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FB1E i

1.1 BrREOEFR
1.1.1 REFICRT 5 AETEMAE & & RHRE

AARO @I LRITIEMO—i& %70, 2020 (5F12) i3l L@ D 28.8% I L1z
[1]. £7=, REOHSEMERNCL D L, FHFFmIX B 81.64 ik, MM 8774 ThH
v, BREITHRAEHEOEFEZTHL. —F, THEAEENHIRBIND Z L7 AJFTE
LI Th DiEFEFFmi, 2016 (VR 28) FRFFICIBWTHEMEN 72.14 5%, ZotEDs 74.79
WERE SNTWD[]. ZDZ LI, P L @HEL M & O 10 FaiRDED Sy, HEA
TEIZBWTHIBRN AT, HEICE o> TIMH#E E I3 SdE 2 2 2 WM AET 5 AlRetk s
D LEEWT L. BEItESICH HHPEICIBNT, Bl BMEMEN I CHIN L
TeATE 2 kS 2 9 2 C, ATEMRRIN T OfERRIK 14 K 0 RHNCH R L, BOMEZR CBR 4%
LD EFABETHD.

ATERRRISR T OEREF0—>o& LT, FFERIKTART OIS, ik L1E, [k
et KO T OMIEE & e, HEAEETHWOLN RN 2 HIRKEE] L EZRSIND[3,
4], FIREEREIZIX, Wi, IR T r—~ R, RT R, AMEE W o S REENE
Fha. Lobid, B BH, %) BLOHEAST7r—~r 2 GMTHEE, %) 1, H
aR=T[5, 6]DB W LTI HED =D OEFE L L CEBEMICEMA Sh TR0 [7, 8],
HREREO TR R L F 2 5. AR T, B ENF L9, 1010 B #AETETEE)
(activities of daily living ; ADL) F5E[11, 12], @RATEFEEIS 12, 1310 FHIK - TH 5.
F 7z, ERE - BP[13,14], BIEIEE[1S], FREME[16], MMMERE (MZEF) [17]1&E W otz
FnECR T 2 ERBENERR[N]O AL A2 S 5 R ERS JOEFEERE bR T L2 &
DHE SN TN D.

il OB RHERE & HERF - ) L3 2720 OSRIRIC DWW TS, BB O A BT
ANZBWTHYEN RSN TE[18-21]. 2 HITEIE, MACHNET 2 ERITHESZ YT
TR ANEFZD. —F, IMEERIZ X AEFE~OFELERE L il b, R
FRS (World Health Organization ; WHO) D[EAEIHHERE/3¥E (International Classification of
Function, Disease, and Health ; ICF) TIiX, Z Ofi& Th 5 EERE 5% (International
Classification of Impairments, Disabilities and Handicaps ; ICIDH) 75 DZE#H S0 —>L LT,
BREER IR 2 HE BN E TV 5[22]. AMEEKRTH HBRER L&, &0 aiEN
RBLENG, B ICKT IR KO AZITH 2 &%, HIRFEKIZBWTRY & 5 &)



ZWIEIZEL )95 2 &0, AZBA ZEMBAL TOTEER e 2 ik v, DR
ORNEEPTHII I ST A2 DRFEEELZXS ) A TEETHDL LFADND.

1.1.2 ERREIC K S RE~DFE

I ORISR G2 HRENTO—2 & LT, ITMREINE T b5, ITHEREDT,
BEFEOBHEELCH HERBEICERZYTTRY, B25HIRICH MG EEL S £\
& END[23]. EEEIFEAEIG OHUIRFI I 24T - 720F28 TiE, TETEAL24]0 TR <, /b
FRXBALLRSNZBNTH EZNRALNIC EHMESN TS, DFE D, HXER L0 e X
B, b bR EHNC & 0 L EEIC RN T, RIS L 52 D RIER T 2R 5
VENEZTRTHEOTHDLHEERD.

IR O ERIE, K& “WBRED & “HhaiRE” 1200 b d(26,27]. e

BT, HITESOMEA & W\ o 7o HARERBE N O, A TR EEEEREE (HHIRI Ao w2 5 e
ATV A o, BB E LB & W o BTG TRA~DT 7 B 25E) Lol b DN EE
o, FERERERICIE, LIRS L Z e ENE END27]. £, OB
FICOWTIE, BB CERP R D O, FHiGiE (BBlNE 5 WIEFEEIR) 12X X
B LTI XN TV 5H[27]. BARRIZIE, HIPR{EH S 27 L (geographic information systems ;
GIS) kL CMLER - /3fr S B M T — # IS FEMFHIIC BV CIE, o ERIC [H
Bt (1~ /v (1.6km), lkm, 0.5km %) | AW B, BEREEIC X2 BFEAOFEMIC SV T
X, TR (FEARO5%) ), THEE (Okm %) 1, MRFEOKIRK UNARIXE) | AHVWSRS
[27]. EEE IRV TIE, BEEe, INERICAE O HRTEBI ORI XV, ATEEBEE N D
ZEPBESNS. TLTC, mlEIIEE L TOWA IR TL Y £ < OFE Al Z9[28] 2
D, JERAEHED O BEREMERICHEL B X DL D EBIOND.
EBRIT, ITBRERBEIC X AHEA~DOEBIIOWNT, BHRMAN RS < HESN TS, &
M 2kt 5 &3 DFIRIC IV TIE, IEBRBREE D R &2 Ao FE T v Ny A (fEFRIRHE[29], F8%n
BERE[30, 311, © DIRAE[29], LoEFRAR[32]) OHEFEITE) (X IATEEN[33, 34], FME[35], &
FIE36)) LRART DI LN, VATVYT 4 v T s LEa—RAX - T I VA TREN
TWa. —J5, WHO IX, milnE O &SMARET 5 9 2T, WY - tHSpRE O
fiff S L7 mlnE L2 LR (age-friendly city) 2 M558 35 2 L MEEE L3RS TV 5H[37].
B ETHE, MERE - ER Wm0 E L3V OHEET A 742 B8INRESINLTEY,
S O, NMHETE, 23 2 =7 4 ~ORBEMRLCIHED BN 2 et 4 5 181035
W2 B D DD DFRH BT N TWD. 2O X 51, Fiik K OEER O 6,



R DMEARLT VLB EREE A HE i 9~ 512 B 7o o TORVFRY A WL O RO R L L2 038 D
BTV D.

1.1.3 =EE BT 5 e LT BREE & DBk

AWFFEDOFEE T 5, mlinE 2T 2T & F KGR & ORRIZ OV TS, MBS
BRLOWSEEOMMAIE LV, BEEH L WVITRENRE SN TE (1), ikt (H)
BNCH 2 &, KENCRB T 2 E[39-47103 kb2 <, TOMoOM (F) & LTA F Y Z[48],
*T7 v H[49], 7 4 > T > K[50,51], 7 7 PIV[52], HIE[53], ##[E[54-56], A—A T U T
ﬁ7$]%bfﬁ$ﬂ%ﬂ B DWMENBR S L. WRIEREICE LTI, B sk

RO LHRIHE (LHRIHOZEME), vr—A YT 10—, AEZEEE~DT 7 & X,
Hik GE@fERE, %) OFIHFTREM:, RBI%ED RAF2T R EEIX 5 R RE I3 2 (RFEIR
FThY, —HTHEORE (BESCENA, ), B, SOESES R R LR,
HEBREDOHER 1L ST, —J, ARSREICOWTIE, SRR LZeM, FIgiE
RAIBICPET 2 LD, HIRERICBRT 2R FThLLEZX LTS (R 1).

B IRKSRE & TR & OBMRICBET 2 v AT ~T 4 v 7 « LE2—X 2 b H[29, 63].
Rachele & D@L TlE, HARBERE & BEIREE & OBIRMED, R ORI RO —BERIZHKS &
BHINTWD[63]. ZDOLEa—7TiE, IREEEZRE9ISONT I — (V44— K
UT ¢ —, FHEHE, oG, A LA, AWGEEE~0T 7 X, H47EH
AT TANT I Fv—, 5B, JNRICET 2L, BT LaM) (20l Th
L. AT Y =T L OFATHIERIC BT 2RO —BERIE, 0.0~588%LENRHY, Lh=
E7 AR A O—BERAmW) NEIZZET 5 &, 5Bl (58.8%), SHMTHEHA 77 A
N7 7 Fx— (54.5%), 2BIZET &M (40.0%) LHi<. 9 DOHT AU =K TH
DL, 34A%ITBVTHEIFPRICR Y T 4 TRARP—H Lzl ELOHNTND

JROEY , FATHFIRITES CEM SN2 b OBEE L HOND D, F8 - LT A
RpHZLuaBETDLE, BAAREREOSRE AR E T LR REEPLEILZLEEZBND.
Rachele 5DV AT ~<T 4 v 7 « LE 2—[63[ICBIF 2B (2018 4E £ TOAFKH )
DI L, BAROHFILDOT D 1 R[62] TH - 7208, ZOh% b BEEFENEZ TWHWDEZ M
b SRR~ DB OB E D A9 B2 5. BRI DR B4R F & LT, KIRIE
MERITH D 65~86 D Ein#E & x5 & LT FRIBFZE T, A DB EEOIR G TR A EE 23R
e, ARAEICEE LA, a3 a=7 ¢ v ¥ —, EFEMR, EERD 72
W LD, HARBEREIMEN T & ERE L S EE LT B[62]. A UL BIETH Y, T



TR FTHO 65~84 DR lnE Z xtg & Lo fE T, FricBEicksne, AD#EE, H
R ORI ATRENE, SR EN W & &, FIRERAEN 2 & & ORICBENR R ST
Wh61]. BREOERMT, BRET, BRIk BIIICTEET 2 60 Ml LoZ 2 xR L Lz 3 4F
W DREWAFZE TIL, HEEBEENE ORI AETe 2 2 1F, FBREOMERHCEET 5 LV ) &
RBRINTWVD[60]. WTHNOWIES, MAREIZER L TRF SO EF X 5.

1.14 EATHIRICRT D&

LLED X912, HIS(EE@nE (Cd 1) 2 SRR & TR R EE & OBIRICOWT, ERST
MREENHED N TE T2, L LR, TR TOMENR S L EE X 5.

—IZ, FIRRERE LT R EE & OBIRMED, E 0 X O nEimE OB AREEO S & THY
SEOINMI DWW T OREEIIA 13T 5. Lawton DAEREZITT L[6411C L UE, Eiid O
7 GRAERE, OHEIROELS, HRREEE, TOMOEHE) (ST, BREEICH L TEE
ARECH D (EDRSE « B TEIMES D) BE, HDHWVIE, HWEN2 S TADRKE
RESITENDS & DNARREIIRZe D, 2070, 72 U LA BBRE O & & ITAEE 2%
STz & LTh, ZOIRMEREEORHEN F MR BT 20 E0NT, milmE O AR
PIZ Lo THRRD L WIS THND. K, FATFRIZE VT, XHRE DOER39,41,
44,471%0, TERI[44,60-62], B TGO BALE LSRR EK, ATEEE[39,40,42,45,50]
72 NS U TEBEREE DN R D Z LRI TS, Sakari b, TEEREIKTEIC
BOWTIE, BlLAOS 2B THIR Y 2 7 OKj8 & BI# L, —J7 C FbsaRIC R 72
WEIZBWWTE, = EARERILNZ L0, AARE 2D BITHEMNE DIV D Z & AT
BRYU 27 AR L B U 7= & el L 72[50]. 3, BEAPERWERICENTIE, ©E
7 DT BB @I E ORFEIBIR L, KIHIREA B EWERITIE, KV IEBIN 22406
BT EBREDHEICEBR T2V —flEE X bD. 2 b DML, RUFEOIGTE
ROBHLEL 226 DTHD.

BT, il OB RHSREIC KT D TR BRBE O BT B L C, MEWTIFZEIC K D REEA R I
LTWa. bHAA, HEERFET A NS L DRI E S MG SN TV 5H08, S5
DTFICET DR EEBETILERD D EE2D  OFIRBEIEL FEIIEIEIC X > TR L
TS Z L, QOITEEREZ MRS X O BREE O Wil 2> b BRI FHE L Tnbd 2
L, ORARICTEET 2@EEEZHRE L TEBLTNDEZ L. OIZOWTIE, THET THL
ZEMTERW, TEWYERED EFohewn), THEZA ZERREETHS ) %, H6

1573

RS EOARES 2 AN BT 2 LN, Bk Sh 2 Sk (MTHESCH ) ©



IR FIFHEAT LTV D ERIEN S 5. KRN S HEREIRIRIL, @mIEICR T D5ET[65], 1
FRAE (B4, SRBEBEREIRTT, %5) [66]D THIKFTHL Z ENEFEINLTND. Lo T,
HEICREM S 7 L0 B O B RHEREIR T 728, SEBRBE OB 2 5 0 B0 & Bk
HZEIFHEETHD. @QIZB LT, TR, WiviliE ERSCERA~DT 7 X, %)
ErtapiE GLIRCZGEICET 5224, %) 2 ADafBNR R TH Y, KR ER
DB T 2 EBOA WA RGET 5 9 2 C, [F—xREMICI T DHIENLETH
5. @IZ2OWTIE, BHARICIEET 2 miE ~Osem R o#Eic a5 2 5 9 2T, BAREED
ElE AR LT HME O EERNSLATH .

HIRTE A Sl 381 T 2 S IHERE LT BEBREE L ORURMEZ B SN T 59 2T, Thb
AR & R DB B 5.

1.2 AHFREO B

AWFIED BEE, D 2 8 Th 5. OF RIERE & BEEREE & 0 BT 2 BERrAY I RGeS 5
L &bz, WHE OB ELY 52 D EE OBARNBEEZA ST 5 2 L. OQafEr
(Rl S ALTCR BB O IR DS, BB R F IRHERE (), JR T +—~< v R) Rt
L CHEBTIAIC BT 20 ERGET D Z L.

ABFFENT & > T, HIREE DG 2T BB 3 < BIRIRE (S MR T )
27 OEIHE L, ZAUHEES SFIHFREREIRDIEL) R0, g oS K (KRR
DHEFF « 18] FICET 23 VR D720, BRI AR5 Z LN fEL 2 5.

1.3 AERSCOERL
AT, H1ENLESEICLVBREINTWS., 1 ETIE, AMMEOE L Bl
WD, F2ETIE, F 1ML LT, BNO [ HikpEE 5% L OREMEY 72 B

BLOWHOREMIZ B Z 5 2 5 Mg O ARRME] ZBREE LI RER~ 5. 5 3 &
TiE, H2m5Ee LT, HNQ TfRRICRI S U C i BRRBE O ZEIRIC L 5, FE & ik
BEE (B 71, BIRST 4 —~ 2 R) FRIE~ ORI 28 2 EE LICRER b~ 5. 5 4
BT, AFREORESEL %, §5HETIE, AUIEOMMmELR~ND.

14 AHRIZBIT 2 HECEBIENESR
ABFZECIE, “HIEEROBGIZ BT, FIRES A2l B B A & 5
MTEHZLE” ZAFEL, HEXNEMEC L2 B8 REMREMAITY Z Lic L.



ZD 92T, RS Z THENBES 10~15 RRE T 2% H 2Ry KO
SEBE) LEMEICER L. EBRORBEIC OV TIE, @iEIcB D 10~15 D47
RERIE, AATEEEEICT 2 & 650~800m (ZHHYS - 5[67]. 7z, mlpEICH 5 EEHEMO
FHMIZ BT, JTBE (neighborhood) 13 0.5 ¥ /b (%) 800m) LI &RESNTERY
[68], miliE 2R L T OBOIERRORME LTRYTHD LER. b, EHRED
FBIR 723 R EE & U CEFRAVIZIR < W 540 TV 5 International Physical Activity
Questionnaire Environment Module (IPAQ-E) [69], Neighborhood Environment Walkability
Scale-Abbreviated (NEWS-A) [70], Physical Activity Neighborhood Environment Scale
(PANES) [7T1]OWTHDOREIZBNTS, BAENLARNT 10~15 HREE TITIT 2§ %
IEEL ERLTVD. TRBREOMMER & LT, MNRER X OCHSEREO MM E
ENDZLITHONTUL, 0@y ThD.



B2E 1B - HIBEEREERE BT D AR LT BRI & OBEIC R EE 5 2
B BN B DRRET -

21 H®

HIAE(E Bl (S 41T 2 S IRBERE LT BEER R O BIMRMEIC W, AR, MERI, (R e
Lo TSl O ARBYED, WE ORI EE 52 TWD LW R AL Tz, K
WFIED B, HUSTEE S E (235 D B IRBERE & T BEBRBE & O BIEM: & BE A0 I MRGE S
HE LB, MEOREEMERIZEEL 2D EmE OEANBEZH ORI e L

22 - KR - AT
221 WRTVFA rBIOFHE

AWFFEIREBAFTE T D, 2016~2018 AFITHHA) I RARMLR T CHAME L 72 BAFESEEAEIZ B
T HMEZICSIN LI I S s 2 x5 & Uic. RIRFEOZFEIL, TROJRHEER LA
RV i ORI TIT o T2, ARSI BB HEOLEEREL, LLTFTo@my & L :
(1) 65mlh 1, (2) HMusfEfE, (3) HHWAIETIEE) (activities of daily living ; ADL) % H 7
L CRHTRIREZR . 7235, ADL O BSLIE, JiRBRIC K 2 B3R F 73 EN#EOREL
FTNRNZ & EEFRL, IR IE PR EIT 7. BAMEEL, LIFO#EY
L7z: (1) BOCTHZEHEETBET 2N TRV, (2) BHEO LR ECHIRIR
EETLE, 3) BT 2 HKHERET X b OFEMERREERE . 2SS LT HUISRAE (Y &
FIEN 638 4D 95 L, FRMTHBEICKRIENH o7 14 X & RINL, BRI 624 4 Z AT 652
HEL-.

%
L
&

222 E{AHEEE

FIRHREOIRIE S LT, M) (BN, BMER ) BLOFEAT7+—~ 2 (Sm BT
i[#, Timed Up and Go Test (TUG) [72]) Z &l L7-.

BEHOWPEIZIE, ARARL—RE A FEA—H— (TKKS5401 ; PR TEMRASH,
g, BHA) ZMEM L. mZE BRIV TLE LT ENEBIC T, FlEFIZBIT 5K
BHOPNEFH L=, WEE 2 BIFEM L, BRI Wz, iR ) ORIE I
X, N R~V REAFEA—F— (u-Tas F-1 ; 7=~ EH, HEE, BA) 2H0WE.
R PERLIZ T b2 M o R CHiL A, IBAEN « BB Hh 90°hr T, £t o —23 FRREAL
EICALET 2 K O R L, wRE5 ) To% R 12 0E Uz, BlES 2 BIEHAIL,



M A AT IS 2. Sm ARTRFRI OWIE L, REXE (Sm) EINER - BoEE (22
A 2m) OFF9m OBTHE CEM L7z, PRESEIFCT, Sm ORI AT XA Ny Ty
4> F (ALBAWO072 ; B A a—v 4y FEASH, B, BA) TRIE L. 2 BOREED
5b, BORMEZMATICMERN Lz, TUG 1X, fF2H32H EAY 3m A0 a—r&2470 K
L, O FICHED £ TORMZT PNV A Ny 774+ vF (ALBAWOT2 ; BA a2 —7F
v FRRASA, B, BAR) THEGE L. AWFEICKIT 5 TUG ORIER, —EOBEEL &K
REENENETIT-72[73]. TUG OBPIEIL 2 150G L, Hedfi & fEiricfii i Lz

223 ITBEEREE

IR OFRIE & LT, EEEE S ARTEEVE AR 5 (International Physical Activity
Questionnaire Environmental Module ; IPAQ-E) [69]D H AGEMR[74]% H\ 7=, TPAQ-E %, x4t
FHORAEMED (T4 10~15 732 OBREREICET 2 EMETH 5. IPAQ-E OIFHHME
WZHOWTIE, BRAEEIZ K DBIED THOILTE Y, Spearman DJIANFHBIFREIE 0.79~0.99,
Kappa #at &% 0.63~0.97 L REN TV DH[74]. £z, HIBEEESBHE IS L THER SN
TWD[75]. AREFIETIX, ATHITE 2251274, 75], IPAQ-E |[Z& TN D FEJEEE, pEE -
2= /= DT I A, NZEBRAOT 7k X, HE, HEEHE, @\, 2t (0
gB), etk (Zm), EEEEE, REo 10EA AW, FEAE, “2<bTUTE LR
WD HERICELSHTIED” ETO4HETRIZEES. 72720, EREEIZONT

IO EREEL AT (Bl : —FET, 2~3BETOT/S— K, 4R T LD~
av) ICEALCREIZ %172, IPAQ-E OFIZIX, BT C2fHiIca—T 1 7L,
FEMTIZ N TZ[74,75]. BAREOIZIE, 4 PRECRIZZGZHEBIZOWVWTIE (2<HTTEL R
W RRBTUTEDL RN & R TULEL IERICLLSHTUTED) O 2 fHICERL
o, EEHEICEL L, T & MREEEE), 2oMoEEX A 7% [EEEE
E] L7z

224 BARBYE

EARBIE L LT, Filn, MR, JRIE, %W, IR¥E, &5, K5, Body Mass Index (BMI),
EEEE, FREIEEEE, O DIRRE, ML, ATEEREAZ A L2, 2o OF BT
AT B W T H IR RE & BhE T 2 2 & 3 STV 4 (18, 76-78].

il (R, BERIE, TREEEE, MmERE, OFEE), %E (W, BW), IRED
AL, BRAEMZEICTHlAE L. RBABREEDFEIE L LT, Trail Making Test part A (TMT-



A)[791%& H\ 7=, 5 DIRFEIX, Five-item version of the Geriatric Depression Scale (5-GDS) [80]
VTRt L7z, GDS-5 OFF ML 0~5 fiCTh v, 2 Rl EDEAZ “9SRE” &
L72[80]. ALZRYMALICOWTIL, FEH LS OFHESL KN & O FisE 2 B it 2UE IS
THAE L7, RHBEENE 1 BEREOGA %2 “tEEWNr” & L7Z[81]. ATSHERE DRI
%, EMFAIEEIRE /1481 (Tokyo Metropolitan Institute of Gerontology Index of Competence ;
TMIG-IC) [82, 83]% H\\/=. TMIG-IC O &L 0~13 i Th Y, |m5RIEEATEKRE
MmN & aRT.

2.2.5 HEEHRAT

SATHFFEIC IR\ T, ITBEBREEIC X D E~OREICH L Tl g S h Tn b 72H
[61,62], & COMAEHITIZMERICTRANE L7z, flibstaHcB LT, M ST FAMHE & 42
WERET, BT Y —BRIFER L R—t T — VTR L. BEAR O 2 B HkIc B0
TIE, A OIESIMEZ Shapiro-Wilk f&7E T, 531t % Levene DFRE CTHEFR L 729 2. T,
BB, FHEDHERE SN EBIT O W TUIIS DR t e, ERME, FEFS e
RENTEHUZ DN TIX Welch O t #E, FEEHMEDZEHIZ-SVTld Mann-Whitney @ U
Ex AW, B 7 TV —EHo 2 BERIRICB WL, A ZFEREE W

HRBERE & BT 2 T BR R BRI 35 K OME N B IE A HRER T2 7, e T 5E[841 % 5%
WL TRD E S & T o7, £7, Sifiee & B4 2 B 7ER 720 BRER B 2R 45 L OV
AR N2 2 72, ERYFE BT (RS H R 4E (Akaike’s Information Criterion ; AIC)
ERWIZAT v 7T A RE) AT o7z, (ERERITH RHERE O SIS, JSTA LT EREE
BRI LOMEAREME (Fn, B, &, IREE, BMI, EBHEIE, TMT-A, 5 OMRiE, -
SHIIINL) ERRE LT,

I, s OMANBIEE B L, milE o5 e & TBREREE SR & o B 4 Gk
T 57201, BRARGH Z1T o7, BURASHT &1L, SEHE 7 L2 ) X AEESE 450
Iy DL & AETE TR 5V U —FT /L (tree-based model) »—F T 5[85].

VU —ET U, HEREKOTH - HBNCB W T, SAEEEOMERREREL L, R
I MR TE D RICHENH L. EBER kA & 3 % blE R E TR A
(regression tree) , TEBAE A 7 TV —EH & 3 2 3 FAME CTIEm A (classification tree)
FI2ITREA (decision tree) & FEXILH([85]. AWFSLTIL, Classification and Regression Tree
(CaRT) 77 /v= U XL L DERARGIHT 2 IV CTREET 24T o 7=, BURASHT TIE, ik
REOBBIELEBRA L L, ZORBIFIITICE N TET MR SN MR ER I



K OME N A 2 ST 2B N, PRIPERE D SO RIEAR 2 AT 5 72, 10 EAZ
DIECBT D /N MR T T — 2 B & 3% complexity parameter (cp) fEIZ &> TRD
918 & AT o 72[85].
BB, ERARETVICE TSN V—T7 (#—3F 0/ — ) BCBiT 581k
FEREFRAZE O el %, Kruskal-Wallis 2 7E 35 & O post-hoc #E  (Steel 12:) % F T HEit L 7=
FEH#HTIZIZ, IBM SPSS Statistics 27.0 (IMB Japan, H i, HA), Rversion4.0.3 (R Core
Team, 2020) 3L U 7 — rpart [86]7 HVY, #EHFIIA EKEEIL % E L=,

2.2.6 fREEMELRE
AW AL B R =R A R MR B S O AR Z S TiTo 72 (KGRE S 2018-008B).
F7-, ERSBEICTE@MCILIAA T F—Lb Rartvy N EET.

23 RER
23.1 XMREFOEANEMLE L EBRE
% RFE ORI B & T BT DR A, £ 21K LT, I 5E OFLERIT 71.7

T47 W Tholz. Fio, MGHFO TMIG-IC OFHHAIT 11.9514 S ThoTo. Bk
B L CIE, B, tEicHiR L, BB I OBMES DR T, TUG IZFERFETH
Stz —F, sm TR, KMEOHFNBHEL Y LERHTH 7=, £72, TMT-A, 9O
Wi, SN, TMIG-IC [ZRB W T b MHAELRYD, X, Btk L, TMT-A 138
K[ C, TMIG-IC O3 R0EE <, #EBMINLOF D70 —T7, 5 DIRER & 2 H M%)

7.

232 SAEERRICEEY 2 EEROITORE R

#3, 412, BT oEEIFRSITOFRAE R Ui, BHICE LT, sm TR ()
NEWZ & EERER N H D 2 L (B=-0.31, p=0.004), TUG (b)) ME\\Z & L{EEEEMR
BWZ & (B=-0.27, p=0.042) [ZHERBEENED G-, HEICBE L TE, # (kef) B
FOWER 71 (kgf) D@V & EiEEEX N H 5 Z & (EIZ, B=0.91, p=0.024 ; B=1.66,
p=0.043) [ZHE/REHENFED HivT-.

233 SiRieE L TBEREE RS L OME AR BHEOBTE (BIRASHT)
[ AT DFE e, FPED 5m AATRFRICEI LT, ITBRREE N L OME AR B2 & e
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ERARET ABER SN (K1), RETATIE, 1 ETEBRPE 1EBRUE L7720, 80
ik 22 BRI Sm AT IS 2 BEIZ 3 7iuiz. IRWT, B2 JE TR OAHEIZ LD 2 BEIS, 53
J&T 5 OREEDHIIZ L 0 2 BT ANTE. £ LT, 5 4 BICEEIER OFESRIRS W,
INOOERIZESE 5 I V—T (¥ —IF )/ —R) IZHEIh. T7bb, 80 kbl
T, BRI LU DREN R, EEEER 235 5 & BIE L7 DS node S 1T/ S LTz, 5D
DT N—T D Sm BT 2 el L2 /5, node S IS N7 A —T1%, o 4 >0
TN—7 X0 BB SmABATRNE N o 72 (R 5). BYED Sm BATRER LA O B R HEE
FREEICRE LTI, mBRERBEZE R J6 K OME AU B 2 & D[R AR E 7 /WA S 2 o 7.
77, KBV TR, 2 TOREREIFIEICHE LT, HREERL L OEANBIEEZ S
EFARET MITAER S e h o7z

24 B

AMFFETIL, HURKCTHN L CTEL T EmE 2 xR e L2A, TMIG-IC O XA L <
HLEEE 2R E T HHATHIR L D bR mWMEIZH 5 72[87, 88]. L72Ai> T, AHF
FEDORRE NI ETERRENOCEVER TH D LB 2 DTz,

H KR RE &R BRER IR ORI 72 BIEE I DWW T, EEDR T OFER DD, B TIIH S
T4~ A LB OAESCEREFEENAERMELZ R L. 61T, KWETIEH L
B OF WS E B ARBEA R Lz, BATHIRICEW T, EEER~DT 7 B ADR I
R BE DS AERBICBE T 5 2 L A S TRV [61, 62], ARBFEORR & b —ET
L. —HT, 2o OIBREERN & H R & OFERBEERRWERET OMELH D
[44]. BATREAIROM 1172 & D FIREEREIE, FElpCrERN[89]721 T <, HRTEEI[18]%°, 784N
%%Un9%ﬁ 8], thHIINNZ[76]78 kR4 IR ERNEEES L. £z, ZNHDHERDZEL

ITBERBREE LA & b BEE T 5 2 & AN HEE ST 0 [30,32,33], HARERE & BEEREE &
BV 3RO THMETH D L EZ DD, TDw, FIRHERE L RBREL & OBEMEIC S

1, BFFERT S O ANBIBIEDE NS K > TRERMN 2> T 5 Z LBl SN 5.

ABFFETIZ, S RHERE & BB 52K o0 BIEPE (T8 & 5 2 2 i Ol A @tk
WC, BURARSHTZ W THGEE L7z, ZOREE, 80 mlA T, MEI LU DREEA 20
BiEmEng I, EHOEBER OGN Sm B TR & EET S Z LR EhE. E£ T,
80 LA N ORI LU D DIRREN 2 <, IEBRITEBiRR 2 & D MmO 7 — 73,
ZOMD T N—T L LT, Sm B TRMAAEBRICEVETH o 7. Hk{ER: R ok
T DT RO EE R & S RHERE & OF B BEME A WRE LTV 2 S TIFZE[62] TR, iR
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DM <, BB L0 DREEZE T 2 &EnEOF G MR MENICH > 72, ZhuE, K
HRFERL B —H L TNDEEZDLND. —FH T, FIRHEEE L ITMEREL & OF B2 BhE ) 7
MO TZHFFEIZ BV TIE, RRHFIZ ADL [EEZ AT 2R EEHA 0SS EN TV [44]. O
F O, KO GE L bIEFREBD ARG E ThH o2 LB LD, RFFEORER
G, ITBEBREE & S AKERE & ORIEMEIC RN T, MERI, R, TR & OB IRIEERTIREE,
5 OIRAEZR EOREMIRERCIREENEET 2 2 LI b E ol

ABFFEIZINT,  Sm ATIR ] &EB R O HEASBEE L7 #iih & LT, FREEINE G
LTV D HREMED B 2 v D . FEBE, IEBEBIER 2 H 5356, TR T AT RS,
BE) - L7 Vo= a2 ERNE LESTEMENT S Z L3R STV 5[75]. $74hb
b, AR AE <, RERDIREED RIF 2 B IE ChiuL, wEOEDER RS 5 Z &
THTICBEE U 7o S RIS B B A 2, BITRESI OMERE - 7] LIZER D wIREMEN H D . — 5T,
171, BB, TUG ([ZBI LTI, TpBREEER & EARBMEOWHE 2 & Rl ARET
JNTER SN2 Do T2, IR H R R T —~ ADm EIZiE, LYVAZ A hL—=
TRNT VA YA X7 EORRNIER 7 0 7T LSRN Td 5[90-92]. D7,
WATLIAN O B RBEREIC KT LTI, BRI S RIEEN B OB T2 <, B IRTEB DNt
LT % 5 2 5B ER ORG b LETH D000 LR, AL T, EErEEL
BT 2mEE L 7THUECOEY, ZOEENFIIZHETHL EEZX LS. W O R
B 2 IRIEEN ORI S 2 BT 5720120, L0 R E RSB O & T S BT
b5,

LTI, EEUFRSATICBNT, §i ) & EBE O B E N R ABEA R L. — T,
[ERARGIHTIZ I TUE, Wi OBIEPEA R L R 5 H OME A BHIERRD B o 7o, il
U728 Y, FARMSREIC I3 2 R ARG L TR Y, EEIFRSHT Tl BRI +45
IR SIVTWRWATREMED D D . FFIC, MRIZ B L R TR EREZ AL TV D
[93]. ARIFFRIZENTSH, HERNERO—>TH DRI OFN I, BHEID b4tk
DI NFEN Doz, MAT, FATHIE TR, HESMC K D EFE~DODFIZHONT,
BHEL D B LMEOTRENZ LRI TN S[94,95]. 16> T, ZHEIZBWT, FifkkiE &
ITREBREE & DO RSEVEIC BT S M AR BEA I S e o e Bl & LT, #amERO
MR RBEIND. 12720, RO ROALTIE, EDX )RR ERNEETH D )
FEERTERV. SEITHE CTE TOWARWHESEROEELIER L WD aMEER S Y, 4
BOIORDMEENVETH D .
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2.5 AHFRORR

ABFFEICIE, WL OO ORFNREET . 5 11, AFRITHEIE Ch 5720
RRBIRIZONWTIEFE R TERWEDH 5. AU OMENT CiX, EEfis oA MR, 4
5, BT L ONEMREERIREED &, Sm TR 2 TRIT 27 AR Sz, Ll
BTN D S WEMTIE, X O IEBIRZRAETEEE 2 XD 72 0IZE K L CEE s Dl < 12
i Z EABIRT D[RR D 5. F7z, FIRBEREOIR FIC & 5 & IRryE X ORHIAERE~

WHMOEELE 2 biLd. IR X 5 KERE~ORREBREHA LT D720
WZIX, HEWTAFZEIC X A RGENSLETH D, 5210, AW Tl bR 2 F8I00IZ O A3
LT\, T4, HEEH > 27 A (geographic information system ; GIS) % FU 7= & #BIAURTE
A< HWSENTEY, FERFHE & EBAFMN L OREREDENBIER S TN D
[96]. AWFFEDOXIZRE 1T, AROD &IV AVERREN LB BRAFREHITH YV, BN 22T B

BBl OB I N TV E D LB bNE. UL, ITHREL BB L7
B, AWFTE L 1T E R DRER & 72 5 ATREMRIRE E TE RV, 5 312, AMFFE ClIrtSRaavia
2 (R, %) SREFEEBHRETE TV, o T, ZTNHOERICE 5 HK
FREER K ONIBEBR BT ~OFRANCK T D RGN OV TIEE R T D 2 ENTE RV, 4D, K
T TERL O H— MK TIT o7 b D TH B, ARG LNZERKRET VO 2S5 /KR
REL, —BA LT B 720, BT RRLSNOHIRIZ IS I A RGEZ ERDHILERNH S, F iz,
HA NS S L WOk O S E TIES RIS £ RIF NEENFET D 2 RSN
TNDT72D[97], AWFER ROMEA~DFULITHEIIATI NS LEZXD.

2.6 5 1AFEORR

ABFFETIE, HUBHEE S EE 23RV T, B IRRERE & T BRER T & DRI B A 5 2 51
NBYEMEZ [EUFARSHTIS X0 BEE LTz, 2 OFER, S RGE LT BRI & OBEMEIC 28T
% i OfE AN EYE L LT, 4, MR, ki JOVLBORERRIRIE 2 il 47z, FRIZ,
FEHRIAE IR AN <, IR O DIREED W B &l E T, ITBCEBER NS DH Z &
Sm ATIEHE &\ D F RN T o —~ o ADOHERHIZ BT 2 WREMEANV R S 7z, ik T H Sz
LCTAEERZEDEIBE BT, FERERIKTEDLLIVZZDY 27 26T 2F 2 REHk
T5952T, BARNBECE EFNDHRATEFRET D Z LITUARELTH L. ZAUTMZ,
IO EB DA I L > T, FRNAT =~ U AOBREICENECHDL Z L1 +05
T H20ENDD.
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AWFTEE, AARFINIRIES BApre g Bl o — #2521 THME L 7.
LR HEIR - MU EE R ISR DB R IS S SR RETR 7 0 7T Lo
BERFIEORE. AR S BApr e g Bipidi3E 35 F0T%E, 2020 4 4 H~
2023 43 A.

AHIEONEIL, 5 8 Bl H AR TPEI BRI ER MRS TRE L
LR, EHEA, SRES, SOREE, B LR, EE—RS R - DEAYI
Fere BYEmEE CIIBTHE) LB REE B T 5 « [BIRADITIC L A RSB HIR
Ak, %5 8 Al H AR PRIB AR FIN RS, 2021 4211 13 H

AT DML, Gerontology and Geriatric Medicine (Z 5 S 417-.
Ando M, Kamide N, Shiba Y, Sakamoto M, Sato H, Murakami T, Watanabe S: Association
Between Physical Function and Neighborhood Environment in Healthy, Older Adults: An
Exploratory Study Using Regression Tree Analysis. Gerontol Geriatr Med 2021; 7: 1-11.
https://doi.org/10.1177/23337214211052403
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B3I 2 HFAE - HIBRIEERRE T DIEBERED 1 FROFEHERICE 2 D8 -

31 BB

HSRAEAE i D ARTE 22 B0 & < Bk x R RBREE O RS, BRI B IREERE (), &
R8T p—~ v ) FRIEICEELE RIETHEWLNICT B 120120, HEEFIec X 2 REkz
119 2 EBMATH L. RO BIYIL, HIBIEESREIZBWT, THREER TH 5%
FIBREE L AR REEC K D, BRI B R REFE IR ~ DM e e B A REET 5 2 L & LTt

3.2 Hik - XR - HEHFT
321 WERT A U BLUOHE

AEFIEIE 1 M OMEWFTE TH D, SIRFIXE 1 HFFE LRI U<, w4 RARR R T <R
i U 7o BAESEEREIC BT 2 2 12BN Lo HUSTE(E S i Ch o 7o, RIREF O 5 AT,
65 L ETH Y, ITH#ERERIC X HBESHE - BITHERRIE 2T T2y ADL 23 H A2 L 72 Sl
Fe Ll GB1H%EE2SM). 2016~2018 FEORIKEZ OHHSINFE 638 4D H b, fiEHIHE
ICRIBRSH -T2 14 B EBRINL, 62444 L0 _—R T A VEEOIRNTT — & Z21%7-. FIZ, 14
HBOFRBEZICSIL, SIRERETGZ M rRE T -72 299 4 GEBRE : 47.9%) L0 7+
0—7 y TR T — Z 2 15R 7.

3.2.2  Hikigae

HIREEREIL, T (B, BRG] LR ART7 3 —~< A (Sm BT, TUG) %
N=Z2F A VB IO T+ u—7 v 7 (14FE#%) RFICFHE L2, FHE5EE, 5 1AF%E L W
BRE L7z,

VMBI 2 e E L, UTFOFIEICL - THELR., 7, fHET LTI
RO F IRBERRIEIE O LR (1 FE OB EE N— AT A VREORIEE TR L72fH) %
BH LU, Wi, Sl LSS REERIEOZRE S L1, R/ aRZ L& (minimal
detectable change ; MDC) VL EDIR T3 ®H - 72856 % “HHRBEREDIKR T L ER L. —5F,
MDC LN DZEE & %\ N E MDC LA LD W ER S - 8561, “SIRESREOMER: - m B> L L
7o. 723, MDC &1, 7 A e PO LIEIZL Y HoNniz 2 >OWEMOE( &
B, WERZECEDBDTHD LWV RAMEZ R LD TH D98, 99]. 2 SOHIEMEA
MDC LA EDOZ b %2R LT2E, MEBRATIERWEENE LT Z L2 EWT 5. AT
£V, FEEEOKIEIED MDC 124, #1T 5%, BRI T 12%, Sm Pk
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TR C 7%, TUG T 6% & & S 41TV 5[100].

3.2.3 IBEREE

B BRI, TPAQ-E A AGEI[7411Z L » ColiAEE L7-. % 1 BF9E & [AIBRIZ, TPAQ-EICHE F
NWAOIEJREEE, P « A—R—=~DT 7B X, NRER~OT 7 A, H5E, HEEHE,
IR, et (U3R), Zaett (@), EEEEE, SBlo 10 HEZHWE, £k,
IPAQ-E D[RIZEIL, FATHFRICHE L T2 MEIC2—T 1« > 7 L, fEATICHWTZ[74, 75].

3.24 EARIBEME

EAREYE L LT, fFlm, M0, IR, 7, IR, JE, (K&, BMI, E&HEIE, R
PEHE, O DIRHE, AWM, AIEHEREAZ A L. A AR, B IR REEE Lz, 72
B, LWBEIZOWTIE, FEELSAOFHRESCKN & ORFHE 2 AL E I TGRA L,
1 % A H72 0 ORERI72 RN Z R L7Z[81].

3.2.5 HEEHAENT

FURFEEHI B LTI, AU LR AET, T 3V —ERITER L —t
T TR L. BE-BYERERER X OB LM o 2 BEE RIS W T, E AR OGS,
A D IEHIME % Shapiro-Wilk 18 7E T, %53 M4 Levene ORE THEsR L7 9 2 T, IERME,
SR ER SN2 BRI OV TERHS O W0 tBUE, BB, FES 8 R Sz
ZEHNZ DT Welch O ¢ #77E, FEIERNMEDZEEIZ DV Tik Mann-Whitney O U #UE 2
7o BT YO 2 BERHENCB W TIE, B A TRKE £ 7213 Fisher O IEHERE R E
i LAY

TEEHIRAT TIE, 1 RO IRBEREICXT T 2 TR OB E REET D700, &H IRHRESS
BEo 1 FMIcBiT 52 IKTE “07, #Ff-mbx “1” La—7F7 12 7) ZHEREK,
VTBEBRBE DR ER A PSIER L 5 “Hu P 2T ¢ v 7 BRI 2 T =7 1 13
SIS E UTCEBRREE DO A, BTV 2IXET IV 1 B4, R, BMI, X—A T A VRO
RHSRECIEE L7z, =TV 31%, BT 2ICIA T, EEEE, TMT-A, 9 2REE, i
EAFEERE L TEALLE., DEOHe URT 4 v 7 BUGSHTE, 2X5%E,
Instrumental ADL (IADL) H 323 (TMIG-IC @ FALRE TTREMIENL) 285 Sl 0d) B
FOPERNT &> TR LT3 L7z,

AEFIETIE, 1 FEMICRT 2 5838 OBEEDK 50% EmhoTe. D=, HIRHIED

16



b LT BEEREE & OBRICKT T DG NA T ADRKEERGET L7280, Wi E T
(inverse probability weighting ; IPW) 5% 9k L72[101,102]. £7, X—R T A UFFIZET
D KR OENHIBIEIZOWT, BEF-BLEFER T 2 BEF 21TV, A EHER 10% A0
OEFAEMH Lz, RIS, 1 FROBHOAEZIEBZ, 2 Mgz VTt shrz
BIAMNIE L T2 " Hu U AT 4 v 7RSI 24TV, EAREIELD 1 F1% 0B
DOEEETRTHETAREEHR L2, £ LT, ETARUCL > THEHENTE 2 OXFRE
OB (A 27) OWiEE BTN T, IEBRREERIC K > THIRERE D2
bz TR 2 " He P27 v 7 RS2 Eh L7z, LEOFNRIZ LY, STkt 5E o o
B, BEREITWE AN B Z AT 550 R 16 L & 0 RERERT 2TV, AL T
ALK DB EBR LI T & T o7,

FERHAEATIZ1Z, IBM SPSS Statistics 27.0 (IBM Japan, i, HA) &MV, HiHFHEE
KT 5% E LTz,

3.2.6 WEAMEE
AW B R = A R MR B S OAGREZ S TiTo 72 (KGRE S 2018-008B).
F7r, ARSGHFICITERICLAASA T+ —L Rartr N EET.

33 R
3.3.1 BB L BB O LB

BIR-BERER O R OFERE R 6 IR LTz, BABRED S B, HEF2HAaEK%E 5%
ICBWTHEBEDH D BT eh o7,

332 fRNTHBEDON—RT A « F—& L 1 EROH EBRE DT

RN GBI 12361 5 _X— 2 7 A VRO AR BT K OWTBRREE, & (R FRE
RTIR LTz, HBEOFHFERMITTITE4SmThH o, £, HBRE D TMIG-IC D
BAIZ 119514 8 Tholo. HREEICR L CiX, B L BEER B0\ TORBIEN
HREIZEMEZ R Lz (1877 :34.8 vs 23.8 kgf, p<0.001, E{H = 1) : 34.8 vs 27.3 kef, p<0.001).
£z, HARREIED 55, BMI, HES, B\, 5 OIREE, ZMBEEICBWTHIEEZRD
BMI, HEEIIBMEO TN EEEZ L (BMI : 22.4 vs 21.9 kg/m?, p=0.035, FHEH : 1.18 vs
0.86, p=0.006), B, 2 DIRAE, AWEAHEE (T MED Fi s mfE % 7= L7z (B9 : 38.9 vs 25.6 %,
p=0.035, 9 DIKEE : 18.1 vs 6.4 %, p=0.013, AL : 25.1vs 19.2 [B/H, p=0.008).
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BERE O 1 AFEMICE T 25 BHEOELE R 8 IR L. XIBH2RICET 5 H ik
R Z L O TEORIGIL, #8705 34.8%, IEMHERJI2Y 34.2%, Sm A1TRHDY 13.7%,
TUG 78 23.1% CTh-oT=. Fiz, LIRS 2R 7O TEORIGH, BT
BEIZEN-TZ (38.6vs21.8 %, p=0.007).

333 1 M OFEEREICHT 5 EBREER ORE

BRRFICBIT L Hr P AT ¢y 7Bt OFEREZER 9 1R Lie. EARRMEZ
BHRITBOT S, IBRCEBRE A S 5 Z & 25 5Sm AT O 5l 2 #F - 17 B9 5 i
L (OR=231, 95%CIL: 1.02-5.21, p<0.05), ZLIRITXTT LB RV &2 TUG DRL
FEAMERE - 1 9D HEICEB L7Z (OR=1.87, 95%CI: 1.06-3.33, p<0.05). —J7, 14FEHD
187036 L OB R 128 U O Beig B 2 R R BR BRI E R 1372 0 o 7.

AR T DMK NA T AZKFET 572012, IPW EZ2E Lz, BT 0oL L

T, BER-BIARE O EBIC B W CTHEMER 10%A050 T - 7oA, REOFE, TMT-
A &AW IPW IEDORER, TBREB R DA (2 XK 5 Sm ARTTIFR A~ DR, LIRS
HEEMITE D TUG ~DFEL HIZ, Z{bixHAbnihoTz (R9).

IADL AN IZBIT 00k R a2 10 12, NS X DB TOfER A 11, 1217
L7z, ZVEICERWT, JEIRITHT 2L BN B W &2 TUG ZAERF - [ B3 2 s 2
L72 (OR=2.08, 95%CI : 1.10-3.92, p<0.05). LL, oOEREEREFRIE & ITREBRBE A &
OMICHBERBRIEIA LN N-T (F12). £, BHEICBWTL, WihoHkmets
BICRILTh, ARICBMRT 2IMMBREERITHE S e o7 (1D, 22k, BHECE
T, B DB XN TUG DK T THRRE - BRADT 72 AR “BUW LEE LTIZH#,
Sm A TREF O FE TR « A—/3—~DT 7B AN “B LEE LEEE LW R o7z
(# 13).

34 EBE

AWFZETIE, 1R OB 72 5 IR RE DI L Tl BRBR BN 28 5- 2 2 B % —
Ha AT 4 v 7 BRI TRRat Lz, ZofEE, BAMBEMEZRE L5 2T, Sm
HATHEREIC 6 L CEB % O A DS, TUG 2% L CTIGRICH T 2 ZeEnZFnZFha =
WETLZLREN. Thbb, AREZEUT, BARIEET 2 EEBFICBNT,
ITBRIZ I 2 MRIBREE & HERBREE DM 1, B IRBERE, FrCH RN T r—< ATx LT
HEWTAIC S 2 2 LR STz, WIRNBREE Cdo 2 B sk & B IRFBERE & oA B e B
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DOWTIE, BARIZEBIT DRI TR I TS 03[62], AWFICITMEWTIFTRIZ L > T2 D
HMRZHRT L LOTHD. —J, KETIE, EBRICBT 2505, B, Y, RERER
EOMHEREICET 2MEN VNI L, FBANICHHE SN S BREREDIR T Y X 7 3R
T2 ENMEINTVD4AT7]. AFFROHAIZE, BARL VI HEMKICHBNTS, L3k
(T 2 2D, FBHNCTHE S e S REREDOZ(ICET 5 2 L 2R THDThH
5.

RO EB R A Sm AAATRERIC R L TR L2 Z L ICBlT 2 A=A L L LT, ES)
Sk OFIIZAE S FRIEE OB, BATICBES 2 F RN T 4 —~ o AT L THRGERY
(R LTI D . FE, EHMER DT 7 B ANRM Th 5 ming T, HERY
RAATEPEMNT 2 Z EBWE SN TND[75]. 61, HMTEEEZETLHITEBNT,
MTIREE, B, BT E VST TRIA—F —=PHEEICRBGTHDLZ L HRET
5[103]. FFRICTIE, AT o ARES), Tkt & 9 o RS REFR R ISV T,
BITEEOEEN LN o7 & BIRRENTWA103]. 2D Z &I, TEICER
DD T LNl BATICREE L - S RTE B O HIINAS, BT D7 4 —~ o AlTx LTS
NIRRT Z 2B T H D EERS.

BIOHE DI, MmOFAREEZ AT 20, FRES2RTIEbEESRS. &
IAHERE & BRI E) & o RU5 1A 22 BRI 2 Bt L 7= JeA TRIFZE[104] TI, B AknE
B EME LI ELCHREBOFHIK T CThol. ZhUck LT, FRiGEiTERIC
BNTOHR, FEEREO TR T Thole L HESILTWD. ARBFETIE, EHEIEOE
Bragitt (£9, £7/3) b, Sm AT &TBEOEER DA HE & O A E 722 BRME
PRT=NTZ. SO &1L, BN S EHEEE O Z IR L THIRTEBI 2N 5R < 1ZME Le
HOLRT 2 Z LN TE, Metti b OWE[104] 2 HNLFFT DR LB A BND.
2L, ARFZETIE, EEEESCHEREH O &L L OAFEZFEMICHETE C6T, £
AR BHEDOREFE L RRATH 5720, Fil - RHOTHOMENBNT-NETIEER
TR0,

ITBEOEBNER & Sm AT & OBIRICB T 2D A H =X L L LTIE, ~VR YT
TVv—ORENREZOND. BEREICBT L ~NVAVT T U—E, ~NVATT (T4~
Uo7, P —E R, REEFH) ~D7 7 &R LBET 5[105]. TR EBEER 2 &
% mlng ClE, EENCREE Lo TEEIMEE SN D DA TR, EEag 2 AT 5 i &
DAZWRRC, PR E A N b (ETEEIER TEoB SRR T D72 D O - 2,
%) ~OZMEE LT, @EICET MR OEG LRGN BT 5 2 LR TS

E

\
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N5, smABATRNIZ, HEAST 53—~ Z0BETH 5 LRI, & OEFRREL K
B SRR T H HD[106]. Tebb, IERICEIMXR S H L Z LIiX, ~VATTT—0
] L& C, Sm TR O BAF R RICEN D LD LB BND. BIRHEE L T B s
EOBMRIZB T D, ~NVAVT T —DNTEIZDONT Y, S%OFEMRRENLETH
5.

—J5, MRIKT DLEMED TUG ICHET D A=A L& LTI, Jeif L7z iEd sk
& Sm ABATRH & DBIRME & FIFRIC, RO ZRMEIC Ko THIRIFEEAHEML, ik 7
F =~ CAPHERF - M BT D RRENE R OGNS, L LR S, LREEFTEMOZ A
PERHRTEEN BT 2008 2 0%, HIiEH O NI S TWRN[29]. Z DD A 7
ZALE LTI, BHREBOREMER, H20EE GEEsn) 2L, HRE LT
TUG DO RFEDKERF « ] LICHER L7 ATBEEN B 2 s, IERICBIT 22t v—3
FL e Ry NT— 7 O RIRE R EZ I LT, A% OREFEIZRELY KIZI107]. £, V—
Tyl Xy NI =7 OFENEWITYE, TUG 2 &L H MHERERIEORENBIFTH D 2
EHWMEINTVDH[108,109]. 3 1 IEDELZ THIR72EY, TUG & W) HERRREIC
LTI, NTURAOERZEFL L O RFRENR L —=0 770 LITE DB LEE B R
bILD. FEC, mEEICBT DS MTEBIONFIZZILICHEY , TEBIHLE £ TOBEIS,
IHB DO TORPLEIS (BT D5 NS U2ATEY) LD K91, HifiZe A2 TiEs) X
0L EE R ARRGRESI SN D, TO720, JLFRICET LMD, TUG 12k L TR
FNCFE L= RE LT, BB E L WD AR E 2 biviz. AWFETIX
FRCIMEIZIBWT, RIS T HLEMEN BN &2 1 FEERO TUG (IR T +—~v
) BT LW RERNMELNTE. ZOZ LIE, LTI B L e LA
N T O TR BN RN [94, 951 E WO FEA K L=b D LB X B,

—J7, RBFFROFERDOIL, FHRETH D815 JORMER ) & A8 2B A R~
ITBEREE BN TR S oo 7o, MGG LT AARANSE 2 x4 & LTz 3 M OHEwT
I B N T, ZHICBWTOA, EBROFERBENEVIEE, FROBENKT I 27
DINS o T2 Z ERHE SN TWNA[60]. 72720, AR & 13t G ik D RetEn e 5 =
&R0, EBEBREEORIM T TE GEATHIIE TIXEBIAITFIEIC & - CEBRREE 2 51M) 235725
7o, AR Z T 2 2 LT TE R,

FTo, KR TIE, N=ATA VKOEMZEED I L, KL 1 FE%OBHHHEZ
179 2 LM TERMN-T-. HIERE Z R LT HHZICRIT D, 2E LIFZLEOR
PEZ LR U729 ClE, FEZ2 &IV Cmlln, MR I L OVETEREDIR T, 5 S
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EWVS AT D Z LR SN TOA[110]. Ko T, BEE OMEANESKIC X 55
RO DITHRGEST RNE Th L. AWFZEDBIE & RO BIZ BT, AEK
Y 5% CHEENRONRPSTEAEIED 5 6, GEMEEN 5~10%Th o7z, HEE
B, BREOHFE, TMT-A IOV THREZRF L2, £ OMERHEL 0.066-0.146 &\
Nb/hSholz, BIZ, THRYAT 4 v 7 ERGIICEWTIE, BEEORELEEL
72 IPW IEFEMRICB N TS, FEERRRICE(IT R o, RIFEOMRSTT — % DX & 72
DAL, HUIBIEES IS OB EMRIGEIZE > TBMELEH > TV D, FEROREDZIC
S L7 o 2B OFEMITHE TE TN b D0, 2L ORI A V2 —LE
BN T ENRGDRP-T-ZEEEZBND. £, BBZFEDOZIT AT ATHEAL O]
Kbd oM, BENRIIRE ORIV, ELY, RIFRICEIT D2HELRTEH DO
D, FHFIIRASA T ANIRFEATRER IRV BILCTH Y, A OFER~DOHE BT LA L7
Wb D LEZ T

3.5 AHZEORR

AR L TH, WS OPDRANRH . 1T UDIT, RIFFEICRT DRI8E OBivER
EEBE NS ER T DD, ORISR LT, BB RER o B F ) CE AR
B ED S DI OGN THRREIT/NSNWI L, ZHu Y RAT 4 v 7 BRSO E
BRRERITIPW EEHZR G EDL RV L 2R L. LL, ZRDLDORGEEIC X - T,
S A T AN K DA TRICHRTE 201 TIERWV. £72, REZITTHANDO AR —
ViR B W TR SN2 b D TH Y, EHBfER~DT 7 ARMEZ~DS IS BRI
BRELZHEZ TODAREELE X DL, KIZ, AUFEOBBMIMIX 1 FMEETh -
7z, ZOBBITK LT, MDCIZHD & S IRERREDAR N 72 13MEF; - M L2 ERT D2 &
T, D7 & HBERATIT R WEIEREREOE (LA BRIE L. L L2, MDC Tl
B IRMEEORIKIB OB L Z R Z 7210 E S, L0 EERAICERO & 2 F B2 icxt L
CIEMRENEZ 5 X 20T AW TH L. BB, 815 L RERIC, AFRORES
EE LT, BEFECHSEFNEROPFEITZ TWVRNT &0, TEEREZ 5 RH O
FHUZ L > TOARPFEL TWDH I ENET HND. FFIZ, BEFROFEHIN A+ THD
T LT, TBRBREEDEIIN e B S RE A UIC T D 00y, BEFRE O EERR S S
DLWV TR Z INEHC T2 . EBEBREE A~ I O T K D B IR RE ~ DR
DOWT, BROMGENLETHD.
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3.6 2RO
ABFZETIE, MR &SRS 2R\ T, TBRREEN | £ O REREOEIC 5 2 55
Br"Hu AT 4y ZERSHTIC L > THREE L 72, £ ORR, TBRHOEER ) H 5 2
X, 1RO Sm TR ORUEZ MERF - 1) B3 5 5 AIC8T 2 2 L RE . —
¥, WIRTHT DL BMEN RN LI, 1 %D TUG ORAEZ HERF - 1) B3 2 F i
THLIENRENTZ. Ko T, B RHERT =~ ZADKTEZTHT S5 2T, i
BRIC R 2SR O A S, JLIRICET A REME G DT, AENRFEALETH D
EEZLNTZ. 2, TNODOHEANT =< AR T EE, @l N EREN -
BT HSE LA AR 2 9 2T, MAEREE & S BREL 0O W 7> & I B BR B A B fif -
HILLEREECTHD EEZ LN, BB L 2 HIREE~D L 0 BRIIR 2588
DNTIE, SHRERDIPEENLETHD.
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FA4E REBER

4.1 FHZETROLNIZZA

ABFROT —~1%, THIIERE IR BT 5 FREN H RERIC 52 25 b

51 AFIEIE THUSTEE Ml 230 2 S fskine & BRERBE & DRI LI B2 5.2 5
EARBYEDORRGET), 552 7T THUSAE(E Sl |23 ) DT BRERBE 8 | AR5 O B IHihE
\Zh- % D508 LEEEZGE L, MBI LOWMT A4 o X o TS 2 i L 7
5 1AFZE I, HUBTE I 2351 D B IRHERE & T BEER BT & O BIEMEIC DV T, [l
DBIENEIC B A 5 2 D ARBYERFET 2 & W O R A L CTHRREEIT > 72, [BlRA
SINTORER L LT, Fhn, BYE, MR, 2 L GIMOESK &\ 5 HEOMEIC

- T 5m BT 2 PRI 2 EIRAET AR ER S, JBATIFRICB VT, BiktkE
COTBREREE & OBIEMEAREET D O 2T, MERI[44, 60-62], HEAEIED BALE[111], AT
HIE[42]0F 22 DI X D ERNEOATIEBEICAT DI TV D, L L3, [F UBRBERHE
(—fFlE LT, AREE) ICER LR TH-oTH, BLMTHRT 2/RETTH
DHHBITZ[61,62]. TRbL, H—OEANEMIC X 2B TIE, SikighE LT
BhEBREE & OBIRIEICH T 2 BB CTERWAMREENE 2 bivd. —JF, RIFETIX
VY —FTAD 1 THDLEIRADSHZHAVD Z LT, FREEREICHT 2 TREREER L O
BN BYEOMH HRRZ R L= Z E R TH D, ZHUT LY, FEDTHEREEERA
n, EDX O RMANBIEEZAT D EEE O D & THARMEEE & B9 2008 X 0 Rk & 72
STz, e b, HIETER SRS B W GEMER RS b 72 6 3R 22 T30 o
X, RIS EEERIEE <, BRAY - RSO 2 B RS CThH D T LR I Tz, o
O OIREREE R L OE AR B2 EEHICTHEN - SR 5 2 &1, R T7r—~v R
DIKTHE, HOWVEEDOV AT BB LEZFRETHRICARTHDLEEZD.

£z, B2HIETIE, THR Y RT 4y 7RG ORE L LT, TBRCETHER S &
B Z e 1 HEHZRD Sm AATRHI OIS LIRGERICRZ BT 2 Z L R B b0, EE)
Mgk & RN T —v v AL DFEMRIEICOWTH 1R E —E LR RSN, &5
(Z, IFEBRIC I DALIRIT T DM, BRI S AR EE & OREDTR O Lo
7DD, HFHIZIL TUG IZ K - TRHi SN F AT 4 —~ o AT ET D LV ) f
BRSO, EBINGHEIC X 2 S AHSREIC KT LT, TEROESIE[44]0 M0 24,
REEAT 20 Z A OELD L 9 7T Bk [39, 41, 4713 5 Z L3 ST 5 23,
R0 PHRRBEDBIE, JIRERARAEAE EORESGEZART D L0 bR, &
B RBERRIR T 2 L, ZOMEERZFET I HNERSH L. O, KFFRIC
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BT, FBIANCRHE S 1 RO ERIKEEOZLIT) LT, WY K UHERBRE O
MIE R HET 52 L 2R Lo R, RFEORFAIE LB X 5. AFROBHHIF Y 1 4
DHTHDHRIE, MEDORATHL. L LBIOBLEHIE, TRROESfiRNH S Z &
R, LRI T 2 RZEMEN RN LVEHIINC b H RN T 4+ —~ o ZADOffER - 1] LI
L5252 &g, EEEREOHEREMA T ARRHATLHDLLERD.

4.2 FREHIRORM L FHERO—BRILITONT
AMFFEIE, FRERNRFBR ISR T 2 milinE 2 xR & Lc. AFROMRERICI T
2L BB DR Z IR T 5729, TPAQ-E & Hl\\ TR S H TR 2 KU RN
FFEZMT-THEOEGEZRHH L, TR il Lo (3 14). HEsgus, BBEICE
VT IPAQ-E OIS HEME[74]35 L Q@i ~ D i Al REME[75] % FERE L 72 BT CH 5. il
Fix, BN LU O, S RERTTICAEET S 4924 Q0~T747%) ZRREL
Tk, HBAEE, AR KE JOUFH,  #ERNUENCAEE S 2 65~74 5k D & s
FNRI L EXNRE LI TH -T2, 728, AFEIZET 5 IPAQ-E IZxtT AHZE D 2 —
T4V, OO LR —OHFIEIZ LV ER L. £ 14 K0, KRBFROXIS
EMICBIT D, FIMBREERNOKMEZMHI-THOEAIE, BITETREN TS HA
BT DAEAEN T2 34 EERFEIRE CH o 72, ZOHTHERHIS, JBATHFIE E ORI 10 RA

Y NAEDOBYEOEN G ORREER E LT, “EBliH 0 (153%m0)” &
“HEENEEE BT D (13.0%EV)” O2HEAMNET LD, iUk, RO HES
B THNOAR—=Y R Th Y, JHt (BHEEGERICET 2E2) ~03 B KICES
RETDOT7 278 EYT A BHEBELTOWDARENEZOND. £, AIRONRE
I, ETEREREDS LIRS WERATH 0, SMEZR EOTEBIES SR C TEWRERE LT, &
BEEEL AT LZ b0 bOLHRIND. AR TIE, BB O 82 5 A
REL BRI DR DTS, EEMER A b7 DT RIS L 0 =2 LT WERTh -
T2 eMEZLND. KoT, RO ROMBICIL, JHESSH NEBEx ] & [
FEKEH | OHEBICHAT 28 PHBNZVERTHL Z LIEETOILERDHY, —MK
baBE259 2T, RAEDEBERERMEZATLEREICENTHREROKE RGN L0
EIRGET D LER D S.

WA, AWFFEOFEMITIZ I 1T 2 T ORHE (NB#EEH %, R ARIZBWTHE
HERE & BREREE & OPIRIEAMRGE L7- 3 RO SEATHIIE L el L= (% 15). —fic, #Bri
(MG ALLFHIR) DX ITBer e, TEEH (B 5 VI TRER BT, 2 oo
M, Z U CHTRHIC SN D, ARIFE 2 FEki L7 AR T 1Y, BrafBEamicags L,
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ABRLAH AL (2016 4F) ICHB T DM DT 721,139 A&, JEATAFgE & el L Tie b K& 78T
HCTHHESZD. BEERIZOWTI, MAEFEO GRS & &5 L L7z Okuyama 5[60]
O (BRIF) THRICE S, BRICERmttSoMEICER LT\ EF25. —H,

KWFZe & Gt OfMOFHEMIBICE LTk, 2EFEL Y LKV EibRTH 5. Lo
L7235, 2019 4EM 5 2045 - £ TO LR OMONTE L TE, #h &) IR TIE 9.9
RA Y b ERT D EHFFINTEY, HRAMPOROKRE REIE CH L = L o3bh

H. ZZICMH OB EBRTGbE S L, ABFROF AL, TVRESRIC milnths O/
BICHEE L, ZRB0o, SENPLBELRVGLEBEDOANABRLIEFICREL RDLD
EEALND. AWIFROEIT, 4%, &EZ X225 A B LOEFERNA R LRI,

BRI 2 0 - W92 2 &%, BlE ST 29 RIN AR SRR &7 0 55 2 L AR L
TRTERNDDEEZD. 12120, AR THLNIZMAE X ViREZR S DIZT D720
i, AT OB R & <, @R b OIEHR D RIA E D MOETTIC OV T H A%
1TV, FRRROFERDPBF LN DD ERGET 2MERHH7EA 5. —JF, KRS RT
HAEWITZE TlX, ITBRIC IS D BB & B (AHERE & OB IRE SN TR Y [62], ABF
FORERIE, FAEHIEIS L ORE B OB 2 AT O M A E bR T 2 b D TH S,

Fhebh, BN R HMORIKIZBNTY, SEOMEEN R TE 5 etz R
MY 2bDLEZD. ZORICEHLTS, BUMEORR DM 2565 & UMtEFZEic L 2
RAE A EBRDMNEN D D.

43 AHFRICBIT 2 EROER

Z T, AFRICB T DMAOIERIZONT, I7rLb~b, AV LY, v/ nm b
AUV ENBIRARD . B, I8 AY - <7 uOER[NNICELT, Y—y %LU
— 7 OBLETIEX, I7mLb~LeE, A - Rk, NA—T G T4 MONEI
T HREERI EERE) 2587500 8N5. ~Zal~ULbd, HafiroZk
oM EEREMT 200 THY, BE T o35 UChitgils, S - BOR, ek
RN EEND. Fo, AV VL EE, I/l 00FICHLLOETHREE
n, FIAESZOFEDR0ICH D 7N —7, Mk, HEER, SO0 ich B
BEOERSE THLRRR LR D[112].

431 I7vlL~b

AFRIZB T D2HADOI 70 LU TOIEHFIEE LT, Hx NOTBEEREIZET 258
X L TEENT D ZERNETHNnD.
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ABFFETIE, HElnE AN EEN 28RSO OISR 23l L2, iR LIz
508, TPAQ-E (XD SN IEIE TH H[74]. L Ledd b, & HFEDOITHEERE
BERNEBHNUIFELTZ L LTH, @EARANRBHEL TORWAEELEZEZ OND.
WICE 21X, FEEOEBREICOWTEB LB L ORICTNURNE L TV DHE5E, @il
W2 LIEBRBREE A~ O KT E 22 L, ZORR W LITRIH 2T Z &N TEniE, Mg
Wb ZE T2 T AR E R DATREER B DH. 2Ol LT, Ur—F 7~y T DIE
REs L OV RN FIT His. HlERZ x5 & 2 HEWE ik, BENDIESE
NICH 2L B ZFHBASEL Z 2 HME LT, BIEMS LRV S HITMREN KR S
T B 2 BoAn U7 fE 5, 1 H OB TREE AN L7=[113]. TPAQ-E \Z31F 2 iEs ik C
X, TAR, K8, vA—Fo7EE, AEBIGER, V77U K, AFT—L, (KEHE)
78 EDSRRINR « BRIGNZEN TN D, D2 LTIV TE, WThoR#HD
WL LGS O TH Y, SEiling O B EEICH B0 5 OEB sk OF8i%k s
FOFIIMREZ XS Z L ITBENTH L LEZXHND.

432 AV LU

AV LI RIT DMROTERELS LT, BFRFES AWER (MEEROW ) 2%
22 U7z, MEEHAL COIEBI ORI 2T b d.

270 LoULOIETRATZ® Y, AOFETHA LB fiki2iE, & L TARES AR
— gk & W o EEIZITZ AT L LTERSNEREEERAEEN WD, —
J7, fEE SRRSO T, EEEHESCH LTI AERIE, ARSI I 2=
Tq v —EFIHT L S H D, FT2, 4 BT, BT - EHFEOF
T, ZEEF - BEXERL, WIEHOEET TV FOIERICOWTERMTDOA TV, i
RS E LT, EEIZAT O oo OE - ik 7e< &b, NMERITENF D A—2 L, &
ERIROFFF-/MER S 2B TEUE, +oI @B AT o5 e L TOMREEZ R 2 &
MTED. LoT, BFEELZEN LEEHEEOH E/ NV —7F%2 b BT, FRME
NEEN AT 2 2% & LCORMA LT Z LUk, BEFEENEIzE L To
BRAWEROARESER S D .

B, HIEEROWM AL > T, HREEL VAL e iEtEbH L. —HIR
F4HTIE, JN—TR— A ANETHRAERRE, 7 V—7h—L0RE, Hiko®
B EN—MHERY, BBEOOWTIZPHIE N b — V&2 7ol b 25, FivE TIIRMEE
DA LTV HIRIC W T, LIRS L, RO TEERES VIR n
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O HEFNHE A TWD[114]. RAVESEE ORI E WO A, AIERE L TENL
ZBITHD. ZO8 D MRS EmENEENT, &g O NRICET 2LeM” ~0
RENZRILTH, BEAELSHH/LIbDEEXD.

UEDIZ7wmlb~yr, XY LoL Tz, EAR KO (BEHD) BAL~D AHTHE
PEARRFICE DT, AWFED “EBIRREEEREE 2 -7 2 LI AR THS.

433 ~7uLL

AR IT 2RO~ 7 v L L TOIEMFES LT, mimEoBhEZRT &5 7%A
TEARBAL CORBERENE Z DiILD.

AR DR GH L, ATEHEREN IR EWERTH L Z LIz, B 1 IFEO/-RND
X, FRCEBER OB AT TR EAREES LT, B, 80EL T, L& OGS
MR (B ZO) DIRER R WS ERB M Shz, KoT, b O AR
BEEET D, bAREREINTZEFICBWNTOR, ITHEOERRES X OZEER S
=T HEERE~OFE RN EZEZTELb0EE 2615, £HIOBLENGIE, BEIE
INZ F o THEERECRIREEZ RO Z L O TE 2HEMTIE, #H5< Y & L TTEMRELY
B+ 52 LT, EMEORESCY —E RGP ARA LR &b S IREREDHER - M L&
NHZEBRMFCTEDLELEZD. ITHRT—XOIEMICLY, Skl R ET 5 g
OIFE « RO A% b ARREHIRET 22N TE S, £, fHERT VI — oA U4
Ba—%i@ LT, ORI ming OmERIES X OAIEERE, £ L BB
EMETHIELAMRETHDH. ZNbDOT — X ZFIH Lo U@ RS, Bk 72
OB RREERORNE &, BIENR=—X (E#fixx Al L OEHTE 51F
) IS CES< VA RETLIZENADITHLEERD.

IEEZ O DXL T D Z LIFES TRy, —J7T, ST AIEHEIZB W
T, ANAED - BEEtt S E ) SR o2 (b E Al 2 HES < VAR E S TWn
L. FERURTTIZRWV T, 2021 (FF13) 1T, B4 20 FE 0 BT~ EHER G
FIH, kR EOERTS< W OF# &2 ED T TR TEHE~ 2 %2 —7"F ] H3
RESNTWA[5]. 2%V, Elingx &0 F GTBBRETIE, R ESICE U T8k Lk
FRTNIERERNEDTH Y, RIFFEOHRITZ 6 OHE-S< Y FHEZ B AR ILIZ X
DR TELHDEBEZD.
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AR RAEZ B U BAB LS HOEE LT, AU CIISRENEIREICET 5
A DT 2 TORU. HESREEIIREEIE, SRR 2 BT ATEHRE DAY, 2 L CE{EHK
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1T, FECRERIEOHSREFREORENRE SN TR Y, HESRENEREDOR
MR IZ FRAE U 7= T [42]50, FdRARINGEHEIC S X ERINL L2 fir[43]1 biThin g, K
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T BRIHRE R AN B 72 2 ATREME I A E T & AL,

MZC, 81 AFFER X O 2 BFEDBRICB\W\ T, B IRREE LT BRBREE & o BIfRIMEIC B
G4 2R E L THREEI 27, —F5, EERE & ARG L ORRY £, FIKEE)
LWL DRLAFE LN TV AEKTH L. FITHIIETH, Bih~D7 7 8RBT
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K2 WHREOMARENE &L BEEREE

N Fk g p "
n =624 n=174 n=450
W, B 71.7+4.7 733453 71.1+44 <0.001
i
EILE, HY 218 (34.9) 70 (40.2) 148 (32.9) 0.085
BEIRIP, B 50 (8.0) 19 (10.9) 31 (6.9) 0.096
BEEFIE, HY 136 (21.8) 33 (19.0) 103 (22.9) 0.287
I EREE, HY 20 (3.2) 8 (4.6) 12(2.7) 0.219
DEE, HY 44 (7.1) 16 (9.2) 28 (6.2) 0.193
PR
9, H b 232 (37.2) 71 (40.8) 161 (35.8) 0.244
e, 0 226 (36.2) 50 (28.7) 176 (39.1) 0.016
fRIE, & 418 (67.0) 127 (73.0) 291 (64.7) 0.047
BMI, kg/m? 222+3.1 227426 22.1+32 0.001
HEEEE, HY 469 (75.2) 133 (76.4) 336 (74.7) 0.646
TMT-A, 7 57.7+20.0 61.5+27.9 56.2+15.7 0.024
2 OMREE, HY 94 (15.1) 18 (10.3) 76 (16.9) 0.040
AN, HY 63 (10.1) 32(18.4) 31(6.9) <0.001
TMIG-IC, /13 A% 119+14 11.7+1.6 120+1.2 0.012
T 1kHRE
#7), kef 27.1£6.9 35.6+6.0 23.8+3.7 <0.001
JEs e A 0, kef 28.8+9.6 35.1+11.0 26.4+7.7 <0.001
Sm TR, B 34+05 3.5+05 3.4+05 0.025
TUG, # 57409 5.6+09 58+0.9 0.019
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®2 HBRHEOMAREME L IR (Hi)
A

N Bt ik p fE"
n =624 n=174 n =450
IT BB
EIREE, & 142 (22.8) 41 (23.6) 101 (22.4) 0.765
FafE « A—R—~DT 7 A, BUY 459 (73.6) 144 (82.8) 315 (70.0) 0.001
INZfE - BRADT 7 &, B 564 (90.4) 159 (91.4) 405 (90.0) 0.600
HaE, &Y 438 (70.2) 118 (67.8) 320 (71.1) 0.420
HEEEL—Y, HY 264 (42.3) 85 (48.9) 179 (39.8) 0.040
EEEEE, HY 498 (79.8) 148 (85.1) 350 (77.8) 0.042
Zaet (L3R , Rv 396 (63.5) 124 (71.3) 272 (60.4) 0.012
Tt (Z58®) , B 412 (66.0) 106 (60.9) 306 (68.0) 0.094
HENVEREE, BT D 512 (82.1) 146 (83.9) 366 (81.3) 0.452
S, B 434 (69.6) 119 (68.4) 315 (70.0) 0.695

EITEEME+SD F 7213 n (%).
* BRI D p A,

Sm ATHRFRHN T PE S, TUG 135 K55 1 SR TRIE.

%55 : BMI body mass index, TMT-A Trail Making Test part A, TMIG-IC Tokyo Metropolitan Institute of

Gerontology index of competence, TUG Timed Up and Go Test.
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725 BMEO sm BAITREIZEBT DEIFARET WA HES K T — T g

n HHRAE [IQR] T2 p fEf
Node 5 71 3.26 [3.06 —3.46]
Node 6 11 3.54 [3.32-3.64] 0.28 0.042
Node 7 7 3.88 [3.44-4.10] 0.62 0.068
Node 8 68 3.51 [3.29-3.87] 0.25 <0.001
Node 9 17 3.85 [3.51-4.01] 0.59 <0.001

Kruskal-Wallis chi-squared = 28.315, df =4, p < 0.001

*2 M node 5

T post hoc test (Steel) Z:ffi: node 5

Node 5: Fn=80 7%, IEm72 L, 2 2RiEZR L,
Node 6: Fn=80 7%, IEm72 L, 2 2RiEZR L,
Node 7: FHi =80 %, w72 L, > DWREHL DI/ NV—T

Node 8: FHi =80 %, wbH L DI/ NV—7
Node 9: 41 >80 & D 7 /L—7
75 IQR interquartile range.
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K6 N—RATA IR DB O fE AR R LD Hig

B il % p it RIS 14

n=299 n =325
W, B 71.7+45 71.6+4.9 0.862 d=0.014
MR, Bk 78 (26.1) 96 (29.5) 0.337 ¢ =0.038
BMI, kg/m? 22.0+3.1 224+3.0 0.109 d=-0.129
PR 0.94+0.9 0.81£0.9 0.077 d=-0.142
&5, &Y 109 (36.5) 123 (37.8) 0.719 ¢=-0.014
9, H b 106 (35.5) 120 (36.9) 0.702 ¢ =-0.015
IRFE, &Y 210 (70.2) 208 (64.0) 0.098 ¢ =0.066
EEBIE, HY 229 (76.6) 240 (73.8) 0.428 9=0.032
TMT-A, # 56.2+21.5 59.0+18.3 0.080 d=-0.141
5 REE, H D 45 (15.1) 49 (15.1) 0.993 ¢ =10.000
AEHEEE, [B]/H 23.6+16.9 25.4+19.8 0.208 d=-0.100
TMIG-IC, /13 f. 119+ 1.4 120+1.3 0.541 d=-0.049

BT ¥ +£SD 7213 n (%).

T OBBR-BE LS 1T D p I GRS D720 t RGE £ 72130 A 2 S/IRGE) .

fi% &5 BMI, body mass index; TMT-A, trail making test part A; TMIG-IC, Tokyo metropolitan institute of
gerontology index of competence; SD, standard deviation.
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£ IRGEICBT 52T A CREORARIRSE, TR, B IRHE

N Btk ik p "
n =299 n="78 n=221
Eh, % 71745 73.4+4.8 71.1+43 <0.001
PR, Bk 78 (26.1)
BMI, kg/m? 22.0+3.1 24+22 21.9+3.3 0.035
PR 0.94+0.9 1.18+1.0 0.86+0.8 0.006
N8, &0 109 (36.5) 31 (39.7) 78 (35.3) 0.483
R, &b 106 (35.5) 20 (25.6) 86 (38.9) 0.035
fR3E, &Y 210 (70.2) 59 (75.6) 151 (68.3) 0.224
HEEEE, HY 229 (76.6) 61 (78.2) 168 (76.0) 0.695
TMT-A, 56.2+21.5 61.4+343 54.4+14.2 0.065
5 OIRHE, HY 45 (15.1) 5(6.4) 40 (18.1) 0.013
VAL, 181/ A 23.6+16.9 19.2 +16.7 25.1+16.7 0.008
TMIG-IC, /13 A 119+ 1.4 11.7+1.7 120+ 1.3 0.092
UT BB
FIREE, & 79 (26.4) 23 (29.5) 56 (25.3) 0.475
Fajl « A—R—~DT 7B RA, BUN 224(74.9) 68 (87.2) 156 (70.6) 0.004
N2 BADT 7' &, B 274 (91.6) 74 (94.9) 200 (90.5) 0.230
HE, HY 210 (70.2) 54 (69.2) 156 (70.6) 0.822
Hiz# L —2, HY 117 (39.1) 40 (51.3) 77 (34.8) 0.011
EEERE, BV 252 (84.3) 69 (88.5) 183 (82.8) 0.238
ZaeME UER) , Buw 192 (64.2) 60 (76.8) 132 (59.7) 0.006
e (35E) , B 204 (68.2) 53 (67.9) 151 (68.3) 0.951
ER)EEE, A2 253 (84.6) 68 (87.2) 185 (83.7) 0.465
5E, Bu 210 (70.2) 56 (71.8) 154 (69.7) 0.726
Ly IR B RE
&), kef 26.7+6.5 34.8+6.1 23.8+3.6 <0.001
IR AR 77, kef 29.3+9.2 34.8+10.4 273+7.8 <0.001
Sm TR, B 34+05 3.4+05 3.4+04 0.233
TUG, # 57+0.9 56+1.0 58+0.8 0.164

1T £ SD £ 7213 n (%).

* BHMHEICRT D p E

% 55: BMI body mass index, TMT-A trail making test part A, TMIG-IC Tokyo metropolitan institute of gerontology
index of competence, TUG Timed Up and Go Test, SD standard deviation.
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#8 1FEMOFBEEDOZL (KTEHELLLUOESR)

I F Qi p fE*
n =299 n="78 n=221
B (=5% 1K F) 104 (34.8) 32 (41.0) 72 (32.6) 0.178
RS 71 (Z12% 1K) 102 (34.2) 17 (21.8) 85 (38.6) 0.007
Sm TR (27% 1K) 41 (13.7) 11 (14.1) 30 (13.6) 0.907
TUG (Z6% &) 69 (23.1) 14 (17.9) 55 (24.9) 0.211

fEIE n (%).
: BEHEIRIZIT B p i
##: TUG Timed Up and Go Test.
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£ 13 FIRHABIR T2 51 2 MBS B 25 B2 0 IR

= Rt & 55 7 5m AR THE[H] TUG

=5% & =12% KT =7% & =6% KT
B (n=78) n=32 n=17 n=11 n=14
FIRERE, & 10 (31.3) 3(17.6) 3(27.3) 6 (42.9)
Zjﬁ PATRTROTIRA (90.6) 16 (94.1) 11 (100.0) 12 (85.7)
NG BRA~DT 77 A, BN 31(96.9) 17 (100.0) 10 (90.9) 14 (100.0)
Hil, Y 22 (68.8) 12 (70.6) 8 (72.7) 8(57.1)
HESE L —2, HY 18 (56.3) 7 (41.2) 7 (63.6) 5(35.7)
HEEERR, H Y 28 (87.5) 16 (94.1) 8 (72.7) 12 (85.7)
waett (LgR) , Bn 25 (78.1) 13 (76.5) 10 (90.9) 11 (78.6)
etk () , BW 24 (75.0) 12 (70.6) 10 (90.9) 13 (92.9)
EEVERE, BT D 28 (87.5) 15 (88.2) 10 (90.9) 13 (92.9)
BB, BV 23 (71.9) 13 (76.5) 9 (81.8) 8 (57.1)
P (n=221) n=72 n=85 n=30 n=>55
FREEE, & 20278 26 (30.6) 6 (20.0) 13 (23.6)
W « A==~ DT 7B A, 55(764) 64 (75.3) 21 (70.0) 36 (65.5)
B
NANE RADT 7%, iy 04 (889) 77(90.6) 28 (93.3) 49 (89.1)
B, Y 47(65.3) 65(76.5) 20 (66.7) 35 (63.6)
HERH L —, B0 26 36.1) 3035.3) 9 (30.0) 17 (30.9)
EBHERE, B 28 (80.6) 74 (87.1) 22 (73.3) 43(782)
bt (IS . B 36 (50.0) 53 (62.4) 15 (50.0) 25 (45.5)
Seabt (@) | A 53 (73.6) 59 (69.4) 20 (66.7) 31 (56.4)
EBEEE, R 5 60(83.3) 71(83.5) 27 (90.0) 42 (76.4)
B, B 46 (63.9) 36 (65.9) 19 (63.3) 40 (72.7)

fiE1 n (%).
W 5E: TUG Timed Up and Go Test.
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7 14 EBEEREEICE T 24 Y RO ik

N Inoue S, et al. (2009) Inoue S, et al. (2011)
FhS )| B R R HOHARA - B8, HORAR SCRX,
o DR A B T JRFERET, ] RS LT
n=624 (65-89 %) n=492 (20-74 %) n=1921 (65-74 %)
FIREE, & 142 (22.8) 111 (23.6) 715 (37.6)
PG « A= R—~DT I B R,
R 459 (73.6) 373 (76.7) 1292 (68.2)
INZGE  BR~DT 77 A, B 564 (90.4) 420 (86.4) 1735 (91.3)
HiE, HY 438 (70.2) 288 (59.6) 1540 (81.1)
HERE L —, HY 264 (42.3) 140 (29.0) 694 (36.6)
HENER, H Y 498 (79.8) 283 (58.4) 1224 (64.5)
ZaeM (GUgR) , Bwv 396 (63.5) 321 (66.6) 1302 (68.6)
etk () , Bw 412 (66.0) 309 (63.8) 1275 (67.2)
TEE)EEE, BT b 512 (82.1) 318 (65.6) 1309 (69.1)
wol, B\ 434 (69.6) 216 (44.5) 1299 (68.3)

EIZ n (%).
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VT BEER B2 B 5 E AR

UIFTOERMIL, HRT-OFOER, T73bbHEEND 10~15 HBRE THN TN Z R
TX AN OREEICET 2 EMTT.

1. HRTOEFOFEBIIFEICEDL I RZATDOLEDOTT . HTTELHFEFITOELD
T,
1) —F&T
2) 2~3EEETOT /N— b
3) —FETE, 2~3BEERTOT N—FRNRERL->TND
4) 4~12METO~Y g v
5) BBEETCU LD~z v

LT L, H< 2 ERHEHICED Z LICERT S, IBTOBREIZ OV TR 60
TY. BREOEBREICEORES UIEV EI N2 b bHTUIEAM 1 21O
O TLIEE.

2. HHRMZE Y TLODOBIEL, A—/—<—7 v N, PEIEHERERN, BENLEFIZH
WTWT BEIHICTES S b D.
) &<bTFELN
2) LTI ELRWN
3) RRXHTITED
4) FEFITLILSHTITES

3. NRE, BRARENRAENLHRNTI0~15 2LINIZSH 5.
) 2<bTFELRN
2) RRhHTIFELRWN
3) RRXHTITED
4) FEFIZEILSHTITED

4. EFTOIZE A EDBERIZITHERS 5.
) 2<{HTUTEHRN
2) XRBHTUTEL R
3)) RRHTITED
4) FFHIELHTIEED

5. ATiCiE, AEEHEAL—, SERHAOBEREL — 7280 X 9 ICHERHENETT
XHL—UDHD.
1) 2<HTUIELRN
2) ORbTUTEL RN
3) XL TITESD
4) FEFIEILSDHTUIES
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ITBREREEIC B9 2 AL (i)
6. WATIZIX, RE, K, vA—F U 7EK, BEBEEK, STV, K[ET L,
KB L, BEe 5 WVITRMCRATE L7 ) 2—v a Ui BN Db 5.
) 2<HTUTELRZWN
2) RRHTUTELRN
3) RRXHTITED
4) FEFIZIL< BbTUIED

7. EFTCIILFEOERRE <, BEIIHZ B DITLE LTV 2720,
) &2<bTUTELRN
2) RRHTULELRN
3) RRXHTITED
4) FEFIZIL<BTUIED

8. AT CIIAWENSE L, S aHm T EITBRARK U, B T ENB L RhoTz
DT5.
1) 2<bTFEs2n
2) RRHTIFELRWN
3) RRHTITES
4 FEFICELILSBbTITES

9. T CILEB L=, HREEBHNPLTWDAEZ AT 5. (Z 2T NEdh < MK
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Abstract

The aim of this study was to perform an exploratory investigation of the individual characteristics of older adults that affect the
relationships between physical function and neighborhood environment. A total of 624 community-dwelling older adults living
independently, aged 265 years, participated in this cross-sectional study. Physical function was assessed by muscle strength (grip
strength and knee extension strength) and physical performance (5-m walking time and Timed Up and Go Test). The
neighborhood environment was assessed using the International Physical Activity Questionnaire Environmental Module. The
individual characteristics that affect the association between both were analyzed using multiple regression analysis and
Classification and Regression tree (CaRT) analysis. In both older men and women, multiple regression analysis showed that
neighborhood environment was significantly associated with physical function. On the other hand, on CaRT analyses, older men
<80 years of age without low back pain and depressive symptoms and perceived good access to recreational facilities had the
shortest 5-m walking time. However, CaRT analyses found no relationship between physical function and neighborhood
environment in older women. The relationships between physical function and neighborhood environment may be altered by
sex, age, and physical and mental health conditions.
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Introduction Because physical function, such as muscle strength and
physical performance, decreases with advancing age (Ishizaki

The elderly populations of developed countries are con- et al, 2011), appropriate interventions and support are

tinuing to grow in number. In Japan, in particular, the pro-
portion of adults aged >65 years reached 28.8% in 2020
(Cabinet Office, Government of Japan, 2021), making the
country a “super-aged society” with the highest proportion of

'School of Allied Health Sciences, Kitasato University, Sagamihara, Japan
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older adults in the world. For many countries with aging
populations, maintaining and improving the functional ca-
pacity of older adults and extending their healthy life ex-
pectancy are important issues.

Older adults’ physical function is an important deter-
mining factor in maintaining and improving their functional
capacity (Nakamoto et al., 2015; Sugiura et al., 2013).
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required. Exercise-based interventions in particular improve
older adults’ physical function (Cadore, Rodriguez-Manas,
Sinclair, & Izquierdo, 2013; Chase et al., 2017; Csapo &
Alegre, 2016; Sherrington et al., 2008) and are an effective
method that contributes to maintaining and improving
functional capacity. Accordingly, identifying factors that
affect physical function and improving these factors may
offer a means of helping to maintain and improve the
functional capacity of older adults.

In recent years, it has been reported that factors related to
the environment in which people live affect their health. The
life space of older adults in particular contracts because their
physical activity diminishes as a result of retirement and
advancing age. As a result, the neighborhood environment
around the area where they live is more likely to affect their
state of health. In fact, systematic reviews and meta-analyses
have shown that, in older adults, the neighborhood envi-
ronment affects a variety of health-related outcomes, in-
cluding physical activity (Barnett et al., 2017), cognitive
function (Besser et al., 2017), and cardiovascular disease
(Malambo et al., 2016). Systematic reviews of the effect of
the neighborhood environment on the physical function of
older adults have also been published (Rachele et al., 2019;
Won et al., 2016). These reviews reported that both the
physical environment (such as pedestrian infrastructure and
aesthetics) and the social environment (such as crime and
traffic) affect physical function. However, only around 30%
of studies have reported positive findings with respect to the
association between the neighborhood environment and
physical function, and most of the other studies have reported
that the results were not statistically significant (Rachele
et al., 2019). Thus, the results of previous studies are in-
consistent, and the effect of the neighborhood environment
on physical function has yet to be fully established. One
possible reason for the inconsistencies in the results of
previous studies is that the individual characteristics of each
study’s participants, such as their age, sex, and state of health,
may affect the relationship between their physical function
and the neighborhood environment. Identifying the indi-
vidual characteristics of older adults that alter the effect of the
neighborhood environment on their physical function may
help lead to innovative interventions for maintaining and
improving the physical function of older adults.

The objective of this study was therefore to conduct an
exploratory investigation of the individual characteristics of
older adults that affect the association between their physical
function and their neighborhood environment.

Methods
Study Design and Participants

This was a cross-sectional study of community-dwelling
older adults who underwent health check-ups for geriatric
syndrome in Sagamihara City, Kanagawa Prefecture, Japan,

between 2016 and 2018. The participants were recruited via
community newsletters and advertisements on notice boards
at sports facilities in the city. The inclusion criteria for the
participants in this study were as follows: (1) age >65 years,
(2) living in the community, and (3) able to engage inde-
pendently in activities of daily living (ADL). Independence in
ADL was defined as not receiving support under the long-
term care insurance (LTCI) system or having obtained cer-
tification of support or care level, and this was confirmed by
the researchers at the time of recruitment. The exclusion
criteria were as follows: (1) unable to travel independently to
the health check-up venue, (2) serious cardiopulmonary or
neurological disease, and (3) unable to complete the physical
function tests described below. Of a total of 638 community-
dwelling older adults who underwent health check-ups, 14
were excluded for missing data, leaving 624 in the final
analysis population.

Physical Function

Muscle strength (grip strength and knee extension strength)
and physical performance (5-m walking time, Timed Up and
Go Test (TUG) (Podsiadlo & Richardson, 1991)) were
measured as indicators of physical function.

Grip strength was measured with a Smedley-type dyna-
mometer (T.K.K.5401, TAKEI Scientific Instruments Co.,
Ltd., Niigata, Japan). Maximum grip strength with the
dominant hand was measured with the participant standing
upright in a stable posture with the feet placed a natural
distance apart. Knee extension strength was measured with a
handheld dynamometer (pu-Tas F-1; Anima Inc., Tokyo, Ja-
pan). The participant sat in a chair with the hip and knee joints
flexed at 90°, and isometric knee extension strength at
maximum effort was measured. Five-meter walking time was
measured using a 9-m walkway, consisting of a measurement
zone (5 m) and acceleration and deceleration zones (each
2 m). The time to walk the 5-m length in the middle of the
walkway at a comfortable pace was measured with a digital
stopwatch (ALBA W072; Seiko Watch Corporation, Tokyo,
Japan). In the TUG test, the time taken for the participant to
stand up from a chair without hand support, walk 3 m as
quickly as possible, turn around, walk back, and then sit down
again (Shumway-Cook et al., 2000) was measured with a
digital stopwatch (ALBA WO072; Seiko Watch Corporation).
All measurements were conducted twice, and the best value
of each measurement was used for the analysis.

Neighborhood Environment

The Japanese version of the International Physical Activity
Questionnaire Environmental Module (IPAQ-E) (Inoue et al.,
2009) was used as an indicator of the neighborhood envi-
ronment. The IPAQ-E is a questionnaire that asks study
participants about the features of the environment in the
neighborhood of their home (within a 10—15-minute walk).
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The reliability of the IPAQ-E has been reported by the test-
retest method (Inoue et al., 2009). It has also been used to
survey community-dwelling older people (Inoue et al., 2011).
In the present study, previous reports (Inoue et al., 2009, 2011)
were followed in using 10 items included in the IPAQ-E:
residential density, access to shops, access to public transport
(bus stops/stations), presence of sidewalks, presence of bike
lanes, access to recreational facilities, crime safety (at night),
traffic safety, social environment (seeing people being active),
and aesthetics. Following previous studies, the IPAQ-E re-
sponses were converted into dichotomous variables and used
in the analysis (Inoue et al., 2009, 2011).

Individual Characteristics

As individual characteristics, age, sex, medical history, pain,
medications, height, weight, body mass index (BMI), habitual
exercise, cognitive function, depressive symptoms, social
isolation, and functional capacity were investigated. These
individual characteristics were found to be factors related to
physical function in previous studies (Chase et al., 2017; Kuo
et al., 2005; Nieto et al., 2008; Sakurai et al., 2019).

Medical history (hypertension, diabetes mellitus, dyslipi-
demia, cerebrovascular disease, and heart disease), pain (low
back pain and knee pain), and medications were surveyed
using a self-administered questionnaire. The Trail Making Test
part A (TMT-A) (Tombaugh, 2004) was used as an index of
cognitive function. Depressive symptoms were assessed using
the five-item version of the Geriatric Depression Scale (5-
GDS). The GDS-5 score ranges 0-5 points, with >2 points
defined as “with depressive symptoms” (Hoyl et al., 1999).
Social isolation was surveyed by a self-administered ques-
tionnaire asking about the frequency of interactions with
family members or friends other than members of the same
household. “Social isolation” was defined as <1 interaction per
week (Saito et al., 2015). Functional capacity was assessed by
the Tokyo Metropolitan Institute of Gerontology Index of
Competence (TMIG-IC) (Koyano et al., 1991). The TMIG-IC
score ranges from 0—13 points, with a higher score indicating
greater functional capacity.

Statistical Analysis

Because sex differences in the effect of the neighborhood
environment have been reported (Koohsari et al., 2020; Soma
etal., 2017), all statistical analyses in this study were stratified
by sex. For descriptive variables, continuous variables are
expressed as means + SDs, and categorical variables as
frequencies and percentages. Comparisons of continuous
variables between groups were conducted using an unpaired
t-test, Welch’s test, or the Mann—Whitney U test. Compari-
sons of categorical variables between groups were conducted
using the y* test.

To explore the individual characteristics of older adults
that affect the association between physical function and
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neighborhood environment, the following analysis was
performed. Multiple regression analysis (Akaike’s informa-
tion criterion stepwise method) was performed first to identify
latent neighborhood environmental factors and individual
characteristics associated with physical function. Neighbor-
hood environmental factors, age, medical history, pain,
medications, BMI, habitual exercise, TMT-A, depressive
symptoms, and social isolation were entered into a multiple
regression model, with the indicators of each physical
function being the dependent variables.

Regression tree analysis was then conducted using the
Classification and Regression Tree (CaRT) algorithm to
explore the associations between physical function and
neighborhood environmental factors in light of the individual
characteristics of older people. In this regression tree analysis,
the indicator of each physical function was set as a dependent
variable, and the neighborhood environmental factors and
individual characteristics adopted in the previous multiple
regression analysis were used. To generate the optimal tree
with the highest predictive performance, tree pruning was
conducted by means of complexity parameters (cps) taking
minimum cross-validation error as the criterion, based on 10-
fold cross-validation. Finally, the physical function indices of
the groups of participants classified by this regression tree
model (terminal nodes) were compared using the Kruskal—
Wallis test and a post hoc test (Steel method).

Statistical analysis was carried out using IBM SPSS
Statistics 27.0 (IBM Japan, Tokyo, Japan), R version 4.0.3 (R
Core Team, 2020), and the package rpart (Therneau &
Atkinson, 2019), with p < .05 regarded as significant.

Ethical Considerations

The study protocol was approved by the ethics committee of
the authors’ institution. All participants provided written,
informed consent with respect to the study purpose and that
their data would only be used for research purposes. Par-
ticipants were informed that they could withdraw from the
study at any time.

Results

Characteristics of Participants

Table 1 shows the characteristics of the participants. The
mean age of the participants was 71.7 + 4.7 years. Their mean
TMIG-IC score was 11.9 £ 1.4 points. Sex differences were
significant for all indicators of physical function. There were
also sex differences in TMT-A, depressive symptoms, social
isolation, and TMIG-IC scores.

Multiple Regression Analysis Results

Tables 2 and 3 show the results of the multiple regression
analyses stratified by sex. For men, there were significant



5
Gerontology & Geriatric Medicine

Table I. Characteristics of participants.

Overall Men Women
n = 624 n=174 n = 450 p value*
Age, year 71.7 £ 47 733 +£53 71.1 £ 44 <.001%
Medical history
Hypertension, yes 218 (34.9) 70 (40.2) 148 (32.9) .085°
Diabetes mellitus, yes 50 (8.0) 19 (10.9) 31 (6.9) .096°
Dyslipidemia, yes 136 (21.8) 33 (19.0) 103 (22.9) .287°
Cerebrovascular disease, yes 20 (3.2) 8 (4.6) 12 (2.7) 219°
Heart disease, yes 44 (7.1) 16 (9.2) 28 (6.2) .193°
Pain
Low back, yes 232 (37.2) 71 (40.8) 161 (35.8) 244°
Knee, yes 226 (36.2) 50 (28.7) 176 (39.1) 0l6°
Medications, yes 418 (67.0) 127 (73.0) 291 (64.7) .047°
BMI, kg/m? 222 + 3.1 227 £ 26 22.1 £32 .001%
Habitual exercise, yes 469 (75.2) 133 (76.4) 336 (74.7) 646°
TMT-A, second 57.7 £ 20.0 61.5£279 56.2 £ 15.7 .024%
Depressive symptoms, yes 94 (15.1) 18 (10.3) 76 (16.9) .040°
Social isolation, yes 63 (10.1) 32 (18.4) 31 (6.9) <.001°
TMIG-IC//13 points 119+ 1.4 1.7 £ 1.6 120 £ 1.2 .012%
Physical function
Grip strength, kgf 27.1 £ 69 35.6 £ 6.0 238 £ 3.7 <.001°¢
Knee extension strength, kgf 288 + 9.6 351 £11.0 26477 <.001®
5-m walking time, second 3405 35+05 3405 .025¢
TUG, second 57+09 5.6 £0.9 58+ 0.9 019¢
Neighborhood environment
Residential density, high 142 (22.8) 41 (23.6) 101 (22.4) 765°
Access to shops, good 459 (73.6) 144 (82.8) 315 (70.0) .001°
Access to public transport, good 564 (90.4) 159 (91.4) 405 (90.0) .600°
Presence of sidewalks, good 438 (70.2) 118 (67.8) 320 (71.1) 420°
Presence of bicycle lanes, good 264 (42.3) 85 (48.9) 179 (39.8) .040°
Access to recreational facilities, good 498 (79.8) 148 (85.1) 350 (77.8) 042°
Crime safety, poor 228 (36.5) 50 (28.7) 178 (39.6) 012°
Traffic safety, poor 212 (34.0) 68 (39.1) 144 (32.0) .094°
Social environment, good 512 (82.1) 146 (83.9) 366 (81.3) 452°
Aesthetics, good 434 (69.6) 119 (68.4) 315 (70.0) 695°

Note. Data are means + SD or n (%), *p value for sex comparisons. BMI = body mass index; TMT-A = trail making test part A; TMIG-IC = Tokyo metropolitan
institute of gerontology index of competence; TUG = timed up and go test. 5-m walking time at comfortable pace. TUG at maximum pace. Social environment

(seeing people being active).
*Mann-Whitney U-test.
hchi-squared test.

“Welch’s t-test.

dunpaired t-test.

associations between 5-m walking time and access to rec-
reational facilities (B = —0.31, p = .004) and between TUG
time and residential density (B = —0.27, p = .042). For
women, both grip strength and knee extension strength were
significantly associated with access to recreational facilities
(B=0.91, p=.024 and B = 1.66, p = .043, respectively). In
addition, age, medical history, pain, medications, BMI, ha-
bitual exercise, TMT-A, and depressive symptoms were
identified as individual characteristics of older adults related
to physical function.

Regression Tree Analysis Results

On regression tree analysis, a regression tree model including
neighborhood environmental factors was generated for the 5-
m walking time of older men (Figure 1). In this model, the
study subjects were divided into five groups according to age,
low back pain, depressive symptoms, and access to recrea-
tional facilities. Individuals aged <80 years with no low back
pain and no depressive symptoms and good access to rec-
reational facilities were therefore classified in node 5. A
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Figure |. Regression tree model to discriminate 5-m walking time in men (n = 174).

Table 4. Comparison of 5-m walking time at a comfortable pace
between groups based on the regression tree model in men.

n Median  (IQR) Difference®  p value®
Node5 71 326 (3.06-3.46)
Node6 Il 354 (3.32-3.64) 028 042
Node7 7 3.88 (3.444.10) 062 .068
Node 8 68 3.51 (3.29-3.87) 0.25 <.001
Node9 17 3.85 (3.514.01) 059 <.001

Note. IQR = interquartile range; Kruskal-Wallis chi-squared = 28.315, df = 4,
p value < .001. Node 5 = Group of age <80 year, no low back pain, no
depressive symptoms, and good access to recreational facilities; Node 6 =
Group of age <80 year, no low back pain, no depressive symptoms, and poor
access to recreational facilities; Node 7 = Group of age <80 year, no low back
pain, and presence of depressive symptoms; Node 8 = Group of age <80 year,
and presence of low back pain; Node 9: Group of age >80 year.
Reference: node 5.

Ppost hoc test (Steel) reference: node 5.

comparison of the 5-m walking times of these five groups
showed that the participants classified in node 5 had sig-
nificantly shorter 5-m walking times compared with those of
the other four groups (Table 4). No regression tree model
including a neighborhood environmental factor was
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generated for any physical function for men other than 5-m
walking time. For women, no regression tree model including
a neighborhood environmental factor was generated for any
physical function.

Discussion

In this study, an exploratory investigation of the individual
characteristics of older adults that affect the association be-
tween their physical function and their neighborhood envi-
ronment was conducted by means of regression tree analysis.
The results showed that, for older men aged <80 years with no
pain and no depressive symptoms, access to recreational
facilities was associated with shorter 5-m walking time.

The participants in this study were older adults living
independently in the community, and their mean TMIG-IC
score was somewhat higher than in previous studies (Iwasa
et al., 2008; Koyano et al., 1993). The present study par-
ticipants were therefore considered to constitute a population
with a rather high functional capacity.

Multiple regression analysis of the associations between
physical function and the neighborhood environment found
that access to recreational facilities and residential density
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were significantly associated with physical performance in
men. In women, access to recreational facilities was signifi-
cantly associated with muscle strength. Some previous studies
have also found that access to recreational facilities and res-
idential density are associated with physical function
(Koohsari et al., 2020; Soma et al., 2017), consistent with the
present results. Other studies, however, have not identified any
significant associations between these neighborhood envi-
ronmental factors and physical function (Etman et al., 2016;
Freedman et al., 2008). Physical functions such as walking
ability and muscle strength are affected not only by age and
sex, but also by numerous other factors, including physical
activity (Chase et al., 2017), cognitive function (Nieto et al.,
2008), disease (Kuo et al., 2005), and social isolation (Sakurai
et al,, 2019). Associations between these factors and the
neighborhood environment have also been reported (Barnett
etal., 2017; Besser et al., 2017; Malambo et al., 2016), and the
associations between physical function and the neighborhood
environment are believed to be highly complex. We therefore
conjectured that the results of studies of the associations be-
tween physical function and the neighborhood environment
may vary in accordance with differences in the individual
characteristics of the participants.

In this study, regression tree analysis was used to conduct an
exploratory study of the individual characteristics of older
adults that affect the relationship between physical function
and neighborhood environmental factors. For older men aged
<80 years without low back pain and depressive symptoms,
access to recreational facilities was associated with 5-m
walking time. For these men, 5-m walking time was 0.25—
0.62 s shorter than that of any of the other groups. The
minimum detectable change in the 5-m walking time of older
people has been reported to be 0.23 s (Suzuki et al., 2019). The
difference among the five groups in 5-m walking time found in
the present study was therefore not considered to be due to
measurement errors. In a previous study that reported a sig-
nificant association between neighborhood recreational facil-
ities and physical function (Soma et al., 2017), the study
participants tended to be younger and to include a lower
proportion of older adults with low back pain or depressive
symptoms. This is also consistent with the present results. On
the other hand, one study that did not identify any significant
association between physical function and the neighborhood
environment included frail older adults with impaired ADL
(Freedman et al., 2008). Their study participants may therefore
have been in worse health than those of the present study. The
present results showed that the association between the
neighborhood environment and physical function is affected
by sex, age, physical health-related factors including pain, and
mental health-related factors including depressive symptoms.

In the present study, it appears that the association between
5-m walking time and access to recreational facilities may be
mediated by physical activity such as daily walking time. In
fact, total neighborhood walking, as well as transportation
walking and recreational walking, has been reported to

increase if there is good access to recreational facilities (Inoue
et al., 2011). That is, comparatively younger older men who
are in good health may engage in more physical activity if
recreational facilities are available, and this may contribute to
maintaining and improving their walking ability. However,
no regression tree model that included neighborhood envi-
ronmental factors was generated for grip strength, knee ex-
tension strength, or TUG time. Exercise programs that
include resistance training and balance exercises are effective
in improving muscle strength and physical performance
(Cadore et al., 2013; Csapo & Alegre, 2016; Sherrington
et al., 2008). This means that good or poor access to rec-
reational facilities probably has little effect on physical
function other than walking. In the present study, however,
the amount and detailed content of physical activity were not
examined. It is necessary to verify the mediating effect of
physical activity on the relationship between physical
function and the neighborhood environment in future
research.

In women, multiple regression analysis identified an as-
sociation between access to recreational facilities and muscle
strength. However, regression tree analysis did not identify any
individual characteristics of the participants that affected the
association between both. As described above, a range of
different factors contributes to physical function, and in
multiple regression analysis, these factors may be insufficiently
controlled. In particular, women are thought to possess a wider
variety of social resources than men (Antonucci & Akiyama,
1987). In this study, the rate of social isolation, a social factor,
was clearly lower in women than in men. A previous study has
also reported that the effect of social participation on health is
greater for women than for men (Tomioka et al., 2015, 2017).
This suggested that social factors in older women may have a
stronger influence on physical function than neighborhood
environment. However, one cannot say what sort of social
factors may be important for women on the basis of the results
of the present study alone. Social resources that were not
investigated in this study may also be in play, and further
studies are required in the future.

This study had several limitations. First, causal relation-
ships cannot be ascertained because of the cross-sectional
nature of the study. Longitudinal studies will be required to
verify the causal relationships involved in the effects of the
neighborhood environment on physical function. Second, the
evaluation of the neighborhood environment in this study was
subjective. Geographic information systems (GIS) have been
widely used for objective evaluation in recent years, and
differences in the effects on health of objective and subjective
evaluations have been identified (Gebel et al., 2011). Al-
though the participants in the present study were a population
with comparatively good functional capacity, as described
above, and it was considered that the quality of the subjective
evaluation of the neighborhood environment was assured, the
possibility that an objective evaluation might have led to
different results cannot be excluded. Third, in this study,

96



Ando et al.

socio-economic status (such as family structure and income)
or the number of years of residence in the locality was not
examined. One can therefore say nothing about the effect of
these factors on physical function or on perceived neighbor-
hood environment. Fourth, this study was conducted in a single
region of metropolitan suburbs. To confirm the validity of the
regression tree models obtained and generalize them will re-
quire their validation in regions other than metropolitan sub-
urbs. Due to the existence of cultural and racial differences in
physical function between Japanese and Western older adults
(Ando & Kamide, 2015), caution is required in the general-
ization of the results of the present study to other countries.

Conclusion

In the present study, regression tree analysis was used to
conduct an exploratory analysis of the individual charac-
teristics of community-dwelling older adults that affect the
relationship between physical function and neighborhood
environment. The results showed that sex, age, and physical
and mental health are individual characteristics of older
people that affect the association between physical function
and the neighborhood environment. In particular, they sug-
gested that, for comparatively younger older men with no
pain and no depressive symptoms, access to recreational
facilities may be associated with the maintenance of walking
ability. Thus, we conclude that the relationships between
physical function and neighborhood environment may be
altered by individual characteristics. Older adults’ individual
characteristics should be taken into account when investi-
gating the effects of the neighborhood environment on
physical function and when developing or promoting the use
of environmental resources.
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Abstract: Previous studies have shown a relationship between physical and social aspects of the
neighborhood environment (e.g., built environment, safety) and physical function in older adults.
However, these associations are unclear in older Asian adults because longitudinal studies are
lacking. This study examined the effects of neighborhood physical and social environment on lon-
gitudinal changes in physical function among Japanese older adults. We analyzed 299 Japanese
community-dwelling adults aged >65 years. Neighborhood environment was assessed using the
International Physical Activity Questionnaire Environment Module. Physical function was assessed
using handgrip strength, knee extension muscle strength, 5-m walking time, and a timed up-and-go
test (TUG) in baseline and follow-up surveys. Changes in physical function over one year were
calculated and classified into decline or maintenance groups based on minimal detectable changes.
Multiple logistic regression analysis showed that even after adjusting for confounding factors, good
access to recreational facilities affected the maintenance of 5-m walking time (odds ratio [OR] = 2.31,
95% confidence interval [CI]: 1.02-5.21) and good crime safety affected the maintenance of TUG
(OR = 1.87, 95%CI: 1.06-3.33). Therefore, it is important to assess both physical and social en-
vironmental neighborhood resources in predicting decline in physical function among Japanese
older adults.

Keywords: community-dwelling older adults; neighborhood environment; physical function;
longitudinal study

1. Introduction

The population is aging all over the world, and Asia has the largest population of older
adults of any region [1]. In 2019, the global population aged >65 years was 7.7 billion, of
which the elderly in Eastern and Southeast Asia, including Japan, accounted for 2.3 billion
(30%). This number is estimated to continue increasing until around 2050 [1]. Maintaining
physical function in older adults that will enable them to continue to live independently is
important in reducing future medical and long-term care costs.

Physical functional decline in older adults is a predictor of the need for long-term
care [2,3], disability in activities of daily living (ADL) [4,5], and instrumental ADL [4,6].
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Decline in physical function is also associated with falls and fractures [6,7], joint disease [8],
dementia [9], and cerebrovascular disease [10], and these diseases and geriatric syndromes
are the leading causes of need for long-term care. Physical function is related to diverse
factors such as health status [11], physical activity [12], cognitive function [13], and social
relationships [14]. More recently, there has been growing interest in the role of envi-
ronmental factors in maintenance of physical function in older adults. Older adults, in
particular, spend increasing amounts of time immersed in the neighborhood where they
live as their life space shrinks [15], increasing the likelihood that they will be affected by
the environment around their residence; i.e., the neighborhood environment [16].

Although the definition of neighborhood differs among studies, for older adults,
neighborhood is defined as the area less than half a mile from home [17] and is consid-
ered to be within a walking distance of approximately 10-15 min. The concept of the
neighborhood environment includes both physical and social components [18]. The World
Health Organization (WHO) advocates the concept of the “age-friendly city,” a physical
and social environment that promotes health and participation among older adults [19].
Similarly, a systematic review of studies conducted mainly in the USA and Europe reported
that both the physical (e.g., built environment, aesthetics) and social (safety from crime
and traffic) environments of the neighborhood are related to physical function for older
adults [20]. Thus, evaluation of both these aspects is necessary to determine the effects of
the neighborhood environment on physical function.

Given the differences in cultural backgrounds between Western and Asian coun-
tries, recent studies conducted in Japan [21-23], China [24], and South Korea [25-27]
have provided perspectives from the Asian region. Of these studies, one has examined
the relationship between neighborhood physical and social environments and physical
function [26]. However, as most previous studies in Asian countries were cross-sectional
studies [21,23-27], it has been difficult to clarify a causal relationship between physical
function and neighborhood environment. Our previous study, which evaluated both
the physical and social aspects of the neighborhood environment, reported that access
to recreational facilities was associated with physical function; however, that too was a
cross-sectional study [28].

The International Physical Activity Questionnaire Environmental Module (IPAQ-E) [29] is
designed to capture both the physical and the social aspects of the neighborhood environ-
ment. This measure enables comprehensive assessment of parameters of the neighborhood
environment, such as the built environment and safety, which have been suggested to
be related to physical function and can be used to approach the solution of the research
question. Therefore, the purpose of this study was to examine the longitudinal effects of
neighborhood environment, assessed in terms of both physical and social aspects using the
IPAQ-E on physical function.

2. Materials and Methods
2.1. Study Design and Participants

We conducted a one-year longitudinal study. The participants were recruited from
among community-dwelling older adults who participated in health checkups for geriatric
syndromes held in Sagamihara City, Kanagawa Prefecture, Japan. Sagamihara City is
an ordinance-designated city located in the southwestern part of the Tokyo metropolitan
area (population, 726,025; older adults, 26.4%; area, 328.9 km?). A detailed description of
the procedures and inclusion criteria for this study has been provided elsewhere [28,30].
Briefly, this study included older adults (aged >65 years) who were not receiving support
under the long-term care insurance system and who had not obtained certification of
support or care level. Among 638 new participants in the health check-ups between 2016
and 2018, 14 individuals were excluded because of missing data. Thus, the baseline data
were obtained from 624 older adults. In addition, 299 individuals who participated in the
follow-up survey one year after the baseline survey and for whom a physical function
assessment could be performed were included in the analysis (follow-up rate, 47.9%).
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2.2. Measurements
2.2.1. Neighborhood Environment

The neighborhood environment was assessed using the Japanese version of the IPAQ-
E [31]. The IPAQ-E is a self-administered questionnaire that asks study participants to
characterize both the physical and social environments within a 10-15-min walk of their
home. The reliability of the IPAQ-E has been verified [31]. Of the total of 17 items in the
IPAQ-E, the following 10 items were used in the present study; these meet the definition
of neighborhood environment and have been designated as core items and recommended
items in previous studies [31,32]. They are: residential density, access to shops, access
to public transport (bus stops/stations), presence of sidewalks, presence of bike lanes,
access to recreational facilities, crime safety, traffic safety, seeing people being active,
and aesthetics. Each item, except for residential density, had a 4-point Likert response
scale ranging from strongly disagree to strongly agree. The “residential density” item
asks about the main types of houses in the neighborhood (e.g., detached single-family
residences, multifamily condos, apartments). The IPAQ-E responses were dichotomized
(agree or disagree) and used in the analysis, in accordance with previous studies [31,32].
For residential density, the selection of “detached single-family residences” was categorized
as low residential density, and the other selections were categorized as high residential
density [31,32]. The detailed questionnaire can be accessed via the following link (https:
//doi.org/10.1016/j.ypmed.2009.01.014, accessed on 19 May 2022).

2.2.2. Physical Function

As assessments of physical function, muscle strength (handgrip strength and knee
extension muscle strength (KEMS)) and physical performance (5-m walking time and timed
up-and-go test (TUG) [33]) were measured at two points: at the baseline survey and at
the one-year follow-up survey. The participants” handgrip strength was measured using a
Smedley-type dynamometer (T.K.K.5401, TAKEI Scientific Instruments Co., Ltd., Niigata,
Japan). The greater of two measurements performed by the dominant hand was adopted
as the representative value for handgrip strength. For KEMS, measurements were taken
using a handheld dynamometer (u-Tas F-1; Anima Inc., Tokyo, Japan). The participant
sat in a chair with the hip and knee joints in 90° flexion, and isometric knee extension
muscle strength at maximum effort was measured in the right leg. The greater of two
measurements was adopted as the representative KEMS value. For 5-m walking time, the
participants walked at a comfortable pace on a 9-m walkway, consisting of a measurement
zone (5 m) and acceleration and deceleration zones (each 2 m); we measured the time taken
to walk the 5-m length in the middle of the walkway using a digital stopwatch (ALBA
W072; Seiko Watch Corporation, Tokyo, Japan). The faster of two measurements was used
as the representative value for the 5-m walking time. For the TUG, the time to stand up
from a chair without hand support, walk 3 m as quickly as possible, turn around, walk back,
and sit down again [34] was measured with a digital stopwatch (ALBA W(072; Seiko Watch
Corporation, Tokyo, Japan). The faster of two measurements was used as the representative
TUG value.

Changes in each assessed physical function during the year were determined oper-
ationally by the following procedure. First, for each participant, the rate of change in
each physical function over one year (the amount of change over one year divided by the
measured value at baseline) was calculated. A rate of change that declined by more than the
minimal detectable change (MDC) was termed “decline,” and a rate of change within the
MDC or that improved above the MDC was termed “maintenance.” The MDC represents
a boundary value where the amount of change between two repeated measurements is
considered to be due to chance fluctuations rather than real change [35]. In the present
study, we used MDCs derived from data obtained in a large sample of Japanese community-
dwelling older adults [36]. The MDCs for handgrip strength, KEMS, 5-m walking time,
and TUG used in this study were 5%, 12%, 7%, and 6%, respectively [36].
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2.2.3. Other Variables

The variables of age, sex, height, weight, body mass index (BMI), medical history, pain,
medications, habitual exercise, cognitive function, depressive symptoms, social interaction,
and functional capacity were also investigated. These variables have been reported in
previous studies as factors related to physical function [11-14]. Medical history (total
number of hypertension, diabetes mellitus, dyslipidemia, cerebrovascular disease, and
heart disease), pain (low back pain and knee pain), and medications were surveyed using a
self-administered questionnaire. Habitual exercise was defined as exercise for 20-30 min
or more per session at least two to three times per week. For cognitive function, the Trail
Making Test part A (TMT-A) [37] was evaluated. Depressive symptoms were assessed
using the five-item version of the Geriatric Depression Scale (GDS-5) [38]. The GDS-5
score ranges 0-5 points, with >2 points defined as “with depressive symptoms” [38]. For
social interaction, the frequency of interactions per month with non-coresident family and
relatives or friends was measured [39]. Functional capacity was assessed by the Tokyo
Metropolitan Institute of Gerontology Index of Competence (TMIG-IC) [40]. The TMIG-IC
score ranges between 0-13 points, with a higher score indicating greater functional capacity.

2.3. Statistical Analysis

For descriptive statistics, continuous variables are presented as means + standard
deviation (SD) and categorical variables as 1 (%). For comparisons between follow-up
and non-follow-up subjects and between men and women, we used the unpaired t-test for
continuous variables and the chi-square test for categorical variables.

Multiple logistic regression analysis was conducted to examine the effects of the
neighborhood environment on physical function, using the change in each physical function
over one year (“0” for decline and “1” for maintenance) as the dependent variable and each
factor of the neighborhood environment as the independent variable. The adjusted model
used age, sex, BMI, each physical function at baseline, habitual exercise, TMT-A, depressive
symptoms, and social interaction as confounding factors.

Approximately half of the participants in the baseline survey were able to complete the
one-year follow-up survey. Therefore, inverse probability weighting (IPW) methods [41,42]
were conducted to test the effect of dropout bias on the relationship between physical
function and the neighborhood environment. Propensity scores for the IPW method were
calculated by logistic regression analysis with follow-up or non-follow-up as dependent
variables and variables that differed by a less than 10% level of statistical significance in
comparison between follow-up and non-follow-up subjects as independent variables.

Statistical analysis was performed using IBM SPSS Statistics 27.0 (IBM Japan, Tokyo,
Japan), with the level of statistical significance set at 5%.

3. Results
3.1. Participant Characteristics

Table 1 shows the characteristics of the participants. The mean age was 71.7 &= 4.5 years,
73.9% of participants were women, and the mean TMIG-IC score was 11.9 & 1.4. Regarding
the neighborhood environment, the rates of good access to shops, presence of bike lanes, and
good crime safety were significantly higher for men than for women. With regard to physical
function, handgrip strength and KEMS were significantly higher in men than in women.

In the comparison between the follow-up and non-follow-up subjects, no significant
differences at the 5% level were found for any variable investigated in this study. In
contrast, the follow-up subjects tended to have a more extensive medical history (p = 0.077,
d = 0.142), a higher rate of medications (p = 0.098, ¢ = 0.066), and a shorter TMT-A (p = 0.080,
d = 0.141) than the non-follow-up subjects. These three variables were used to calculate the
propensity scores used in the IPW model described below.
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Table 1. Participant characteristics at baseline.
Overall Men Women
Variable p-Value *
n =299 n="78 n =221
Age,y 71.7 £ 45 734 +48 711+43 <0.001
Sex, women 221 (73.9)
BMI, 1<g/m2 22.0+3.1 224422 219433 0.035
No. of medical history items 094 +0.9 1.18 1.0 0.86 + 0.8 0.006
Low back pain, yes 109 (36.5) 31 (39.7) 78 (35.3) 0.483
Knee pain, yes 106 (35.5) 20 (25.6) 86 (38.9) 0.035
Medications, yes 210 (70.2) 59 (75.6) 151 (68.3) 0.224
Habitual exercise, yes 229 (76.6) 61 (78.2) 168 (76.0) 0.695
TMT-A, s 56.2 +21.5 61.4 +£34.3 5444+ 14.2 0.065
Depressive symptoms, yes 45 (15.1) 5(6.4) 40 (18.1) 0.013
Social interaction, times/month 23.6 + 16.9 19.2 £ 16.7 25.1 +£16.7 0.008
TMIG-IC, /13 points 119+ 14 11.7+ 17 120+1.3 0.092
Neighbor environment
Residential density, high 79 (26.4) 23 (29.5) 56 (25.3) 0.475
Access to shops, good 224 (74.9) 68 (87.2) 156 (70.6) 0.004
Access to public transport, good 274 (91.6) 74 (94.9) 200 (90.5) 0.230
Presence of sidewalks, yes 210 (70.2) 54 (69.2) 156 (70.6) 0.822
Presence of bike lanes, yes 117 (39.1) 40 (51.3) 77 (34.8) 0.011
Access to recreational facilities, good 252 (84.3) 69 (88.5) 183 (82.8) 0.238
Crime safety, good 192 (64.2) 60 (76.8) 132 (59.7) 0.006
Traffic safety, good 204 (68.2) 53 (67.9) 151 (68.3) 0.951
Seeing people being active, yes 253 (84.6) 68 (87.2) 185 (83.7) 0.465
Aesthetics, good 210 (70.2) 56 (71.8) 154 (69.7) 0.726
Physical function
Handgrip strength, kgf 26.7 £ 6.5 348 6.1 23.84+3.6 <0.001
KEMS, kgf 2934+9.2 348 +£10.4 273+7.38 <0.001
5-m walking time, s 34+£05 34+£05 34+04 0.233
TUG, s 57+£09 56£1.0 58 £0.8 0.164

Note. Values are mean 4 SD or 1 (%). * p-value for comparison between sex (unpaired t-test or chi-square test).
Abbreviation: SD, standard deviation; BMI, body mass index; TMT-A, Trail Making Test, part A; TMIG-IC, Tokyo
Metropolitan Institute of Gerontology Index of Competence; KEMS, knee extension muscle strength; TUG, timed
up-and-go test.

3.2. Changes in Physical Function

Table 2 shows the changes in physical function during the one-year follow-up. The
percentage of participants with a decline in each function ranged from 13.7% (5-m walking
time) to 34.8% (handgrip strength). The percentage of women with declined KEMS was
significantly higher than that of men.

3.3. Neighborhood Environment and Physical Function

Table 3 shows the effects of neighborhood environment factors on changes in physical
function over one year. Multiple logistic regression analysis showed that even after adjust-
ing for confounding factors, good access to recreational facilities affected the maintenance
of 5-m walking time (OR = 2.31, 95%CI: 1.02-5.21) and good crime safety affected the
maintenance of TUG (OR = 1.87, 95%CI: 1.06-3.33).

To consider the influence of dropout bias on the results, IPW was conducted. After [IPW,
the effect of access to recreational facilities on 5-m walking time (OR =2.31, 95%ClI: 1.01-5.27)
and the effect of crime safety on TUG (OR = 1.94, 95%CI: 1.10-3.43) were still significant.
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Table 2. Changes in physical function during one year of follow-up.

Overall Men Women
Variable p-Value *
n =299 n="78 n =221
Handgrip strength (>5% decline) 104 (34.8) 32 (41.0) 72 (32.6) 0.178
KEMS (>12% decline) 102 (34.2) 17 (21.8) 85 (38.6) 0.007
5-m walking time (>7% decline) 41 (13.7) 11 (14.1) 30 (13.6) 0.907
TUG (>6% decline) 69 (23.1) 14 (17.9) 55 (24.9) 0211

Note. Values are 1 (%). * p-value for comparison between sex (chi-square test). Abbreviation: KEMS, knee
extension muscle strength; TUG, timed up-and-go test.

Table 3. Effects of perceived neighborhood environment on physical function by multiple logistic
regression analysis.

Handgrip Strength KEMS 5-m Walking Time TUG
OR 95%CI OR 95%CI OR 95%CI OR 95%CI

Residential density (ref: low)

Unadjusted model 0.83 0.49-1.41 0.84 0.49-1.44 1.32 0.60-2.91 0.93 0.51-1.70

Adjusted model 0.84 0.49-1.46 0.78 0.45-1.37 1.24 0.55-2.77 1.02 0.54-1.91

IPW model 0.85 0.49-1.49 0.76 0.44-1.32 1.19 0.52-2.74 1.06 0.57-1.99
Access to shops (ref: poor)

Unadjusted model 0.61 0.34-1.08 + 0.74 0.42-1.31 0.82 0.37-1.80 143 0.79-2.59

Adjusted model 0.66 0.37-1.20 0.62 0.35-1.12 0.83 0.37-1.86 1.41 0.76-2.64

IPW model 0.67 0.37-1.21 0.60 0.33-1.09 t 0.82 0.37-1.82 1.52 0.81-2.85
Access to public transport (ref: poor)

Unadjusted model 0.89 0.45-2.49 0.90 0.37-2.15 0.85 0.24-2.97 1.06 0.41-2.76

Adjusted model 1.10 0.46-2.64 0.78 0.32-1.91 0.84 0.23-3.00 1.12 0.41-3.02

IPW model 1.12 0.46-2.72 0.73 0.31-1.72 0.86 0.23-3.13 1.25 0.46-3.40
Presence of sidewalks (ref: no)

Unadjusted model 1.32 0.79-2.21 0.67 0.39-1.15 1.11 0.55-2.26 1.60 0.91-2.83

Adjusted model 1.32 0.78-2.23 0.67 0.39-1.17 1.12 0.54-2.32 1.58 0.88-2.83

IPW model 1.28 0.75-2.19 0.68 0.39-1.18 1.05 0.51-2.19 1.58 0.87-2.87
Presence of bike lanes (ref: no)

Unadjusted model 0.82 0.50-1.33 1.19 0.72-1.95 1.01 0.51-1.98 1.50 0.85-2.66

Adjusted model 0.88 0.54-1.46 1.08 0.65-1.81 0.99 0.49-1.98 1.46 0.81-2.66

IPW model 0.88 0.53-1.45 1.09 0.65-1.83 1.00 0.51-1.98 1.51 0.82-2.78
Access to recreational facilities (ref: poor)

Unadjusted model 1.20 0.63-2.28 0.61 0.30-1.24 2.26 1.04-4.91* 1.52 0.76-3.04

Adjusted model 1.30 0.67-2.53 0.52 0.25-1.09 + 2.31 1.02-5.21* 1.61 0.78-3.33

IPW model 1.30 0.67-2.52 0.55 0.27-1.12 2.31 1.01-5.27 * 1.62 0.80-3.31
Crime safety (ref: poor)

Unadjusted model 1.44 0.88-2.36 0.94 0.60-1.62 1.18 0.60-2.31 1.93 1.12-3.34 *

Adjusted model 1.45 0.87-2.41 091 0.54-1.53 1.17 0.58-2.37 1.87 1.06-3.33 *

IPW model 1.38 0.83-2.30 0.92 0.54-1.58 1.14 0.58-2.24 1.94 1.10-3.43 *
Traffic safety (ref: poor)

Unadjusted model 0.66 0.39-1.11 0.92 0.55-1.55 0.76 0.36-1.59 1.30 0.74-2.29

Adjusted model 0.63 0.37-1.08 + 0.96 0.56-1.64 0.74 0.35-1.58 1.22 0.68-2.20

IPW model 0.61 0.36-1.05 t+ 0.90 0.52-1.56 0.72 0.34-1.51 1.21 0.67-2.17
Seeing people being active (ref: no)

Unadjusted model 1.00 0.52-1.93 1.03 0.53-1.99 0.56 0.19-1.64 1.58 0.79-3.16

Adjusted model 0.99 0.50-1.94 0.98 0.50-1.94 0.59 0.20-1.78 1.70 0.83-3.50

IPW model 0.95 0.48-1.90 0.98 0.49-1.96 0.55 0.18-1.66 1.66 0.81-3.42
Aesthetics (ref: poor)

Unadjusted model 1.32 0.79-2.21 1.20 0.71-2.01 1.11 0.55-2.26 1.04 0.58-1.87

Adjusted model 1.40 0.82-2.37 1.28 0.75-2.19 1.09 0.52-2.27 1.06 0.58-1.93

IPW model 1.35 0.78-2.31 1.22 0.71-2.09 1.05 0.50-2.20 1.01 0.55-1.86

Note. Dependent variables: changes in each physical function over one year (0 = decline, 1 = maintenance).
Independent variables: each factor of the neighborhood environment. Adjusted model and IPW model: adjusted
for age, sex, BMI, each physical function (at baseline), habitual exercise, TMT-A, depressive symptoms, and social
interaction. * p < 0.05, t p < 0.10. Abbreviation: KEMS, knee extension muscle strength; TUG, timed up-and-go
test; OR, odds ratio; CI, confidence interval; IPW, inverse probability weighting; BMI, body mass index; TMT-A,
Trail Making Test part A.

4. Discussion

In this study, the effect of the neighborhood environment, assessed in terms of both
physical and social aspects, on changes in physical function over a one-year period was
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examined using multiple logistic regression analysis. Previous studies in Western countries
have shown that physical environment [43,44] and social environment [45,46] are longi-
tudinally related to physical function. In comparison, in Asian countries, we could find
only one longitudinal study that investigated the effect of the neighborhood environment
on the physical function of older Japanese adults [22]. This previous study evaluated only
the neighborhood physical environment; furthermore, assessment of physical function
was limited to handgrip strength. Therefore, the present study is the first longitudinal
study in the Asian region to examine the effects of both physical and social aspects of the
neighborhood environment on physical function, including muscle strength (handgrip
strength and KEMS) and physical performance (5-m walking time and TUG).

The results of multiple logistic regression analysis showed that older adults living in
environments with good access to recreational facilities maintained their 5-m walking time
performance after one year. Although positive associations between physical function and
recreational facilities, which are factors of the physical environment, have been reported
in cross-sectional studies [23,26], the present results strengthen the findings because of
the longitudinal study design. In addition, good crime safety influenced the maintenance
of TUG performance after one year. Previous studies in the USA have shown that the
risk of subjectively assessed mobility limitation increases with neighborhood disorders
such as crime and vandalism [47]. The results of the present study show that in the Asian
context, crime safety, a factor of the social environment, has an impact on objectively
assessed changes in physical function. Thus, both the physical and social environments
affect physical function, especially physical performance, in older Japanese adults.

There are two possible mechanisms in the relationship between recreational facilities
and 5-m walking time. The first pathway is the increase in physical activity associated with
walking. It has been reported that older adults who have good access to recreational facili-
ties undertake more total walking in the neighborhood per week [32]. Another pathway
is the promotion of health literacy. It is assumed that older adults who have recreational
facilities nearby have more opportunities to interact with fellow facility users and to partici-
pate in health-related events at the facilities. It is considered that they would acquire health
knowledge and improve their health management skills accordingly. In older adults, health
literacy has also been reported to be associated with access to health care (e.g., primary
care, preventive services) [48]. The 5-m walk time is an indicator of physical performance
as well as a reflection of overall health status [49] and may be influenced by the protective
effects of health literacy. In contrast, the possible mechanisms for the relationship between
crime safety and TUG include increased social activity. Safety in neighborhoods affects
people’s health as a social relationship [50]. It has also been reported that social isolation is
associated with future decline of TUG performance [42]. In social activities, older adults are
required to perform more advanced physical tasks than simple walking, such as vertical
shifts in the center of gravity and changes in direction, depending on the situation of the
individual and the objects in the social activity setting, and these may have had a specific
effect on TUG. Further study is needed to verify these mechanisms.

This study has several limitations. First, the follow-up rate of the participants in this
study was about one half. In this regard, we confirmed that there was little difference in
the attributes of the two groups in comparison between the follow-up and non-follow-up
groups and that the results of the multiple logistic regression analysis remained unchanged
after implementation of the IPW method. In other words, we considered that dropout bias
had a very minor effect on the results of this study. However, these validations do not
completely eliminate the influence of dropout bias on the results. Second, the one-year
follow-up period of this study is short. By defining decline or maintenance of physical
function based on MDC, we detected changes in physical function that were not at least
within the range of measurement error. However, MDC captured only minimal changes in
physical function, and it is unclear whether the neighborhood environment has an effect on
clinically meaningful changes in physical function. We cannot rule out the possibility that
the results could change if a different MDC was used. In addition, this study evaluated
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the neighborhood environment in a subjective manner. The participants were older adults
with a rather high functional capacity, and we consider that the quality of subjective
evaluation of the neighborhood environment was assured; however, it cannot be denied
that different results could possibly be obtained if an objective index is used. At the very
least, the parameters used in this study, such as residential density, access to destinations,
the presence of the neighborhood’s infrastructure, and the crime rate, can be objectified by
geographic information systems. It is necessary to verify whether the same results would
be obtained when using objective indicators of the neighborhood environment. Finally, this
study did not examine the years of residence in the neighborhood or socioeconomic status,
and adjustment for these factors was inadequate.

5. Conclusions

The results of this study suggest that good access to recreational facilities and good
crime safety affect the maintenance of physical function after one year among older Japanese
adults living in the community. Therefore, it is important to evaluate both the physical
and social environments in the neighborhood to predict short-term decline in physical
function. Further research is needed on the long-term effects of the neighborhood environ-
ment on physical function in older adults in Asian countries, which have an increasingly
aging population.
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