7 ARRIZITRIRIG DS 10% LT\ D Z &8
W57 & 72> 72 (Gorgey and Dudley 2007). %7-, WM, WEOH 5 EHKHIL
RIS 22 WV E RS I BT IMAT 2359 4% L7 Z 3 S CTunvd (Ryanetal.
2011).

I, HIEREEN 2 TR <, IRV B ATEEYE S IMAT & B 5 ATREMEA -2
ERTWD. BERFEE 22 8255 L L, $H5E IMAT OBHRIZ OV TRERTID ISR
LTERFRIC LD &, D720 E & IMAT 230 & o 7= A OARES (r =-0.44, p<0.05)
% L7 (Tuttle et al. 2011). Larsen et al. (2014) 1%, ERIHGIC CTHHA L 7= RIS
FOPENIR M 2 3 /3 LT IMAT &4 bl L7k, RN Z W I A —T7Th D
28 IMAT NE N2 L &R L2, £70, IMAT IZEENLRGRT & 0 BT Eh R (FhSsR L
Lo IRTEE A 2 [FILLELT O B LA BICEET 5 Z RS, IMAT O&Ri%
TR 5 72 OITIT ISR R 20 5 3 2 & 720 T <, HEETRE O F (RITEI 3BT
bHEZEDBREINT.

(4) Fif - BN O &

IMAT (3 EINiEE, FANEECEOCEREB RO ®REL 2 TEHSN L. IMAT
DEBICHT 2 A D =X NTEEZAWALRRB DD L DD, WL DIOGERNZET 51T
Wo. ET, iR (SC : Satellite cell) & MHERTERMNIL £ 721X FAPs (fibro /

adipogenic progenitor) A DFHABAFRIZ L HEH TH D (Uezumi et al. 2010; Farup



et al. 2015, Figure 2-1-2). Miffi2MifaiL, FHftMEO MR & KEBEOMICAAET 5
MR TH D, 8, SHEHORETH DN, BRGNARINE L30T 5 &iEMb s
o, HOAEHIEIR - D—>Tdh D MyoD ZF8L L CHIGE L, fh2EMARcabd 5. Bl

Al AR O B

S
=
=

ar

WIRRAEZ TERL L 72 0, BEFOB#HE L e 75 2 &1 & » THHfiEEA
A, IERICHEERERZRZLTWD.

BRAIIE, RO LIAMNT b BEERTEGEALS> FAPs 2MFE L T\ 5. HEERTEX
Al & FAPs 1%, BEIGIZMET D 2 LR GAVTW S, i, e s M pa X 2E R e Am
RSB~ 2 2 & s < Pl LCl v, MISERBEMILIE, Fhfi2Mino i ks
i X E LM EfER %17 > T\ 5 (Uezumiet al. 2010). L2>L7223 5, i & HIRAR
TRV B RTE B RS L 0 B 2RO RE i Ll s 7 a3 88< 7e 5 &, [BZERT
B ASIERG ~43 b L A A IMAT & L CER S LD ATEEMEANRIB S h TV 5

T, b —ODEHE LT, HHNOIEMBILENORTRETFOA TS

(Manini et al. 2007) . PUT LRGN 2 =L X —Ji & L TEMT 27205 %
At 28N Z2F>Tnb. BigE =L —ié LTHERT5ITE, 32D T v
THRRETH S, F1%, RIS 2 BHE IR & it S, fiiic K-
Tk SN OMREICE SN D . BTk, BRI NIRIEN I b2 B 7 ICiEl
IND ETEMHALENT, IBEIMKGMREERIC L > THIiLd. kEDAT v 7T,
NERHEE DS BRBERINZ 7 2 F L CoA 120 fRE L, TCA R T I N T=Rr ¥ —& LTl
HEns., LrLans, Mo RRIEEIC L 0 IRE~OiRIc mE e %H 4 - L
TW5 3-t Fr¥i 7/ CoA (3-hydroxyacyl-CoA) DIEEEMNA L, Rt
B O IER BN 2 30 L CORUWIRFE T H 2 i R OB S AT 5. il D
ARt IR e DR Lis R ChEMIEEZ X F =2 R U T ONE~BE S & 2 LEA AR
YETHDH CPTI 2L, I b=y KU 7 TISVERBIIEE DIR2E 0 I FE % il

4% malonyl-CoA DN Z 5| & #e Z9. ZORE, FHRIZIEIIERILEE) DR T 2354
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Role of SC-FAP and their interplay in:
Atrophy
Hypertrophy

Insulin sensitivity ‘ 1 Fiarosis &

SN

Rx

pr==x,

\
T2D —> (Glu ) —>

J 1a )

\ / 12D
1 f IMAT '\
Low-grade inflammation A O . ¥ Insulin sensitivity
Inflammatory disease

. Muscle function
Immune cell dysfunction \___—-/ v

J Muscle plasticity

Atrophy Hypertrophy

Aging (sarcopenia)

Disease (cachexia) Training

Figure 2-1-2. Schematic illustration showing potential role of FAP-SC and their
interplay in muscle (Farup et al. 2007)
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T5 L, Bl 2 X—RE LTHEMT 2 2 L3 TE iy, BRIk
MTFF—RE L THRELIND. Thbb, HRICKEIT 2 ZHEORFERNZE L
THZ IR, BEINR o T E D IMECRRIZFE D, 20y IMAT & U CEFE
SNDAREEDHE STV D.

INHDA D =X LFHE LT IMAT OFREDE AL ORIOHREIK T & BES 5
ZEHEABRLTND. S DI, FEHRERE & RICELHNEZ I Ui N OIUE% 7
7 AER, IMAT 239 50% A 22372 & & 3 ST b (Gorgey et al. 2012).
INHDZ ENG, IMAT OFMEEZ TIIT 57200, BHR~ORI, AN OIEE)NE
HEThire&EZXOLND.

5. il - PRI 2SR I R F 3 e
(1) #f - PRI B R A AN KT T e

IMAT3A > AV ARFUE L B L, 2BBERFEF OFHEH T BIEIND
EDVHRE TS (Goodpaster et al. 20005 Albu et al. 2005; Miljkovic-Gacic et al.
2008; Hilton et al. 2008; Gallagher et al. 2009). FElg&D B M D WS LDH A A
UL, BRA~O 7 v a— 2 BHAERE U, AERGRRE O BEH 53 R 2 J0dl5 5. s <X
TN —ADEREMRIT 5720 E, N & RFIRONRBITEN 2 N L CibE 2 e+ 5.

A A ARGIMEE, MBHEE TS A A Y COBEENME T L, MifasA s L a— 2
INRENTRBETCE R WIREETH 5. R TIEZ Va2 — X OBEAEA L, HiETIX
T3 —ADERMHME T 5 Z LISk o TEREMNT 5. £z, 41 AV DJF
BT O RN WA 5 L, MRICEBIR R ERISRAS NS, L »> T,
A R ARGIPEIZ2BE IR B K VDM E R B 7R & OREIMER B O fERIK T & LR
X TW5 (Henriksen 2002).

HEFEE TOEKRGTIE, Z71a—2D070%LL EZFIH L (DeFronzo 1988), - v A

12



JockoTHMN SN2 B 7 a—ZFHIRF L A EFHRD 7L a—AERIT & -
TEASIND. LIeBoT, BEHIcBIT 57 va—2FHAOBE, 28R v
BEIEICIR O REREELGATNDEERIDLND.

BAL, WS ONOEYERIZE Y, IMATHERIOA > AV AREIMEO T A F
2525 —o0RFELTERENRTWS. Kimetal. (2001) (2 RZ -7 EHY <
—+¥ (LPL: lipoprotein lipase) DRI LV ~ T AOFFAICIEN O L ZFHE LT-
%, BROGICA LAY CBIMERRAET L2 E2WmE L. £72, HiRRFRRLPL
knock-out~ U A2 L HFEERTIE, FHA~OIEMERBZmH L, SELRICE DA A
VUit A RICUGE S B L HiE L7 (Wang et al. 2009) .

INHDIMATIZ L DA v A ) ARG DR AR 1L E 7200 50372 o TOR NS,
IMAT O fle E R 1C BRI DA LAY 2 T FNMREFEORREENRE TH 5 7 6E
PERZET B TWD. MEF O 7V 32— 2 ZERA OMABNIZEY IATIZIX, 7 Lva—
AdfikfR4 (GLUT4: glucose transporter 4) NEE T 5. GLUT4AE, @E ITHIIEA
ICAFTET DA, 7 a—ZAORY AR ZEE S 503 b 5 Lo B LT,
AN~ Z L 3 — Z DY IAB ORgEEAEE & LT <. 1 AU 0V E R OB
HIZH DA VAV UZRIRICHEET D &, MlaNOIRS, PIBK, Akt/s & OIE#IRES
FHNEZTEMAL S LD . Z O RP BEAANTIEN OGLUT4TEE IR #E S 1D &,
GLUT4 M E L CTA AU VRIS L2 7 v a— 2D AB%EITH . Lin
L72h3 6, IMATOZEEIZ XY, HRMIENICIEERSMO—2THLY TV 7 U &
7—/L (DAG : diacylglycerol) DO&EAEIMNT S &, IRSOFMALA IR S, E~ I
PISK# L DAkt DIEHE 28 S 5. FfEHIZ A TIE GLUT4Z L i Sihd 7L
I—ZADWADBFAD LTA AU ARGUENFAET 5 2 &3S ST 5 (Timmers
et al. 2008). F 7o, MK AR T 2RO RBER IO —D2>THL2ET IR

(ceramide) FAktDOIEMEZ D S, 4 AU U 7PN REREEICEEST S Z &0
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HHALTW5S (Holland et al. 2007; Ussher et al. 2010). L7225 T, IMATH 5 4534
SNDOIEERHIC LV FHRA~D TV a—ZAFRABBD L, 4 AU ARPUEEFEE S
5 L, IMATIERE AN 2TRIFE R, Lol B2 B O ARG R D JESE & B2 Ik
TERZE Z T WREMDA B A B ND.

(2) R - FEPNAENT & RETERE U X 7 K1 & OBtk

IMAT AR IS 2 58T 2 = B F 13 1990 0 b &S LIA0D 7.
b R ExGE L7 ATIgE D, IMAT MU U 2 7 (K1 & BT 5 2 & 3ash
SNTWD. ZHULDOHRDITE A LITBEEEIFIEH 25 L LTkY, IMAT
(TRBEN R, BMI & EOMBIBRTH L Z ENMBNTWDH 2, IMAT &ARH#HY =
7R/ L ORI, W BN OBEERE) ICER LZBEO—2THLLEEZ LI
T&7.

—J7, EFEEZFICBNTS IMAT (IR U 27 K7 LHET 2 2 L3 ld S
N5, Goodpaster et al. (Goodpaster et al. 2003) (% 70~79 %D &=ifin & 2964
HEARE L, BERIEHEL 70 o — AMPRERERE T IE F AT~ T IMAT 2349 2 520 1
%<, EFEREZHRTH IMAT (XZEERFOA A EBRT L2 LT (B
=0.24, % r=0.20, p<0.001). F7=, Leskinenetal. (2013) L IMAT 732 /L=
— AEFME~—H—Toh % HbAlc EFHBE (r = 0.54, p<0.03) T5Z&LZRLTWNAD.
E 51, Yimetal. (2007) 1%, 18wl DB LI i) 5 KERRO IMAT A A&,
KeNENG &, PEAERG, MRS LT, ZEMERFIEE (FG : fasting glucose), 7R/~
+ &Y 7 —%4> (PBG : protein bound glucose), =L A7 n—/L LEETSZ &%
~L7e.

—J5, W OhOFIZL D &, IMAT ITAANL Y HERAORB R ICBE L, AfE

(Z &~ T IMAT & REHRE & OBIEMEN e 5 ATREMEA R S T (Albu et al.
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2005, Yim et al. 2007) .

F o, B2 72 53, S AFFEIZ L0 IMAT O 3MGH U 2 7 [J1- OUEIC
FAET B OV TG L7 #E ST . Murphy et al. (2012) 13f R
HEENC KD IMAT O ENA > A Y SO EFHES (r=-0.71, p<0.001) T 5
ZLEHEL TS, £/, Durheimetal. (2008) LA FEFEENZ L5 IMAT O/
A HDL-C (r=-0.42) & LDL-C (r=-0.52) i ¥ A XM EREET 2 EHmE L
72=. HDL-C & LDL-C ORI 11X, YA AAV/NIWEE T L AT m— L&D <, ik
RO ERBNE N ENBLMERBORBAED) A7 2EDDH. THHDI LMD,
IMAT O IARHIERE U 2 7 KFOUGEIZBET 2 /RSB 2 6D, L Les
O, AMFEER)NL IMAT 7217 T3/ <, ORI OB B E 5 2 5728, FEERIT
IMAT DD PR E DU 27 KF Ol & BET 5 0NN TIA S TIEZR
Y

NS ORI, HEWTT — % O TIFZE N &, IMAT (B, FREHBHEY 2 7 K
FEET S 2 ERmESN TS, LEA-T, IMAT ORI, EHAEETH
IMAT &MY A7 BETh 2w CEHEEN 2 WEORBRE I ELEZD

AR E N EEZBND.

6. JE®E N L—=2 M - BB E TR
AMSREB S - PRI KT %

A WRATER T, EB)ORITRHIZER SN D = L F—DAMRBERH RSN D
EEN A BT D, AR+ —F 7, Da X7, Kk ENRD L. AiEFREET,
MW 2 e 9 5. 7z, IBAERICE G507 27 I VPR AVE VER
FORREIEHESE, BHOGHRICEET 54 2 ) ViEaFoREAzED S, 1§
WioErRzZ M T 5. £z, BRA ER=r X =L LTER SN D729, I
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DD RONE OTERR IR RAZ2EE) N L—= 7L LTHLNTWND

B, %< OFATHIE T, AMEFHEN IMAT OBICHIRN DD Z L NHESh
TW%. Durheim et al. (2008) (ZNFEERFEIEZA L TV D 40~65 %D L & kI
9 » A M 65~80%VO02peak DHMEFIEN 21T > 7-/E R, B & b2 IMAT 239 6%
DI B Z EPRENTZ. Marcusetal. (2008) (3 2 BUBERIGEEIZ 16 M, KA
D 85%5hE CAHERFIES 2 Kl L, IMAT 23 6.8% /L L TW\WbHZ tanliz. £
72, Murphy et al. (2012) % 50~60 DB wE x5z, = ha—EE, Hnrl—
HIRRAE, ARREERREICI T D IMAT O LA MG L7z, ZOfR, 2 br—b
BEL U —IBREEIC b U CHERSREBIE C IMAT 23 L 0l L= 2 & avRahiz.
E5IC, BAEMEICZBWTY 128 OAT—Ya X0 7 2EH L, IMAT 78 21.8%
B L Cns 2 ERMESN (Tkenaga et al. 2017) .

U bko X oz, FEFEERNL, HHZ IMAT OB, IR THL EEZ LN
D, LUy s, I tlo TR L, KR T 2 @il > TH

EENT, RO T & EHERHEORD 2> THEMRMERZ 26T RS
EZHhD.

(2) i1 N L—= D - ANEERGIC RIE T 522

W hL—= 7%, v, ooy, 94, FLCHAKEREZRMALT,
PICET & 5 2 THIERSCR D2 NS 2B TH 5. i/l b L—=2 7 I3AmEFR
EENZ LA TRIEN O RITD 2N O D, 5 ) b L—=0 7 Z @ U= i W & 11b
(0.45kg) DOHINNTLERE OB LK) 2~3% N S8, KIEM 0L TEI+ 51
XA TH D (Power & Dodd, 2003). F7=, HHANIIGHET 2 7-0ICFE &2 mEL L,

AIAWNICER SN TW D REMIIER PO 3L F—iE L THENSLD 2 &2

HENRTWS (Fritz et al. 1958). L7=N-> T, AOEEIZEMEIT5%H 7 L —
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=V VX IMAT O % P+ 08 L —=0 27 & LTI S NS,

ZNET, IMAT OLEMEE T 5720 0EE) N L—= 7 FikE U THBHEME N

—= U T EPLCHE SN TETEY, fih bb—=0 7R IMAT 252 5 8%
T L72AFgRIS, AR MEEE) L Th 20,

Nicklas et al. (2015) (L 65~79 DK ES L OIEHmEE 2% E L, 5 » A
[, ¥ 3 [\, 70%1RM 8REECR/ R L—=2 7 % FEhi L7558, IMAT 7 5% L
TWbZ &%/R L7z, Marcusetal. (2010) I 55 mll EOEMRBRFE 2L L LE
M L7 12 8, @ 3 EOF ] L —=2 7 OfER, IMAT 28 11% A B2 L Tn5
T EERWmE L.

—, Taaffeetal. (2009) DOAHPMEF RElnE 2R L LT ML —=2 7 ORiRHE

RO b L= 70 IMAT (I RIETREIC DWW TRET L, 12 B, 75%1RM @
B b L—=2 7 % 3 [ Eitk, IMAT 28 54%b L CnbZ & a2®mELE. L
LR35, oy ha—ABERET LN TWRWNWED, i b—=r T OERIZHONT
FEEH NS TWRWIREETH 5.

ZOEIZ, WiJ1hb—=271% IMAT ORDICEE A 5 2 5 Al REMED /R S 41T
WL HEDD, ZDO% ATEMHLREE 2GR E LR TH Y, fFELEmE 2N T
5 R L—= 70 IMAT I RIET BT T2 > TR ST, IMAT OFRE T
BiCE D ENMIARATH S, 4%, IMAT ERO TR Z BARLT 570121%, Bh
FL—= 70 IMAT IZBIT 2EBOME L D 2 72 b3 OnzaHLnIT5 2

EWMETHDHEBEADND.
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H3E AWIEORE

1. AWFFE DR
AWFRO AW TH D, fHH - NN & REERE U 2 7 K7 L OBk JOES) - L
—= U T OMRER ST D720, AR LI e TR A B Lo L 25, KR
DORIER DT b,
O BAROHEEH 2RI IMAT SRR U 2 7K+ & OBRIZOWTIEH 5 2
WS TR,
@ Wl —=r IR PEREICR TS IMAT IZ5 % 2 8% et LIzifeixd 72z
<, fEFE R EEnE 2 xRS, RHREEZ R T THEE U723 i Tunian.,
@ RMMAT O EE) b L—= 7D M S IMAT OFRE 2 i T 208G IR

HTHD.

VI EORBER AR 272012, AUETIILLFD 2 SONEREERE LTZ. K

(Z, ABFFEIE, m IMAT B CH LB B E 2 s lin A IS IRE L TR 21T - 72

M 1 PR ISR T S IMAT &R Y 27 [’ & DBEfR

Ul
28

B2 FL—= R EREIZEBIT S IMAT 2 RIE T 2
RS2 -1 i b v—=r 7 Rd@Eiid o IMAT 12 R IET

R 2 - 2] 5EMOES b L—=0 7 NEC 5 IMAT ORI KT8

18



H4E R - HREDRLAEHEE ) A7 RF L OB%

1. il - RN E R U 2 7K+ & oBfR GRE 1)
(1) HH

IMAT (Z£4FE L R TERBE TL Y Z< AL TEHY (Borkan et al. 1983; Albu
et al. 2005; Buford et al. 2012; Akima et al. 2015), BBMIFEIZ L2 &, (KECEIEN
BIZPD LT, M- THEMT 2 Z LR HE SN TS (Song et al. 20045
Delmonico et al. 2009). =D &b, IMAT %, MEtE > #LH 5 L BhET 5 A]
REMEDS RIS LTV D,

— 77, IMAT [ZHEREPCIRERH ) A7 K F LBET 5 Z &N I E TOL L OHF%E
MBREINTND. EHIT, ZALOBEMEITILT L HENAERICEHILTWD
WREEIEHE O LT, EFEEORE 2EFIZBNTS IMAT (3G Y X7 K7
ERET L Z LA SN TV D.

CNETOMREEEZ THD L, MRS THM L2 IMAT (g o~
HEIZHEET AR THLARERB X 65, L LR D, /R Eing &2 51,
IMAT &R & ORISR A BT LI iFEiZ 5 cd v, IMAT MR & S ofLE
BlE T 200 DWW TIIARHTH H. S 61T, AFEIZ L - TIMAT &RGEHERF DY X 7K
F & OBIEMAZRE LICFRIC L D &, BAIZBE AT IMAT & RE@ERFD DU
7 R+ & ORFEMEN RS RS, AIZEDZRH L AREENRZ X i) (Albuetal.
2005; Gallagher et al. 2009). L2>L7eh3 5, IMAT &ARHIRS U A7 K+ & OBfR %
B LT DIE & A TR AN EFLE LTemET VA THY, TUT A, FFICAEAR
NZEXG e LTI RS-0, LR - T, 8 1 T, HARD R EFE Z X%

(2, IMAT LR FEDO Y 27 W+ L OBREHLNIT L Z 2L L.
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(2) FHik
A K5
HREE, BEORBN 2, EEHIBEIEOR 60 2D 85 k£ TOHE | 4 166
% (CE¥HEHS 68.9+5.5 %, B 534, ik 1134) AXIRL Lz, XIRE LRI
O X OHIEEREEIC LV EBE L. 2 TOMREITIIMFEIZONT, Ml &k O HEA
LR o E T o7 BT, WEFICLDMESMOME 2572, AFRITHE KR
FRFPBEANFRE B AR O EMEEZ B2 OKRBEZ T2 GREEZE K 26-27

).

B. JEREEHA

WEREILET LOTVWIREE AL, K, (KE, BMIIC KV HKOBELFHE L7-.
FRIT, HEEPMTZRWIRETHREINCILY 0.1em HALTHIE L, AREEHRK
#+ (HBF-354 IT-2, Omron Healthcare Co., Ltd., Kyoto) % > C{AE % 0.1kg AL
THIE L7z, WEShEH R EEENS, KEZHREO 5 TH - T BMI (Body Mass
Index : kg/m2) ZHHH L7z, BEHIIRREN > TODREBTEZBES S RHIA Vv
— MW TIE & TB & E M LB D REIEALO A 2 0.1 cm HAZ T 3 BIHIE L,

TOVEMEEEM & L TR L.

C. RERES IS X ONE EAR K A O I E

RIBEES & MEES ORI A X B R A B RF5R B B 107 EiCRES L TWS 0.25T
MRI (AIRIS mate, Hitachi Medical Co., Tokyo) (2 X 0 JIE L7-. x5 1300 L s
fif i X W72 AENA B2 Ty L7, RERE O MRI #5141, A =a—ik, FOV:

240 mm, TR:360 ms, TE:28 ms, FA:90°, = U v 7 R 256%x256, 71 A& 10
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mm, A7 A AME20mm TH Y, AEO KT & SMUEFED 50 %ERAL O REKTE 4 %
AL,

JEE D MRI g 4 h1%, MR v == —3k, FOV : 320 mm, TR:510 ms, TE:30
ms, FA:90°, ~ kU v 7 & 256%x256, 7 A AJE 5mm, A7 A A 13 mm THY,
JEHE 4 % & 5 F ORI OMERIMR A F0 & U 7o BT % 2 FVCIEAE NG & BT RER O
Wrimfg 2 H i L7,

AWFZEC BT D A MikIE, BBy 7 v =7 (SliceOmatic 5.1, Tomovision,
Montreal) @ thresholding method # AW TCXE L, FOmfExEE L=, KEREED
Yy, IMAT 13 KERFHIED TIZ&H 5 MPREOM £ 72 I1INIALE ST DR E LTE
# L (Songetal. 2004), region growing HEEDFIHI L, 454 A —IHNTIIT 2NN

kDT 7 F NREI T DBME 2 E LT-tk, FEIT IMAT OERICE ST D

palsy

(5 %
BRI CmfEEE R Lz, BCTIERS, KERFHEFEIE watershed algorithm % T
Boie. IE@HIL watershed algorithm % VTR FHER & NIBAGG & X s L, PNl
HERHN CIERRI © 7 B v % T8 CTHIFR L 7-.

IS & B ERE TR ORENTIE b L — = VA2 TS 1 A4 RBINE O NG
WMET T4 Rz BT o7 MRt S lifg 2 45 3 [BIfigfT Lz, RERESIZH T 5
KERFS, B2 FHERG, IMAT ORIEZERH (CV : coefficient of variation) fEIXZiLZ
M, £0.24%, +£0.45%, £0.53 % TH v, WIS 25 TG, WIEIEO CV Ix
+0.40 %, +0.57% TdH-7z. CSA DFIERIEIZE T HKPNAHREFRE (ICC ! intraclass

correlation coefficient) (% 0.98-1.00 Th -7z (p<0.05) .

D. MEDHIER L CMIERAE T — & OfiftT
PR PR AT F I LV IEEOIGE 2 282 5 KO IR L, RENC I EOHIE KO

BRI Z1T -7, MEX, RFICES72F E 10 5500 BLERIE 2 #ER L7k, BEE
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&t (HEM-780, Omron Healthcare Co., Ltd., Kyoto) % FV T 3 [EIHIE L, UAE M
JE AR M E O A B U7z, SR ERIE %I, F#EMD Esiiks 517 -
7o MEAE LR AT B X, IMAT & BEME st < Cn 2 s, HDL-C, LDL-

C DIFEHBEIEK 1 & FG, HbAle, HOMA-R OFEREHIBIEE R 14 /04 L 7.

E. A%RVvrvrFa—n (MetS) U A7 KFDHE

AARBIREEL TSR EPERLIEBERANDAZRY v 7 vy Ru— A2k
(2005) 12XV, MetS U 27 K1DHEZEITH-T-.

MetS U A 7[R ORI, IGHHIIE, SRR E, R, HDL-C,
BLOFG THD. MetS U A7 KFI1%, MEHNIEH (FEAEBEPAA T MHIE 85 ecm LLE,
% 90 cm LA L), @il E (IHESIMLE 130 mmHg LA, £ 7213 35EH M FE 85 mmHg
LLE), @ik (FG 110 mg/dL 2A L), A ARE RS (hEAEL) 150 mg/dL P B 7213
HDL-C 40 mg/dL #Kifi) T 5. I 61T, FEHBAICHT2EEZRA L TWDH5E, £h

DY A JIEHDYHEE LTED, % MetS U A7 KN+DREKEFE T L.

il

W AREEBRIE, 28, S TR ARR L SIEEN TERWEEZ RV T

FLR D bR F CIICAHGHZ 25 LT bW, INEE & o —NES 4G (HJ-7301T,

Omron Healthcare Co., Ltd., Kyoto) Z#HWTaHMii L7-. £7-, HARIEEIREHKICD

EHORNRLEREIZEAL TS LW, J/lT, HEREOIFEAENREHZRAL, TH
MOBEESHEZHRA LTI HE-0 0B E B HAEHEE LTEB L.

BFREICL 2B XL F—EOHEIL, HRFIZ3 AMOBEFENFZLHELTH

5V (Ogawaetal. 2003), 1 HY72 0 Oz /L X —B&E (kcal/lH), ALY (g

H), #2378 (g/H) ROWEEEIE (g/H) #HIE L. ZAb0ERTrL¥—
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BITRBRDN Y 7 b (=7 BVREE Verd5, @Rt #i) Z2HNToNE21T-
Tz, Fiz, Bl F— 3, ], K, FIEREE LWL o TERSNHE
TR F—BNRR 5720, FAETEE [AARANORFEREERE] (Uenishi, 2007)
(ZEESUW TR, MR, R, RO RIEE) L~ UI)s Ui B ) L X — B a2 H
H L, L —EERE Y720 O IEERT 3L —'&ORI G2 AV Gl ET 1L ¥
—EREE S OBREMI- LTV D EFHE Lz, & 512, ERHAE W CRERR RS X
OVEIGEEIC OV CIlAZIT o 7. ABFRICET 2 ZMIERERHR L, At Afif

WLz T TRWETH T,

G. HeEtobT

IMAT &2 XA REHEE U A7 W17 OZEZRTT 57290, IMAT % 4 75fn (Q1:<2.7
cm?, Q2:2.7-3.7cm2, Q3:3.85.5cm?, Q4:>5.5cm?) (ZHFEL ToMTEITo7-.
IMAT @ 4 3ricdiT 2486, H&, K&, BMI, HKEEE, Bl x1r¥—&, K
B X ORI iR, AR E ) R 7 A1 O kT — Jelid @ 5§ (one-way
ANOVA : analysis of variance) 2#17-7-. £72, MetS U % 7 {47 %1% Kruskall Wallis
BUE £ 7212 Mann-Whitney @ UREIC L > TREBE A 1T > 7. IMAT &R D
A7 RO BBMR A RFTT 5 7201, s & MR A RIEA L L Lo mAHB AT &2 17 -
72. 72, IMAT PMGHET U A7 [R7I12 & ORERE T 5 0 Z O LA 1 & bhig
BEt L CTPRIT 272008, MESERR AT 21T o7, 72, IMAT &Aoo AR
BT 5 TIRIEORICHEEREN O L0 Z e % 72012 Steiger’s Z-test 21T o 7z.

E 512, IMAT AREHEF ) A7 AN U CREE 52 20 E et 57212,
R Y 27 NTOEL Y THhDH MetS U A7 RABEMIBE L L, WHABESH T
MetS U A 7 {445 & BN A vz IMAT, 4Efi, MR, FREEIE, BRTxLx
— &, BMI, WIBHRNG 2S5 s L BmEIR AT 21T o 7. BRI BT R s
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HelmZE, F7213% TR L7z, 2 COMEHAEIZITHE Y 7 b SPSS (SPSS Statistics 21.0

for Windows) % HVv», p<0.056 #HE & L.

(3) #ER

A, HGHORE

2RE L OV IMAT @ 4 5300281 2 558 O F5ik % Table 4-1-1 (2R L7z, ARBFZEICE
B BHEOEIAIL 31.9% TH Y, BMI X 24kg/m2 &7~ L7z, 4Fiin, BRI 4HMOH
BRETA DN o2, RE, BMIL, MEIHIE 4 HEAOFBERETALNTEY,
IMAT RZWIEEEWMEZ R L7z (p<0.001) . —H %720 0580% 6761 = TH VY,
IMAT 22V EBBRDIRME R BN b DD, 4 M OFERAEITA LR )

oSl Fo, BRI XL F—EIZBWTH 4 HEMOFEREIZLA LN T-.

B. 5[ - BRI D 4 AL D KERER IS X OME R o Hrii

Table 4-1-2 1Z £ 72, 2FF L O IMAT O 4 530SI 5 RERES & I8 ERAEWT i 0O
s Lic., RERFGI 4 BERICA B2 200 b, Q4 IERERHO R MEE 4 #EH]
DHBERENHE N2> T2, £z, IMAT & KERFF 4720 @ IMAT 1% 4 BERICA =
7RENFRD LI, Q413 Ql, Q2, Q3 1T THEIZZ W IMAT &4 7/~ L7z (p<0.001) .

7k, MEERORCTIIENT & WIBAENIIE QL IR T Q4 THEICZ W I LAVRE T,

C. i - HNEBIE D 4 AL T DR U A 7 K+ O bk
Table 4-1-3 1ZEATHFZED 5 IMAT & RO BFEME S 2 B 7L 7- BEACET - B (BT
A7 NTF- O AR L=, IREMREBEEY X7 KN+ THDH TG, HDL-C, LDL-C |¥7

NTAHRNCHBEREZNA SN2 o T2, — 05, B EBEE Y 2 7 1Tt FG (p<0.05),
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Table 4-1-1 Characteristics of participants according to quartiles of IMAT

Quartiles of IMAT
Characteristics partiljilptants (< 2(:)271(:m2) (2.8-§§cmz) (3.8-?icmz) (> 59640m2) Pralue

N 166 41 42 42 41
Male, % 31.9 29.3 31.0 31.0 36.6 0.504
Age, years 689 + 5.5 681 <+ 5.3 694 + 55 684 <+ 59 69.7 + 55 0.486
Height, cm 1540 =+ 8.0 1539 =+ 6.8 1534 =+ 8.1 1547 £ 8.7 1542 + 85 0.883
Weight, kg 571 + 9.3 51.7 £+ 7.1ed 56.4 + 7.4 59.3 + 11.4= 609 + 8.1= <0.001
BMI, kg/m? 240 =+ 3.0 21.8 + 2.3bed 24.0 + 2.62d 24.6 + 3.2 25.6 + 2.52b <0.001
Waist circumference, cm 819 + 96 75.4 £  6.6bcd 81.6 + 9.3 83.6 + 10.82 86.6 + 7.8 <0.001
SBP, mmHg 136.3 =+ 179 131.8 =+ 16.1 140.0 =+ 21.1 135.1 + 17.3 138.2 + 16.3 0.168
DBP, mmHg 80.8 =+ 128 80.8 =+ 10.6 80.2 <+ 115 795 £ 10.2 829 =+ 179 0.655
Daily physical activity, steps/day 6761.78 + 3202.4 7446.1 =+ 3498.0 6896.2 <+ 2852.8 6491.7 <+ 3740.8 6216.5 =+ 2550.2 0.332
Dietary intake

Total energy intake, kcal/day 2096.6 + 382.2 2121.7 + 413.1 2102.0 =+ 363.6 2072.1 + 391.1 2091.1 =+ 371.7 0.948

Energy intake, % of EER 114.8 + 245 110.6 += 22.7 1156 + 274 115.7 + 21.9 117.2 + 25.9 0.654

Protein, g/day 83.56 =+ 16.4 84.0 =+ 18.1 879 =+ 179 81.4 =+ 13.6 80.5 =+ 15.1 0.160

Fat, g/day 547 =+ 15.5 56.9 =+ 17.1 559 =+ 15.3 53.2 =+ 13.8 52.8 + 16.0 0.572

Carbohydrate, g/day 302.2 <+ 589 306.3 + 679 300.8 + 55.2 295.1 + 59.7 3069 + 53.2 0.784

Values are means + standard deviation and percentage. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; EER, estimated energy
requirement. a, indicate a significant difference for the Q1; b, indicate a significant difference for the Q2; ¢, indicate a significant difference for the Q3; d, indicate a

significant difference for the Q4.
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Table 4-1-2 Thigh and abdominal cross-sectional areas of participants according to quartiles of IMAT

Quartiles of IMAT
Characteristics partﬁilll)ants (< 29710m2) (2.8-§§cm2) (3.8-?.?5))cm2) (> 59640m2) Pvalue

Thigh cross-sectional areas

Thigh muscle, cm?2 99.0 + 185 93.7 £ 16.8 96.9 + 15.2 100.8 + 21.3 104.4 + 18.9 <0.05

TSAT, cm? 53.0 +£ 23.9 46.1 + 20.5 52.4 + 25.1 56.2 + 24.3 57.0 + 24.7 0.149

IMAT, cm? 4.1+ 1.9 2.0 £ 0.7bcd 3.4 £ 0.2acd 4.5 £ 0.5abd 6.7 £ 1.3abc  <0.001

IMAT, % of thigh muscle 42+ 19 2.2 + 0.8bcd 3.6 + 0.6acd 4.6 + 0.9abd 6.6 £ 1.6abc  <0.001
Abdominal cross-sectional areas

ASAT, cm? 160.2 £ 63.5 127.5 £ 61.2bcd 167.1 + 67.52 1784 + 60.02  167.5 £ 54.62 <0.01

VAT, cm? 64.8 £ 33.9 46.2 + 28.1P«d  66.2 + 30.32 65.1 £ 29.3a 81.8 + 38.32 <0.001

Values are means + standard deviation and percentage. TSAT, thigh subcutaneous adipose tissue; IMAT, intermuscular

adipose tissue; ASAT, abdominal subcutaneous adipose tissue; VAT, visceral adipose tissue. a, indicate a significant

difference for the Q1; b, indicate a significant difference for the Q2; ¢, indicate a significant difference for the Q3; d,

indicate a significant difference for the Q4.
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Table 4-1-3 Metabolic disorder risk factor of participants according to quartiles of IMAT

Quartiles of IMAT

partiéilll)ants (< 29710m2) (2.8-§§cm2) (3.8-?.?5))cm2) (> 596tm2) PValue
Lipid metabolism
TG, mg/dl 107.2 + 49.3 103.9 + 54.4 101.4 + 44.3 114.0 = 51.0 109.4 + 48.0 0.653
HDL-C, mg/dl 57.4 + 13.5 61.1 + 14.5 58.2 + 14.3 55.4 + 12.8 55.0 + 11.7 0.140
LDL-C, mg/dl 131.1 + 33.5 130.1 + 29.8 133.5 + 37.4 130.7 + 35.5 130.3 + 31.9 0.964
Glucose metabolism
FG, mg/dl 105.4 + 23.6 98.3 + 9.7d 101.3 + 13.4 109.5 + 28.8 112.3 + 3222  <0.05
Hb1Ac, % 5.4 + 0.9 5.1 + 0.3ed 5.2 + 0.5 5.6 + 1.2a 5.7 + 1.0ab  <0.001
HOMA-R 1.6 £ 1.3 1.2 £ 0.6 1.7 £ 1.2 1.9 £ 1.7 1.8 £ 1.2 0.102
g;c?ifﬁl"fMetS risk 1.6 + 1.1 1.1 + 0.9bed 1.6 + 1.0ad 1.6 + 1.1 2.2 + 1.1abc  <0.001

Values are means + standard deviation. TG, Triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low density

lipoprotein cholesterol; FG, fasting glucose; HbAlc, hemoglobin Alc. a, indicate a significant difference for the Q1; b, indicate

a significant difference for the Q2; c, indicate a significant difference for the Q3; d, indicate a significant difference for the Q4.



HbAlc(p<0.001) T 4 FERNCHER2ENA LI TE Y, IMAT %W E E FG, HbAlc
DEWZ EWRENTZ. T, REIERE YV AR TOERD THD MetS U A7 {REE

A FEMICAEEBERENRALNTEY, QLIZH~T Q4 THEICEVEA R L.

D. i - MR & REHERE Y 2 7 K1 & O RIR

IMAT &R Y 27 R OEBIBIR &2 a2 72 O 4F il & R & A% s L
T ARARBA 0 HT 247 > 7= (Table 4-1-4) . & OfER IMAT X HDL-C (r=-0.198, p<0.05)
LADMHEE, FG (r=0.202, p<0.01) , HbAlc (r=0.272, p<0.05) , HOMA-R (r=
0.182, p<0.05) , MetS U 2 7 &A% (r=0.391,p<0.001) & EDMHBENRED b7,
F77, KIS KRR EREH 7= © IMAT #1413 FG, HbAle, MetS U 22
TRAE L IEOFRBNFER O BT,

E 5T, REHERE OBROBLEES®E STV A NIEE, BMI & o HERIZ LY
IMAT OEREPMCH R U 2 7 ] OZAIc & OREEME 5 202 et L7z (Table 4-
1-5) . ZOfEE, IMAT 28 1%¥N9 5 Z &2k b, HDL-C 2% 0.22%34 L, FG i
0.21%, HOMA-R (% 0.18%, HbAlc T 0.27%/N9 % & TR Siuiz. PEAHIBIH Y 2
7 [KF® FG & HbAlc IZPIEAENS & BMI IZEL~_T, IMAT 3 & v B L, %712, HbAlc
(3 BMI (ZH# L THEICEET 5 Z LR Shie.

Table 4-1-6 (21 IMAT A3HSZ U CREBE U 2 7 K+ & BT 2 & atd 57280
12, (REBIHE Y AV KT DOERY THDH MetS U AV REEAEMERES L Li-ERFR
HrowiRzrm Lz,

IMAT /% Modell O4is, M5, BMI, H{&IGEI&E, HRT L X—, KRERFHEFED
MiIER, MetS U A7 {44 (B=0.304, R2=0.276,p<0.001) & A EIZBE# L, IMAT
MEL 72513 E MetS UV A7 RABDPAEICELS 2D 2 LRRO L. S HIT, FE

BISHTICHESR, MeS U X 7552 BMI & VAT D23 7-7-%, BMI & Nl
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Table 4-1-4 Partial correlation coefficients between the IMAT and Metabolic disorder risk factor

TG HDL-C LDL-C FG Hb1Ac HOMA-R

BMI, kg/m? 0.209 ** -0.355 *** 0.086 0.169 * 0.140 0.294 ™
Daily Physical activity, steps/day -0.202 ** 0.193 * -0.091 -0.201 * -0.235 ** -0.071
Energy intake, % of EER 0.168 * -0.108 -0.055 0.093 0.108 -0.050
Thigh cross-sectional areas

Thigh muscle, cm? 0.254 ** -0.224 ** 0.033 0.135 0.109 0.169 *

TSAT, cm? 0.123 -0.129 0.029 -0.040 -0.041 0.133

IMAT, cm? 0.153 -0.198 ~ 0.042 0.202 * 0.272 ** 0.182 *

IMAT, % of thigh muscle 0.056 -0.128 0.043 0.181 0.255 ** 0.133
Abdominal cross-sectional areas

ASAT, cm? 0.178 * -0.191 * 0.175 * 0.161 * 0.109 0.301

VAT, cm? 0.323 ™ -0.257 ** 0.211 ™ 0.165 * 0.154 * 0.266 **

Controlling for age and sex. *p<0.05, **p<0.01, ***p<0.001. BMI, body mass index; EER, estimated energy
requirement; TG, Triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein
cholesterol; FG, fasting glucose; HbAlc, hemoglobin Alc; TSAT, thigh subcutaneous adipose tissue; IMAT,

intermuscular adipose tissue; ASAT, abdominal subcutaneous adipose tissue; VAT, visceral adipose tissue.



Table 4-1-5 Body composition for predicting Metabolic disorder risk factor

Log IMAT Log VAT Log_BMI
B S.E. B S.E. B S.E.
Lipid metabolism
TG 0.15 1.941 0.32 ™~ 4.292 0.21 = 2.740
HDL-C -0.22 ™ -2.847 -0.26 ** -3.494 -0.32 7
4.357
LDL-C 0.02 0.201 0.18 * 2.387 0.09 1.128
Glucose metabolism
FG 0.21 = 2.687 0.16 ~ 2.056 0.17 * 2.150
HOMA-R 0.18 * 2.303 0.26 * 3.397 0.29 = 3.948
HbAlc 0.27 > 3.646 0.26 * 3.397 0.14 1.794

Estimates were divided by 100 in order to approximate associated change in the

outcome variable for a 1% increase in a given predictor. *p<0.05, **p<0.01,

***p<0.001. b, indicate a significant difference for the BMI
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Table 4-1-6 Regression coefficients between the IMAT and number of MetS risk factor

1€

Model1 Model2 Model3

Variables B S.E. Pvalue B S.E. Pvalue B S.E. Pvalue
IMAT, cm? 0.304 0.043 <0.001 0.204 0.045 <0.01 0.177 0.045 <0.05
Age, years 0.167 0.016  <0.05 0.143 0.016 0.074 0.124 0.016 0.119
Sex -0.125 0.228  0.196 -0.264 0241  <0.05 -0.272 0.238  <0.01
gzgz/é’:gsml activity, -0.141 0.000  0.066 -0.090 0.000 0.232 -0.086 0.000 0.251
Energy intake, % of EER -0.032 0.004 0.688 0.002 0.004 0.983 -0.017 0.004  0.828
Thigh muscle, cm? 0.202 0.006  <0.05 0.005 0.007 0.965 -0.017 0.007 0.878
BMI, kg/m? 0.301 0.033  <0.01 0.209 0.036  <0.05
VAT, cm? 0.198 0.003  <0.05
R2 0.276 0.325 0.349

EER, estimated energy; CSA, cross-sectional areas; BMI, body mass index; VAT, visceral adipose tissue. Model 1,
adjusted for age, sex, physical activity, energy intake, thigh muscle; Model 2, adjusted for model 1 and BMI;
Model 3, adjusted for model 2 and VAT.



fE % A 1E L 72 Model2 & Model3 D437 %17-72. BMI Z4fiE L 7= Model2 241>
T Modell & [RIERIZ IMAT 234 < 7251 & MetS U % 7 {452 (B = 0.204, R?=0.325,
p<0.01) DA EICE S 2D 2 L33 b L. & 51T, Model2 (2 VAT %/l % 72 Model3
DAFIERIZ Y, IMAT & MetS U 27 R85 & OAERBEENHEFF S (B = 0.177,

R2=0.349, p<0.05) .

(4) B

ARFZEE, BAROHEE 2 FEing 255 L L, IMAT &R Y 2 7 A1 L oB%
Zigt Lo, ZORERE LT, IMAT IZAGHEE Y 2 7 R+ L BET 5 Z RS hTz.
7085, IMAT [ZPBRARIASC BMI (2~ TRREIBIE Y 2 7 K1 & K0 58 < B2 Al
BEMEAVR SN2, X512, IMAT 13 BMIL, PBEARIAIZHNT LC MetS U A7 - H 50
HNINZ 588 % e E 3 FTREME S R STz,
IEHEREESCEEORBNRVERERICBIT S IMAT CRHHRT U 27 K1 & B
ZREt L2 e Trgeidn < ol ST b, Goodpaster et al. (2003) (% 70-79 5%
OB e 2964 £ & xR E L, FERWREE 2V 2 — AMPFREREIL R F RS TR 2
BULEZWIMAT # 5 L CHY, EFEKEE CTH->TH IMAT (28RO A 2D >
RS L AR L (B r=0.24, Lot r=0.20, $Cp<0.001). F7z,
Leskinen et al. (2018) 1% IMAT 737 L a— 2 fq# M~ —5—TCTd 5 HbAle &
(r=0.54,P<0.05) +5Z Z2HEL TS, E51C, Yimetal (2007) 1%, 18 #%LA
LB LR E L, KB O IMAT 23451, iR, #Iei&E, RIBIENIICHMNL L
T, FG, PBG, TG, HDL-C, ZLCHaL ZFm— /L tBE LT\ Z L am5R LT,
IO DL TR ST IMAT LR E U 27 R+ & ORGR LD, AWFEOR
R, BATHEZEMITOINETHL EE2DND.

IMAT 2RERE Y A7 KA BT 5 A D= XL DOWTIERIERIPLR ENL .
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— OO E LT, IMATORRERHIC LD BEHDOA LAY v 7P IUREDREE
WL 2 ZAEMENREZ DN D, IMATOERIC X - T, HHEARANODAG,
ceramide DIFER#HW N EMNT 5 &, IRS, PISK, AKtO'FIEAFDA A ) v 7 F v
(BIEST T OTEER T2 Z &3 S Tub  (Holland et al. 2007; Timmers et al.
2008; Ussher et al. 2010). L7=23->7T, IMAT?H WS A IRER#ICE VA
SO N A—=AFRARBD L, 4 A AARGEL AT L5 2 & T, KN ~ERENE
WA ERNICIRA SV D . ROV 2ARBER P, (DML B O R R & BET 5 "]
RN TREIND. 51%, IMAT & MetSOBFRIZI T 5 EDREFEBRICONTAH =X

D PRI 7208 DREFTIIC R D M ERH D L EZBID.

EHIT, AR TIE, IMAT IZARERH Y A7 K7L 0 HRERH Y 2 7 K1 & i< B
H L, ZOREMIIABAEY & BMIICH_RTH X VESE#EL TWD Z &R aShiz
DITERENZ L THDH. EHOFERBOIZE A EIXEHRD TITV, IMAT 2 X 55K
0 7 = — 2R O TERGBIRE o203 5 Z & 2D, IMAT (B Y 2 2
FAZBWTHIBIEN LV b REREELH X D EEREBEZOND. LLRNRL, K
IR CTEBEIZBZE L TWRWZW, SBRIDROIMFDPLETHDLLEEZEZDND.

AWFFEIL, IMAT &R Y A7 R OEZRY ThHhDH MetS U A7 RAEE & DR
Ziet Lo, i ick) 2 IMAT X, s, Y5, BMI, HAE#&E, Sioxr

—, KERFmfE, PIRIEMImAEICIMSI L TE< 725138 MetS U A7 RAEHNB R L 72
B EDRENTZ. FATHIZEICE O T IMAT & MetS O%4 L OBIR & REt L 724
e SN TV 5. Goodpaster et al. (Goodpaster et al. 2005) (%, 70-79 % O /& i
Flaxtg L, 20 IMAT #8352 BMHITEEHRE TCH-2ICH DL 5T MetS 23
WETDHIRIHBK 2.3 @< 7edb00, BMI25 LLEO B TlE IMAT &
MetS & OBEMENEO Dol LA L Tns. F£72, Therkelsen et al.

(Therkelsen et al. 2013) 1%, 30kl OB LEx5 L L, HEEN O IMAT 728 1SD
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B2 &, ZMEicBiT 5 MetS OF AT 227134 1.2 f5m< 720, BHETIE MetS &
DEENRH LN oI LG LTS, ST L AIEDOR R E £ LD THD L,

IMAT & MetS OBSE ML, IMAT MR U X 7 K0 HE2 0 (12

!
&

B 5z, MetS
W2 )R K RAFREM DN RENT-EE 2 OND. —F, TATFZRICEBIT S IMAT &
MetS OBEMIZ A BT B L ZEIT OV T, RRE OFHE, HERIS IMAT ORIE SR,

NFEDBENPEEL KTL TV DLAREERDH DL LBZZ HND.

(56) fwm

ARWFGEIE, BAROREH 72 i g 2 x5 IMAT X RE U X 7K1 L BE L,
PIEIENT=> BMI IZEEA~ TR U 2 7 K7 & KV BRdET S alietk 4 m L7z, Lchi»o
T, IMAT 728 H RN OEH 72 hdlin & 1236 2GR E U 2 7 R1ICBE 2 —>DR

FTTHLIENTRENTZEEZLND.
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HHE HEB L —= IR BB RIE SRR GRE 2)

1. i1 b L—=2 73 - BNIEMNC XIE T8 GRE 2-1)

(1) HH

A 1 TIE, HEFEE 2 XTI IMAT AR O U 27 K+ & OBIRA Et L.
FOFER, fEE T EmE IcB 5 IMAT (IR E OV 27 & B 2 AT R
iz, Liedd-C, IMAT O FTRAICRT D iah, BRI oBLE» G HE
RWIRETH D LEZ BN S.

IMAT D&, AEEIOK I & 2 Ff 2 Mia o fshh 5 bl o) (Uezumi
et al. 2010; Farup et al. 2015), F 72 XA OAENEELEEDIX T (Manini et al. 2007)
NG 25 2 ERHEEND. IMAT OEEZ THT 5 - O3S IRIE B 23 B
THY, FHA~OFE, HROFEBNEETHHEEZLND. LERST, i
WOIREN ST 5/ b L—= 71X IMAT OEfR % TP+ 2EE hL—=27
ELTEOREPEIFFEND.

CHETIMAT 20 S8 5Ed) N L—= 2L LT RICAREEB ORI RS
ENTVD., LALRRs, AEEFEDTEHEIC IMAT OB IR TH D0,
N TOREIN NS, BMFMICEHAEREZD SE57 2 v BAER ST
% (EG & A5 2005; Karavirta et al. 2011).

—J7, Bl N v—= 7 IMAT (25 2 % 88 % et L= iF9eis, AmRrsEshic
AT, 1ZEACIEMEOREREZXG L LTWAD., ZAET, @72 Emd
ARG LT MREHT I T Taaffe et al. (2009) D&, 7] b L—=2 712 & b IMAT
PR LTNDEZEERLTND, LELARL, NARIBERICL B THY,
S R AT TRV, TEEE O IMAT (ST 57 b L—=1 7 OR) I3

ONCENTWRWEETHD. LTINS T, i L —= 7O EEZH 5T
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HIOITIE, KB OB EN LR DPLETHAL L EZONS.
F T, AR TIE, BAEALRRERERIC L VG L —= 2 R EE O IMAT

(CRIFTHBIOWTHRET 2 Z 2L L.

(2) Jiik
A G

IR THURE WS IC L v HE ST, HREOEESRM, © 60~85 5%, @ Lo
EREELHAZ B TWRWNWE, @ BHERENRZRWE, @ # 2[H, 30 5Ll Lo
& BT T, ©® EMcEBzHREL TR EFEEES Ty
W, ©® B 1~5 OREEZIT T\ e, ORMERN R BEETRS T H ¥ ATRICXK
R S R PNV ANAE SR DY

JEEE LT 41 DN, EREROSRMAN T 38 L&t RE L Le (IBmE 2 4)
DxIRE 38 A u MAEZIZHH ) b L—=0 78 (n=19) L xtEE (n=19) © 2 FEIZSH
Lo, 7ok, MAMIMMERR L72#, K> MRI 7— % Offtr 3R <h 52,
B L TWRWE LR T, BRI RE L b L—= 2 7] 15 4 & kIR
124 DFF 27T A &R L LTz, {REFITIIMEICHONT, Mk O EEHIC &V 47250
Ha1T o7 BT, MEFCLD2MESMOEEZG T, ABFFEITH0E K7 K55 A MR

BRAIER O EMEEE B2 OAGRZ 2 T T (VER 55 K 26-27 75).

B. AWK

MAWIRIZETORET 24 @ E Lz, Hiibb—=0 BT N L—=0 7 2R S
B 5RO AEBFEE 12OV TiReKZ LE & (1RM : one repetition maximum) @
WE 2540 LTz, MREITA b Ly FRITEED 10%F2E T 2~3 BIF LS, ELW

BEOMER Z1T>7-. 1IRM OWELIEY, HLEBISEFL T1EZEETHZ LR TE
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AURIR 2 \ZART 2B & % Trial and Error X (LeSuer et al. 1997) Ti7\y, % L
TEHOmAROEBZRLE L. 7ok, FlMORERHIZ 3 o~54L L.

i) b L—=2 27 DONEIX, Progression Models in Resistance Training for Health
Adults (American College of Sports Medicine 2009) (5%, 1 2Dk v 3 Uid,
Wikt 5 MOV +—Lb7 v 7, i bL—=7, BEEEBOIETK 45 73 HAT
Sl B hb—=27 FE 3 H, v=A bk bL—=r7< > (Nautilus NITRO,
Nautilus Inc., Vancouver, Washington) Z#HW\W T4 FfiH DL T A& o XiEH) (=—
JATvay, ==V 7vay, Ly T VA, vy T X7 a ), Figure5-1-

1) %, 65~80%1RM #E T 10 3 & v b, v MEOKEREHZ 25y & LTI 72,

ETOEyva i, bb—=VTHEHICL > TEE Y 4 — LEENF 2725

BB SN, S5, AAMIRTIZIEN ) b L —=2 7RV NG RE L UR
BEZZSERWE IR L. 2B, JIRED b L—=2 7 EiigiE, 96%Th -
To. =05, AREEIH N L —=0 T OB E LT D720, ST BRI SRS

HEBLIUREELALSERVWE SR L.

KEFIIAREZIZB W THE, (KH, BMI, EHIC LY HIROREL M L7z,
RERHHIORIETTIE L FIAE, FE 1 LRERTH Y, FHFMITEE 1 O7EIR L.

D, RS oA o7 o

RBE ORRWT i A 1 L KRB RS R B 107 |ICERE SN T2 0.25T MRI
(G-scan, Esaote Biomedica, Genoa) (ZX D MM ADEIRICHIE Uiz, e & 7k
(ZDOWTIE, R LICERR U7z, KRERESIC I 2 KERAG, K2 FAERS, IMAT @ CV fElX

THEN, £0.26%, £0.41%, +0.50 % ThH 7.
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Figure 5-1-1 Illustration of the resistance training. (a) Leg Extension, (b) Leg

flexion, (c) Hip adduction, (d) Leg press.
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E. MEDOHES LM 7T — 2 O
1 =D PE R L OMAERRA T — & OFEHTIZIT ADRTRIZ 558 L. BIETTiE & FIRI,

P 1 LFEERTH Y, FEMITERE 1 OFIEITR L.

F. H&EFARGE &

i) b L—= 7ROV A SRR RO 2R T 57201, INEEE ¥ —
Wigk %Gt (HJ-7301IT, Omron Healthcare Co., Ltd., Kyoto) % M\ T/ ADRI{ZIZH
W EBRONEZIT -7z, WEGEE FIAL, BE1 LFEETH Y, FEMITHE 1

DHFIEIZR LT,

G. EARREML IOEEEBEOME

XIGEOF M, B, IRIFCRDL, BEEE, SEELCHEEEEZT 7 — Mok
DA L7 (Kimetal. 2013). &EEIL, [BFELZEIRMEITRE ST, TR
FORIFTENFBIZLTWD0, TRFEOIR ) —RENZWGE, ET 22 LT
L0, THEIFE-STWDE ), TEEEE (HEE2ET) 2752 L0350, T
NABETDHIENDL)], HETDEEXLBMEBEAT DL LEICH R Y —FRKROKE
R FTREBEIZ L TWD] KO TR DZWE_Y 257 O 8HAIZSWNT
4 RECREIE RS, 7ok, BOEELWVEEEZ 18, EbiFE L R2WEEKE 4
REL, SHADOGHAERAZREEA=aY (832 5) & L7z, SUEEEIT, [BEEZK
ToBERE ) % 6 R CHIE 257, MAKTeE 148, FEACRERVE 6L L, AUH

Hig2ar7 1-65) & L7

H. 3t

i) == ZREERIRERICR T D~ b —= 2 JBbRRT O, (R E, BMI, 5,
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A, KRESHERT AL, RERE Y 27 KT ORBITMNL e T A0t EETT-
7o, 7o, BHED ML —= TJHIBRIZEBT H8E, BMI, IEPH, A%, RERESEEWT S,

R U 27 RF-OLEACITRIED & D t MIEZAT o 7=, FHEOFH N b L —= TRk
[ZH T D REREBEEWT AR O 2L O EIE, T otElE T (two-way ANOVA) %17
o7z, 61, IMAT OZEAEEE U X7 KR+ 02 & BT 5 0 EEtd 5720
(2, AFlm & MR A A L L IMAT o2 ks & R U 27 KT+ D02 bEDOR
FBEDHT 21T o 7. et BT FEIEAERERAE, £723% TR LE. ETOMFHLEIZ
I3#F Y 7 SPSS (SPSS Statistics 21.0 for Windows) % V>, p<0.05 #H&E & L

7.

(3) #ER
A IARIRIC BT D 5838 DR

Table5-1-1 (ZHT AR IS 1T D KR H ORHMA R Lz, ARG, RT BEZEEFHR A
68.7+4.7 %, BMI 1% 23.6kg/m2 TH Y, = b — LRI FEHERA 70.124.4 7%,
BMI (% 22.9kg/m2 Z 7~ L7z, 723, Jr ARNZIT HmBEOF M, (KE, BMI, 8P, H
WHREEEIIAEEREDA LN Lo oA, (KE, BMI, BHESKGEIREIC

IHERERHZ NS OO0, WL BITEMREML TV Z LavRENnT.

B. &HEICHIT D KREEHOZE(

BHEZBT D KRERE O KRG, K2 NHERI, IMAT, KERFG47-0 IMAT OFlIG D21k
I% Figure5-1-2, Figure 5-1-3 |27~ L72. ST ARTZ I 1T 5 WEE O KERR, & T &R, IMAT,
KERFI 2720 IMAT OFIG OEBICIIABRENZE BRI -To. A, KR

RT BEC 5.0 cm? A BRI L, KHFERECIIZSLAS 2 bR o 7. RT BRI B KR
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Table 5-1-1 Characteristics of participants

RT (n=15) CON (n=12) Time
Time Group X

PRE POST Change PRE POST Change group
Male/Female 5/10 - 6/6
Age, years 68.7+4.7 - 70.1+4.4
Weight, kg 57.2+2.5 56.6 + 2.6 -0.5 (-0.9%) 58.2+ 2.7 58.5+ 2.8 0.3 (0.5%) 0.664 0.699 0.185
BMI, kg/m? 23.6+0.7 23.4+0.8 -0.2 (-0.7%) 92.9+ 0.8 23.1+0.8 0.1 (0.6%) 0.844 0.644 0.233
Waist 81.1+2.6 82.7+2.5% 1.6 (2.0%) T7.7+2.7 81.8+2.7* 4.1 (5.3%) p<0.01 0.562 0.182
mrcumference, cm
Daily physical 5264 + 2547 5594+ 2351 330 (6.3%) 5492 + 2739 5674+ 2548 182 (3.3%) 0.515 0.564 0.715
activity, steps/day
Eating habits score ~ 19.5 2.5 19.2 2.4 -0.3 (-1.5%) 192 2.8 19.0 25  -0.2(-1.0%) 0.811 0.731 0.512
Drinking habits 45 12 48 12 0.3 (6.7%) 50 1.1 49 11  -0.1 (0.0%) 0546 0.357 0.479

score

Values are means =+ standard deviation. RT, resistance training group; CON, control group; BMI, body mass index. *p<0.05 vs PRE
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Figure 5-1-2 Changes in Thigh muscle and TSAT in the resistance training

and control groups
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Figure 5-1-3 Changes in IMAT in the resistance training and control groups
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i DAL BRI R BRI i U TR BEAERRD bivie (p<0.05). —J7, B THEMICE
WTIEEHE S BICABERE(ERA LN -T2 (Figure5-1-2).

IMAT 1% RT # T 1.4 em2 HEIZEA L (-17.4%), SREECIIER A DR o
7=. F7=, RT BHCBIT D IMAT OZ LEITRIREHC I L CRBEERANRD bz
(Figure5-1-3, p<0.05). KEEF 24720 IMAT OEAIZEB VT b AR ENRD b

7.

C. FRHEICHTHRBETE Y X7 KTDEAk

Table 5-1-2 I[ZHFEZ I 2 M ol - FREBBEERE FOZ 2R Lc. AR
BIFHMBEORBET Y AR FIIZT X THERENA N>, St A%, RT
#E1Z HDL-C 7% 5.8 mg/dl 841 L (p<0.05), FG i 5.9 mg/dl > (p<0.05) LTW%
Z LARENT-. TG, LDL-C, HbAle, HOMAR IZB W\ CIZAE R LI B2 0
Sfz. —F, *WBETIZ HDL-C & LDL-C B8N L, o> VU 22 KT T2 b

Nipmoi=. 72k, ZNHT_XTOY AT KT TIERZAEERANRED bR oT-.

D. i - IR DR R & RFHIRT U 27 H+ D& e & DRtk

IAHIRIZIRT S IMAT D2 ek & RERE Y X7 HF D2 LR L OBz e L
ToiE R, AR L ERIORIER, IMAT OZ LR L T XTORBRE Y 27 KT 0L &E
& ORNZITA E 2 FHBEBRITEED bR T,

(4) B%

ARFZETIE, §i7) b L—=2 7R hEinEIcBiT 5 IMAT IZRIEFTHBRICOV TR

FL. ZOFEE, 24 BB OB L —=r2712k ) IMAT 28 17.4%H ZI12HD L,
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Table 5-1-2 Changes in Metabolic disorder risk factor in the resistance training and control groups

av

RT (n=15) CON (n=12) Time
Time Group X
PRE POST Change PRE POST Change group
Lipid metabolism

TG, mg/dl 98.3 + 14.1 102.3 + 127 3.9 (4.0%) 946 + 15.2 81.7 + 13.6 -12.9 (-13.7%)  0.480  0.521 0.191
HDL-C, mg/dl 689 + 4.6 747 + 5.1° 5.8 (8.4%) 722 + 4.9 80.7 + 5.5* 8.5 (11.8%) p<0.001 0.515 0.395
LDL-C, mg/dl 113.1 = 6.8 1184 + 7.5 5.3 (4.7%) 127.7 £ 7.3 1375 + 8.0° 9.8 (7.7%) p<0.05 0.108 0.408

Glucose metabolism
FG, mg/dl 925 + 3.1 86.5 = 3.0° -59 (-6.4%) 99.2 + 3.3 91.7 + 3.2 75 (-7.5%)  p<0.01  0.136 0.730
HblAc, % 5.7 £ 0.1 58 + 0.1 0.1 (0.9%) 5.7 + 0.1 57 = 0.1 0.1 (0.9%) 0.112  0.888 0.994
HOMA-R 1.2 £ 0.2 1.3 + 0.1 0.1 (12.1%) 1.0 = 0.2 1.2 + 02 0.2 (16.9%) 0.129  0.658 0.856

Values are means + standard deviation. TG, Triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; FG, fasting
glucose. *p<0.05 vs PRE, **p<0.01 vs PRE



KRB L CHRICE W Z RSz, Lien-> T, i/ b L—=1 713 IMAT
BEREOTBHCHE Th D AREMEAVRIB S v7z. —JF, IMAT OZLIZ R Y 2o
T DAL L ORENFED /e o7z,

s 72 R s 2 RIS h L—=2 78 IMAT (2 RIET RISV THE L
Taaffeetal. (2009) (ZX 2 &, EHEBIEEN VMR 72 65~83 kD mEilind xR L L
12 J##, 75%1RM Off /) b b—=1 7% Fhi LIfER, IMAT 2% 5.4%E4 LT
ZlaWmE L. L LD, ZORITHIEIIRREED 22 I AR Ei I K DMt
THHIEBRRATHD. RFEOFERIL, ZOXITHEE XHFTLINETH Y, KR
FEZ R T T AR LRGN LV ) F L —= 713 IMAT EREO FPIICAITH D
AREMEZ L VRO D AN R ENTZEBEZ LS.

THET, EATHIRICHEW T, AREFEEENIC X 25 IMAT OZ L EITRHERT Y 2 7
FOEAEEET L Z ENRINT WD, AFRITREEE U X7 WA EL 525
M DOREIAIR ¥ DZEAL % Fe/MRIC L7z BT, IMAT OZ L & Rt E Y 2 7 K108 s
BE 2B O T 57218, R/l b b —=0 27 2 W THRET 21T > 7291 T D
METHD. LLens, AW TIE, IMAT 02k & RERFE U X7 /02 L
ORI BEMENTRD oz, #E 1 TlE, TR ICBI 5 IMAT (3ERH
UZ7RFEFBET 2 Z LRI, AFZET IMAT OZ(LMREIRT Y X7
FDEAL L OBIENENTRD B S TZE BRI OWTIIARH TH 5. AT TILHMEWTHY
ICRET 2 T o772, S8 1 O L9 BREFIRET L D &, DRV RER TR £1T-
T2 ENEELTWEARBRELEZOND. ZORIZHOWTIE, 4% 3 bR Mmeny

HTHD.

(5)

AWFZETIL, 24 B O ML —=o 712k b h&EEEICB I 5 IMAT 254 &I
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DL TWAZERHLMNE R, ZDOZ D, i L —=o 713 EkE 2B

% IMAT OV 2 7= 53T /807 N L —=0 P ThAIENRBEINEEELZ NS,

47



2. LEMOEE b L—= T DN D B - FHPIEN OFRI T (VS
2-2)
(1) HH
5 AEMOIBBIMIFZEIC L 5 &, EilinB B 5 KERE O IMAT (ZAE ORI >0
57, ARICHEINT 52 L AHEEZILTNS (Delmonico et al. 2009) . 2 -1 T
%, FEEEICB T L) M L—=271% IMAT OEADICAE N TH D AlREMED RIE S
iz, LL2ann, ZoORERIE, EHNeER L —=0 7 0RICOWTHRF L
FHFThV, BHMICO2EE) hL—=2 7 MECHT > T IMAT O % ] & 7=
T S5 OMICHONWTIERITH 5.
Z T, AT ERE gl L, 5FEMIChIEEE N L—=2 7 BNk

L% IMAT OF I KT T EEZWHLNCTHZ Lz AL LT,

(2) Jiik
A xtGE
KRIFTRNIHIE KR F DT A 7 A7 A NAGEE) 7 0 7T W 5 FRSBIN LIz HUISTEE D
B L a R L Lic, T4 7 A2 A NAEBY T 7 7T AOBIE TR T
OHIBAE WEESCEEAFE DS ME DO NVIZ LV FEE L, BEOSIMSEM T 60 i 5 85
%, EBORIR, BEORE, T L CEESHEORWE Tho7. b5 EMKIC T 7
LIZBIMULT-E TR 46 4 TH Y, RHAL, HIRIGEIES X O MRI 7 — % Ok 12
4, MRIBEOGHTNTERN 104 E2 AL, BfEriz 24 4 (B 114, 4otk 13
4) HOMRGE Lic, R TOSIFITIIMIEICONT, fim L O AEEIC L0 57258
HZ1To 72 B C, [AEEICXL DWESINOREZ ST, AUFZEIE50E KRR MR
BRETER O SR MELE B2 ORREZIT - GRER S 1K 2627 5).
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B. &5 L —= T ORE
BE ML —=U 70, FREEEOHMAZ BN E LU r—F 770l T LEHiL

EL, b —=2 TR L —= SRR SN, Ur—F 7T a s T A
%, B, IEE & Y — e EGE (HJ-7301IT, Omron Healthceare Co., Ltd., Kyoto)
ZIEFELTH OV, FIKEEIEOHMNA BIEL Lz, 5o BIEEREL, HAZ

2 77 ABMRRTOAEN S 1 H %720 1000~1500 HFEE O ZFRE L, Hf&HIC

1 H¥%729 8000~10000 #iERiE HIZ L Lz, 2E b &6 A 1R, HEGEHo
F— A B RPBCHDHIEED PCIZT v 7 u— R L, EHIICH Y OB RTEBNR I % e
Lz, 7a 77 AOEREIIA 1 EOHEETSMEIBADE L~VE LD T 1 —

R 7 %2175 7.

i s L= 7%, RS 5 WITHETHREBS L O F 2 —7 2 T 7/
DFI b —=7% 10 Ex1~3 1y ~, H2EEmLEZ. FL—=7FBIL X
79y N, Ly AT rvay, BN CRYE, BEEZL, Ef, Ly h—, b
YT T AT v arThd. BMETMEL DT AT AZANVICEDYE, EEOHITE
RFHF IS ) hL—= 7 &3 i Lic. 2L, b L—=2 7 OEN LRI AEG!
DEEDORZ v a2f$Z L THH ML —= T OREZ T LT,

B, A7 bL—= 2 TIEBIME P RERRIZH 5 HEsET /L 3 A —2% (Aerobike
ai, Combi Wellness Co., Tokyo) % f\» CTH {&{EZRE /) (PWC : Physical work capacity)

D 75%HRmax % HZZ 2 2 [B], 30 4y~45 yrfEsfE L7-.

C. JERERtAl

HREITNAFZICIB N THE, KE, BMI, EHIC XY FROTEREZ b L 7.
RESHOMIETIE L FIHIL, E 1 LFEHETH Y, FHEMITEVE 1 OFIEITR L.
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D. KRERESIS K ONEECAE T S O HIE

RBE OREWT A 1 L KRB R R B B 107 S|ICERE SN CW5 0.25T MRI
(AIRIS mate, Hitachi Medical Co., Tokyo) 12X 0 M ADFIZICHIE L7z, g & fE
BrofiEiz oW, i 1ICERR Lz, REEEIC I T 2 KRERfS, B2 AN, IMAT Ol
ELRERE CV EIZZ T, £0.2%,+0.1 %, +5.3% Td 0, IEEHEZ TR, WIgIE

® CV 13£0.0%, £0.8% T > 7-.

E. HEHKEE&E

H s G R B R OWE A & FIEIL, 1 LEEECTH Y, FMITRE 1 OFIEITR
L7z, ZME T HEASEGRIZEELTHLOHW, DK v A 1R, BHGtOT —4 &K
b HIEEDOPCICT v 7 u— R L. M5 ERICET 2 B EREE R, B0

bAEM H ORASE NS 1 4720 OB L EH ST,

F. #eatotr

BIEGE T D 5 EMOEN, HE, i) b L—= 7R LUK DOZ ML
I Do 5 e, ORISR EEZ MW TITo72. £z, Fxld, IMAT OF
FEHIZBT D HIKIEEEOFELZH NI T 572012, 5HEB DB EN T 7T LD
L HAFE T o D 9000 HLL EIERL LT 3R & RERFHIC OB L TGO H 5 t
BEEIT-72. WECET 5 5 MO IMAT OZLE L B EHIREEHEOLLEITH
Bl BT 2 D THRE L. ST B EEHAE R, 721 3% TR L. 2TOM
ML IZHEE Y 7 1 SPSS (SPSS Statistics 21.0 for Windows) % VY, p<0.05 %

HEL L.

(3) AR
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A, BIRXIGEE DR
Table 5-2-1 (ZX—A T A NZEBITHEEMNGEHEOREEZ R LT-. SHARIZEBWT,
KE, BMI % 5 FEHBICAH BRIV R ENT2 o T2, BT b FBICHEE R R

SN, B L —= 7 EEITA RIS L.

B. &x8IBIT 5 KRERE S KL OWEE 0281k
KERAR, KERESRZ FHsRG, IMAT, REEE FHENG, B X OWIEIENIL 5 F%ICHE

AL R ENT 2D - T-. (Table 5-2-2).

C. #HEZRT D b FEMOLEL

IMAT OEFRIZR T 2 HIREBEDOFE LA ST T D7201Z, 544 H OFBED
7u 7T L5OBEETH S 9000 AL B & RIEMBRZOE L Tothzfro72. M
REICBIT D 5RO H & S ATEE & 1T Figure 5-2-1 |25 L7=. 9000 H*ERCEEIXBRAART
([ZHART 5 AR A BEIZEIN L, 9000 SARERRAEIARIZHAD LT D Z &M
RS

WEEC R T D 5 FE% O D2 L% Table 5-2-3, Table5-2-4 |27k L7=. BHAARTT
O, BMI, KER&ERF KX ONE BN RfE DO I~ COHEE CHBEHICABEEIT R o7,
5 AERIZ I DRI T, 9000 AL A EERAEE L, BRAAATIZ T 542412, BMI,
RERAR, KEREEZ THENG, IMAT, KM, NEEEC TR, WIBNEN IS A B 7R A 7
biviehodz. F72, 9000 UL EREREETIE, BAARTIZ AT 5 4E412 BMI, KERAT,
RERERE TRERG, KIERS, MR TERG, WNIBREN CHERELRH LR o2 b D
O, IMAT IXBRAARTIC LT 5 AEZICHEITHD LT\ D Z & 23388 b7z (p<0.05) .
L L7223 5, 9000 #LL EREERGEEIC IS 1T 5 IMAT OZ1KiT 9000 AR EREEDOZELIC

WANTHERZBEERIZA LD bR T,
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Table 5-2-1 Characteristics of participants at baseline and follow-up

Baseline Syears Change Pvalue

Male/Female, n
Age, years
Weight, kg

BMI, kg/m?

Daily physical activity, steps/day

Frequency of strength training, time/month

11/13
68.2+0.7 73.2+0.7
56.6 2.2 55.3+1.9 -1.2 (-1.6%) 0.053
22.7+0.6 22.4+0.4 -0.4 (-1.2%) 0.205
7788 + 485 8200 = 2953 411.6 (5.3%) 0.469

00+0.0 13.8+1.6 - p<0.001

Values are presented as mean + standard deviation.
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Table 5-2-2 Thigh and abdominal cross-sectional areas of participants at baseline and

follow-up
Baseline Syears Change Pvalue

Thigh cross-sectional areas

Thigh muscle, cm? 98.3 £ 20.2 96.4 + 18.5 -1.9 (-1.4%) 0.189

TSAT, cm? 45.6 + 4.1 45.6 + 3.8 0.0 (4.4%)  0.985

IMAT, cm? 4.7+2.2 4.3+25 -0.4 (-6.3%)  0.230

IMAT, % of thigh muscle 49+22 45+ 2.4 -0.4 (-8.1%)  0.345
Abdominal cross-sectional areas

ASAT, cm? 135.1 £53.5 138.2 £ 49.0 3.1 (9.9%) 0.683

VAT, cm? 475+ 21.8 47.9 + 22,5 0.4 (8.7%) 0.904

Values are presented as mean + standard deviation and percentages. TSAT, thigh
subcutaneous adipose tissue; IMAT, intermuscular adipose tissue; ASAT, abdominal

subcutaneous adipose tissue; VAT, visceral adipose tissue.
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(steps/day)
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—O—RT + <9000 group (n=10)

5y

Figure 5-2-1 Follow-up change in physical activity. a: n=8, b n=12
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Table 5-2-3 Change in characteristics according to level of physical activity

RT + <9000 group (n = 14) RT +>9000 group (n = 10) Time
Time Group X
Baseline Syears Change Baseline Syears group
Male/Female, n 8/6 - - 3/7 - - - -
Age, years 68.8 £+ 3.2 73.8+3.2 - 67.4 + 3.9 72.4 £ 3.9 - - -
BMI, kg/m? 22.8+30 226+2.3 -0.2 (-0.9%) 22626 22.0 + 2.1 -0.6 (-2.8%) 0.178 0.710 0.474

Daily physical activity,
steps/day

Frequency of strength training,

ek -
time/month 0.0+ 0.0 12.0+6.6

7214 + 1820 6107 + 1206* -1107 (-15.3%)

0.0 +£ 0.0

8592 + 2896 11130 + 1958*

16.3 £ 8.5*%**

2538 (29.5%) 0.111

p<0.000 0.077

p<0.000 p<0.001

0.177

Values are presented as mean =+ standard deviation and percentages. *p<0.05, ***p<0.01 vs Baseline



Table 5-2-4 Change in thigh and abdominal cross-sectional areas according to level of physical activity

9¢

Time
RT + <9000 group (n = 14) RT + >9000 group (n = 10) X
Time Group _group
Baseline Syears Change Baseline Syears Change
Thigh cross-sectional areas

Thigh muscle, cm? 101.3 + 23.3 100.5 + 21.2 -0.8 (-0.8%) 94.1 + 14.9 90.7 + 12.9 -3.4 (-:3.6%)  0.153 0.292 0.376
TSAT, cm? 45.8 + 23.6 47.3 + 21.6 1.5 (3.2%) 452 + 15.5 432+ 13.5 -2.0 (-4.4%)  0.893 0.766 0.363
IMAT, cm? 5.3+2.1 5.2+ 2.6 -0.1 (-1.3%) 40+2.1 3.1+ 1.6% -0.9 (-21.8%) 0.166 0.059 0.237
IMAT, % of thigh muscle 5.2+ 1.9 5.3+ 2.6 0.1 (1.9%) 43+ 25 3.5+ 1.9% -0.8 (-18.6%) 0.261 0.129 0.253

Abdominal cross-sectional areas
ASAT, cm? 134.6 + 59.7 133.1 £ 47.2 -1.5 (-1.0%) 135.9 + 46.5 145.3 £ 53.1 9.4 (6.9%) 0.608 0.742 0.489
VAT, cm? 50.0 = 22.5 51.9 + 21.7 1.9 (3.9%) 44.0 + 21.6 42.3 + 23.6 -1.7(-3.8%) 0.671 0.564 0.615

Values are presented as mean + standard deviation and percentages.
TSAT, thigh subcutaneous adipose tissue; IMAT, intermuscular adipose tissue; ASAT, abdominal subcutaneous adipose tissue; VAT, visceral adipose tissue.



A, 5B 5 B H GBI E &R - NI 02 (LB RR
BERFIZBIT D 5 FRO IMAT OZ b L B S RIEE R OZ & & OBIRIC
DUV T Figureb5-2-2 |Z/R L7, IMAT OZ b &I H S RSB EOELE L ARERAD

BfE T D = LR &N (r=-0.446, p<0.05).
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® r=—0.446, p <0.01
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Figure 5-2-2 Relationship between 5year change in IMAT and daily physical activity.
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(4) B%

ARWFZEIE, FHEimEERE L, REMICbRE2EAE ML —= 70N L5
IMAT OFFBICKITTERELZHAONCTHZ L2 BN E L, TORRE, fadicks
F% 5 EMOBEE b L— = ZIMERIAE D KRB IMAT O 2 #if S5 2 &2
HLMNE otz EBIT, BAER, i bl—=278 L HICEW HE B ATEEE 2
Fr U 7= B 13RBRES IMAT 2AA I LTWD 2 EAvRENT. 72, 5EMICBIT S
H & S ARTEE & OHINT IMAT O LBES 5 Z LAVRS T2 ZRHEDRRND,
BHIICBIT 28E N L—=2 7 OEMBIMEEE S IMAT OF-EZMHISE, &5
2, IREHEDEVIEE IMAT BT 52 L 2R L. £, ZOHKEEHED
L 5 AEIZ 31T 5 IMAT O & B4 5 Al et Ay s S iz,

Goodpaster et al. (2008) X 70~89 WD EME Bk 424 &R L L, Vr—F
7 HFulsb Lz 1TEBOEA b L—=2 712 X 2 KBRS IMAT OZ b & #HE LT\ 5.
1AM, RS 21T o 7o HREE CIERIRER O IMAT 28 A BICHI L 722 b b 6,
RGBT A BB bR -T2 LA LT\, %72, Gallagher et al.
(2014) 1%, 45-7T6 O EH L 91 L&KL L L, EFEERIIRIRT O IMAT 23
AEICHM LI Z 22T 1 FEOES L —= ZI3HABEREINA 50 TR
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O#FFEH 5 IMAT (ZINE I AE > TEMT 5 2 L2357 TH Y (Delmonico et al.

2009), HANBMOANFEE R, MEZFE S T IMAT 238007 5 ATREMES R & T

59



VW% (Akima et al. 2015). L72A35C, ARBFFEIZEHWT IMAT AHERFS 7z 2 &1,
EE) N L—= I IS IMAT OIflIcETH L 2 LA BT /MR TH D
EEZLND.
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VIR EDHMRETH D EEZBND. IMAT 15 & & F1RI L (Manini et al. 2007; Akima
et al. 2015), /) F L —= 72XV ElsE T 5 KRR IMAT 23 22D 95
ZENHE SN TS (Nicklas et al. 2015). AHMFFED 9000 AL FHEIL 5 4 fH, ¥
12.1 /A (K 3 [B) Of ) b L—= 7 %17V, S HIT, KRERFOKRMER 2 #EFF L
TWDZEDIRENTWS., Lo T, ZOBBRMENSE X THDL E, AIFZET 54
[, EWIRB N N L= 22k 0 NERIC £ D IMAT OB ENH] S Fu7= ATHEMEAS
EZHhD.

72, AWFETIE 5 IR T 5 B HIKTEE & OB IMAT OB ICEET 5
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W THEBTIIC IR LTS L B &, B D 720 Z £ IMAT &8 @ WA OHER (r=
- 0.44, p<0.05) Z/TZ L AHE LT D (Tuttle et al. 2011). = DIEATHFIE TR &
o5 IMAT OA OB LV, REFFRICISIT 255 R1%, BRBIFZE O R F 4 it 7 —
I VZFFTORNETH Y, IMAT OFRZ T 5720120, i hv—=278

EBICHFE SRR BELENSE L AMBEOEMPEETH L Z LAVRRENT.
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Background: To evaluate the association between thigh intermuscular adipose tissue accumulation and number
of metabolic syndrome risk factors in middle-aged and clder Japanese adults.

Methods: Thigh muscle cross-sectional area, subcutaneous adipose tissue, thigh intermuscular adipose tissue,
abdominal subcutaneous adipose tissue, and visceral adipose tissue were measured in 166 middle-aged and
older (mean age, 69 years) Japanese adults using magnetic resonance imaging. Daily physical activity was calcu-
lated using pedometers, and energy intake per day was evaluated using 3-day dietary records. Multiple linear
regression analysis was used to assess the association between intermuscular adipose tissue and the number
of metabolic syndrome risk factors.

Results: Multiple regression analysis indicated that intermuscular adipose tissue was significantly associated with
the number of metabolic syndrome risk factors, after adjusting for age, sex, body mass index, daily physical activ-
ity, energy intake, thigh muscle cross-sectional area, and visceral adipose tissue (p < 0.05).

Conclusions: Thigh intermuscular adipose tissue accumulation was significantly associated with the number of
metabolic syndrome risk factors in middle-aged and older Japanese adults, independent of age, sex, body mass
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1. Introduction

Age-related loss of skeletal muscle mass, termed sarcopenia
(Rosenberg, 1997), is related to mobility disorders, impaired activities
of daily living, and decreased quality of life in older adults (Janssen
et al, 2002; Doherty, 2003). Sarcopenia has also been reported as
associated with metabolic diseases, such as diabetes (Morley, 2008;
Kim et al,, 2010) and metabolic syndrome (MetS) {Yum et al., 2012),
Furthermore, sarcopenic obesity, defined as having low skeletal muscle
mass in the presence of obesity (Baumgartner et al., 2004), is reportedly
more closely associated with MetS than either sarcopenia or obesity
alone (Lim et al., 2010).

Intermuscular adipose tissue (IMAT) has been observed in the
skeletal muscles of older adults with sarcopenia. Recent studies
have demonstrated that patients with metabolic diseases, such as
type 2 diabetes (Goodpaster et al., 2000; Hilton et al., 2008;
Gallagher et al., 2009) or stroke (Ryan et al., 2002, 2011), have a
greater amount of IMAT compared with healthy individuals. These

* Corresponding author,
E-mail addresses: bangeunji000@gmail.com (E. Bang), tanabe kai.gm@u.tsukuba.acjp
(K. Tanabe), yokoyamamnoriko.ge@u.tsukuba.acjp (N. Yokoyama), s.chijiki@gmail.com
(S. Chijiki), kuno@taiiku.tsukuba.ac.jp (S. Kuno).

http://dx.doi.org/10.1016/j.exger.2016.03.010
0531-5565/© 2016 Elsevier Inc. All rights reserved.

observations indicate that increased IMAT contributes to the patho-
genesis of metabolic disease. However, few reports have examined
the relationship between IMAT and metabolic abnormalities in
older adults without severe disease.

MetS represents a cluster of cardiovascular risk factors that includes
abdominal obesity, hypertension, dyslipidemia, and hyperglycemia
(Reaven, 1988). The incidence of lifestyle-related diseases reportedly
increases with increasing numbers of MetS risk factors, even if they
are mild risk factors (Nakamura et al., 2001).

Therefore, there is a clinical need to determine the effects of IMAT on
metabolic abnormalities in terms of MetS risk factors for the prevention
of lifestyle-related disease. To date, only two previous studies have re-
ported that IMAT is independently associated with the incidence of
MetS in men or women without severe disease {Goodpaster et al.,
2003; Therkelsen et al., 2013). Despite reporting an association between
IMAT and MetS, neither of these studies focused on the number of MetS
risk factors or measured physical activity or energy intake. The influence
of IMAT on MetS risk factors is likely to differ according to the race (Yim
et al., 2007); however, to the best of our knowledge, no studies have
been conducted on middle-aged and older Japanese adults.

Therefore, the present study aimed to determine the association
between thigh IMAT accumulation and the number of MetS risk factors
in middle-aged and older Japanese adults, independent of sex and ob-
jectively measured physical activity and energy intake.
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2. Methods
2.1. Participants

The present study included 166 middle-aged and older Japanese
adults without exercise habits or severe metabolic disease (mean age,
68.9 &+ 5.5 years; 53 men, 113 women). Participants were recruited
through advertisements in the local community. All participants provid-
ed informed written consent. The Ethical Committee of the Institute of
Health and Sport Sciences and the Institute of Clinical Medicine at the
University of Tsukuba approved the present study protocol.

2.2, Anthropometric measurements

Anthropometric measurements were performed on barefoot partic-
ipants wearing light clothing. Height was measured to the nearest
0.1 cm using a wall-mounted stadiometer. Body weight was measured
to the nearest 0.1 kg using a digital scale {TBF-551; Omron Healthcare
Co., Ltd., Kyoto, Japan). Body mass index (BMI} was calculated as body
weight/height® (kg/m®).

2.3. Thigh muscle and abdominal cross-sectional area { (SA)

Thigh muscle and abdominal CSA measurements were obtained by
magnetic resonance imaging (MRI) at the University of Tsukuba. Partic-
ipants were placed in the supine position with extended knee joints on
a 0.25-T scanner (AIRIS mate; Hitachi Medical Co., Tokyo, Japan). Thigh
cross-sectional images were obtained using a conventional T1-
weighted spin-echo sequence (10-mm slice thickness, 20-mm intersec-
tion interval, TR 360 ms, TE 28 ms, 256 x 256 maltrix, FOV 240 mm, FA
90°). Abdominal cross-sectional images were obtained between 14
and L5 vertebrae using a conventional T1-weighted spin-echo sequence
(10-mm slice thickness, 20-mm intersection interval, TR 510 ms, TE
30 ms, 256 x 256 matrix, FOV 320 mm, FA 907},

Total area, thigh muscle, thigh subcutaneous adipose tissue (TSAT}),
and thigh IMAT were measured from a single cross-sectional image at
50% of the right femur length. In the present study, IMAT was defined
as adipose tissue area visible between muscle groups and beneath the
muscle fascia (Ruan et al,, 2007). Abdominal subcutaneous adipose tis-
sue (ASAT} and visceral adipose tissue (VAT) were measured from a sin-
gle cross-sectional image between the L[4 and L5 vertebrae. All cross-
sectional images were analyzed by a single trained investigator using
SliceOmatic 5.0 image analysis software (Tomovision, Montreal,
Canada). The coefficient of variation for thigh muscle, TSAT, and IMAT
were +0.24%, 4+ 0.45%, and + 0.53%, respectively, whereas those for
ASAT and VAT were 4 040% and -+ 0.57%, respectively.

2.4. MetS components and risk factor

MetS risk factors were determined according to the Japanese Diag-
nosis Criteria {(Matsuzawa, 2005} as follows: {1} abdominal obesity,
waist circumference of =85 cm in men and 290 c¢m in women;
(2) hypertension, systolic blood pressure (SBP) of 2130 mm Hg and/
or diastolic blood pressure (DBP} of 285 mm Hg; (3) dyslipidemia, tri-
glyceride (TG} levels of 2150 mg/dL and/or high-density lipoprotein
cholesterol (HDL-C) levels of <40 mg/dL; and (4} hyperglycemia, fasting
glucose (FG} levels of 2110 mg/dL. Additional MetS risk factor criteria
included those receiving drug treatments for hypertension, dyslipid-
emia, or hyperglycemia.

Waist circumference was measured three times to the nearest
0.1 cm at the midpoint between the lower costal margin and iliac
crest using a calibrated measuring tape. Blood pressure was measured
twice using an electronic digital blood pressure monitor (HEM-780,
Omron Healthcare Co., Ltd., Kyoto, Japan) with individuals in a seated
position after a 10-min rest period. Fasting TG, HDL-C, and FG levels
were obtained from blood samples drawn after an overnight fast.
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2.5, Covariates

Daily physical activity was measured using a pedometer {H]J-730IT,
Omron Healthcare Co., Ltd., Kyoto, Japan}. Participants were directed
to wear the pedometer on a belt around the waist from waking up in
the morning until going to bed at night for 14 days, except during
sleeping and bathing. In addition, participants were asked to record
their physical activity in detail using a physical activity diary to exclude
unusual physical activity, such as travel or business trips, from daily
physical activity. The number of steps recorded daily was calculated
from the average number of steps per day measured by the pedometer
and the physical activity diary.

Daily intake of total energy, in addition to carbohydrates, fat, and
protein, were assessed using 3-day dietary records. Dietary intake data
were analyzed by a nutritionist using Eiyoukun Ver 4.0 software
{Kenpakusya Co., Ltd., Tokyo, Japan). Estimated energy requirement
(EER) values were calculated for each participant based on height,
weight, and physical activity levels (Sasaki, 2008). Total energy intake
was evaluated to determine the EER usage ratio as the total energy in-
take per EER. Participants also completed a postmenopausal health
questionnaire. All ferale participants were postmenopausal and were
not receiving hormone replacement therapy during the present study
period.

2.6. Statistical analysis

Patients were divided into quartiles according to IMAT (Q1,
<2.7 am?; Q2, 2.7-3.7 cm?; 03, 3.8-5.5 cm?; Q4, 5.5 cm®} to examine
the number of MetS risk factors in each IMAT quartile. The mean differ-
ences in continuous variables between IMAT quartiles were tested using
one-way analyses of variance, and categorical variables were tested
using the 2 test. Relationships between IMAT accumulation and num-
ber of MetS risk factor were determined using partial correlation coeffi-
cients adjusted for age and sex. Multiple regression analysis models
were used to determine whether IMAT was independently associated
with the number of MetS risk factors. Analyses were adjusted for age,
sex, physical activity, energy intake, and thigh muscle CSA (Model 1},
and further adjusted for BMI (Model 2) and VAT (Model 3 ), as these var-
lables have been shown to be strongly associated with MetS in several
previous studies as well as the present study. All statistical analyses
were performed using SPSS 21.0 software (SPSS Inc., Tokyo, Japan}; p
values <0.05 were considered statistically significant.

3. Results

Participant characteristics according to IMAT quartiles are shown in
Table 1. Overall, 31.9% participants were men. No significant differences
in age or height were cbserved between quartiles; however, body
weight and BMI were significantly higher in Q4 than in Q1 and Q2.
Moreover, thigh muscle and abdominal CSA values, except for TSAT,
were significant greater in Q4 than in Q1-03. No significant differences
in physical activity or dietary intake were observed between quartiles.

The number of MetS risk factors and components according to IMAT
quartiles are shown in Table 2. The number of MetS risk factors was sig-
nificantly higher in Q4 than in Q1 (p < 0.001}. IMAT quartiles were sig-
nificantly associated with the frequency of abdominal obesity
{p = 0.001) and hyperglycemia {p < 0.01}; however, no significant dif-
ference in frequencies of hypertension and dyslipidemia were observed
between IMAT quartiles. In addition, among the components of MetS,
IMAT quartiles were significantly positively associated with waist cir-
cumference (p < 0.001) and FG (p < 0.05}. No significant difference in
SBP, DBP, TG, and HDL-C were observed between IMAT quartiles
{Table 2}.

Table 3 shows the partial correlation, controlled for age and sex, be-
tween body composition variables, physical activity, energy intake, and
MetS components. IMAT was significantly correlated with the number
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Table 1

Characteristics of participants according to IMAT quartile.

E. Bang et al. / Experimental Gerontology 75 {2016) 26-30

Quartiles of IMAT

. - 01 Q2 Q3 Q4
Characteristics All participants (2.7 em?) (2.8-3.7 cm?) (3.8-55 cm?) (5.6 cm?) P-value
N 166 41 42 42 41
Male (¥) 319 263 e 310 36.6 0.504
Age (years) 689 +55 68.1 +£53 694 455 684459 69.7 +£55 0.486
Height (cm) 154.0 + 8.0 153.9 + 6.8 1534 + 8.1 1547 + 8.7 1542 + 8.5 0.883
Weight (kg) 571493 51.7 4 7.13% 564 + 7.4 593 + 1141 60.9 +8.17 =<0.001
BMI (kg/m?) 24.0 4+ 3.0 21.8 4 23851 24.0 + 2.6% 246 +327 256 + 2.5 =<0.001
Physical activity (steps/day) 6761.78 + 3202.4 7446.1 + 3498.0 6896.2 + 2852.8 6451.7 + 3740.8 6216.5 + 2550.2 0332
Dietary intake
Total energy intake (kcal/day) 2096.6 £ 382.2 2121.7 £413.1 2102.0 £+ 3636 20721 4+ 391.1 2091.1 £ 371.7 0.948
Energy intake (% of EER) 114.8 + 24.5 110.6 + 22.7 115.6 £ 27.4 1157 £21.5 117.2 £25.5 0.654
Protein (g/day) 83.5 & 16.4 84.0 + 18.1 879 £17.5 814 + 13.6 80.5 + 15.1 0.160
Fat (g/day) 54.7 & 15.5 56.9 + 17.1 559 + 15.3 532 +13.8 52.8 + 16.0 0.572
Carhohydrate (g/day) 302.2 £ 58.9 3063 + 67.9 300.8 £ 55.2 295.1 £59.7 306.9 & 53.2 0.784
Thigh cross-sectional areas
Total thigh (cm?) 156.1 4+ 27.7 141.9 + 21131 152.7 £+ 24.2} 161.5 £ 30.17 168.2 4 28.2™ =<0.001
Thigh muscle (cm?) 99.0 & 18.5 93.7 + 16.8 56.9 + 15.2 100.8 £21.3 104.4 + 185 <0.05
TSAT (cm™) 53.0 4 23.9 46.1 £ 20.5 524 £25.1 56.2 + 243 57.0 £24.7 0.149
IMAT (cm?) 41+18 2.0 £+ 0.7489 34 + 02489 45 + 0.5 6.7 + 1.314% =<0.001
IMAT (¥ of thigh muscle) 42418 22 4 0.8489 36 + 06489 46 + 0.514% 6.6+ 1.6148 <0.001
IMAT (% of total thigh) 27411 1.4 4 0.5%39 2.3 + 03839 2.8 4 0509 4.1 + 0.o1#3 <0.001
Abdominal cross-sectional areas
ASAT (cm?) 160.2 4 63.5 1275 + 61.2489 167.1 £ 67.5' 1784 + 60.01 167.5 £ 54.6' =<0.01
VAT (em?) 64.8 +33.9 46.2 £ 28.1%81 66.2 + 303" 65.1 + 29.3" 81.8 + 383" =<0.001

Values are means + standard deviation and percentage. BMI, body mass index; EER, estimated energy requirement; TSAT, thigh subcutaneous adipose tissue; IMAT, intermuscular adipose

tissue; ASAT, abdominal subcutaneous adipose tissue; VAT, visceral adipose tissue.
T Asignificant difference for the Q1.
ia significant difference for the Q2.
¢ Asignificant difference for the (3.
% A significant difference for the Q4.

of MetS risk factors, waist circumference, HDL-C, and FG. IMAT, normal-
ized according to thigh muscle CSA and total thigh adipose tissue was
significantly correlated with the number of MetS risk factors. In addi-
tion, other body composition factors, such as BMI, total thigh volume,
thigh muscle, TSAT, IMAT, ASAT, and VAT, were significantly correlated
with number of MetS risk factors. Physical activity was significantly cor-
related with number of MetS risk factor; however, no significant corre-
lation was observed with energy intake (Table 3}.

The results of the multiple regression analysis are shown in Table 4.
The results indicate IMAT as significantly associated with the number of
MetS risk factors after adjusting for age, sex, physical activity, energy in-
take, thigh muscle CSA {Model 1, p = 0.304; R> = 0.276; p< 0.001}, and

Table 2
MetS components and risk factors of participants according to IMAT quartile.

increasing IMAT accumulation was associated with the number of MetS
risk factors. The association between IMAT accumulation and number of
Met$ risk factors persisted after adjustment for BMI {Model 2, p =
0.204; R? = 0.325; p < 0.01) and VAT (Model 3, = 0.177; R? =
0.349; p < 0.05).

4. Discussion

In the present study, we determined whether thigh IMAT accumnula-
tion is associated with the number of MetS risk factors in middle-aged
and older Japanese adults, independent of sex, objectively measured
physical activity, and energy intake. The results of the present study

Quartiles of IMAT

= 01 02 03 Q4
All participants (2.7 cm?) (2.8-3.7 em®) (3.8-5.5 cm?) (>56 cm®) Prvalue
Number of MetS risk factor (n) 16+ 1.1 1.1+ 08 1.6 £ 1.0 16+1.1 224117 <0.001
Percentage of MetS risk factor
Abdominal obesity () 45 (27.1) 2 (45) 11 (26.2) 12 (28.6) 20(48.8) <0.001
Hypertension (¥) 127 (76.5) 27 (65.9) 34 (81.0) 31 (73.8) 35(85.4) 0.171
Dyslipidemia (%) 58 (34.9) 10 (24.4) 14 (33.3) 16 (38.1) 18 (43.9) 0.297
Hyperglycemia (%) 38 (23.5) 4(9.8) 8 (19.0) 10(23.8) 17 (41.5) <0.01
Met5 components
Waist circumference (cm) 81.9 + 96 754 + 66481 816 + 93" 83.6 +10.8° 86.6 + 7.8 <0.001
SBP (mmHg) 1363 £ 17.8 131.8 £16.1 140.0 £ 21.1 1351+ 173 138.2 £ 16.3 0.168
DBP (mmHg) 80.8 £ 12.8 80.8 + 10.6 80.2 £ 11.5 795 £ 10.2 829 178 0.655
TG (mg/dl) 107.2 £48.3 103.8 £ 544 1014 + 443 114.0 £ 51.0 1054 £+ 48.0 0.653
HDL-C (mg/dl) 574 £ 135 61.1 £ 145 58.2 £ 143 554 £ 12.8 55.0 = 11.7 0.140
Fasting glucose (mg/dl) 1054 + 236 98.3 £ 0.7 161.3 £+ 13.4 108.5 + 28.8 1123 + 32.2° <0.05

Values are means 4 standard deviation and percentage. MetS, metabolic syndrome; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, Triglycerides; HDL-C, high density li-

poprotein cholesterol.
T A significant difference for Q1.
¥ Asignificant difference for Q2.
¢ A significant difference for 03.
% A significant difference for 4.
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Table 3
Partial correlation coefficients between IMAT accumulation and MetS components.

Number of MetS risk factor Waist circumference SBP DBP TG HDL-C Fasting glucose

BMI (kg/m?) 0.445™" 0.565"" 0.217" 0.119 0.208"™ —0.355""™ 0.169"
Physical activity (steps/day) —e.190" —0.176" —0.047 0.035 —0.202™" 0.193" —0.2017
Energy intake (% of EER) 0.034 —0.048 0.038 0.019 0.168" —0.108 0.093
Thigh cross-sectional areas

Total thigh (cm?) 0.358™" 0.425™" 0.210™ 0.11¢ 0.233"" —0.226™" 0.052

Thigh muscle (cm?) 0243 ¢.206™" 0.140 0.016 0.254"" —0.224" 0.135

TSAT (cm?) 0.271"" 0.3217 0.173" 0.129 0.123 —0.129 —0.040
IMAT (cm?) 0391 0.416™" 0.091 0.05¢ 0.153 —0.198" 0.202""

IMAT (% of thigh muscle) 333" 03577 0.053 0.043 0.056 —0.128 ¢.181"

IMAT (% of total thigh) ¢.285" ¢.302" 0.035 ¢.007 0.048 —0.117 ¢.214™
Abdominal cross-sectional areas

ASAT (cm?) 0.338" 0.444™" 0.163" 0.155" 0.178" —0.191" 0.161"

VAT (em®) 0.419™ 0.445™" 0.271°" 0.136 0.323"" —0.257"" 0.165"

Controlling for age and sex. MetS, metabolic syndrome; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, triglycerides; HDL-C, high density lipoprotein cholesterol. BMI, body
mass index; EER, estimated energy requirement; TSAT, thigh subcutaneous adipose tissue; IMAT, intermuscular adipose tissue; ASAT, abdominal subcutaneous adipose tissue; VAT, vis-

ceral adipose tissue.
* p=0.05.
** p=0.01.
= p<0.001

demonstrate thigh IMAT accumulation as independently associated
with the number of MetS risl factors, after adjusting for age, sex, daily
physical activity, energy intake, and thigh muscle CSA.

Therkelsen et al. (2013 ) reported that for each standard deviation in-
crease in intramuscular fat in the paraspinous muscle, there was a 1.2-
fold increase in the odds of MetS incidence in women, but not in men,
after adjusting for age, smoking status, alcohol use, physical activity,
menopausal status, BMI, and VAT. Goodpaster et al. (2003) reported
that individuals with normal weight and higher thigh IMAT were at ap-
proximately 2.3-fold increased risk of MetS than those with normal
weight and lower thigh IMAT, regardless of race, smoking status, and
physical activity, but not obesity.

To the best of our knowledge, this is the first study to report the re-
lationship between IMAT accumulation and the number of MetS risk
factors. Notably, IMAT has been found to be associated with MetS after
adjusting for sex, BMI, and objectively measured physical activity in
middle-aged and older Japanese adults with normal weight (average
BMI, 24.0 kg/m?). Although Japanese individuals are less likely to have
a BMI greater than 30, compared with European and American individ-
uals, the prevalence of diabetes and metabolic disorders is reportedly
higher in Japanese individuals than in Furopean and American individ-
uals (Kedama et al., 2013}. In the present study population, 1.8% partic-
ipants had a BMI greater than 30. The results of the present study
indicate that IMAT in addition to BMI, could be associated with the num-
ber of MetS risk factors in Japanese individuals.

Taken together, the results of the present study and previous studies
indicate IMAT accumulation is associated with not only the incidence of
MetS but also the number of MetS risk factors in healthy individuals
without severe metabolic disease. IMAT accumulation likely increases

susceptibility to MetS. Although previous studies have reported IMAT
as associated with the incidence of MetS, the sex difference in the rela-
tionship between IMAT and MetS has been inconsistent. This discrepan-
cy among the results of previous studies may be attributable to
differences in age, race, or site of IMAT measurement.

The results of the present study indicate that IMAT is associated with
MetS, although the mechanisms underlying the association between
IMAT and MetS in older adults remain unclear. Low expression of the
fatty add transporter, FABPpm, is reportedly associated with low insulin
sensitivity, with greater fat accumulation in muscle cells, in men
{(Kawaguchi et al., 2014 }. Expression of FABPpm is associated with in-
creased fatty acid oxidation and increased expression of PPAR-a, leading
to increased insulin sensitivity. Accordingly, FABPpm may be one of the
factors contributing to fat accumulation within the muscle cells and in-
sulin resistance (Kawaguchi et al., 2014). Furthermore, significant en-
richment of inflammation {miR-21, miR-101}- and diabetes (miR-30a,
miR-103} -related miRNAs has been reported in IMAT compared with
subcutaneous adipose tissue in a animal model (Ma et al,, 2013). Be-
cause IMAT measured by MRI in the present study was unable to distin-
guish accumulation of fat within muscle cells, future studies should
investigate the association between accumulation of fat within muscle
cells measured by muscle biopsy sample or magnetic resonance spec-
troscopy and fatty acid oxidation capacity and inflammatory markers
of skeletal muscle at the molecular level.

The present study has some limitations. First, participants of the
present study were aged =60 years; therefore, the results of the present
study may not apply to those <60 years old. Second, although we con-
trolled for multiple confounders, we were unable to exclude the possi-
ble influence of unmeasured or potentially confounding variables,

Table 4
Regression coefficients between IMAT accumulation and number of MetS risk factors.
Model 1 Model 2 Model 3

Variables B S.E. F-value S.E. P-value B S.E. P-value
IMAT (sz) 0.304 0.043 <0.001 C.204 C.045 <0.01 0.177 0.045 =0.05
Age (years) 0.167 0.016 <0.05 0.143 C.Cl16 0.074 C.124 C.016 C.118
Sex —0.125 0.228 C.196 —0.264 .241 <0.05 —0.272 0.238 =(0.01
Physical activity (steps/day) —0.141 0.000 C.066 —0.080 .000 0.232 —0.086 0.000 6251
Energy intake (% of EER) —0.032 0.004 C.688 c.002 c.cc4 0.983 —0.017 c.cc4 c.828
Thigh-muscle CSA (cm?) 0.202 0.006 <0.05 C.005 C.007 0.565 —0.017 0.007 C.878
BMI (kg/m?) ¢.301 c.033 <0.01 ¢.209 0.036 <0.05
VAT (cm?) .198 £.003 <0.05
R: 0.276 0.325 0.348

EER, estimated energy requirement; CSA, cross-sectional area; BMIL body mass index; VAT, visceral adipose tissue. Model 1, adjusted for age, sex, physical activity, energy intake, thigh

muscle. Model 2, adjusted for model 1 and BMI. Model 3, adjusted for model 2 and VAT.
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such as other lifestyle factors including current smoking and alcohol
consumption, genetic factors, and hormonal factors. Finally, the cross-
sectional design of the present study was unable to determine a causal
relationship between MetS and IMAT. Further studies are required to
determine the mechanism responsible for the association between
IMAT and MetS.

In conclusion, the results of the present study demonstrate a signif-
icant association between thigh IMAT accumulation and number of
MetS risk factors in middle-aged and older Japanese adults, indepen-
dent of age, sex, BMI, daily physical activity, energy intake, thigh muscle
CSA, and VAT. Therefore, IMAT may be a factor associated with
increased numbers of MetS risk factors. Further studies are required to
determine the mechanisms underlying the association between thigh
IMAT accumulation and MetS.
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Abstract

Purpose Intermuscular adipose tissue (IMAT) accumulates with ape. However, there has been no long-term intervention
study examining whether daily walking prevenis or decreases the ape-related IMAT acc umnlation. The purpose of this stedy
was to determine effects of a long-term litestyle-based daily walking program on age-related IMAT accumulation after a
S-year follea-up.

Mathods Using a pedometer, daily step count was evaluated for 5 years in 24 middle-aped and elderly malke and female
participants. Using magnetic resonance imaging, thigh muscle. thigh subcutaneous adipose tissee, IMAT. abdominal sub-
cutaneous adipose tissue, and visceral adipose tissue wene examined at baseline and atter 5 years.

Results After 5 years, them was no significant increase in IMAT in all participants. In addition, |MAT significantly decrased
in participants with a daily step count of > 9000 (4.0 £ 2.1 vs. 3.1 1.6 cm™; p<0.05). Momover, changes in IMAT within
5 years cormlated with changes in daily step counts, even after adjusting for confounding factors (p<005]).

Conclusions Long-term lifestyle-hased daily walking program prevenied the age-melated IMAT accumulation in middle-aged
and elderly adulis. Furthermone, increased daily walking commelated with decreased IMAT ower 5 years.

Keywords Intermuscular adipose tissoe - Aging - Daily walking - Skeletal muscle mass

Abbreviations MR Magnetic resonance imaging
ANOVA  Analysis of variance TSAT Thigh subcutaneous adipose tissoe
ASAT Abdominal subcutane ows adipose tisswe VAT Visceral adipose tissue

BAI Body mass index

CHA Cross sectional area

IMAT Intermuscalar adipose tissoe Introduction

Sarcopenia, the decline in muscle mass with age (Rosenberg
Communicated by fean-Rend Lacour 1997}, is related to impaired activities of daily living (Jans-
senet al. 2002; Delmonico et al. 2007) and decreased qual-

Shimya Kuno . - . . . .
PR S—p—-—— i ity of lite (Doberty 2003 ) and is associated with metabolic
diseases, such as metabolic syndrome (Yum et al. 20013
! E;Emﬂ;:ihﬂ: 'f'hdiszﬂﬁ- Um?_fu_lﬂ Et_hﬂﬂr_l_ - Reportedly, sarcopenic obesity, defined as the presence of
M ive Human Scionoes, University of Tsu a, i - L R
1-1-1 Termodss, Trukuba, : 058577, Jupan both !jarcnp:,_nm and nl:-:.s.tr_',. B aumgfmmr n:,l._a.l_ 2004, is
; associated with a higher incidence of metabolic syndrome
Faculty of Heman Health Department of Health than l:lb.'.-‘litjl alone {le et al. F_"ﬂ]ﬂ_:l.

und Mutrition Scioncos, Kommrawa Women's University, 238
Sakzhama, Imagi, Takyo 206-851 1, J=pan

3 Sport and Hezlth Promotion, Omduee School Masier's
Program, University of Tsakuba, 3791 Otsaka. Bunlkyo-ku,

In the elderly with sarcopenia, intermuscular adipose
tissue (IMAT) accumulates in the skeletal muscle, IMAT
constitutes adipocyies that accomulate beneath the deep

Tokyo 112-0012, Japan tascia of muscles as well as fat accumulated within the
4 Tyukubn Wellness Research Co., Lid, 175-4 Waksshiba, muscles (intramuscular adipose tissue) and betwesn muscle
Kashiwa, Chiba Z77-8519, Japan groups (intermuscular adipose tissoe). (Ruean et al. 2007;
Publisled ealine: X5 Janaary 2018 "'é Springer
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Addizon et al. 2014). Compared with healthy individuals,
patients with metabolic diseases, such as type 2 diabetes
(Goodpaster et al. 2000 ; Gallagher et al. 2009) or stroke
(Ryan et al. 2011), have been shown to have greater |MAT
amounts. Moreover, increased IMAT in middle-aged and
elderly adults increases the risk of metabolic syndrome inde-
pendent of age, sex, body mass index (BMI), daily physical
activity, energy intake, thigh muscle, and visceral adipose
tissue (Bang et al. 2016). The results of animal ex periments
with mice have shown that when fat accumulation is induced
in muscles due to the overexpression of lipoproiein lipase,
insulin resistance is developed in skeletal muscles (Kim
et al. 2001), indicating that |MAT may have some effect on
metabolic diseases. Thus, investigating methods to prevent
IMAT accumulation are necessary.

Longitudinal studies have reported that thigh IMAT
in the elderly significantly increases with age (Song et al.
2004 ) regardless of weight gain (Delmonico et al. 2009,
Compared with young people, no significant difference in
IMAT has been reporied in the elderly with higher physi-
cal function (Buford et al. 2012) or who regularly exercise
(Wroblewski et al. 2011} Thus, physical activity is consid-
ered an important tactor in preventing or decreasing |MAT
accumulation in the elderly. However, only approximately
30% of Japanese adulis attain the recommended level of
physical activity (Ministry of Health, Labor and Weltan
of Japan 2010}, The main reasons for failure o0 engage
in the moommended level of exercise include the lack of
time, ingbility to develop a habit of exercising, poor access
o exercise facilities, and dislike toward vigorous exercise.
In addition, elderly individuals find it penerally difficult o
continuously engage in moderate-to-vigorows exercise, and
o the best of our knowledge. no investigations of exercises
that can be casily integrated into daily lile exist to deter
mine whether relatively low-intensity exercises, which ane
preierable becanse they are both safe and easy to perform,
suppress [IMAT accumulation in such individuals.

For elderly individuals, walking is a type of exercize that
is both =ate and easy to perform and can be continued in
their daily lives. Consequently, increased siep counts ane
effective tor reducing fat content, preventing lifestyle-melated
diseases, and improving the quality of life. In addition,
measurements of siep counts using a pedometer provide an
index that can be used to assess the level of physical activity
as well as provide users with real-time feedback regarding
their daily level of physical activity. Thus, this approach is
effective tor motivating the users to engage in physical activ
ity (Peterson et al. 2012). When investigating the effect of
long-ierm physical activity on IMAT in middle-aged and
elderly participants, a lilestyle intervention mainly focused
upon walking is considered an approprigie method. Previoes
research using cross sectional data has reporied that walking
is correlaied with IMAT (Tuitle et al. 2011). However, to

€\ Springer
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the best of our knowledge, no long-term interyention stud-
ies have been conducied to investigaie whether daily walk-
ing prevenis age-related IMAT accumulation. Thene fore,
the purpose of the present study was to determine effects
of a long-term lifestyle-bhased daily walking program on
age-mlated IMAT accumulation in middle-aged and elderly
participants. We hypothesized that a litestyle-based daily
walking program mainly focusing on walking would prevent
age-melated IMAT accumulation.

Methods

Participants and study design

This study included middle-aged and elderly male and
temale participanis who participaied in a lifestyle-hased
daily walking program for 5 years at the University of
Tsukuba, lapan, from 2000 to 2016, The participants wemr
mcruited through advertisement in local community news-
papers in Tsukuba. Inclusion criteria were people aged
6085 year=, without regular exercise habits; exercise limita-
tions; or severe diseases, such as type | diabetes, myocardial
infarction, cerzbral infarction, osteoporosis, osteoarthrosis,
and cancer. In total, 46 subjects participated in this program
that continued for 5 years. Aterexcluding those with mizs-
ing data for body composition. daily siep counts, and mag-
netic resonance imaging (MRI) (n= 12) and those whose
MEI data were impossible to analyze (r= 10}, 24 middle-
aged and elderly Japanese adulis (age, 6074 years; 11 males
and 13 temales) wemr ultimately analyzed.

This study was a long-ierm interventional study con-
ducted in & single group over a 5-year period. The life-
style-based intervention was assessed using data collected
at baseline and 5 years after the training commenoed. All
measurements wene performed by staft members who under-
went training at haseline and | year later.

All participants provided written informed consent, and
the study was approved by the Ethical Commites of the
In=tituie of Health and Sport Sciences and the Instituie of
Clinical Medicine at the University of Tsukuba and was con-
ducted in accordance with the guidelines of the Declaration
of Helsinki.

Lifestyle-based daily walking program

The litestyle-based daily walking program aimed to pro-
mote daily living activities during which the participants
pertormed strength training and bike training twice a3 week
{Yoshizawa et al. 2016). The walking program, which was
conducted while wearing an internal pedometer with an
acceleration sensor (HI-7300T, Omrmon Healthcare Co., Lid.,
Eyoto, lapan), was set at approximately 3000 steps per day;
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this valoe was greater than that mcorded from the daily step
counts prior to program participation. Participants’ daily
siep counts were regularly monitored using pedometer data
that wemr uploaded at least onoe 8 month using designated
computers within the university. The program administra-
tor provided monthly feedback reporis to the participants
regarding their individual daily step counis and the fre-
guency of stength training.

The strength training program involved seven muscle
training exercises, each involving 1-3 =sets of ten epetitions,
u=ing their own weight or a twhe, and performed either in a
university facility or at home. Training included squats, leg
extensions, push-ups, sit-ups, back extensions, leg curls, and
hip extensions. Strength training intensity was set by the
number of sets and the color of the tube according to the
individual s physical strength level evaluated prior to study
participation.

Strength training had no fixed place or ime and was per-
tormed according to the individoal's litestyle. Participants
who performed strength training recorded the frequency by
pressing the confirm buiton on the pedometer. Moreover,
participants used a bicycle ergometer for 30 min depending
on a target heart rate; this bicycle erpometer was available
at the university facility.

Body composition

Body composition was meesured before participating in the
study and atter the S5-year exercise program.

Anthropometrics

Height and weight wene measuned to the nearest 0.1 cm and
0.1 kg using a wall-mounied stadiometer and weighing scake
(HBF-354 IT-2, Omron Healthcare Co., Lid. Eyoto), rspec-
tively. Then, BMI was calculated as weight divided by height
squared (kg/m*).

Measurement of thigh and abdominal cross-sectional areas
(C5A)

Thigh and abdominal C5A wene obtained using MRI facility
(025 T, AIRIS mate; Hitachi Medical Co_, Tokyo, lapan)
at the University of Tsukuba. Thigh cross-sectional images
wemn obtained at 50% of the right femur kength using a8 con-
ventional T 1-weighted spin-echo sequence [slice thickness,
10 mm; inersection interval, 20 mm: repetition dme (TR),
360 ms; echo time (TE). 28 ms; mairix, 256 256; beld of
view (FOV ), 240 mm; Hip angle (FA), 90°]. Abdominal
cross-sectional images were obtained at the L4-1.5 vertebral
level using a comventional T 1-weighied spin-echo sequenoe
(slice thickness, 5 mm; intersection interval, 13 mm; TR,
510 ms; TE, 30 ms; mairix, 256 256; FOV, 320 m; FA
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907, The participants wemn instrucied not to breathe deeply
during the imaging of their abdomen to ensure gquiet,
unlabored breathing.

Total area, thigh muscke. thigh subcutancous adipose tis-
sz (TSAT), and thigh IMAT wene evaluated from a single
cross-sectional image that included 530% of the right femur
length. IMAT was defined as adipose tissue visible bebaeen
muscle groups and beneath the muscle tascia (Song et al.
2004 Abdominal subcutaneous adipose tizsue (ASAT) and
visceral adipose tissoe (VAT) wer measured from a single
cross-sectional image at the L4-1L.5 verizbral level. A sin-
gle trained investigator analyzed all cross-sectional images
using image analysis software (SliceOmatic 5.0; Tomoi-
sion, Montreal, Canada). All tissees were divided using the
thresholding method. For the thighs, thresholds were deter-
mined for the adipose tissoe signal intensity in each image
using the region grow function; then, the portion that cor-
mesponded to the definition of IMAT was manually selected,
and the cormesponding ama was calculated. Then, arcas for
subcutaneous fat and quadriceps muoscle were obtained
using the watershed algorithm. Using the same algorithm
tor the abdomen, the subcutaneous fat was separated from
the visceral fat and the pixels within the visceral fat that
cormesponded 1o non-fat areas wene manoally deleted. The
intratester reliability of repeated measurements of C5A was
as follows: intraclass correlation cosfhcient=0.98-1.00
{p<0005). In addition, high validity (0.99) was confirmed
tor our transverse area measurements of muscle, fat, and
IMAT using MRI on the basis of an investigation using
cadaver analysis {Mitsiopoulos et al. 1998} Coefficients of
variation for thigh muscle, TSAT, and IMAT wene +0.2%,
+0. 1%, and £ 0.5%, respectively, while those for the psoas
major muscle, ASAT. and VAT wene +0.6%, +0.4%, and
+0. 8%, mspectively.

Daily walking

Daily step count was evaluated wsing a pedometer (HI-
T3T. Omron Healthcare Co., Lid., Kyoto, Japan). To meas-
ure haseline daily step counts, participants wene required
to wear the pedometer on the right or left side at the front
side of the waist for 2 weeks from waking up in the morm-
ing until going to bed at night, except in instances where
wearing the device was impossible, such as when sleeping
or bathing. Moreover, participanits wemr required to reoord
their physical activity on paper. Except for unusoal physical
activity, such as travel or business trips, daily step counts
were determined using the average number of steps from
T days of activity. Even atter study participation, participants
wemn required to wear the pedomeier on the waist from wak-
ing up in the moming until going to bed at night, including
training hours. Participants uploaded their pedometer data
at least once a month wsing designated compuiers within the
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university. Daily step counts after 5 years wene measumed by
calculating the total momber of daily steps at 5 years and the
average of daily step count (total daily steps at 5 years/365).

Statistical analysis

Changes in characieristics, physical activity, and the body
composition of all participants were analyzed using paired r
tests and 3 st In addition, to elucidate the effect of daily
walking on IMAT, analyses were condected according to
the recommendation of the Ministy of Health, Labor, and
Weltare of Japan (2006). The recommendation is that the
daily siep count tarpet should be betaeen 2000 and 10,000
steps (2006), with a mean of 9000 steps, becase it has
been shown effective for the prevention of lifesty le-melated
dizeases (Park et al. 2008). Thus, on the basis of the aver
ape 5-year siep count, the participants were divided into a
group for which the count was at least 9000 steps (= 9000
group) or another group for which the count was less than
G0 sieps (< W00 group). Mean differences in contineous
wariables betwesn both groups were tested using one-way
analyses of variance (ANOVA) A teo-way AMNOVA was
conduwcted with time (baseline and 5 years) and daily step
counts (= 9000 and < 9000} 2= independent factors used to
compare differences of dependent variables. The relation-
ship between changes in IMAT and changes in the num-
ber of daily siep counts over 5 years was examined using a
single regmession and stepwise multiple regression analysis.
Siepwise multiple regression analyses included age, pen-
der, BMIL, the frequency of stiength training, thigh muscle,
TSAT, ASAT, VAT, and psoas major muscle becanse these

variables were strongly associated with IMAT in several
previous studies as well as in the present stedy. Values wer
expressed as means + standard deviation or as percentages.
All statistical analy ses wemr performed vsing the SP55 210
software (SP55 Inc., Tokyo, Japan), and p values < 0.05
wemr considersd statistically significant.

Results

The body composition and physical activity of all par-
ticipant=s at baseline and after 5 years are summarized in
Table 1. Mo significant changes wemr tound in weight, B M1,
thigh muscle, TRAT, psoas major muscle, ASAT, or VAT
before and afer 5 years of walking program. Moreover,
no significant increase was obhserved in IMAT. In terms of
physical activity, no significant change was observed in daily
step counts, and the frequency of muscular strength training
significantly increased (Table 1.

To determine effects of the lifestyle-based daily walking
program on IMAT accumulation, the daily siep counis atier
5 years were classified into two groups: =900 and < 2000
steps. Figume 1 shows the changes in daily step count for
both groups within 5 years. The = 9000 group showed a
significant increase in the number of steps atier 5 years than
the baseline (p- 0005]), whenreas the < 9000 group showed
significant decrease in the numiber of steps after 5 years than
the baseline.

Changes in the body composition of both groups after
5 years are summarized in Table 2. Mo significant differ-
enoes were ohserved in age and body composition variables

Table 1 Cherscieristics of

participants 2 baseling and B ase line 5 yoars Change pvaloe
follow-up Male/femak: 11413 - -
A, yoars 68.2+0.7 732407 -
Wiipht. kg 566422 353+1.9 =121 1.6%) 0.053
BMI. kgim® 27+045 24404 — 04— 1.2%) 0205
Draily siep counts, stepsfday TTEE + 485 BN+ 2553 4116(53.3%) 0.469
Fegquency of strength treining,  0.0+0.0 138116 138 P <0001
timefmomth
Thigh cross-sectonz] amax
Thigh muscle, cm® LR 3x4.1 0544+3 R —19(—14%) 0189
TSAT, cm? 45.6+4.1 456+38 0.0 (4.4%) 0.985
IMAT, cm” 4.7+0.4 43+05 — 04— 5.3%) 0.23)
Abdominal cross-sectionaz] apsax
Psoas major musche, em” 169+12 16.4+1.1 — 05— 21.3%) 0.059
ASAT, cm® 135.1 £10.9 138.2+ 1010 3.0 1%9%) 0.683
VAT, cm? 471 5%45 47 944 6 0.4 (B7%) 0.0l
Values ans pemsented = mean + standsrd devistion sand peroentages
MY body mass index, TSAT thigh subcutznecus adipose tssue, IWAT inermuscalar adiposs tssue, ASAT
shdominal subcutansous adipos tissue, VAT visooml adipos tissoe
& spinge
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Ag. 1 Follow-up champes in {stegmiday )
deily sep comnt “n=8, "n=12
12,000 i a
11,183 11,269
10,951 10,885 11,130
11,000 - 1053
T, 00
aom &S
- B
RO g2 797 BOTIST g
7.000 4 6,744 G601
6,107
i, 000
5,000 1
4,00
3,000 -
lm T T T T T T 1
Haseline fim 1y 2y 3y dy Sy
=i = 9000 =10} -C- <2000 {n=14)
Table 2 Change in body composition according o bovel of deily step counts
< Q) group (r= 14) = Q0 group (o= 107 (Gmoup = timea
B assline 5 yoars Change Befom 5 yoars Chanmpe
Mlale/femals & w7
Agpe, years GEE+32 TIE4+32 - 67.4+3.0 T24430 - -
BMI_lg.l'rn! 184340 MhH+213 — 0.2 (— D95} Da+1h 20+ 21 —0b{—-28%) 0474
Dzily siep counts, stepsfday 7214+ 1820 6107 +1206* — 1007 (—153%) E592+2896 11130+1958% 32518 (29.5%) p00001
Fregquency of strength train- 0.0 +0.0 120+ 6.6%% — 0.0+0.0 1634+ 5% - 0177
img, time’month
Thigh cross-sectionz] ameas
Thigh musche, cm’ L3233 100.5+20.2 - 0.8 (- 0.E=) 041+149 GI7+129 —34{-346%) 0376
TSAT, cm” 4584236 4734216 L5 (3.2%) 4524155 4324135 —20{—44%) 0363
IMAT, cm” 53121 521+286 — 0.1 [(— L.3%) 40+211 ilxle* —0.9{-21.E%) 0237
Abdominal cross-sectional ansas
Psoas major mscle, cm® 176454 1T.1+4.E — 0.5 [— LE%) 16.0+ 6.1 154+58 —0.6{-39%) 0827
ASAT, cm® 1M4.6+597 1331+47.2 — 15— L0%E) 13594465 145.3+53.1 G4 (6.55%) 0459
VAT, cm’ 50.0+225 5194217 1.9 (3.9%) 440+2186 423436 —1L7{—-38%) 0415

Values zme prosented ax meoans + standard deviation and percent=pes

BMT body mass index, TSAT thigh subcutaneous adipose tissee, MHAT inermuscular adiposs tissue, ASAT shdominal subcumreons adiposs tis-

s, VAT visceral adipose ssue

#2105 for within group change, *#*p <001 for within groap change

at baseline between both the groops. The <9000 groop
showed no significant changes in B ML, thigh muscles, TSAT.
peoas major musche, ASAT, VAT, and IMAT after 5 yeams.
Although the = 9000 group did not show significant changes
in thigh muscle, TSAT, psoas major muscle, ASAT, and
VAT atier 5 years, it showed a significant decrease in | MAT
(pr=0005). However, there was no significant interaction.
Figure 2 shows the association between changes in IMAT
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and daily step counts for all participants within 5 years.
Change in IMAT showed a signitficant negative cormelation
with daily siep counts {r=—0.446, p< 001} Moreover, a
stepwise mualtiple moression analysis was performed with
change in IMAT as the dependent variable, and age, sex,
BMI, daily step counts, the frequency of strength train-
ing, change in thigh muscle, TSAT, psoas major muscle,
ASAT, and VAT as independent variables (Table 3. Resulis
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FAg. 2 Relatonship betwesn
Syoar chanpe in [MAT and
dzily siep comnt

AL

. & B &

A Daily siep comt (stepsiday)

g

y=— TT012x + 103,97
r=— 086, <0l

-4 K] T
-4.0 -5.10

Table3 Swepwiss multiple negmession analysis mlaed o changes in
IMAT

I mde pemndiemt varishle ¥ 1 P value
A Daily step counts =44 —23% p<l0s
{Adjusted
R=0.199)
Sex =034 —0.070 0.BGH
Agpe — 0 —0492 0U62E
A BMI 0266 1427 0.168
A Froguency of stength taiming  — 0,147 — 0760 0.455
A Thigh muschs 0027 0.137 0.B93
A TSAT 0363 2011 0057
A ASAT 0.263 1300 0179
A VAT 01.239 12353 0224
A Penas magjor muschs —0.139 —070% 048R

BMI Body Mass Index, TSAT thigh subcut=ncous adipose tssue,
ASAT abdomimal subcutznecus adipose tissue, VAT viscerz]l adipose
tssoe, IWAT intermusoular adiposs Gxmoe

indicated that an increase in daily siep counts predicted an
increase in IMAT (p< 005

Discussion

In the present study, the lifesgyle-based exercise program,
primarily comprising long-term walking, resulied in the
maintznance of IMAT in middle-aged and elderly adulis
and decreased IMAT accumulation in individuals who
could maintain a high step count while engaging in muscle
strength training. It has been reported that increase in [ MAT
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iz associated with aging and insufficient daily step counts.
When a subject is not engaped in exercise training, IMAT
can be expecied to increase atter 5 years. Monetheless, the
present study is the first to demonstrate the suppression of
IMAT accumulation with the long-term lifestyle-based daily

walking program.
Change of IMAT over 5 years

Aging is an important factor influencing IMAT accumula-
tiom. According to longitedinal studies reporting age-relaed
IMAT accumulation ower 5 years, thigh IMAT in the elderly
is estimated to increase by 6.4% per year in males and 3.1%
per year in females, regardless of weight loss (Delmonico
et al. 2009). However, elderly people with higher physical
tunction (Buford et al. 2012} or those who regularly exer-
cise (Wroblewski et al. 2011) show no significant difference
in IMAT compared with young people. Themfore, physical
inactivity is related tol MAT sccumulation regardless of age,
and physical activity may be effective in preventing IMAT
accumulation.

In the present study, we observed that although not sta-
tistically significant, IMAT decreased by 0.4 cm® (6.3%) as
a result of the long-term litestyle- based physical activity
program that primarily involved walking exercise imple-
menied over 8 5-year pericd. One limitation of this study
was the lack of a control group:; hence, we compared our
results with those of previous stedies. The results of a
previous study indicated that men experienced a decrease
in IMAT of 0.55 cm® (7.2%) and women experienced a
decrease of 0.55 cm® (5.6%) as a result of moderate-to-
vigorous acrobic physical activity involving 65-B0% VO,
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peak aerobic exercise over & pericd of 9 months (Durheim
et al. 2008} Theretore, the resulis of this study indicated
that the decrease in IMAT was almost equal to that achiewved
through moderate-to-v igorous physical activity. Goodpas-
ier et al. (208) have reported that their combined training
group focusing on walking showed no significant increase
in thigh IMAT ower | year, but the control group showed a
significant increase in thigh IMAT. Gallagher et al. {2014)
have also reporied that IMAT was significantly increased
in the health education group including middle-to-old- aged
male and female individoals (age, 4576 years), whenras
the group that performed lile style-based physical activity.
such as brisk walking or home aerobics exercise tor 1 year,
showed no significant increase.

The results of this study support the findings of previous
studies (Goodpaster et al. 2008; Gallagher et al. 20 14} show-
ing that physical activity suppresses the increase in IMAT.
However, although previous studies have not found a sta-
tistically significant change . they have reporied that IMAT
iended to increase. [MAT has been mported to increase by
approximately 7% per year with age; however, whether daily
walking suppmesses age-related IMAT accumulation remains
unclear. Theretore, to elucidate this phenomenon, utilizing
the long-term lifestyle- based daily walking program is mec-
essary. To the best of our knowledge . this is the hirst study
o elucidaie whether the long-term litestyle-based exercise
program mainly focused on walking suppresses age-mlated
IMAT accumulation.

Furthermom:, to clarify effects of daily walking on IMAT,
we classibed the participants into bao groups and examined
changes in IMAT. As a msult, we demonstrated that afier 5
years, IMAT was significantly decreased in the = 9000 group
and that the increase in IMAT was suppressed even in the
< 9000 group. Although the reason for this mmains unclear,
one possible explanation could be the mainenance of mus-
cle mass by strength training. The < 9000 groop showed
maintained thigh muscle and psoas major muscle by per-
forming strength fraining exercises at an average of 12.]
times per month (approximately 3 times 8 week) for 5 years.
IMAT is corrzlated with muscle mass (Manini et al. 2007
Akima et al. 2015), with studies on the elderly showing that
thigh IMAT significanily decreases through muoscle training
(Micklas et al. 2015). Therfor, maintaining muscle mass
through megular muscle training for 5 years could possibhy
suppress the increase in IMAT with aging.

Association between changes in IMAT and changes
in daily step counts

We showed that an increase in the number of daily step
counts for 5 years was associgled with a decrease in IMAT
even after adjusting tor confounding factors. According to a
cross-sectional siudy regarding the association between siep

count and IMAT among elderly men and women with type 2
digheies, the number of steps was negatively cormelated with
IMAT {r=—0.44, p<005) {Tuttle et al. 201 1). The present
long-term intervention study revealed that an increase in
daily siep counts independently rmdeced IMAT.

We evaluated daily step counts measured using a pedom-
cier. Siep count is cormelated with hourly energy consump-
tion regardiess of work (Boashiwazaki et al. 1986). In addi-
tion, given its negative correlation with time spent sitting
(Tudor-Locke et al. 2002}, the effectivensss of using step
counts to assess the level of physical activity has been veri-
fied. Moreover, a pedometer can assess physical activity
as well as provide the wsers with the real-time feedback
mgarding their level of daily physical activity. Thus, it is
eftective for the improvement of motivation o engage in
physical activity (Peterson et al. 20 12). However, the level
of physical activity assessed wsing a pedometer primar-
ily includes physical activity in the form of walking. Asa
msult, a pedomeier cannot assess activities, such as bicycle
riding and waker exercises. In particular, one limitation of
the pedometer is that it cannot provide an assessment of
the total level of physical activigy. In addition. it may also
underestimate exercises that primarily imvolve the upper
body. Theretore, the resulis of this study must be analyzed
with caretul attention to the fact that the data are limited
to step count evaluations. The detailed mechanism through
which physical activity decreases IMAT mmains unclear.
Howewver, one possible mechanism is the enhancement of
musche fat onidation through physical activity (MManini et al.
2007, Inactivity decmeases kevels of emeyme 3-hydroxy furan
CoA dely dropenase in the mitochondria, which plays impor-
tant rodes during tat oxidation. The binding of this enzyme o
the mitochondria decreases the ability to oxidize muscle fat,
causing muscles o use glocose insiead of fat for energy. The
decrease in fat oxidation causes unoxidized fat to accumulate
between and within the muscles, leading to IMAT accumula-
tion. Therefore, maintaining or increasing long-term pleysi-
cal activity possibly enhances fat oxidation and suppresses
or decreases IMAT accumulation. However, because MRI
examination used in this study could not clearly distinguish
between intermuscular and intramuscular fat, investigat-
ing whether a decrease in IMAT caused by intramuoscular
mitechondria can be extrapolated to intermuscular fat is
imperative.

The present study has several limitations. First, the study
participants only included the long-term litestyle- based daily
walking program participants. Thues, o make the resolis of
this study more meaningful, observing a conirol group is
necessary. Second, although the litestyle-based daily walk-
ing program in this stedy included a bicycle exercise, there
was a lack of specific data regarding the intensity and dura-
tion of this exercise; thus, we have not included any data
mlaied to bicycle exercise-associated physical activity in
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the analyses. Therefore, the efficacy of lifestyle-based daily
walking program was assessed on the basis of step counts
and number of repetitions by the participants engaped in
muscle strength training only. Third, no data regarding die-
tary habits, such as energy intake, alcohol drinking, smok-
ing. and medication of participants over the 5 years wem
available; therefor, our study does not consider the effects
of cating habits on IMAT. Further studies are reguined to
account for limitations, such as inpested energy and dietary
habits.

In conclusion, the litesty le-based daily walking program,
which mainly imvolved walking exercise implemented over a
S-year period, suppressed the age-melated [MAT accumulas-
tiom in the thigh. In particular, individuals who maintained
a high daily step count while engaging in muscle strength
training over the S-year period expericnced significant
decrease in IMAT. Increase in daily siep count was melated
Lo the decrease in IMAT. Taken topether, our findings sug-
gest that the long-term lifestyle-based daily walking program
suppresses age-related IMAT accumulation and that the
maintenance of high daily step counts facilitates a decreass
in IMAT.
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