FVEIEER/, Z0HbH, 23,091 A (5D
72.9%) M OLEPEEI /LN, Z0 ) HES
R EDOERRMICAE Lz 0id 16, 768 A (H
BEED 72.6%) ThHhole, TNHRABEED D
L, BUEEANCENEREELIIRE 3
T - i) RO ONEE (2,164 N), BEnE
BEANSLEEDRNICEIN-FREERSE
BELNIEh-TF (188 N) | BAERERE O
HEAFAMNENRFATH-2H WA, EX
Fxy 7 VRAMNMI1ERUEORER D7
H (4,020 ) ZBRSLL. 10,382 A& fiEHT5:
L7,

4. =V RERA b

T RFA LV M ThLROEREET X, F18
ERRED [FRAESERE OB FEEE L E)
BT 7N ETHLRMBREIKT 245 %
REN#EREL L,

5. HEEHENT

BARF =7 URXMOTFTHEZYMHE%2FE3
L7, 3TEEDHENZ1T o7z,

%112, Cox HHINY—RET ML ST,
EAXF vy 7 VA MNOKEE (%4 25 HH) I
FU LG EOMERAENY — FlLEREH
L7z, ZHIZED, KL BAMEEGREARATF = v
7 U A MOEBEEHIRBAEEETZFHIL S
B0ERREE LT, A BE/K%IX Bonferroni fHiE
12 k5T p<0. 002 (p=0.05/25) & Lir, fEHTIC
% SAS version 9.3 (SAS Inc, Cary, NC)% H
Y |

212, ERROMYT TV — FERRIZEW

(200 k) OEBEEWRALLKE LT, M - T
L bICRIRERA (ERHEALE) 2L TF3l
ETFN] BER UL, 20 [FHTF /L) O HR
DOFERIZHE-S3 &, Framingham Risk Score Df&%
BEHEICL T, FHOEEBETEASITL
VA7 HB/REEH Uz, MHTIZIX SAS version
9.3 (SAS Inc, Cary, NC) % v 7=,

% 312, ROC 43 #7 (Receiver Operating
Characteristic Z7#7) 4TV, ROC gh# T &

(Area under the curve ; AUC) T X % KCL 3

METRETAB/EDORY Y —= THEED
& T o7z, TR K VBITIRECTH D KCL
BAME VL RZ Y —= Vv THEEREWFRIE
FNERPER L D0 &M LZ, B3
STATA 13(Statacorp, College Station, TX) D
[roccomp] <> RIZ K- T, AUC DEEZE%
BET Uiz, EAMFRIET v b AT BHRRE
L7zadk— MIETHDZ &b, REKRESE
@ ROC 3HT b 1T o 72, BEREIEFFMED ROC 43471
/X R version 3.1.1 (The R Foundation for
Statistical Computing) ® [timeROC] /X 4
—VERHW, 723 AUC 1L BRI 53—
YEANE (481 ARER) . 10 N—k &A1
J5O(950 AR, 156 RN—B o Z A A (1397
HEER) ., 20 7X—B & A VR (1771 AEER)
DARERICHBIT HEEEH L7, ROC HHToF
B /KHEL p<0.05 & LTz,

6. fREEREE

AFEICIT. RALKPBRFREEF R FER
MEBEELZBESOARREET, ElFE I
LTk, AEEMZEFEICTHRALEZET, &
NEREICET 2 EREB/IZOVTERIC L
LZRABEZH/TREY ., MEEOMBIIFEE LR,

C. WoER
1. BAF=v 27 VR FEEROTRIS Y
ERF v 7 YVRA DI L KCLERBED 3THHE
WY LG E O Y — RHiE No. 18 43 2.56
No. 19 28 2. 28, No.20 232.16 &, W Y
— R 2L ETHEICE N7 (K1),
ERXF =2y 7 YR FEEBIZBWTIE,
No. 11, No. 14, No. 15 DAAADOETHIEHE T, #
W U256 OMFEERRE AT — RS p<0. 002
THEIE» T (£2), KCLRIMLSDOIER
TAY—FER 2L ETCHEEREICELST=DIX
No.1~5, 16, 22 D 7THEHH ThH o7,
2. FPRIETVOMER - FRIET VRRAORH
P - FRICINZ T, BERXF=v 7 VR MD)
LRFICRAERRET L BENBVWEE (M - F
EFE IR 20 L) ZRREALLLTHEIET



NN R AT (£3), FHHELUEZEWRER  0.655 (0.634-0.671) %t LT, FHEIET LG

Brblic, IR LERERIZELDEFF0O~ AUX 0.789 (0.772 - 0.805) & HEICE - T

8.6 HDF YT T NGB Sz, (p<0.001), FHRIEFNLBAE (M- FEfpe L)

3. KCLEBA & THIFE T AR OMERELE: COLEITHREIC LT ROC M THESFEIC
ROC 3T & » CHATIRIETH S KCL 384 & Ehodz (p<0.001),

FHIET V% I LT R 277 (K 2), ROC FREORERIE. BERMEAMED ROC 5348 T[]

IR T (5%EWEH) 1. BATHEDS KTbhol (FR4),

F1 ERXFzvl YR EMBEERICETSBMBRIETYRY

RHBEEETASUE -
= Y Crude - ERE

HAFoys A~ BB n % n % B SR HR ( 95%CI )" p HR ( 95%CI ) p
No.18) BYD AT W OLRLHEFRGEOMEN M HILEEHhETH

Ry 8,041 942 492 58 376 s3g 00 () 1.00 (H¥)

L (EH) 1,552 838 297 16.1 ’ ’ 3.20 (2.77-3.70) <0001 256 (2.22-2.96) <0001
No.19) BRTEEFHEELZHAAT. BEAMTHIEELTLETH

[EAA) 8,989 932 655 6.8 170 037 1.00 (H#E) 1.00 (H#)

LNE (B5%) 604 818 134 182 ’ ’ 3.25 (2.70-391) <0001 228 (1.88-2.76) <.0001
No.20) 4 BAA B A B b oH0DERHYET M

LN 7637 941 478 59 394 796 1.00 () 100 (FL#g)

[T (EH) 1956 86.3 311 137 ’ ’ 256 (2.22-2.95) <0001 216 (1.87-250) <.0001
HEFrys) AHEE GRABEEE)?

JEs%Y 6,448 953 318 47 597 672 1.00 (%) 100 ()

B 3,145 870 471 130 ) ’ 3.10 (2.69-358) <0001 250 (2.17-2.89) <.0001

1\ —RH (95%{Z R )
2.No.18~20C1HELL L HHYDIHS

F2 BRAFvHUXLOFEBICETHEMNBEET YRS

AT - ERAE
HR ( 95%CI )’ P HR ( 95%CI )! P
1) NAPEBEETCIATHHLTOET, 254 (221-293) <0001 202 (1.74-233) <0001
2) BRAGOBYELTWNETH 458 (394-532) <0001 284 (243-333) <0001
3) BESOHLANELTWET, 311 (268-361) <0001 246 (2.12-287) <0001
4 RADREHRTHETH, 283 (242-331) <0001 220 (1.87-258) <0001
5) RIEPEADHEBKICO-TULET M 336 (2.83-399) <0001 252 (211-300) <0001
6) BEREFITUDPEE DLHLTICH>TULET M 234 (203-269) <0001  1.34 (1.15-155) 00002
7 BFICESTRENSFELEDMESTICEE LA STHET M 274 (2.35-3.18) <0001 156 (1.32-183) <0001
8) 15 RIEIT THEINTLVEST M 204 (1.73-241) <0001 145 (1.22-172) <0001
9) COVERICE AL IERHYETH 1.75 (151-202) <0001 156 (1.34-180)  <.0001
10) IBIICH T DARRIEAZNTT M 221 (1.91-256) <0001 158 (1.35-184) <0001
11) 65 B G2~ 3kl EDEREF D HHYELH 136 (1.13-163) 00012  1.33 (1.10-160) 0.0027
12) BMI (kg/m2)<18.5 227 (1.77-2.92) <0001 158 (1.23-204) 0.0003
13) FERICHRTEWEDBRERITKEBEYELES 180 (1.56-207) <0001 140 (1.22-161) <0001
14) BEOHPECLEIIEAHYETHL 147 (1.24-175) <0001  1.17 (0.98-1.39) 0.0780
15) ADBEARITHYET M 159 (1.36-1.86) <0001 1.28 (1.09-149) 00020
16) A1 ELL E A HUTOET 297 (252-349) <0001 207 (1.75-245) <0001
17) EEEHARTHHOBIEA B TLETH 254 (221-293) <0001  1.73 (1.50-200) <0001
18) BYDAMST L DERACEFBUBEDBENRBIEEHLNETHV 320 (2.77-370) <0001 256 (2.22-296) <0001
19) BN CEHEBESEHA T, EEFEMNTHIEELTLETH? 325 (2.70-391) <0001 228 (1.88-276) <0001
20) & AAMI A il B b bR ERHY EY AV 256 (2.22-295) <0001 2.6 (1.87-250) <0001
21) (CC2:8M) 8B O 4EFICTHERL LN 183 (1.54-216) <0001 159 (1.34-189) <0001
22) (CC28M) ChETELATON TNV ERZELO AT 261 (2.19-3.12) <0001 203 (1.70-243) <0001
23) (S 238 BETNEEIZTETCWVE=IERS TIEB>BIZBLLNS 226 (197-260) <0001 164 (1.42-189) <0001
24) (ZC 28R BSMNBIZIIDOABREB AL ~ 187 (1.60-2.19) <0001 151 (1.29-177) <0001
25) (28R bIFb RN KSBECRT S 224 (1.94-259) <0001  1.67 (1.44-193) <0001

1. NH—FH (95%{SER D)
2. BAFrysYRANZHMBEEE



K3 DHHEETIIHTSFAETILOBIER

FHEETIL FHEETIL
HR ( 95%CI )2 P #x°
5. B 106 (091-123) 04472 0.1
EE
65-69%% 1.00 (F#)
70-745% 225 (1.67-302)  <.0001 12
75-798% 594 (451-782)  <.0001 2.7
80-845% 845 (6.32-11.3)  <.0001 32
85EELLE 17.48 (12.8-240) <0001 44
BEs 1 REnsrY) 1.14 (1.13-1.15) <.0001
BEEXFyIJRR
No.1 1.07 (0.89-1.29)  0.4661 0.1
2 160 (1.29-198) <0001 0.7
3 1.33 (1.10-1.62)  0.0037 04
4 107 (087-131) 05432 0.1
5 139 (1.13-1.71)  0.0019 05
16 125 (1.03-151)  0.0220 0.3
18 182 (155-2.13) <0001 09
19 1.16 (093-1.44)  0.1923 02
20 148 (1.26-1.73) <0001 0.6
22 123 (102-150) 00319 0.3

1 - ERe EXTFoy A MOILFICEMBEE T LEEAMUVER (- ERBRBNAY—FIEMR
2L B (& BCox LBl F—FETIL GAFHR AR DRBHREA)

2. WY —FLH (95%E R M)

3. FRIETNDEER%ELEIZ, Framingham Risk Score ) /5 3% (Statist. Med. 2004; 23:1631-1660) %
HERLER
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0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-BRE
AUC ( 95%CI1 ) P
BITEE 0.655 (0.634-0.677)
FRETILES 0.789 (0.772-0.805)  <0.001
FHETLER (- EHEL) 0.703 (0.682-0.723)  <0.001

1. ROCHIRE T BT (95%{S HHIX /)
2. BEXRFry Y AFBHEEEEE (No.18-20D BifliN &)
3. BITBIELDOEDPE

B2 ROCAHAMICKDRTIEELFRETINOD AUC HLEE



&4 FERMREM ROC AHTIC K S BRTHRIRE FRIETIILO AUC LB

3] — 48
BT FHEFLEA [y
b=k AUC ( 95%CI )* AUC ( 95%CI )? p’ AUC ( 95%CI ) p’
481 H B 0.71 (0.66-0.76) 0.86 (0.83-0.90) <0.001 0.77 (0.72-0.82) <0.001
950 B 0.72 (0.68-0.75) 0.84 (0.82-0.87) <0.001 0.77 (0.74-0.80) <0.001
1397 HEF R 0.71 (0.68-0.73) 0.84 (0.82-0.86) <0.001 0.76 (0.73-0.78) <0.001
1771 B ¥R 0.69 (0.67-0.71) 0.83 (0.82-0.85) <0.001 0.74 (0.72-0.77) <0.001

1. EARFoy P A FBEHEET B (No.18~20 D SN A : 0~3 %)

2. ROCHIR T i (95% (R )
3. BiTaiElnEOPE

BER ETIEEEOLRK

HERGL
FHETIL
2IHH°

-2 log L AIC?
14365 14365
13246 13270
13209 13269

1. -2 log R BUABELE

2. Akaike's Information Criterion

3 M. FEiS, EAFy ) AM25EHBERREA

D. & #

RO BRI, 1) RAEREE T IO 5
KCL SRENOF MMM RIET D2 L, 2) B
FFHERE X 0 & M D E W FRET LB D
AHERIET 52 ETHDH, £, BHRE
KIFHTD 65 LA EOFER% 5.7 FMHEHL .
NR—RAFGA VRDOEARTF = v 7 Y X FOEE
LERAMSREIR T U 27 L OBEEERE Lz, £
DOFER, KCL 38O EEE CAYP— FEUEPAHEE
WEhole, L LAERSE L TRET VS
BOJH, BTHEEZE (KCL #@&) X v b ROC #h
MTEEIEFRICE» 2T,

FHFEOEFNL., 1) FEHEOMBDIEY THRA
KT TIEARTF =y 7 ) 2 MOTH
UM RIE LD COMERTHD L.
2) #1 T5NDOREHT S 1> b AR D KB = 7R
— FTHDZ ERET LN,

KCL FRADEMETIL, JEE 59.7% - FFRE
67.2% CTh-o7z (1), ZhExTFHIET NS
REHBT B L, RENRELRD Iy b AT
RA b (60.5%) BT HREREL81.2% T
14.0% &<, BRENRE LDy A TR

A4 vk (66.3%) BT DREBEIL 76.7% T

17. 0% m@m Mo 77,

KEWEGEARATF = 7 VA MDY, FEHHE

HAIGEI/E (TADL) B89 2HE (FFlZ No. 1
& 3) MERAEREE IO L TSR AT S
DT E W I RERE TR LTV 5, AHF
TR SN TFRIET VL, BATF w7 U
AN 25 HEDD BAP—RER 2L EOL®
ZEFE LIZ08, No. 1~5 DOFEHIH B ATREE
(IADL) B L CIEEHEEREENTRY . =
DIRHRE T HHDOThH o7,

L LFREIEWVWS BLA T, £EBZIEE
W52 L CRICTFRIBOEWET VEIER
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2 (-2 log XL, Akaike’ s Information
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EELX, HREER L ETFHET LOEITHA
e, FHETNVEREEOETBD T/HIW
ZEh, AP R 2T OMOIER %8B0
LTHRERTFHEBEOLFIIRAD RN L
2z bbb, ¥ 7~ Akaike’s Information
Criterion NEIZETHAZ DL, L0 A7A
WIHE CRRICHETE S THEIET VO H
BARRICEREER D,
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OB FEFEEME | ITRBRSEN L. Zhick
> TKCL BEMOTHHEE (U A7 H#EE) 25il/h
T & 72072 Z EIFEETE R, F 2 IR
RO /ESRIT LTV 5 Mini-Mental State
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KCL ERE1D% 4 #H TIHIRRAEEEET Y X7 58
Blo@»ro7=Z &0 D, KCL 3RANIFR AR
KT2FRILYDZENRBINE, LL,
M- B - AT = v 7 U R NOZOMOEE
FPHAEDZ L CHRTEEIL Y bARIZTH
BEOBWET NVEER T,

F. BEGRITR
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1. R
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2. FEREK

1) EXEX, ZIUEH, iE & EREZE,
MIFED T, BE B, o —B8. Ras
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JRAET VAR IR B (RFFH ARG HFEE )
SRR

FRASTEIR & FRANEREAR TICBI 9 2 A & = — MF4E

Wt i

S BAERZFER AR R e R AR A T - Bix

AWFFEO B AL, SRR & REFERAEIRT & OBIE & Bl & = — MMIFZEIC K Y BREES

B LThD,

BRI IG5 B R VBRI L DR A AT o o, NI 13, 645 44 B REERIC,
BATEEUEEE T 1A/ BRM 1 —28/8) T3—4%/H] I54£/BLUL] 55 T14,H
KW BEAILUERE (reference) & L7 HEDFRAREEEI T O NY — FH & 95%EHEXM (95%

CI) % Cox Hfil NP — REF MLV HEE Liz,

(1A B RN BT 2R8I T OS2 BFHEAY— R (95%CD) %, 1 — 24
S H)] TL07(0.8-1.27), [3—4%,7H] T0.91(0.76-1.08), 54 HL L] TO0.77
(0.64-0.92) &, HERY X7 B w807 (EFMED P {E. 001), I TEIMLLZHET

b, FERITFEERTH -7,

RRASTEREE 25 2\ CIIRBAMSEEIR T U 2 7 2MED o 72,

A A
EX L BAERFEREGRARE D

A. BIEEK
EYEEROPRICEL > TRETFR-EY
v 57 % (Epigallocatechin gallate) 72 &
DRFIEF DR H . RBAVEICRERORIERA L
EHT T ENBEINTND, LirL, MR
B & RENS RS T DB & BRRE L 72 & 2T 50
(=X AN

ARFFED HA9IL, FRIREBUEEE & R IR RE (K
T & OBEEZ W & 2R — MFZEIC L Y REE
THZLThHD, EDID, BWRBRKFT O 65
UL EoFERIC TRIETTREBRERE) *~EiE
L7ct%., PRAREIET 24 5 I ENERED
AR 5. T HEMBHFEE L T, SR ERE R
BEREIR T & DR E 2 HRET LTz,

B. WrFEFE
1. FAEXS
SRAEHRIT, BEMEREXETRO 65 mil oMk

B2BTHD,

2. WEFE

2006 4 12 Hiz, BRYEREEREZEZ &
B RV MR 2 i U=, ARV
BYEBUREREZIL, FHRCZEM - 55
HEHER L TW5D,

ENHREOR B LOREEA BITET
HIEHIT, KB & RALKFERFEREZERHFE
PSS EFBEARBEFNH L OREERE
BECESE, TBICIIREPEON-EE
R e LT, RoFicRitIn,

AR TER—RATA VREOEEI LD
5.7 ELUNICHHUCENERE (B - EN
#) ERTGEE. [ENERERE] LE
#ZL7-, 2B, BT EEGEHOBERIL, R
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3. WEEHENT

FEMT R B E IOV TUTIERYT (K1), &
ZhiE & 23,091 D55, RAEEL LTE
N HEREDERREICIERBOFE, EHHAMET
WCENMBREE LIRS G - &H) BRD
bTE (2,164 N), ENERER L PELL
NICEPNTEERERRENEON R o7
# (188 N). RAVESEE D B ¥ 4TS B L EN
FHTHh-oE (4N BABRSEE OERIC
E|EIZDE (757 N) ZERSNL, 13,645 A% R
Wrxtg e L,

FEMTIZIE, Cox HefINTF— FETFAZR,
BOREBESEES T1A/BRME] 11— 248/H]

3—4#/81 I5%/BE L] IZHEL, 1
B BRI BEEEMERE (reference) & L7
RAEETONY — R e 5% EEKXM

(95%CI) ZHEE UTc, FEEE B IL, H. Fin.

BEAERE (izedh, LFEEZE, SmilE. BEfik.
BFHRE. BE - B . REEE, BE K
. Body mass index, [LERERYEVE (K6). 1 H
BT Y — Uy VAR — b HUBTEE A~
OB, BYERE CKE. »%r. RE. A
. BFRE. WHE, BE. B®. BET) L
Uiz, Eiz, RN—R T4 VREOTEEEEZ B0
LIZET VT OB 21T o7,

FEATIZIX SAS version 9.3 (SAS Inc, Cary,
NC) # Fiv>, TifHl P<0. 05 ZHE/KHEL LT,
4. fREAER

AFAEHICIL, HILKRFRFIREFLRF IR
WEEEZESORRER L, ElodgFzICxH
LTk, AEAMEZERICTRALZLET, &
NEREICHET 2 FERBHICOVWTER®ICE
HARAIBEZHBTRY ., MEEOMEIIFEELR,

5Ll EDETHERE (AEXZR) 31,694%

i

4

ERSERGTEENE 4574
—> -ZRAMRER 7,8154
-t R REA - ESHEIE 3314

BxhEE 23,0914

- ENERTORBRBIREICERE 63334

| BEREIRATIC R ERE FE (R GE - ER)
RBHGN=F 2,164 A
ENEETAINSEFELUNICEMEERER
RENRGONGTM-T=F 188A
-BMESHEORBEFEIENTHE 44

Vv CBRRERUREICERE 7574

BT RE 13,6454

20074E4 B 1 BS5. 74K B B

BNERREOHEEFTEHIENT LU ETHIHR
BENEEEEXRILL)ETBMBRETIETS

IVFRAUE |
RRAMAEIE T

1,186 % (8.7%)

1 ®gHFEOIO0—F



C. WFIEREHR

1. EEAREME (F1)

FERERUBEE NS WE ORI, B, BE
ERE (zedr i) | BL7EME | BI7ERK
BNV I Tr, F AR B RN

i, IR SR oL IR AN R <

1 HEH 1 RERPA BT LT 538, B
BIETRLOFEOEENE o2,
2. WA EBABERTYI XY (FR2)
5.7 £ OBMFAEORKR., Birxas

13,645 4D 5 H

1,186 4 (8.7%) Th-ot= (K1),

®1 BAEBEENOERRHE

PP EEAR T O R AT

BRAEARE
1H/BRE 1—2W/B  3—4aW/B  SsW/EPE P’

n 2,234 3,059 3,890 4,462
B %) 56.9 490 425 36.0 <0.001
£ (5 2 735+6.0 737460 73.8+58 739+57 0042
Body Mass Index (kg/m%)? 237+38 23634 236£32 236+32 0426
BEEERE (%)

fiZErh 4.1 33 24 20 <0.001

DR 59 5.0 5.0 4.1 0.011

S ImE 432 442 440 431 0715

BHLLIE 938 10.2 11.2 113 0.151

A 85 79 9.0 8.4 0.404
BIEEEE (%) 185 14.2 11.4 115 <0.001
WIERCHEE (%) 44.6 404 37.1 330 <0.001
ST 2 185ME/ 8 (%) 26.1 275 27.1 29.1 0.044
BIAHREETRL &) ¢ 77.2 772 79.7 804 0.001
TR F—IEIE (kcal/H) % 1,359:£419  1,406+417 1447393  1,496374 <0.001

1. X HREERE-TRES M. 2 Ty + SR, 3 BEFy U AMDOBEHRBE23, 4 ZILI—ILHDLD

HEI5ERR<

%2 BEEREEDNOBMSEIETYRY

BREDEE {ERED
1% BE#E 1-2#. 8 3-4%H 5%/ HUE Pl
21k (n=13,645)
R EH 2,234 3,059 3,890 4,462
AR (%) 222 (9.9%) 307 (10.0%) 334 (8.6%) 323 (7.2%)
=FNL17 100 (reference) ° 094 (0.79-1.11)  0.74 (0.63-0.88)  0.60 (0.51-0.72) <0.001
EFIL 272 1.00 (reference) 105 (0.88-1.24) 087 (0.73-104)  0.73 (0.61-0.87) <0.001
5 37 1.00 (reference) 1.07 (089-127) 091 (0.76-1.08)  0.77 (0.64-0.92) <0.001
EFI 47 100 (reference) 107 (0.90-1.28) 092 (0.78-1.10)  0.78 (0.65-0.94) 0.001
B (n=6,030)
HRER 1,270 1,499 1,653 1,608
AR (%) 114 (9.0%) 135 (9.0%) 143 (8.7%) 100 (6.2%)
EFn1’ 1.00 (reference) 092 (0.72-1.18) 085 (0.66-1.08)  0.58 (0.45-0.76) <0.001
737 1.00 (reference) 104 (0.81-135) 107 (0.82-1.38)  0.68 (0.52-0.91) 0.012
it (n=7,615)
SR EY 964 1,560 2,237 2,854
AR (%) 108 (11.2%) 172 (11.0%) 191 (8.5%) 223 (7.8%)
EFNN1T 100 (reference) 095 (0.74-120) 068 (0.54-0.86)  0.61 (0.49-0.77) <0.001
EFI 37 100 (reference) 1.06 (0.83-1.35) 081 (0.63-1.03) 0.79 (062-1.01) 0.007

7. EBN65-695%, 70-745%, 75-795, 80-84%%, 855 Ll L), 31 (24 DIBA)EHE
2. BT 1+ AR s, DHEE. BIE., EEk,. BEEE. BE8- B [HY, BL). REBEG6EKME, 16-185%, 1958LLE, &ig), B
18 GERE, RABME, BAEE RI1B)., 808 GEE0H, AXEE, HAELE KIB). Body mass index (kg/m2: 18,555, 18.5-24.9, 25.0LL F, &
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Association between the disability prevention program
“Secondary Preventive Services” and disability incidence
among the elderly population: A nationwide longitudinal
comparison of Japanese municipalities

Yasutake Tomata,’ Toshimasa Sone,'” Wan-Ting Chou,’ Toru Tsuboya,®* Takashi Watanabe,!
Masako Kakizaki' and Ichiro Tsuji’

Division of Epidemiology, Department of Public Health and Forensic Medicine, Tohoku University Graduate School of Medicine,
2Deparsment of Rehabilitation, Faculty of Health Science, Tohoku Fukushi University, *Department of International and Community Oral
Health, Tohoku University Graduate School of Dentistry, Sendai, Japan; and *Department of Social and Behavioral Sciences, Harvard
School of Public Health, Boston, Massachusetts, USA

Aim: The aim of the present ecological study was to evaluate the relationship between the rate of participation in
Secondary Preventive Services (SPS) and the incidence of disability in Japanese municipalities.

Methods: We used the national statistics data for Long-term Care Insurance (LTCI), because all Japanese people
aged 265 years are eligible for LTCI services depending on their functional status assessed by a national uniform
standard in all municipalities. The disability incidence rate for the 2-year period in 2009-2010 was compared among
five different levels of SPS participation in 2006-2008. The primary outcome was the sum total disability incidence
rate in LTCI from 2009 to 2010. The outcome was divided according to disability level into three patterns: “all levels
(Support Level 1 ~ Care Level 5)”, “mild disability (Care Level <1)” and “moderate to severe disability (Care Level 22)”.

Results: There was a significant inverse association between the SPS participation rate and disability incidence rate.
Among 1541 municipalities, those in the highest SPS participation rate quintile (29.79 per 1000 elderly population)
had a lower disability incidence rate for all levels than those in the lowest quintile (<1.86 per 1000 elderly population;
absolute rate difference 0.6%; age-adjusted incident rate ratio 0.94; 95% CI 0.89-0.99). This inverse association was
observed for mild disability and not for moderate to severe disability.

Conclusions: Municipalities with a higher SPS participation rate have a lower incidence rate of mild disability. SPS
could be an effective health policy for containing mild disability incidence among the elderly. Geriatr Gerontol Int
20185; ee: eo—co,

Keywords: disability, disability prevention program, Japan, municipality.

Introduction Insurance (LTCI) program in 2000.2 In this system,
everyone aged 240 years is required to pay premiums,

With the aging of the population, a rapid increase in and everyone aged 265 years is eligible to utilize ben-

elderly individuals with disability is becoming a large efits, such as hiring home help or living at a nursing

burden on social security systems worldwide.! In order home, if he/she is certified as “disabled”.

to take care of those who require personal care, the The number of disabled people certified for insurance

Japanese government established the Long-term Care benefit in Japan increased from 2.2 million persons in

2000 to 4.1 million persons in 2005.° The annual total
expense for LTCI in 2005 was £33.8 billion (¥6.8 tril-
Accepted for publication 30 October 2014. lion), and increased by 89% from 2000, which was
roughly 20% higher than originally forecast.*® This
rapid increase could threaten the sustainability of the

Correspondence: Dr Yasutake Tomata PhD, Division of
Epidemiology, Department of Public Health and Forensic

Medicine, Tohoku University Graduate School of Medicine 2-1, LTCI system. . X .

Seiryo-machi, Aoba-ku, Sendai, Miyagi 9808575, Japan. Email: In order to blunt the increase in the LTCI-certified
y-tomata@med.tohoku.ac jp disabled elderly and the consequent expenditure, the
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Japanese government in 2006 added the Disability Pre-
vention Program (DPP) to the LTCI system, with the
aim of preventing or postponing LTCI disability
certification.*¢ DPP consists of two steps: (i) screening
of frail elderly in the community; and (ii) providing the
frail elderly with Secondary Preventive Services (SPS)
including physical exercise, oral care and nutritional
guidance.

Long-term Care Insurance Act mandates all munici-
palities to implement DPP.¢ However, the participation
rate, which is defined as the rate at which the elderly
participate in SPS, varies among municipalities for
reasons such as differences in available budget or per-
sonnel or differences in popularity for such services
among the elderly.”

If SPS are effective in preventing or postponing the
onset of disability, there would be an inverse relation-
ship between the SPS participation rate and disability
incidence rate (LTCI certification rate) among the
municipalities in Japan. In other words, our hypothesis
is that the disability incidence rate would be lower in
municipalities with a higher SPS participation rate.

One cross-sectional study has reported that the rate
of SPS participation was inversely associated with the
prevalence of mild disability (LTCI certification grade of
“care level 1”7 or less) in 26 municipalities in the Tokyo
metropolitan area.?

The purpose of the present study was to evaluate the
relationship between SPS participation rate and disabil-
ity incidence rate in all municipalities throughout Japan.
Accordingly, we analyzed the relationship between the
average SPS participation rate and the disability inci-
dence rate.

Methods

Study design

The authors carried out an ecological study, using the
national statistics data for L'TCI of Japan.

LTCI in Japan

Each municipality manages LTCI systems as an insurer.
When a person applies to the municipal governments
for benefits, a care manager visits their home and
assesses the degree of functional disability using a stan-
dardized questionnaire developed by the Ministry of
Health, Labor and Welfare.® Then, the municipal gov-
ernments decide whether or not the applicant is eligible
for LTCI benefits (certification). If the person is judged
to be eligible, the Municipal Certification Committee
classifies that the person as requiring one of seven levels
of support; that is Support Levell or 2, and Care
Level 1-5. As a typical case, LTCI certification levels are
defined as follows: Support Level 1 represents moderate

2 |

limitation in instrumental activities of daily living
(ADL), Care Level 2 means assistance is required in at
least one basic ADL task, whereas Care Level 5 means
care is required in all ADL tasks.” A community-based
study has shown that levels of LTCI certification are
well correlated with the ability to carry out ADL, and
with Mini-Mental State Examination scores. A pro-
spective study has also showed that levels of LTCI cer-
tification are significantly associated with mortality
risk.'? Several epidemiological studies in Japan have
used LTCI certification as a measure of incident func-
tional disability in the elderly.’*'S

Participants

All the insurers of the LTCI system as of 31 March 2010
(n=1602) were defined as the study participants.
Although, in general, each municipality functions as a
LTCI insurer in most cases, some small towns have
established a union covering a wide area (n=39).
Because most municipalities become insurers in the
LTCI system, the term “municipalities” was used in the
present study as an alternative term for “insurer” in
the LTCI system.

Figure 1 shows the process used for selection of the
subjects analyzed. From 2006 through 2010, the
number of municipalities that separate from the wide
area union was four areas. We organized to make a state
of the wide area union before the separation, making the
total number of municipalities 1599. Among these 1599
municipalities, we excluded 16 for which data were not
available (because of the Great East Japan Earthquake
on 11 March 2011, or other reasons), 12 for which SPS
data were missing and 30 that represented outliers of the
primary outcome measure (<1 percentile and 299 per-
centile). Therefore, the participants for analysis were
1541 municipalities.

Data sources

We used the Survey of Disability Prevention Program,
issued by the Ministry of Health, Labor and Welfare of
Japan and published in connection with the LTCI
system. This provided the data for the numbers of the
older population by age category (65-69 years, 70-74
years, 75-79 years, 80-84 years, 285 years), the number
of SPS participants in fiscal year (FY) 2006-2008 (2006
April to 2009 March), and the number of persons who
were newly certified as having disability for LTCI in FY
2009-2010." With these data, we calculated the SPS
participation rate and disability incidence rate.

Parameters

SPS participation rate (exposure measure)

The SPS participation rate (%) in each year (FY 2006—
2008) was defined as “annual number of SPS

© 2015 Japan Geriatrics Society
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All municipalities”
1602
Organizing to make a state of
the wide area union before the
separation
1599
Statistics data was not
> |available (because of the Great
A4 East Japan Earthquake, etc.)
1583
« |Data of Secondary Preventive
P
N\ Services was missing
1571
Outlier of main outcome
.. |measure (<1 percentile and >
\A “ 199 percentile)

Figure 1 Flow chart of study

Analysis subjects

participants. *Insurers of Long-Term
Care Insurance system in Japan.

1541

users/number of older population aged 265 years on 31
March,” this date being the last day of the fiscal year in

Japan.

Disability incidence rate (outcome measure)

Functional disability was based on disability certification
in the LTCI system in Japan, which uses a nationally
uniform standard of functional disability.

The annual number of incident cases of disability was
used as the outcome parameter.

Statistical analysis

Because numbers 1 through 3 in the original dataset of
FY 2009 and FY 2010 were input with “*” as an expres-
sion of “a few”, “*” was imputed as 2 in the present
study.

To evaluate the relationship between the rate of par-
ticipation in SPS and the disability incidence rate, we
used Poisson regression analysis. The mean SPS par-
ticipation rate for 2006-2008 was used as an exposure
measure. Qutcome was divided according to disability
level into three patterns: “all levels (Support Level 1 —

© 2015 Japan Geriatrics Society

Care Level S5),” “mild disability (Care Level <1)” and
“moderate to severe disability (Care Level 22).” The
primary outcome was the sum total of all levels of dis-
ability incidence from 2009 to 2010. The main analysis
was defined as a comparison of the disability incidence
rate between the five SPS participation rate groups
in 2006-2008 (“<1.86,” “1.86-3.48,” “3.49-5.61
“5.62-9.78" and “29.79” by quintile) with Poisson
regression analysis offset by the log of the population
aged 265 years in 2009.

Because the age structure of the population varies
according to municipalities, we adjusted the propor-
tions of the age groups (65-69, 70-74, 75-79, 80-84,
>8S years per population aged 265 years) in 2009.

Stratified analysis of population size by tertile groups
(older population aged 265 years in 2006) was also
carried out as sensitivity analysis. Interactions between
the SPS participation rate and the older population were
tested through addition of cross-product terms to the
multivariate model.

All data were analyzed by using IBM SPSS statistics
software version 20 (IBM Software Group, Chicago, IL,
USA). All statistical tests described here were two-sided,
and differences at P < 0.05 were accepted as significant.

| 3
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Ethical issues

The ethics committee of Tohoku University Graduate
School of Medicine (Sendai, Japan) reviewed and
approved the study protocol. Because the present study
used the public statistics data for municipalities, per-
sonal consent was not necessary.

Results

Basic characteristics

Table 1 shows the basic characteristics of the five SPS
participation rate groups. Municipalities with higher
SPS participation rates had lower total populations and

Table 1 Baseline characteristics (n = 1541 municipalities)

older populations, and a higher proportion of individu~
als aged 80-84 years and 285 years. Disability preva-
lence (proportion of disabled persons per elderly
population aged 265 years at the end of FY 2009) was
significantly different in an intergroup comparison, but
it was not a dose-response relationship.

Among the various SPS activities, ambulatory-type
“Exercise” accounted for the highest proportion (more
than 40% of SPS activities). Municipalities with higher
SPS participation rates had lower proportions of
ambulatory-type “Exercise” and higher proportions of
“Others,” and “Homeboundness prevention,” “Demen-
tia prevention” and “Depression prevention” for home-
visit-type activities.

Quintiles of Secondary Preventive Services participation rate! P
Q1 Q2 Q3 Q4 Qs
(<1.86) (1.86-3.48) (3.49-5.61) (5.62-9.78) (9.79%)
n 308 308 308 309 308
Mean demographics data in 2009
Total population 134,117 101,582 84,716 48,687 21,469 <0.001
No. older population§ 29,447 22,173 18,941 11,811 5,609 <0.001
Proportion per older population (%)8
6569 years 27.1 26.9 26.8 24.8 23.0 <0.001
70-74 years 23.3 23.2 22.9 22.2 21.7 <0.001
75-79 years 20.6 20.6 20.6 21.1 214 <0.001
80-84 years 15.4 18.7 15.7 16.8 17.6  <0.001 -
285 years 13.5 13.6 14.0 15.1 162 <0.001
Disability prevalence in 2009 (%)? 16.9 16.3 16.2 16.7 16.9 0.008
Mean Secondary Preventive Services participation (%o)
2006 . 1.1 2.0 3.9 10.8  <0.001
2007 1.0 2.7 49 8.3 21.3  <0.001
2008 1.1 3.2 5.3 8.5 22.9 <0.001
Mean of 20062008 0.9 2.7 4.5 7.4 19.9
Percentage breakdown of SPS in 2008 (%)
Ambulatory type 92.0 92.7 92.2 92.6 82.1
Exercise 54.5 53.0 47.5 48.0 41.0 <0.001
Nutrition 1.4 1.8 1.9 2.1 1.9 0473
Oral 11.3 12.9 13.2 12.3 89  0.017
Exercise + Nutrition 1.7 0.8 1.4 1.0 1.4  0.730
Exercise + Oral 44 4.9 4.2 6.8 6.0 0.344
Nutrition + Oral 2.4 3.2 2.6 1.9 22  0.505
All complex 10.8 11.7 13.8 10.6 9.9 0472
Others 5.6 4.4 7.5 9.8 10.8  <0.001
Home-visit type 8.0 7.3 7.8 7.4 17.9
Exercise 1.1 1.0 1.7 1.6 3.9 <0.001
Nutrition (except meal delivery) 0.8 0.7 1.0 0.9 1.6 0.034
Nutrition (meal delivery) 0.9 1.6 0.7 0.6 1.2 0.335
Oral 1.0 1.5 1.4 1.1 2.0 0.149
Homeboundness prevention 1.4 0.9 0.8 1.0 3.1 <0.001
Dementia prevention 0.8 0.6 0.8 0.7 24 <0.001
Depression prevention 1.1 0.5 1.1 1.3 2.8 <0.001
Others 0.8 0.4 0.3 0.3 0.9 0.330

TQuintile of mean participation rate (%) of Secondary Preventive Services in 2006-2008. *One-way ANOVA. SOlder population
was population aged 265 years. Proportion of disabled persons per elderly population aged >65 years at the end of FY 2009.
fAnalysis except 82 municipalities where number of SPS participation was 0.
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Table 2 Relationship between participation rate of Secondary Preventive Services and disability incidence rate

Quintiles of Secondary Disability incidence by years
Preventive Services 2009% 20108 Sum of 2009-2010#
participation rate (%)t Rate  IRR (95% CI) Rate  IRR (95% CI) Rate IRR (95% CI)
All level disability
Q1 (<1.86) 4.2%  1.00 (Reference) 4.6%  1.00 (Reference) 8.8%  1.00 (Reference)
Q2 (1.86-3.48) 4.1% 0.98 (0.92-1.04) 4.6% 0.99 (0.93-1.05) 8.7%  0.99 (0.94-1.04)
Q3 (3.49-5.61) 41% 1.00 (0.92-1.08) 4.5% 0.96 (0.88-1.05) 8.6%  0.98 (0.91-1.06)
Q4 (5.62-9.78) 4.0% 0.95(0.90-1.00) 44% 0.96 (0.91-1.01) 84% 0.95 (0.91-0.996)
QS (29.79) 3.9% 0.94(0.88-1.01) 4.3% 0.93 (0.87-0.98) 8.2%  0.94 (0.89-0.99)
Mild disability®
Q1 (<1.86) 2.6%  1.00 (Reference) 2.9%  1.00 (Reference) 5.5%  1.00 (Reference)
Q2 (1.86-3.48) 2.5% 0.95(0.88-1.02) 2.8% 0.97 (0.91-1.04 S5.3% 0.96 (0.91-1.02)
Q3 (3.49-5.61) 2.6% 1.01 (0.90-1.12) 2.8% 0.97 (0.86-1.08) S5.4% 0.98 (0.89-1.09)
Q4 (5.62-9.78) 2.4% 093 (0.86-1.00) 2.8% 0.95(0.89-1.01) 5.2% 0.94(0.88-1.00)
QS (29.79) 2.3% 0.88 (0.82-0.95) 2.5% 0.87 (0.81-0.94) 4.9% 0.88 (0.82-0.94)
Moderate to severe disabilitytt
Q1 (<1.86) 1.5% 1.00 (Reference) 1.7%  1.00 (Reference) 3.3%  1.00 (Reference)
Q2 (1.86-3.48) 1.6% 1.03 (0.94-1.12) 1.8% 1.03 (0.94-1.12) 3.3% 1.03 (0.95-1.11)
Q3 (3.49-5.61) 1.5% 0.99 (0.93-1.05) 1.7% 0.96 (0.88-1.04) 3.2% 0.97 (0.91-1.03)
Q4 (5.62-9.78) 1.5% 0.99 (0.93-1.05) 1.7% 0.98 (0.91-1.05) 3.2% 0.98 (0.92-1.04)
QS (29.79) 1.6% 1.05(0.96-1.15) 1.7% 1.01 (0.94-1.10) 3.4% 1.03 (0.96-1.11)

*Quintile of mean participation rate of Secondary Preventive Services in 2006-2008. *Disability incidence rate and incident rate
ratio (95% confidence interval) were adjusted for proportion of age-group (65-69, 70-74, 75-79, 80-84, 285 years per
population aged 265 years in 2009) and offset by log of the population aged 265 years in 2009. "The adjustment items and the

offset variable as above described® in 2010 were used. Care Level <1 on disability certification criteria of Long-term Care
Insurance system. fCare Level 22 on disability certification criteria of Long-term Care Insurance system.

SPS and disability incidence rate

Table 2 shows the relationship between the SPS par-
ticipation rate in 2006-2008, and disability incidence
rate in 2009, 2010 and 2009-2010. After adjustment
for age structure, the disability incidence rate at all
levels in the highest quintile of the SPS participation
rate (=9.79) was lower than those in the lowest quintile
(<1.86) in each year. For the period 2009-2010, the
absolute rate difference was 0.6% and the age-adjusted
incident rate ratio (95% CI) was 0.94 (0.89-0.99).
When outcome variables were stratified by disability
level, “mild disability” was significantly related to the
SPS participation rate, and the age-adjusted incident
rate ratio (95% CI) in the highest quintile was 0.88
(0.82-0.94). However, “moderate to severe disability”
was not significantly related to the SPS participation
rate.

Table 3 shows the relationship between the SPS par-
ticipation rate and rate of mild-level disability incidence
according to population size (tertile category). The dis-
ability incidence rate was significantly lower in groups
with a higher SPS participation rate, except for the
stratum representing the biggest population. This rela-
tionship did not differ significantly among populations
of different sizes (P = 0.744 for interaction).

© 2015 Japan Geriatrics Society

Discussion

The present results showed that the SPS participation
rate for 2006-2008 was inversely associated with the
disability incidence rate in the period from 2009 to
2010. The incidence of mild disability was particularly
low among municipalities with a higher SPS participa-
tion rate. This supports our hypothesis that SPS would
be effective for preventing or postponing the onset of
disability.

The SPS participation rate was significantly lower in
older populations (Table 1). Population size might be
associated with the availability of LTCI services, medical
services and the other types of support, because munici-
pal performance might differ according to population
size. Thus, population size might affect the disability
incidence rate. However, the present results were not
altered after stratifying for the size of the older popula-
tion, although the relationship in the largest population
group was not significant (Table 3).

An association between the SPS participation rate and
disability incidence rate was observed only for mild dis-
ability (Care Level <1). This association would seem to
be reasonable when considering the time-course of the
occurrence and progression of disability in terms of
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Table 3 Sensitivity analyses: the relationship of mild disability incidence rate according to the older population

n Ratet IRR (95% CIt P-interaction

Older population <3953 (n = 514)

Q1 (<1.86)* 79 5.0% 1.00 (Reference) 0.744

Q2 (1.86-3.48) 48 4.6% 0.91 (0.83-1.00)

Q3 (3.49-5.61) 76 4.8% 0.94 (0.88-1.02)

Q4 (5.62-9.78) 111 4.6% 0.91 (0.84-0.98)

QS5 (29.79) 200 4.6% 0.91 (0.85-0.97)
Older population =3954-12 540 (n = 514)

Q1 (<1.86)* 87 5.0% 1.00 (Reference)

Q2 (1.86-3.48) 111 4.7% 0.93 (0.87-1.00)

Q3 (3.49-5.61) 120 4.7% 0.94 (0.88-1.01)

Q4 (5.62-9.78) 121 4.8% 0.96 (0.90-1.02)

Q5 (29.79) 75 4.6% 0.91 (0.83-0.99)
Older population 212 541 (n = 513)

Q1 (<1.86)* 142 5.5% 1.00 (Reference)

Q2 (1.86-3.48) 149 5.3% 0.97 (0.91-1.04)

Q3 (3.49-5.61) 112 5.5% 1.00 (0.89-1.13)

Q4 (5.62-9.78) 77 5.2% 0.95 (0.88-1.03)

QS (29.79) 33 5.0% 0.92 (0.84-1.01)

TDisability incidence rate (mild disability) and incident rate ratio (95% confidence interval) were the same model in Table 2
(sum of 2009-2010). *Quintile of mean participation rate (%) of Secondary Preventive Services in 2006-2008.

LTCI certification. According to the “SPS Report for
2006,” 7.7% of all SPS users who were originally inde-
pendent at the beginning of FY2006 eventually became
certified for LTCI disability in the same FY.'” Of those,
78.8% were certified for mild disability (Care Level <1).
Another longitudinal observation showed that just
6.8% of the elderly with mild disability (Support Level)
changed classification to moderate to severe disability
(Care Level 22) for 1 year.’® These observations suggest
that the effect of SPS would be limited to decreasing the
incidence of mild disability among SPS users in the
short term, and that it would take as long as 5 years until
the effect of SPS on the incidence of moderate to severe
disability could be examined (Care Level 22). These
results are consistent with our finding that an associa-
tion between the SPS participation rate and disability
incidence rate was evident only for mild disability.

Additionally, a different distribution of cause of dis-
ability according to the disability levels might also con-
tribute this association. The most common cause of
mild disability is musculoskeletal disorders (articular
disease, fracture and frailty), but the most common
cause of moderate to severe disability is stroke.'
Because SPS is comprised of the intervention, such as
physical exercise, which would be especially effective in
the musculoskeletal disorder, the result for mild disabil-
ity might be reasonable evidence. In fact, two quasi-
experimental studies have reported that participants
in physical exercise intervention have lower rates
of incident disability (LTCI disability) than non-
participants.??!

6 |

First, we were unable to fully rule out the possibility of
confounding by personal and local characteristics,
because this was an ecological study. In fact, the rela-
tionship in the largest population group was not signifi-
cant (Table 3). Therefore, the present study might also -
have not been completely free from confounding by
municipal characteristics. However, because the study
was not cross-sectional, temporality was secured and
reverse causation would have been less likely to occur.
Although a randomized trial of the SPS system would be
ideal, this would be difficult in Japan, as the SPS system
has already been introduced all over Japan at the same
time.

Second, the present study was unable to adequately
examine the shift to moderate to severe disability from
non-disability, as the period of outcome observation
was just 2 years. Therefore, a long-term study to
examine disability including moderate to severe levels as
an outcome will be required.

Third, SPS have not yet become sufficiently wide-
spread. In the present study, the highest group of SPS
participation rate was just 20.979% (this group repre-
senting 20.0% of all municipalities). Despite the fact
that the Japanese government has aimed for a SPS par-
ticipation rate of 5% among the aged population, just 10
municipalities (0.6%) have achieved a mean participa-
tion rate of 25% for 2006-2008.% If the SPS participa-
tion rate were to become higher in many municipalities,
a contained relationship might emerge.

After the introduction of SPS (2006), although
Japan’s LTCI expenditure per person aged 75 years or

© 2015 Japan Geriatrics Society
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older plateaued, the absolute number of total enrol- 7
ments and expenditure increased.> Because of the
increase in the elderly population in Japan, preventive
measures would be more important. 8

In conclusion, municipalities with a higher SPS par-
ticipation rate have a lower rate of incidence of mild
disability. SPS might be an effective health policy for
containing the incidence of mild disability among the
elderly.

9
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