7

mRsTE I

JLRFO-N, FUZURSA R (TG) BEOEER, MRPEFRUREOEES
[CURBORNFEERBUTCERINE Y. 2OURBBER, BBICHFUrAICLE2T
FBIOROBHICEZL0Y, DI HL0Y - ATV, VLDL, IDL LDL, HDL
BECHEEINET, BOURELEOMPTOLERSE, EEZIE, BLOLME,
BVLDOLIME, BHh0Z20VMERESHEFNET, £z, ZORBLOUREDE(C
BEESEBEETILAFO-LOTOREOREESH, ZOBEOU RSO MR
DICBLBETDE, ZOEERELTEIVAFO—UME BTGMERE SEEN
=Y &1

BEORHE KS<HBREABRE(CHTDICEHNTEEXY (E1). BBHFEDE
BB TRINEN, Hr0Z20YEUTIMRETEREN, HEICEHBEBOEAD
EMMBENREREEE0UREBU/—E (LPL) ENLTIENTVBTGHRSREN,
WFHNELBD, DVAFO-VICBATRACOZIZ0OY - LAF Y MIBODES. A
A0Z50Y - LAFTURE, SENTLBFPREECVDPAREBSENLT, LATFY R
SHARICEOFRICRDATNED . —F, ABREUTHFRTESNEVLDLIE, A%
SHNAOSHOVERRIC, SENTOBTGHLPLICE > THBSNTIOLICRDET,
DLIFZENZ PREBEO7REENUTHRICRDARN, FENUTUESA RU/—
T (HTGL) IZKDHREN, LDLICRDEY, MPLOLD3SD21E, SFENTWVSDF
RB-100 VS PREEENLT, BEOLOLESHICEBE UTHIEAICIDAENET,

SR EEEREORRENE

=IRE ! lia lib i v V.
BN - lpL  |PTEsTE FAOIIOL
ALRFO—IL - t~ttt t~1t t —g7zitt t
FUSUESAR] 1 - i 14 11 t11

VLDL: #8{EHI Y FES, IDL: fhBHIYHEE, LDL: K YRES, HDL: BBy RES

465

71

SRANmeRTD L



72

FHER (FEEHE) PAIER (HREERNE)

bitin)

estaR

B

e 4 ‘
i HLOITA -
AIRITEZ b

VLDL : BBEHEAEZE, DL hEkLERER, LOL: ELEYRER,
HDL : E kB RER
#E1 UREBNH

BFR 2 BERBE  RAOU—ZyJ0HOEEERE (ZR8iFERm)
140mg/dL bk & LDL 3 b X5~ L HLE
120 ~ 139mg/dL | IS LDL 2 L X 5 B — JUMfE

LDL VRO

HDOL VA0~ | 40me/dL 5&5& 1€ HDL AL A7 0~ L fUE
pITUESR 150mg/dL 8k BrUTY T4 FE
(3CHk 1 L0 3E1H)
=A N7
S W ELAE

BREIRECFEON T RS VICEDCBERBEORHER2ICHEHET % LDL
JVAF0-—)U (LDL-C) fBl&Friedewald RICKDEIEEEHRUTVEY (LDL-CE
=fIURAFO0—)L—HDL-C~TG{E/S). UHL, CDERFTGEN400me/dLIULET
FZDBEICEBEDNEUD 28, TGH400mg/dLU EH=EBBEMOREIEnon
HDL-CEZBWNET, non HDL-CfEld (DL RAF0~IL—HDL-CfE) TR, &0
EEBIELDL-C+30mg/dL & UET v,

8 ERERRIN & DBATR

BRRCEERBEFBESRRCHD, E<IISLOL-COENDDE, RMmEiER
DEVURSCHDIEMMENTNET . MAFEDEDERT—FICELD SHBRARD
FHERSRFTHEL TS, BHIRES NBERO2~3BBEOURIDERICORN

466



B HORBEANHTHSEOREBRC S

BDETNTVFTG 29, ELICREDRE, BRRBETEHRECEESREY Ron=
UL<BNULET Y LEDNDT, BFBIRBLZEOST RS YTE, 2oLoLEEg
BICHBNT, RERAEHISNE, ZOMEEBRER, EOFRERES, FEBREREEE
CHhFJU—MEEh, ZOLOL-CEEBEER120mg/dLRBELTVEY, &5
BRATE, 8TGIE, EHOL-CMEEEERNPIL, ZNSEIRELIEEROU
ADICBOERT,

= i D%

SHETIHERFEOUICEERSERTENRS, ITICHRELHEREZ >TW
2, FREGBIRECBSENETUTOLDEANSVNCRDNET. iz, BERBE &
ICELDL-CIEICHUTI, BEMEESUTAYFYICKDBEMEISN, 2<0T
EFVADEELET. LKL, SEHEBICHULTE, BAERBLEE0T RS1VIC
BLNTE, HESHRETERACEROBH TOBRESD TENWRTH, RASEHE (75
mLLE) OBEBIRERO—XFHICHUTIE, COBROFHMROBEIMMEIISNTN
BLZEHD, EEEDHBTTRSOBEICHHI DL UTVWET (BBIRERDIRF
BHICH U TR R F Y DEREBHELTVET) Y,

(BE 30

B3RS

1) BRBIRIE{CS S DR LEERTFI A 4 ¥ 5 4 v 2002 40K . 05T, &5Mg, 2012

2) Emerging Risk Factors Collaboration, Sarwar N et al: Diabetes mellitus, fasting blood glucose
concentration, and risk of vascular disease: a collaborative meta-analysis of 102 prospective
studies. Lancet 375(9733): 2215-2222, 2010

3) Fujishima M et al: Diabetes and cardiovascular disease in a prospective population survey in
Japan. The Hisayama study. Diabetes 45(Supple 3): S$14-S16, 1996

4) Huxley R et al: Excess risk of fatal coronary heart disease associated with diabetes in men and
women: meta-analysis of 37 prospective cohort studies. BMJ 332(7533): 73-78, 2006

467

BRI o 0

73



e, RO AHR SR AR HENARBOEURSAYRAINORBONCHARYHIRARYRYBAINSRAM AT RYH B IHGE S

KT

- e

Frailty, frail elderly &W\SEEIZAEDS
BEER - BUNOMAEDOETERAIND L
SCHDTEERAEND, EKTIE 1980
FERLUBAIICEREINTELEETHD.
LirL, COEEDBEHRTSE D BIIHRT
W<, TFIFHRBOBHEEITLD
IR T E. BEBEESEXEDE
FEEZEEOHEICHXIERE LI, #BE
Wk “frail elderly" & L& I3, editor I
[EDLSHBTHREE "frall eldedy” EL T
20N, BRICLA] SEBashEZEN
2000 ERICADTHBH . RELLHE
—DERAESBIIFEELTVEND, el
frailty, frail elderly DELRITEHNEINDDH
BDEDHICED. T T fraity (T L)
OBWZOZEBEHDIC, XHERE L Tk
feh&8BD.

ZREEEELTOTLANL

“Frail elderly” % PubMed TRERT D&,
2T 1980 ER M OBEERS Y MY
3. 80 ERMEOEH I frail elderly DEB
BEESERLTODHEIUIRDHSEN
H, ZOZNEIP R ELBASHDNEN

BLEEEERDIATRELABBRESLT

468

BAREST  pdsiyed, Vjasafion

“frail elderly” HMERT T2,

1981 %12 UCLA @ Rubenstein (&583E
BEEBFHEN D EZWREE frail elderly
&L, Z0REE%E [ZORREREREBFIC
BHDIEREREREA, ENEINIEHTEE
DHREE] & LY. Ff, Fisk i frail elderly
HOENRERREEIVELLDERESL
T, [EULLLBE, Bem, H2ICESE
BHDL, 2LOY—EEBHFDBLSEH
&) LTS, FEEBEZOHHICHN
TH, BaOBED-HREBAFRNMELS
EE % “frall elderly” & —B¥MICIREFRENT
U e. ZEBE, Knight S1d "Who are the frail
elderly ?" DBELMIT LT, [DSDEEN
HY, BEOYR— N XT LATISEERE
HR%ETHDEDILBHE] &LTINDY.
1988 ££IZ Woodhouse 5 ¥, frail elderdy &
(BHICELTHEILTESY, BELEE
ETRASHDNBIEEL, % IINEMmER
WCAFTL TS 65 A LOSHE. 20K
DEWREOZIEBRDHER, FFBE
B, REEBICBRELTNLSAbITITIRAN
B, BELIEEOIFIFLERIMERS
N, THNRIRENDBITREICHD. —B
KT IWINAY—iR, SHEYEE, /\—F2
U UTERRE, BHRRRRE, TREEESE, 8
BREEZEBEZELTEDTNBRIENS



:;uez&s@ufsus:ua;uaa‘aaaa-‘s‘s»-’:zz:ssuqzﬁufﬂszﬂmﬁfbﬂﬁa'ﬂasn«aﬁnﬁ\'ni{.

ks LA
BT 5 20K

PAYE S 4
UTD520DAR=3

LA NEF—ZOREER

IERHEAMeELRYEYESNIYY

dependent
(ERERE)

1. weight loss

2. exhaustion

,5 3. low activity 4, slowness :’
U 5. weakness i
B % T TooTTTTTmeTTTT mt
oA
; : FaN A
£ o2 8A o
i FaN 8A oA G0
3 ox  gRe. SA%H
: =
: oA OA® cAeld oOiLAellRB

80 5%

90 1%

O &R
PANE

Hidh - LIBESRIE

O F58 A0L HEEORE B #X80 ADLIBEORE

B1 2BEAQCT7LIILOEE

A Fried SOESEREICLET LIILOER
B : Rockwood SDEBEE SICLETZ LM VOESR

W ELTRY,

ZDESIT, HFE fraity, frail eldedy %
EXRNEHBEEEEE (ADL) BEN'HY, &
FEERERRBERA, TEREEDHEN
LINLISBEELTESXOSNTLVE.

2 FLRICHT B RBER DT
BEORBEELTOTL AN

—5H T, BHOEEEZELISIITL AL
Z IMBICELEDERBEELT, BB
DI DEBNERETORXFRSI -2
(BB BT228ELT, 824D ML
AW L THREREBECEREESRIL
PTIVREE], cOBRIRIBENLTY. 2
DA 7 MNIESHINC EEDREBSC I
B-0Dt0TER, BRESRLLELED
BEThs.

INSOEBDRFICELRRL, 1990 F

469

RIZED TLAIVEBL2DONAD BRI
W, TEOBAEHNERESESR, BFE
BPHENACLYBEZSTDETREE frall
elderly & LTRE DI DF NN BT LD,
MR B E, 7L )0% physically inde-
pendent (B31) & dependent (B EERRE)
DEBICUBTDREE L TESETDHREN
HTE/=. Winograd SIZRRICARLUES
BEEE [B8iaLTI\558%] [fral elder-
I IEEOEESHE] &H8IL, L1
DEELERBEOER, £HFREOEE
EHEL T 3EY. Buchner & Wagner (&
192 FEICT7LAILE [EDFBHEHHET
L., BREEESICHBYDTIRE] &L,
BEDT TICHhDRES IIBABICEBIL,
ADL BEDHIEEELTES DI, &
B, BOIETLAIVICEET S 3 DO
BRRES LT, HBROEE (BHAHER



HERANOGBGHAOR YO HUORINAHAIRSHANCHOARCRNIEBURYORUBERASRORUNRAIRITS RO RADEYE S QY

EFTHEHDDET), BIfFEENDET (5
HOET), TRILF—DET (OIhEED
BETRICSYEBHBEDET) OBSERR
L= JLAIOHBERE L TERBE
HEBATHDD, FNLUMIRERLTAR
43EPERIC L DBELEEE E BIRERD
BFRECEIDBREZEENTLD., L
feht 2T, ZLAIUITRRIREDESENZ <
HEh, TOFHHFEICE ) BEREDE
HNTEZ o) T, 2) BIRERERTICER
THRUEFFEIEIHOIEY—~F ER%E
) DFH, 3) BAREBEOCEKTA/HERET
DEICZEOFAETD, 4) BEREEEN
HIRLRICBNTE, QEEISITIES
BT D, LTINS,

Fried I3 8EMN 7L TIVOEEELT,
1) K&, 2) BHE, 3) EEHEET, 4)
EEE CHMTREMRT), 5) &S BHET),
DHEEEDIERE LT, 3DMEICY
TlEEaEaE 7L ILELTSBIL, 1D
FE 2 0BETIBAEETL O E
L= (B 1A). 2T 1 /54 TIEBESH
ICHRDIE[ICR I DER, BHEE,
ADLBE, AR, £HFPRICEBELTNS
ZENEASMCERE. Fried ZESIZZD
TLANEFIVARIT, FHEIHET (B
HET) CEESEERERERLE.

BREICHALYTVER, EE,
BEQERECTOILA N

—7, Rockwood DI 1999 &7 L+
WZELATO A8 (0~ 3) ICEDIT L THES
AFTPRESBTERDI AV EDBREERELT
32 (0) MBIAEL THIT° ADL H'EHE
TE, REPRMREEESAII: (1) Rk
BOHEFIE (2) MTFDDE 1 DU EHLY

470

4

TIZEDBE REDBHRISRELED2
D), BE), ADLIZEASHONEIHME,
HEAETIERND, BRIGEEENEET
5, R, BEENDHD . (3) 2 DAL (5%
DIEEIE3 D) BETIIEDIEE, BED
ADL A’ 71Bh, E/IdR, BREE, BME
HEFE.

& 512 Rockwood Bid, 7 L1 IV &K
HFUSNAASEDER, EmPECHBERAFRDY
ROFMTHIEEENE LT, SENEH
F (3000 70 EETER, &R, BH§E
BEfEE, REERLELED) DEFRE (BR -
REEDEE) #Ho > U, Fralty Index &
HETHIEERELTND ™ (R 1B),
CHSBERZEICERFDITTRI &AL, k&
EZIIAE B0 EEOFMET 10 IEENEHE
T 3745 Frailty Index 14 10/50 = 0,2 &
B35, ZOFMEBEBOEAMIIEHIRADL &
EORAMBEEEIREND L, BIEREBA
EDERBRLEEND. ThODEEHEE, &
%, EREEADITRUICEMICHELT,
TLAIDEE (HBADEBLUIDZHEITIE
B) TRELS, 4107 yo2&ELTERD
WAV OEBEEZHELLETDZ &
&, BEREVICIIEBROSHEDEIIETEE
LThhU»dThnEDTIEHS.

2 DDHBZOEE

Z. M Rockwood > DIRIET DM=1L, B
5 MM EED Buchner & Wagner hY4EIE L
LA VIBEDEIRETHD] SDH
BEEFELDEDTEDTIIHDN, S
DiRSEIE, £H& L TORBEHORZIRES
SETDEDERETITERLYPT L. Rock-
wood HDERELTINDEE, ADLEBERS
HI=ZHOBEODEREITEENEFTET S



B LB EE YRR LR YN AP M AR SRRSO SN SN AR B YR AN SRS R Y B R Y

Frailty index (3@ FRZED, EROER
BEOTHEFELTERLEILIEZLLOD
F—SDEEHLHD'S®. —5T, Fraily
index IdSHE DIBENR SR RICH

EREBDE, SO EHTLS.
ZDEHITLANDERE L TEIREL

BITT22HY, BUBLIZESDH 1 DIE

TN EBHREEDRIREELTESAD

Ex5, HO1DEEKRE, BET2EEA

EZBEEDOSENLTER (ReEIRR) O%E

ZHMETDBEAFTHD. BRICHBNTED

DEZOBRICBL TUIRELBIBAICE

SHRNTIND,

FEfE, 516 DOEBEEZE (nternational
Asscciation of Gerontology and Geriatrics,
Society on Sarcopenia, Cachexia, and
Wasting Diseases, the Intermnational Acad-
emy of Nutrition and Aging), I—0OW/SH
PE%£ (European Union Geriatric Medicine
Society), EHTITREDES (American
Medical Directors Association & American
Federation for Aging Research) Z5TIIE
BEICKY A HREBEFELIFEMN, LT
DESEHHHETBHENTNS'T,

FTE, TLINE [ZEFIESTDE
BEBTEBREEDRE, KN, BAIDET
EERELT, BRRERSORICTSLTER
SBHEAUELIERE] SEELE.

e, UTD4D0F—RA U MERIEB
LTha,

1. BEBICKDTITLAIIIT TICBEIE
REEEZPAADNRENZENTI\DIE
86, FLEESENRTLVENGEEHY
S25Hh, TEDRIJEEIILVEBHIT,
MEICEEFELTONVRNWEREEZ S —T Y
MITRETHD., COLOEEMA%E

47

B JLANEE—TORSEES

PHBRAEN2020 RBNCER B

=y NMITBDIEICELY, BENTEIC
ROSTBNEDSENANTEDTREELD
3.

2. WILARZFPIETLAINDEBRES TS
U, LA EFILORITEDEDEK
E, LUSZENLBLAMERTHSD.

3. BLDFHBEREENLETLALET
WHTTICEELTSY, BERBEIC
LI ENZENDTTILSR D -THHEE
HRINTEBLZOEBICED7LANDE
BAEENBDRETHD. TNHOER
BEFININTNHBERES 0L T2
EFHTBIEA DTS,

4, BRI T LAINEEZRREBEIIERS.
mELEEREICE>TEBLIWNWZET
3RA, ZEBICBELTINDIEWE
CEmEBA-BHRENLTD 4 A3 A
HTEFEITLAIbEY, KU—BHRT
5. TLAINSBENRT TO—FH
ROONDEFEOSVRETHD. &
ERHOENICTHMERINDDIIEE
Tl3dHdN, B4 OERICKT L TR,
BEREEBTDOIENERTHY, 2R
RBETLAIVEITRENICERDERT
3. Rockwood BIZKUJIRIBENTLY
DIOBLUARBEDERESOERE
LTESZBT7LA0E, BERANL
AL >THEEEZSIERILPTL
BOEREESL, ZRBORBNIEERE
EPENBELEICEEY PR GER
DEBICELEETS.

ENDEDEHEEL, 4 DDTLAIEE

BERRLTINS. ZOEREICIE Rock-

wood ZI3 L&, FO 4 DOEMEICH DD

DHEZEHNSMLTHY, BROEHNHTE

BR2ENWSTEERD 4DMDDE3



HARUPIROREB AN GE RN EN AT UKD AB BB GBGR YR UASICH B CRINIA N UN VB NN UEUEA KR A PR BB

DiF, BARMIIIE Buchner & Wagner (D&
ZBITRDTHY, Fried DEZREYR— K
LTD DA Rockwood ©DE S % £
B\TEY, MBOUBEARAALRNSHY, B
Phhthe<, EBEDHR—DTETLVEL.

Bz

SEDARICBNTIE [FAHE] TRH
Lizk DI, BNTEREICWV-DBHEED
ULTHRBRDIEDIENTUNAEERTH
YU, NETHESOICHUEDD I EHEER
DEBBRTHD. ZOEKTBuchner &
Wagner ® Fried oDRIBLTWHD T L1 )b
DERNFREDEEFTIET 1Y bTDLDIC
BS. 9ibhs, ENEICWV=5BIOT LA
JVDIRRETRRN VS, BYRNAAZTDI &
CkY, BREREICW:=5270E2%57
RQwodDEBRTHD. T7LMINDEEEIE
LEHDIZITSETOREDREN DB T
ADNTETEBRNDENBBEOESHKRTSH
v, BERZENA NS TIO-HWBTHD.

BE, SEIE physical frailty (BAB 7L
AT A—hRALUTEBEEDRED, &
NFEEFRUTWEEEELT, 7011
IIEBERIDAEST, BELEBNSI ST
HEBNT LA, ERIIRABEES,
SRS, FREUREDBEBIDHY, %
LANEEDIEL DR DBBENHD.

BEH

1) O'Brien JE, Wagner DL. Help seeking by the frail
eldery : problems in networlk analysis. Gerontol-
ogist 1980 : 20 : 78-83.

2) Sherman SR, Snider DA. Social participation in
adult homes : deinstitutionalized mental patients

»

472

3)

5)

6)

It

9)

10)

(D

12)

13)

14)

18)

16)

17

and the frail elderly. Gerontologist 1881 : 21 :
545-550.

Rubenstein LZ. Specialized geriatric assessment
units and their clinical implications. West J Med
1981 : 135 :497-502,

Fisk AA. Comprehensive health care for the el-
derly, JAMA 1983 ; 249 : 230-2386.

Knight B, Wallker DL, Toward a definition of alter-
natives to institutionalization for the frail elderly.
Gerontologist 1985 ; 25 : 358-363.
Woodhouse KW, Wynne H, Bailie S, et al. Who
are the frail elderly ? Q J Med 1988 : 68 : 505-
506.

Campbell AJ, Buchner DM, Unstable disability
and the fuctuations of frailty, Age Ageing
1997 : 26 : 315-318.

Hamerman D. Toward an understanding of frailty.
Ann Intern Med 1999 : 130 : 945-950.
Winograd CH, Gerety MB, Chung M, et al.
Screening for frailty : criteria and predictors of
outcomes. J Am Geriatr Soc 1991 :39: 778~
784,

Buchner DM, Wagner EH. Preventing frail health.
Clin Gerialr Med 1992 : 8: 1-17.

Fried LP, Tangen CM, Walston 1, et al. : Cardio-
vascular Health Study Collaborative Research
Group. Frailty in older adults : evidence for a
phenotype. J Gerontol A Biol Sci Med Sci
2001 ; 56 : M146-158.

Rockwood K, Stadnyk K, MacKnight C, et al. A
brief clinical instrument to classily frailty in elderly
people, Lancet 1999 ; 353 : 205-2086,
Rockwood K, Song X, MacKnight C, et al. A
global clinical measure of fitness and frailty in el-
derly people, CMAJ 2005 : 173 : 489-495.
Rockwood K, Mitnitski A. Frailly in relation to the
accumulation of deficits. J Gerontol A Biol Sci
Med Sci 2007 : 62 : 722-727.

Song X, Mitnitski A, Rockwood K. Prevalence
and 10-year outcomes of frailty in older adults in
relation to deficit accumulation. J Am Geriatr Soc
2010 58 : 681-687.

Rockwood K, Mitnitski A, Song X, et al. Long-
term risks of death and institutionalization of el-
derly people in refation to deficit accumulation at
age 70. J Am Geriatr Soc 2006 ;54 : 975~
arg.

Morley JE, Vellas B, van Kan GA, et al. Frailty
consensus © a call to action. J Am Med Dir As-
soc 2013 : 14 : 392-397,



Geriatr Gerontol Int 2014; 14 (Suppl. 1): 85-92

Age-related changes in skeletal muscle mass among
community-dwelling Japanese: A 12-year longitudinal study

Hiroshi Shimokata,! Fujiko Ando,* Atsumu Yuki® and Rei Otsuka*

!Graduate School of Nutritional Sciences, Nagoya University of Aris and Sciences, *Faculty of Health and Medical Sciences, Aichi
Shukutoky. University, Nisshin, *Faculty of Education, Kochi University, Kochi, and *Section of the NILS-LSA, National Center for
Geriatrics and Gerontology, Obu, Japan

Aim: The present study aimed to evaluate age-related changes in skeletal muscle mass among community-dwelling
middle-aged and elderly Japanese.

Methods: This 12-year longitudinal study of a community-dwelling population in Japan included 15 948 exami-
nations of 1962 men and 1990 women. We assessed appendicular muscle mass (AMM) using dual X-ray
absorptiometry and calculated the skeletal muscle index (SMI) using the AMM divided by height squared (kg/m?.
Low muscle mass was defined as muscle mass minus two standard deviations below the mean for young healthy
adults. Leg extension power (watts) was measured as an index of muscle function. Longitudinal data of skeletal muscle
mass were analyzed using a general linear mixed-effect model.

Results: The prevalence of low muscle mass at the first wave of examinations was 27.1% in men and 16.4% in
women. Longitudinal analysis showed that skeletal muscle mass decreased with aging during the 12-year study period
except in middle-aged men, and to a greater extent in elderly men (P for trend, <0.001). Skeletal muscle mass
decreased slightly, but significantly, in women. Although a cross-sectional analysis showed that SMI did not differ
with age in women, leg extension power per leg muscle mass and grip strength per arm muscle mass as indices of
muscle quality were significantly lower in older women (P for trend, <0.001 for both).

Conclusion: Age-related decreases in muscle mass were trivial, especially in women, but the quality of muscle
decreased with aging in both sexes. Geriatr Gerontol Int 2014; 14 (Suppl. 1): 85-92.

Keywords: aging, epidemiology, longitudinal study, sarcopenia, skeletal muscle.

Introduction ponent for a diagnosis of sarcopenia, as well as low
muscle strength and/or low physical performance.®
Aging is associated with a progressive loss of neuromus- However, the rate at which community-dwelling
cular function that often leads to progressive disability populations lose skeletal muscle mass with aging is
and loss of independence a]_Qng with a reduced quahty unclear, because accurate assessments of muscle mass
of life among the elderly.”* The loss of skeletal muscle can be challenging. Skeletal muscle mass can be deter-
mass and strength with biological and pathological mined by anthropometric measurements, bioelectrical
aging is now commonly described as sarcopenia.' This impedance analysis and dual X-ray absorptiometry
decline of skeletal muscle is thought to be inevitable (DXA),” and DXA is the most effective method recom-
even among healthy older adults. The European mended for clinical practice.” However, DXA is usually
Working Group on Sarcopenia in Older People impractical for epidemiological surveys, because it is
(EWGSOP) assumed that muscle loss is a required com- costly and it involves exposure to radiation, although
minimal.

The definition of low muscle mass (sarcopenia by
Accepted for publication 22 November 2013. muscle mass) proposed by Baumgartner in the Popula-
Correspondence: Professor Hiroshi Shimokata MD PhD, u?n of Nef‘v Mem.co Elde.r‘ Health Survey' has been
Graduate School of Nutritional Sciences, Nagoya University of widely applied.” This definition uses the ratio between
Arts and Sciences, 57 Takenoyama, Iwasaki-cho, Nisshin City, appendicular skeletal muscle mass (ASM) of the upper
Aichi 470-0196, Japan. Email: simokata@nuas.ac.jp and lower limbs (kg) and height squared (m? ASM/
© 2014 Japan Geriatrics Society doi: 10.1111/ggi. 12219 | 85
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height®), which is known as the skeletal muscle mass
index (SMI). Thus, low muscle mass is defined as SMI
22 standard deviations below the normal means for a
reference group aged 18-40 years determined using
DXA. Several cross-sectional studies have investigated
the prevalence of low muscle mass using the same
definition.*'*"® However, the prevalence of low muscle
mass has not been investigated in a longitudinal study
capable of demonstrating actual changes in skeletal
muscle mass with aging by repeated DXA measure-
ments in a community-dwelling population.

The present study evaluated age-related changes in
skeletal muscle mass among middle-aged and elderly
Japanese men and women. Muscle mass was measured
biennially up to seven times by DXA over a period of 12
years to explore actual changes in skeletal muscle mass
with aging.

Methods

Participanis

The study participants were derived from the National
Institute for Longevity Sciences-Longitudinal Study of
Aging (NILS-LSA), which involves population-based
biennial examinations of a dynamic cohort of approxi-
mately 2300 individuals.’ The participants in the
NILS-LSA were community-dwelling men and women
aged 40-79 years at the time of the first wave of assess-
ments who were randomly selected from resident
registrations, and stratified by sex and decade of age.
Age- and sex-matched random samples of the same
number of dropouts were recruited, except for those
aged >79 years. New male and female participants aged
40 years were also recruited annually. The NILS-LSA
is a comprehensive and interdisciplinary observational
study of age-related changes that includes various
gerontological and geriatric assessments of medical
status, blood chemistry, body composition, anthro-
pometry, nufritional status, psychological status,
physical function, and physical activity. The first wave
of NILS~LSA assessments started in November 1997.
The participants were assessed approximately every 2
years until the seventh wave of examinations. We
excluded those with incomplete DXA information
about muscle mass. The first wave examination
included 1090 men and 1081 women, and the mean
number of repeat visits and length of follow up * stan-
dard deviation (SD) were 4.04 £2.25 and 6.56 +2.25
years, respectively. A total of 1962 men and 1990
women participated in the study that comprised
15 948 assessments (including repeats). We derived
data from community dwellers aged 40-91 vears who
participated in the NILS-LSA between November
1997 (first wave) and July 2012 (seventh wave).
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The Ethics Committee of the National Center for
Geriatrics and Gerontology approved the study in which
all included individuals provided written informed
consent to participate.

Measurement of muscle mass

Appendicular muscle mass (AMM; kg) was assessed
using a QDR-4500 DXA (Hologic, Bedford, MA, USA).
The AMM represents appendicular fat-free mass minus
bone mineral content, and it is assumed to be an index
of the amount of skeletal muscle mass.

We evaluated the SMI calculated as AMM divided by
height squared (kg/m?).> Low muscle mass was defined
as muscle mass minus two SD below the mean for
young healthy adults.” We set the cut-off as SMI <6.87
and <5.46 kg/m? for Japanese men and women, respec-
tively, as described by Sanada et al., who also measured
appendicular muscle mass using the DXA apparatus as
aforementioned.”

Other parameters

Height and weight were measured using a digital scale.
Body mass index (kg/m?® was calculated as weight
divided by height squared. Medical history was assessed
using questionnaires, and responses were confirmed by
a physician at the time of medical assessments. Smoking
habit, years of education and annual income were also
assessed using a questionnaire. Trained interviewers
applied a questionnaire to analyze the frequency and
intensity of exercise (metabolic equivalents [MET]) to
determine how free time had been spent over the past 12
months.*® The means per day for physical activity (meta-
bolic equivalents; MET x h/day) during leisure time
were calculated. Nutritional intake was assessed using
3-day diet records.” Foods were weighed separately on
a scale before cooking or portion sizes were estimated.
Participants photographed meals before and after eating
using disposable cameras. Registered dietitians used the
photographs to complete missing data and telephoned
participants to resolve discrepancies or obtain further
information when necessary. The average of over 119
nutrients consumed over 3-day periods was calculated.
The means per day for total energy intake (kcal/day)
were calculated from the 3-day dietary records. Leg
extension power was measured using the T.K.K.4236
adjustable seat and foot plate (Takei, Niigata, Japan).
The maximum values of eight tests were included in
analyses. Grip strength was also measured using the
T.K.K.4301 grip dynamometer (Takei). The maximum
values of two tests using the dominant hand were
included in analyses.

Statistical analysis

Data were statistically analyzed using R version 3.0.1
(htep:/fwww.r-project.org/). P<0.05S was considered
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significant. Differences in continuous and class vari-
ables between men and women were assessed using
-tests and y>-tests, respectively.

Trends in the skeletal muscle index, leg extension
power/leg skeletal muscle mass, and grip strength/arm
skeletal muscle mass in men and women according to
age decade at the first wave examination were assessed
using a general linear model.

Longitudinal data of skeletal muscle mass were ana-
lyzed using the general linear mixed-effect model, which
takes into account the dependence of repeated observa-
tions within participants, which is an important feature
of longitudinal analyses.”* An additional advantage of
the general linear mixed-effect model is that participants
are included regardless of missing values. Thus, partici-
pants who were lost to follow up after early wave assess-
ments or those who were assessed in later waves were
also included in the analyses. General linear mixed-
effect (Ime) models were fitted using the lme function
in the nlme package of R version 3.1-111. The lme
function fits general linear mixed-effect models. The
intragroup correlation structure was specified as a com-
pound symmetry structure that corresponded to a con-
stant correlation.

The effects of birth year on the rate of change in
appendicular skeletal muscle mass over time were evalu-
ated using general LME models. We determined fixed
effects, such as average effects for birth cohorts, and
random effects, such as individual deviations from the
fixed effects to model changes in the mass of individual
muscles. Birth year was categorized as 1920s or before,
the 1930s, 1940s and 1950s, and thereafter. Time is
expressed as years from time 0 defined as 1 October
2005, to approximately the midpoint between the first
and the last waves of assessments to reduce the influ-
ence of collinearity. Appendicular skeletal muscle mass
was estimated from the fixed effects of time, birth
cohort, time x birth cohort interaction, and random
effects of the intercept (individual differences in basic
values for muscle mass) and slope (individual changes in
muscle mass over time). Smoking, alcohol consump-
tion, years of education, annual income and comor-
bidities (hypertension, heart disease, dyslipidemia,
diaberes mellitus and stroke) were controlled in the
model. Data from 1869 men (7297 assessments) and
1868 women (7095 assessments) with no missing values
in covariates were analyzed in the linear mixed effect
model.

Results

Table 1 shows the characteristics of the participants by
sex at the first wave of assessments. Men were signifi-
cantly taller and heavier than women (each, P < 0.001),
but the body mass index was essentially the same.
Among 1090 men and 1081 women, 295 (27.1%) and
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177 (16.4%) were diagnosed with low muscle mass at
the first wave of assessments, respectively. The ratio (%)
was significantly higher in men than in women
(P < 0.001 for both). AMM and SMI were also signifi-
cantly higher in men than in women (P<0.001 for
both), with no difference in age between men and
women. More men smoked and consumed alcohol than
women (P<0.001 for both). Men spent more years
being educated than women, and had higher annual
incomes (P<0.001 for both). Grip strength and leg
extension power were significantly stronger in men than
in women (P < 0.001 for both). Men were more likely to
have a history of diabetes and stroke than women
(P=0.004 and 0.007, respectively), but women were
more likely to have a history of dyslipidemia than men
(P < 0.001), although hypertension and heart disease did
not differ between the sexes. Men consumed signifi-
cantly more total energy, and participated in leisure-
time physical activities more frequently and at a greater
intensity than women (P < 0.001 for both).

Figure 1 shows SMI by age decade in men and
women. The SMI was lower in older than in younger
men (P for trend, < 0.001), but did not differ by age in
women (P for trend, not significant). Leg extension
power (watts) divided by leg skeletal muscle mass (kg)
was used as an index of leg muscle performance. Leg
extension power per leg skeletal muscle mass (watts/kg)
by age decade was significantly lower in older men and
women (P for trend, <0.001 for both; Figure 2a).
Handgrip strength (kg) divided by arm skeletal muscle
mass (kg) was used as an index of hand muscle perfor-
mance. Handgrip strength per arm skeletal muscle mass
(kg/kg) by age decade was also significantly lower in
older men and women (P for trend, <0.001 for both;
Figure 2b).

Figure 3 shows estimated 12-year changes in SMI by
birth cohort between 1998 and 2010 in 1869 men (7297
assessments) and 1868 women (7095 assessments).
Changes in SMI by birth cohort were estimated using
the general linear mixed-effect model controlled for
smoking, alcohol consumption, years of education,
annual income and comorbidities (hypertension, heart
disease, dyslipidemia, diabetes mellitus and stroke). The
main effects of time (P = 0.03), birth cohort (P < 0.001),
and interaction between time and birth (P < 0.001) in
men were significant. However, only the main effects of
time were significant in women (P < 0.001).

The estimated SMI values in men were larger in
younger birth cohorts in 1998 and 2010 (P < 0.001 for
both), and the trend in slope by birth cohort was also
significant. The estimated SMI significantly decreased
in the 1920s (P <0.001), 1930s (P < 0.001) and 1940s
(P =0.005) birth cohorts, However, the estimated
SMI slightly, but significantly, increased in the 1950s
(P <0.001) birth cohort. The estimated SMI values in
women did not increase by birth cohort in 1998 and
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Table 1 Characteristics of study participants by sex at first wave of examinations

Variable Men Women -test/y? test
(n=1090) (n=1081)
Age (years) 59.3+11.0 59.3+£10.9 1(2169) = 0.07 NS
Height (cm) 164.5 £ 6.4 151.3+6.1 1{2169) = 49.45 R
Weight (kg) 62.1+£9.1 52.4+8.2 t(2169) = 26.02 G
BMI (kg/m?* 22.9+2.8 22.9+3.3 t(2169) = 0.09 NS
Smoking
Never smoker, n (%) 237 21.7%) 968 (89.7%) ¥° (2) = 1023.51
Ex-smoker, 1 (%) 440 (40.4%) 31 (2.9%) 3
Current smoker, 7 (%) 413 (37.9%) 80 (7.4%)
Alcohol consumption (ethanol mL/day) 16.0+19.3 2.6+5.6 1 (2073) = 21.54 e
Education (year) 12.14£2.5 11.4+2.1 £(2161) = 7.38 33
Annual income (yen)
<4 500 000 267 (24.8%) 332 (32.9%) ¥?{2)=18.8
>4 000 000 and <7 S000 000 379 (35.2%) 292 (28.9%) FHE
>7 5000 000 432 (40.1%) 385 (38.2%)
Grip strength (kg) 41.6+7.9 25.0%5.2 1 (2146) = 57.49 A
Leg extension power (watts) 533.6+£184.4 301.4+£106.8 1 (2058) = 34.80 ik
Medical history
Hypertension, n (%) 191 (17.6%) 210 (19.5%) ¥ (1) =1.33 NS
Heart Disease, n (%) 71 (6.5%) 65 (6.0%) ¥? (1) =0.23 NS
Dyslipidemia, 7 (%) 55 (5.1%) 98 (9.1%) ¥ (1) =13.40 Bk
Diabetes mellitus, 7 (%) 71 (6.5%) 41 (3.8%) ¥ (1) =8.24 i
Stroke, 7 (%) 23 (2.1%) 8 (0.7%) (1) =727 *
AMM (kg) 20.0£2.8 14.0£2.0 £ (2169) = 57.76 e
SMI (kg/m?*) 7.36 £ 0.80 6.11 £0.70 1 (2169) = 38.82 e
Prevalence of low muscle mass, 7 (%) 295 (27.1%) 177 (16.4%) ¥* (1) = 36.46 ¥
Total energy intake (kcal/day) 2323.7 £ 420.5 1894.3 +322.2 £(2073) = 26.11 e
Leisure-time PA (MET X min / year / 1000) 47.6 £59.9 30.8+43.3 #(2135) = 7.44 s

Data are shown as means = standard deviation. ¥P < 0.05, **P < 0.01, ***P < 0.001. Final sample comprised 2171 participants at
first wave assessment. Missing data: Smoking, n = 2; Alcohol (ethanol) consumption, 7 = 96; Education, n# = 8; Annual income,
n = 101; Grip strength, n = 23; Leg extension power, n = 111; Hypertension, n = 7; Heart disease, n = 7; Dyslipidemia, n = 14;

Diabetes mellitus, n = 11; stroke, # = 10; Total energy intake, n = 96; PA, n = 34. Cut-offs for low muscle mass in men and

womer: SMI <6.87 and 5.46 kg/m®, respectively. AMM, appendicular muscle mass; BMI, body mass index; NS, not significant;
PA, physical activity during leisure time; SMI, skeletal muscle index calculated by appendicular muscle mass divided by height

squared.

2010, and slightly but significantly decreased in all birth
cohorts. No trends in the slopes by birth cohort were
evident (P for trend, not significant).

Table 2 shows the fixed effects of birth cohorts and of
interactions between time and birth cohorts in the
model without the intercept and the main effect of time
in men and women. In this model, each fixed effect of
birth cohort was an intercept of the birth cohort; that is,
the estimated SMI at time 0 (1 October 2005) of each
birth cohort, and the fixed effects of the interaction
between time and birth cohort were slopes (annual
changes) of the birth cohorts.

Discussion

Older persons commonly lose bone and skeletal muscle
mass, and gain a relative amount of fat mass. Sarcopenia
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is characterized by progressive and generalized loss of
skeletal muscle mass and strength, and it increases the
risk of disability and a poor quality of life.'*%

Primary sarcopenia is caused by normal aging, but the
manner and speed of skeletal muscle mass decrease in
community-dwelling populations remain unclear. Here,
we confirmed a significant decrease in skeletal muscle
mass with aging except among middle-aged men. The
prevalence of low muscle mass in the present study was
27.1% in men and 16.6% in women. However, the
prevalence varies from 8% to 40% of people aged >60
years depending on the study sample, age, definition
and assessment tool."! Values obtained using DXA
comprise the most accepted method of quantifying
muscle mass in research and clinical practice.” The cut-
off for low muscle mass 22 SD below the young adult
mean (YAM) derived from individuals aged between 18
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Figure 1 Skeletal muscle index (SMI) of men and women
according to age decade (mean = standard error). SMI is
lower in older than in younger men (P for trend, <0.001),
but does not differ according to age among women (? for
trend, not significant).

and 80 years, but obtaining reference values from rel-
evant young, healthy, sex and ethnicity-matched popu-
lations can be challenging. Thus, some studies have
used the lowest third of fat-free mass (FFM) to define
low muscle mass.**

The New Mexico Elder Health Survey defined cut-
offs for SMI as 7.26 and 5.45 kg/m? for men and
women, respectively, based on 22 SD below the YAM.’
They found that the prevalence of low muscle mass in
persons aged <70 years increased from 13-24% to
>50% in those aged >80 years. Although some cross-
sectional studies have studied the prevalence of low
muscle mass according to the same definition, the
prevalence greatly differs depending on the cohort. The
prevalence was 35.3% in men and 34.7% in women
aged between 20 and 84 years in a Thai population,'
and 8.9% and 10.9% in women aged 76—80 years and
86-95 years in the Epidemiologie de I'Osteoporose
cohort, which was an observational, prospective and
multicenter cohort study of French community-
dwelling women aged =75 years.''? The prevalence of
low muscle mass had been reported to be 64.0% and
95.0% for female and male inpatients with hip fractures,
respectively,' 6.7% and 6.3% among healthy male and
female Japanese volunteers aged 70-85 years,’ and
10.4% among female patients in an orthopedic outpa-
tient clinic with normal lumbar spine bone mineral
density.’” A cross-sectional study of a Chinese popula-
tion found the prevalence of low muscle mass 0f 13.2%
for men and 4.8% for women aged 270 years.”® The
Korean National Health and Nutrition Examination
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Figure 2 (a) Leg extension power/leg skeletal muscle mass
and (b) grip strength/arm muscle mass according to sex and
age (mean = standard error). Both values are significantly
lower in older men and women (P for trend, <0.001 for
bothy).

Survey identified a 9.9% prevalence of low muscle mass
among men age 260 years."

Cooper etal. stated that assessments of sarcopenia
should not depend only on muscle mass, but on a
combination of measures of muscle mass and physical
performance.® EWGSOP suggested an algorithm for
sarcopenia case findings among older individuals based
on measurements of gait speed, grip strength and
muscle mass.® We found a rather small decrease in
skeletal muscle mass; however, the muscle performance
was greatly reduced, especially in women, which
could cause frailty and disrupted daily activities among
elderly women. The prevalence of sarcopenia was also
determined according to the EWGSOP algorithm
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Figure 3 Estimated 12-year changes in skeletal muscle

index (SMI) by birth cohort between 1998 and 2010
determined using general linear mixed-effect model
controlled for smoking, alcohol consumption, years of
education, annual income, and comorbidities (hypertension,
heart disease, dyslipidemia, diabetes mellitus, and stroke)
among (a) men and (b) women.

in our participants aged 265 years in the first
wave examination.® Among them, 38 (10.3%) men and
52 (14.5%) women, and 90 (12.4%) in total had
sarcopenia.

The present study found that skeletal muscle mass
decreased with age, except among men born in the
1950s. The examination was repeated every 2 years.
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Because the participants were informed about the
results of their muscle strength, they often tried to
improve it by training before the next examination. This
trend was particularly prevalent among middle-aged
men. Although muscle mass is supposed to decrease
with age, it might have indeed increased among middle-
aged men in the present study.

The present study had significant strengths. The
longitudinal design supported the credibility of our
inferences. Repeatedly assessing the same individuals
over time provided evidence of a decrease in appen-
dicular skeletal muscle mass in men and women.
Approximately 15000 assessments of randomly
selected middle-aged and elderly male and female
community dwellers over a period of 12 years avoided
potential bias arising from the inclusion of patients
with a specific disease or volunteers recruited by
advertisements.

The present study also had several limitations. We
could assess only appendicular muscle mass, as DXA
cannot assess the skeletal muscle mass of the trunk. We
were also unable to determine the quality of skeletal
mass; for example, fat infiltration into muscle, and
changes in muscle innervation and capillary density.**
Another limitation was selection bias imposed by the
longitudinal design of the study. Muscle mass data were
obtained only from those who could be repeatedly
examined, and these individuals tended to be healthier
than those who dropped out of the study. Other factors
besides aging that are associated with a decrease in
muscle mass include nutrition and food consumption,
frequency and intensity of physical activity, smoking
habit, alcohol consumption, medical history, genotypes,
and endocrine factors including sex hormones.
However, the NILS-LSA has repeatedly examined most
of these factors. Further studies of the NILS~-LSA data
should show associations between various factors and
sarcopenia.

The present study mainly analyzed age-related
changes in muscle mass. However, poor physical func-
tion among the elderly is more important as a geriatric
syndrome, and the definition of sarcopenia has gradu-
ally shifted from a decrease in muscle mass alone to
poor physical performance with low muscle mass. We
plan to determine age-related changes in physical per-
formance including walking speed and muscle strength
using the NILS-LSA data in a future study.

In summary, we applied a longitudinal design to
evaluate changes in skeletal muscle mass with aging

‘among community-dwelling, middle-aged, and elderly

Japanese men and women over a period of 12 years. Qur
data confirmed that skeletal muscle mass decreases with
advancing age except in middle-age men. The decrease
was large among elderly men and small, but significant,
among women. Although a cross-sectional analysis
showed that SMI did not differ according to age in
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Table 2 Fixed effects of birth cohort and interaction between time and
birth cohort according to sex in general linear mixed-effect model of SMI

Fixed effect Estimated SE P
parameter

Men BC 1920s 6.842 0.057 <0.001
BC 1930s 7.195 0.056 <0.001
BC 1940s 7.465 0.061 <0.001
BC 1950s 7.658 0.058 <0.001
Time x BC 1920s -0.033 0.004 <0.001
Time x BC 1930s -0.015 0.002 <0.001
Time x BC 1940s -0.006 0.002 <0.01
Time x BC 1950s 0.008 0.002 <0.001

Women BC 1920s 6.080 0.054 <0.001
BC 1930s 6.061 0.053 <0.001
BC 1940s 6.148 0.05% <0.001
BC 1950s - 6.115 0.058 <0.001
Time x BC 1920s -0.012 0.004 <0.001
Time x BC 1930s -0.011 0.002 <0.001
Time x BC 1940s -0.007 0.002 <0.01
Time x BC 1950s -0.007 0.002 <0.01

Smoking, alcohol drinking, years of education, annual income and comorbidities
{(hypertension, heart disease, dyslipidemia, diabetes mellitus and stroke) were
controlled in the model. BC, birth cohort; SMI, skeletal muscle index.

women, leg extension power per leg muscle mass, which
is an index of muscle quality, was significantly lower in
older women. The age-related decrease muscle mass
was very small in women, but the muscle quality
decreased with aging in both men and women. Our
findings should provide useful basic data for assess-
ments and the development of strategies to prevent
sarcopenia.
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HRBE, BEAODEREBOBEPLEFOTI—TA b
CHEEL, BEPERGICLEACEEZRITTI LN
B Eh T3 (Gottfredson & Deary, 2004). — 7,
BRI, REPRLWEALOTS, #E4EH»S
DOF[BEEDARE LBEBOELZERT2HEFEL,
{EDEREEHL TS >RBAHELPT VLI LHFE
H8N T\ 5 (Fiske, Wetherell, & Gatz, 2009). BEE
DWS5 2L, FENLERL2ELSE s ESEM0RE
L4 BE L (Baldwin, Chiu, Katona, & Graham, 2002).,
BROZELZFRICDE>TVS, Tabs, HEEIC
B AMEOEFTRASIS>ORELFHTAILE, &
SIUCLEENICLEELREDELZ-T S,

LCBT, MBEEOBBEZHRE LS O%ET
BISEIC BT, A EEN &S O & OB ZEZN
BHENRTHS, SBREICSTEMBEDESE,
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I OOBFEPWH OREOHR & ITBEICEEILED >
TWBI EHNBEEIN TV S (eg., Baune, Suslow,
Arolt, & Berger, 2007; Ganguli, Du, Dodge, Ratcliff, &
Chang, 2008). & SICRIETIE, BBHICBU A%
EHLWSHLOEED A A= XLDRBISIT T, &
ENERBETRIET S EFNERELTbATY
B HiZ, BREOWS OAZDROBBEDETD
YRATEFERBPESIPICRE LEREMEIRELT
bhTnah, ZOERE-TWLTLEW, A2,
Kohler et al. (2010) 1%, 60RB LoMZEEESE
HRET 5 6 FHIOBEHEZITH, X—A51 >0l
SOREFNE 6 FHOBAREOET2HL L 2Hs
I LT B, Barnes, Alexopoulos, Lopez, Williamson,
& Yaffe (2008) b, S5BULORBELHNELLE6
FEROEBHESICBWT, 520N 6 £EROBARED
EEEEsECTAERZERELTVS. BRI, Wik
son, Mendes, Bennett, Bienias, & Evans (2004), &M -
AT -EBH - BB - TFH (2012) KBVLTYH, GBSO
WS ONED 4~8 EHOBABRELAEDOET DY R
TEFELEIMEENRENTVLS, LALEES,
Ganguli etal. (2008) 1&, 67 Bl LoiisEadRRES
WRELLEEBREOEER S, 5 OX20RNEL
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BEOETICRESTHERBRTcEadh - L 2EE
L, Vinkers, Gussekloo, Stek, Westendorp, & van der
Mast (2004), Dufouil, Fuhrer, Dartigues, & Alperovitch
(1986) IZHBVT D, 15> L BAUBEE & ORI
BUIFERTH A HOND, NI OHFZOROENBEET
KCRIETRENLEERIBOTLEV, E56ICHBTS
~REE, CNOOXRTE, BOBRMEE, ThbB,
BHIBEOES T OHOM S DRBICRIETRHEICH
THBERPEMOBAF LRSI THAI L THH. X
£, Vinkersetal. (2004) (X, 85 EONRTEAHEBE %
WRE LA 4EMOBEHT— 5 2RV, [{152o8%
DHEOBRABEICHELZRITT ] LWSHEBEICIAT,
TSN EDROWS D2 HBELRIFT] LS {E
HOBHLTWB, TOEER, BE0H, Tadb,
R—=R 54 2B HBHREDES B Z 0% 4 EHD
S ONWAICERRBEERIZT LVSERIBH S
N LEHEL, BEEFMBOBEOET2AMTS
L&Y, IS OoMELSTREREZERL WS, &
7=, Dufouil et al. (1396) %, 65U LOBERHREE
HWEE L 3EHOSET— ¥ 2RV 6, B
CERLCEREBOEENE, T4bs, BABE
EXRIEBEOMSOMBEOY A VEFEZEEVSE
BHEETWLS,

CNOSOFEELNH SORRBZRICET HEROEBE
{1 U T, Perrino, Mason, Brown, Spokane, & Szagoc-
zoil (2008) &, 70 R LOMBEEBESLHNEE
U7ARE 7 ¥ £HVT, B3I 2 TOROBAUSHER
BET200, 550IEERABENZOROMH I
B30 2RO THL0IC, WHRORREES
BBIC SRS BEEYRETF L (Finkel, 1995) &8
L, RBABEDSTDEROWMID>NOFRREEDHE
BT D, i, Bielak, Gerstorf, Kiely, Anstey, &
Luszez (2011) &, BAUBEEEINS 5L OEEAREH
i, W55, 57 DBROBARMEN, 550VIZEMNBE
PEEOHOMWH INEVS, B—aF@TET 2R
ETEHBHELbOTIRRVEEHEL, BRBELNS
D OEBRY % B (L % BB IS4 & 3A A 72 Dual Change
Score Model (McArdle & Hamagami, 2001) 2L
H2TO, @522 5 20ROBNBHEET~OLDE
WEBERHLTWS, COXSBEGRENENSD
DEBHHEBRGEESPICTED0RAIE, S
£0 QOL 28 Hh 3 EELLENEE ¢S 5O L ED
DETEMSOREA, EQOXSICHEICEDYBLE
BOETLTCW P ZERTLH-HELTERETHD
{Bielak et al, 2011), W5 2>h SHEETDOE—~FH
OEEDAFEHLAERED (2012) °b, 2BOE
EELT, AL PWAMCEEZRIZLEST
HEEETTACRDRAACREBES AT SHTER
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BESNTWLS, LALEHS, BRoXREsciEsE
TORRFELALRL, FRCHHEENFHRSLTL
by,

T CEFRTE, MEEEORBEEHGE L
HTF—y 2RO RERBENEE TV (Finkel, 1995)
L&Y, SMEESNS S OERNZEERBRICOWTRE
T 5. BEEEGREFML, HEFEF—52BVT2D
OFHEPRAEICEZRIZLADTHEEZ EFVICE
DRAZET, BREGZAFTIHHNTEETHY
(Finkel, 1995), TOFHEMERSIhTVS (B,
2006; B - 8 - T, 2006). SENIX, @524 5
2EBORENDES, THELS 2ELOWHH>OKS
OWARDERMGEEFMCERRAC S &IcED, #
N6 OEERTEEBEICOWTHSOMITHI L2
AB. BB, BERIED (2008) X, 2BEOF—IH
HNUITRBEEYREFTNERVAC LIITHERH, §
ERSLEMTAIEICLY, THEOESEHRICHAL
TXOBEORVIEEZS ST M TEH LIERL
T3, §E-C, FHRTR, 2ERECIEThNL
LEROREBEED TV EHAWAI LT B,

i, BOHETR, DRLEAOREOLANER
TH0, FORROBUZDVLTHREA TN E
BBV, B, HSEEEBEENRLTHBE, TN
RENOREREZBIRT SBICE, UTORICERTS
RENH D, FAlE, Dufouil et al. (1996) TiE, Ky
REATZFET B, BRBEREORI ) —-=V T
F R b T35 Mini Mental State Examination (MMSE ;
Folstein, Folstein, & McHugh, 1975) 2B T 5. L
LS, MMSE O &S LhERNLBOBSELREE
THREOTEERITHFNRELRTHEIH 0, MSE
ERBGEOTNSENOBEAZRZERCEASC LRE
LLEiEHSNTWS (Tucker-Drob, Johnson, & Jones,
2009). =7:, Perrinoetal. (2008) 1, IBAIREELHE
BERELTRASD, $5003 curoff point ICE A7
FRYEBLAPIK > TERFBLSWEEZER
L, HSREEEIHRETHHRTIE, K0hSkEL
PRET2-DICBEERE LTRICEMNHS L
HLRTVB. CROSDKREZMULT, 2E, HMZED
OFfic i, [mEEsi, E0EgIcFIIL, aBRRE
ZL, HENCERETAETHEADRENENTH
51 &EHE: (Wechsler, 1944, p3) L, #OHBELES
BEBICESEERE SN BERETHD, T2FR
T-BRAMEBERETR (&M - A% - B\ - Jil,
1980) DR (WAISRSF : ok - B - g1l -
AR, 1983) £EWVS, WAISRSF I3, 8ES8Ese
TRACEEA#MNY AV EBLTERSTHERT X
DR (RNEH, 1880) SNTLAZ LD 5, A
HZEAOBAZSZRAELCTL, EREoRRES



78 BRELEZREEBEELS

RBLTHAMECHLTNBEER 6N,
V] =
1. SRR

EREOT—-vi&, [BiESERARELYF— &
LY 5 BREREEHE (Natonal Institute for
Longevity Sciences-Longitudinal Study of Aging ¢ NILS-
1SA)] m—&TH 5. NILSLSA Ik, ENEFERRR
£y y—ElO 2 BiREOEREEN» S, FhHLEICX
DBk EfeaH S RERENSRELE, Bk
ZEFICHT 2 EROLHNNE TS5 (Shimokata,
Ando, & Niino, 2000). 55 1 REZE (Wave 1) 131097 5
1N H~2000FE4BICHPIT, OBE~TBROPHESE
T aEWBELTHDR. 20%, E2REE
(Wave 2:2000 24 A~2002 565 R), B3R BEE
(Wave 3: 2002 £5 A ~204 €5 ) &, HN2EBE
DESEEXTDOATNS, 2B, HEOERICH:>
T, SN AENESERRR L ¥—REEE
L20ZBL, 2HRED [BEOBHOXHICLSE
&l 28Cna,

EWETR, Wave 1ICBHLZ 65 B~T9BDBE
EZRI6BEDT—F RV, 2L, Wave 1 TEHAE
DEEEZBELLE B38) RU, Waelnill >3,
HgERE, HEE EN0F-YIcRBOH5E (&
1145, 44, 64, 678) iaHfirslicL&li.
HoT, BREGLSFRNKELE, 7258 (PHER
7119, SD3.83: BHE 3005 - X 3W5B) THB. &
FHeE0EXRES Tablel IRT,

BHEETH D Wave 2, Wave 3ICIE, Th TN 533
£ (Wave 1 6 OPEEIFES 205 SD0.11), 4185
(Wave 1 & QOPISBEEFER 4.08, SDO.18) HBimL iz,
2B, Wave 2icBMLE- 1928055, TOE
EPARTICLB3HIR 148, Waved oLz
WTEDSY, TOERIECIKLDFRINETH»
Foo B, Wave 2- Wave 3IcP i &Y 1HESMLE
£ (553 8) &, Wave LORIBMLEE (17248) &
BWC, BREEEHETSE, £8B, &IV TER
ZEEHFS Y, 2L EOSHEE Wave 1 OAD SN
HLOLEBME L (0(723) =418, p<.001), TOHE
BB DBHEATP o7 (7%01) =647, p<.05)s —
F, HEE, £, EREEAOSIKRCIE, B
HEHOENEP oK (34(3)=2.34, ns : #43) =2.53, ns)
2. HHFEE

Qe (28T ANEEICLY, T2 5RT-HA
DERERTE (&MiEH, 1990) OBBEEKE
(WAISRSF; /Mkig #r, 1993) 2 HE{T L7 WAISRSF
2, BBRHAVEEBSHLILE, FREDSZTER
RESSERICEET A EEBERESI, PEOB
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Table | FHHRE (N=125) DAL

28 (Wave1)® 71.19+3.88
Ew
S 380(53.79)
ik 335(46.21)
asEEy
AR - FRIRER 353(48.69)
IBEispR - FiklE 252(34.76)
sl gk - BRRR 77(10.62)
R - REE 43( 598)
U (Wave 1)®
~3,500,000 262(36,13)
3,500,000~ 6,420,000 257(35.45)

115(15.86)
91(12.55)

6,500,000~ 9,920,000
10,000,000~
B, SRS, TAR (%) 2R,

HFEAVEGEEORITICLY, RAOQNKELZES
WICEETE AL S IHBLENLFETH B, BRE
BEICIE, 2 TFAEER, 3 THRER, 4 TURER
RHHH, EHRCIR 4 THREREAWT, 98,
(FR, MEssl (5] 0BEZETULTEES
2R, BHARIZ (@8] 0~20m, [EH »
0~28 5, TaERR] Bo~21 5, [H=) X0~935
THB. CNEDTEBER, E2HFREH000EHE
HEL2ES, BAOLBHEALERT S
{Wechsler, 1887/2008) C &2 5, SEOSHTIE, 4
THREQHESLZEREH#EL, [Tl L0 HBEE
HEERTACLERAB. 4B, WAISRSF I, 4
B985 (1Q : Intelligence Quotient) DIEEHNFTEETSH
B (RiEH, 1893). LA Lids, HRASEBOLE
FHUBETHIFRHNEEOEHZRHBLTHENVC L,
BHET—S B2 1QREETIRICBAVIEHED
B LABELZURTVC LRE,S, EHRTIR
REAVTR, BEEEEZEETICLE L. B
&, RECHEZZU ERLELS 2R DEEER
DORERTE, KBRETEM T,

850 (£EE) BEROBEERICLD, Centsr for
Epidemiologic Studies Depression Scale (CESD ; Radi-
off, 1977) O HAER 20EE (5 - BF - &kH - 83,
1985) ~"DEEEKH . CESD I3, XEEVHBE
EFRARICBLT, —ROBRAZHRETHIEEHED
LDIHEBESNLAS2RETH 3. EEAORER
[EEAELDP27] B8 [TV RSE27] D¢



HREFIBY2DELINS>0EERE 7

T, BICOEPS3HELTEALLL UEEE
EDOWVTIE 3EAPS0RELR). B, CESDI
[G{ERERS, TS5 0BE], TR T 4 TBIE (0B
&), IHARE] 04 TRRE (& 788, 7HHE, 4
EHE, 23HE8) »oEShd, AHOBRICIE, TFHR
ERAL LTUBEBOAEHESRZEML, Tho:R
BEHELT B52] EWSBEEEEMRTSICL
T 5. G TFMREORSMEE [SE0ER] A0~
2185, (5 2@iE] 20~21 &, [RYF+ T »
0~12 /&, [RABMR) H0~68THY, BAFEVLIEZ
Y, ORI 505 ORI L &R
4o B, Wave 112815 Cronbach ® « #8112, &
{EEER] »1.80, [ oWl 2079, [HYF 4 TR
1] At 64, [RABR] 4257 CH o7,

EABEE (Wave 1) BHREROBEERICLY, £
(82), ¥ (Bik=1, a¥E=2), HHEE (MR- HiH
thgde=1, [BRlhER - HiEk=2, BEEE- 8
K- FRR=3, K- KER=4), FN (15075H
BTF=1~2000 AL E=11) IT2WT, BIZEERD
fCo

= S

SHICIZER 0 /5 L%y ir— 8AS (Ver, 0.1.3)
& AMOS (Ver. 19.0) ZHW, $<.05 ZHHNEREL
AT
1. HEEEHS DOEREGHRIR

STOEEREICBIT S, AEOTHRESRERUI
IDOTFHREBROFHELFEIREZEZ Table2 IR
‘—9“0

MEOTHRELSE B> 20 FTRRESAE,
Wave 1 56 Wave 3 10T, HBEE LA REER
LTk, 512, FELIS 208REL2RETS
e, BEREBMEETLER VAT T2/ &
7, AEOTHRESSZHAUTEH LT, Qi
(Wave 1)1, [406E (Wave 2)1, [H1EE (Wave3)) & 1o
SWHETMEZHBAL, ZhICHTS [UR] & MEe]
OFHEEEET S E, [WH] 1313137 (SE182, p
<001), [fE&] 1&—.078 (SE.038,p<.05) TH- 7
{(RMSEA=.089, CFI=.038), Wi, @S5 2DTFTHRE
BEICXD, 520 Wave1)], THSD (Wave 2) ),
35> (Waved)] EWLWIBEEEHZEEL, A0
FHEETo &, [YR] X3073 (SE112, p

Table 2 HEEEHIS DDEBHIHE, FH (SD)

g Wave 1 Wave 2 Wave 3
e
HE 12.76( 5.46) 13.73(5.43) 1351( 5.60)
n="725 n=532 #=416
2l 10.94( 5.62) 11.51(5.36) 11.05( 523)
n=725 #=532 n=416
ReESER 9.36( 3.71) 9.79(3.73) 10.38( 5.42)
n=725 1=532 18=415
fia) 38.99(10.42) 38.79(9.99) 39.82(10.39)
n=725 2=530 n=414
ili% R
Sr{s9RER 3.07( 3.18) 2.97(3.17) 2.98( 328)
n=725 2=523 2=412
B2 vt 1.90( 2.66) 1.78(2.54) 1.78( 2.38)
_ n=1725 =527 n=407
HIF 1 T 2.73( 2.59) 2.87(2.71) 3.01( 2.76)
=725 #=527 #=417
o AR 0.33( 0.74) 0.33(0.81) 0.33( 0.79)
#=725 n=527 B=414

& "REHEOABETTLILS, XITF 1 TBIO "BE 2RTEHTHS.

ASEERUTREE0THB,

MEE : Ei0-29, WBl0-28, PESEH 0-21, FE06-93
#1595 : SEHSRe-21, S2BIPe-21, RIF s TE -2, HAREGS
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