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Oral health status in an elderly urban population:
the Tsurugaya project
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Abstract : To clarify the interrelations among oral health status, masticatory function, dietary
behavior and the influence of these factors on geriatric syndromes, such as compromised
physical functions, dementia, and depression, we performed a dental checkup program as a part
of the Comprehensive Gertatric Assessment (CGA) for 1,172 residents, 70 years or older, in
Tsurugaya district, Sendai (the Tsurugaya Project). The oral health status of residents of
Tsurugaya who lived at home was evaluated and compared with the results of a nationwide
examination in Japan, Report on the Survey of Dental Disease (1999). The mean number of
natural teeth in our elderly subjects was significantly greater than that in the subjects of the
nationwide examination (14.1 vs 10.4).  The proportion of subjects who had 20 or more teeth in
Tsurugaya was higher than that in the nationwide examination. There was no difference in the
frequency of prosthodontic replacement of missing teeth between our subjects and the nation-
wide examination. As for periodontal condition, the proportion of subjects with no periodontal
problem was greater in Tsurugaya than in the nationwide examination. In addition, proportion
of subjects with severe periodontitis was lower in Tsurugaya than that in the nationwide
examination. These features were considered to be related to factors such as living environ-
ment, attitude to dental heaith, and economic situation in an elderly urban population.

Key words ;" oral health status, dental checkup program, elderly population, nafural teeth,

‘Tsurugaya Project

16



2415

&

AODEE{ES#ES, ADL OET, FRAEEOETZ i
ko T [EEEREREE ] 2RI LT, Wh3EAESREY
SR Tw5% 20k hEiEoF i, OEEEOEM
5 HEAESPHOKEBI L 2 HEEERET 5 bDH% <,
R, S HEER CHFEE TEEAMRE TOREEE 2 £ L
b HB, INHDOEEFEREFRSY, B%ELOH
SEEIIEDS, BREOLER QOL K RIFTRHERKE
v, 7, HBEHOBTIREERNOFE I b, &
BREEERT, 7 DPRAEEEE L Y OZEERCES T 5
RS B E N TV B, &510, ENEOER L% 55
RELhMOmEREE T EOLGRBORE, ER L OEREL
DEE® bH|EINTVE I DS, NEFHAOERO
R REIEEAL TV, LrLids, FAS5DEELE
FIBECF Y ARTATH 2 LREZT, GHEQSONE
FHODIEEEE BT 2 TR EY,

72T, OESREE, IEEHEES L UMRET 5 QOL o#E
OEMRR, TS BENEREBICEDL 228 08ERT I RITYT
FERHSMIT S I L EENE, G EREREREL
¥ & —, B AFERERE SRR B L CREEWER o
HBETTOA-ERECH T 5REHETME (Compre-
hensive Geriatric Assessment, CGA) KB WT, thRlEZ»
EhEL oo

I TRAEWROE# L LT, BRREEDO IS 6 UK
EEEREOOREBORMETARL, TR 1 EEERES
FREFRERES 2 A 2EFE & OB 2T o7,

il

MRFE

T 1 RN

LETEREFREy SHKCEFT 2 70U o=
H 2,730 ZicxtL, [+ BEL & O FHERZ |OEMREN 2
HLiz, 20027 A S 8 IR EMHL, MRl 3
AEEE-Z2EEMRCTHEEERL 12,

32!

2. REE~OER

AR RIEARFAFREFMARRE R R X DR 2 B
KRETY . HREICE, FROVIFBERCOVLTEHAL, X
Tk aEEREL,

3. BEFHE

AEAZER, FfCSEHOREEEIC DL T4 F +
V7V =g v efTo IERIENMSS, DEELEEES 14T
DOMES5HDL DRI L.

B

HHEMEERC BT BEERREOOBRE: Bra70Yx oK 17

MR E L T 2 HEEIZ DV TR, #ewE, LERE,
RAE 5 fibth, > 8RR CGROAERO VI ric S L7z, R
WE > filEE i, EREEEAHEPEEL TW A M L BEAREE
KAl L7z, 5 fRkk { RAER & 13, SEOBHE, B, 56,
BERER, SME, BRALE, MEEEE LY TH D, JIERBRILE,
FEEP Ty VR LI L AREREAEN LI N TR WE
FRRE, BRI RIBHEIBME SRS h T 5 KIBFSSE I L
77 A

@ wEEHOZ

s OZE I Z, Community Periodontal Index (CP)
W, Thbb, OBERE ETEOAGARIFAERS X UL
TEL2EHO 6 AEICHT, HLEONREHEE CPl 70—
%R C EEGEATE, TEREHEC O W TBE L., K
Wi, AEH TS, EoRAKEL 28FORERI—-F R
ZOHEDI—F Lz, RBEWO—FABKELTWIHEE
X, BELTwARKREO I —F2EHL, 2B b RELT
v BIEE, FOSEIFREL L L L, BisEER RSEAAIsRY]
e TELAAEYIEEREEE L, KIBL T 3358 13l
ZEEREHEE LTBE L, AFRHE, ABERLbCREBLT
WEBEREFEELE LR, 351, 6AEFORAKI—F%E
FREOCPIRIT & UTERSHREOHES L USic Av
F2o CPl 21— L SHEEHER LT OEY TH 5,

a— N0 E#E

a—F1. Fo-tErsBodim

a—F2 Fu—Eriiksiaoki

I—F 3. K7y bOFEEH 4mm BIE 6 mm K

a—F 4, K7y bOEIBRE6mmLLE

5. Gtf

BITEeE, KIEHERIS & UCEEERE ORI D W» TR,
FEERPER BN AT Uiz, BIER OB II S, LEE, RO
B L, FOBHEMKEEEFATORERERBII Y, S
T < SRAVE S W MRS IC & A, FRAE S Al s & UM A B
BRI Y LT, I T0-T74 5%, 75-79 i%, 80-85 B &
Uss gl EicEAE L, S5, IhoDBRETH 11 &5
EEERHE R ERFERE I & 3 2ERE L HERS Ui,
EHEAT 2 s Y 7 & SPSS ver120 2RV, HWH -
5, xPHRE, —TERESESN T oo, W bR
EARUER 5% & L,

& R

3

1. R8HE

#1 BB OERRERT, BRRRE 2730 £,
ZHHT T2 H (429%) ThHok, BREMBLMNS <,

i
W



18 X EHiEh

&E  70-74  75-79 80-84  85-

2k fHRE 2730 1,212 799 443 276
Z2 1,172 605 343 161 63
SRR 420% 49.9% 429% 363% 228%

B dRE 1130 544 325 158 103
22 486 270 134 59 23
2EE 430% 496% 41.2% 373% 22.3%

T &HE 1,600 668 474 285 173
2 686 335 209 102 40
ZEME 429% 501% 44.1% 358% 231%

#2 BEW L T O
BAE fieaea] AiEE

Sk 141 (103) 57 (85 77 (63) 07 (16)
1B
B4 155 (103) 70 (72) 77 (60) 08 (18)
131 (100)* 47 (57)* 78 (66) 06 (15)
i | .
70-74 170 (98) 71 (68) 92 (63) 07 (1.8)
75-79 125 (99 50 (1) 70 (B1)F 06 (1.4)
80-84 92 (96)* 31 (501 54 (60)* 07 (1.8)
85~ 3 B4P* 25 (50 41 (45 07 (15)

*p<0.05 (vs BH), 2p<005 (vs 70-74),°p<0.05 (vs 75-79)
THE (REERE)

2D 586% RGO, BRRCHEERI LN oI
BB T, BENMEWIE ESRERNEFT, B2
%] & 1 70-74 §% T 51.6%, 75-79 %% T 29.3%, 80-84% T
18.7%, 85ERLAET54% ThHoTe,

2. IRER

REM 3 & AR 28R T 2 B, MESR, RUEHD
— AR E TR 2 W T, REEEUE 141 K TH - 7o, TR
Tl BEM 155 2, 2ot 131 AT, BEO AL D bERI
Linote, EEEERTR, SHEIZ CBEERIZ R <, 80-
B4k r 85U FHI R £TOBERICEEENSTED 5h
Tzo BEWEIZ ST A TH o7z, BEHE D HERREE BHET

BH<L (BETOR, L 47 X)), ERBIZ D hoT,
WBEEICEERE R o 72205, BRBIECEEC AR bod,
FAERHU M, FHEEEER bbemmof:o

3. XRIBFHRIAR (£3)

— NG DR EEIL 142 A TH o Jeo HRITIE, Bk 12.9
21:, LW 151 RTCLETHER LS o Tz, FHEENTR, &

BB YA S o o, KIBRIRESCE 3 ko /e
D, BREIEESMERIH D, 70-74 R L DL T ORBR
BLUT75-795% & 80-84 BRI HEENTD S iz, BEFE
N, EREEEIEDsRE» ST,

B ZEAMES

3. BERH & RIBRIBRS

feskry RABHE S iR
2k 14.2 (10.0) 12.3 (10.6) 16 (4.6)
51
i 12.9 (9.9) 11.3 (10.3) 1.2 (4.0)
itk 15.1 (9.9)* 129 (10.8) 1.9 (5.0)
FhmkEE
70-74 1.4 (95) 9.6 (9.8) 14 (41)
75-79 15.8 (9.6)* 140 (10.5) 15 (4.4)
80-84 19.0 (9.3)* 166 (109)* 22 (59)
85- 209 (82)** 176 (106 29 (63)

*0<0.05 (vs BE), p<0.05 (vs 70—74), <005 (vs
75-79)
THaE (BRERE)

4. HEEMRMHREE

HEAEBOREBIR T -y REBEEBR 1M LEJFES
WLz, SHNREDS b, 62ELTKREESZVLER
234% (Bt 20.8%, Xk 253%) Th-l. EREERTR
70-74 BT 15.1%, 75-79 BT 25.4%, 80-84 3T 42.0%, 85
MU ET466% &, BEESEHEFLREEZBL2VLENS
Polz, BTk, RETH 1 FEICHREDH -7z 874 HOD
CPlAZ7DARERT, Tl FEH 4mm B LEOR
ry b (A37 3,4) BEEL, RAIT1BLIU2:2EDEE
88.0% il & > DMEFRBOF R A S hiz, HHITIE, &2
7 DEEWEBERER R ot EHEERITIE, BREIE
ERA2AT 3,4 OEIEDPEERIICH 07,85 BRULETH, »i
NOEBB L TOERBICAIT 0 DEIGIINEL, Aa7
2DEEHKED STz, AT 1DHEZWEMoT,

5 SEHREZELOHE

1) FAEENGRE

TR - 2ERAE (PR EERREEEERATRS) O
MNERBF BT B HE FREBILTIEF—RLTwiz (H
2)s

2) Bifcws

— AR, 2EED 104 Fe LEERC S »-
7z (141 ), MR, FREEFTLEWEEZSRL, 80-84i%%
k< eToBBRICEEERZ o (H3)

LICRBEEREREE T2 BEORGREEMCELL, &
fixRlic, MEHESHD THL, ZOMOBERBICIE
BRI TART D L v 5 IS, By BHIX L £ EICHE
LTHBNI, L Lgdss, By iR 81T 2 JEsEE =R
i3, SEMHED 28.4% XL, 17.4% L{KE > 7. 3HHRENC,
SWOBEEEHRET 2 EHOBG IR L, 20w LREHE
&, £EED 235% £ AMEIC LE % 40.9% THo7z (B5),
Z OMEAN, R, FEREEROHE THERIC S SR, &
Bz, BEATS % 80 Bl i o 2 8020 BAVE R, £IEE



24E1S

HHEMESIEC B D EESHEOOERE:: Bra70Y o b

7N
(n=874)
Hit
(n=380)
otk ORAA70
(n=494) ® X:? 1
B X372
70-74 0O R37 3
(n=505) B X7 4
70-74 |
(n=247)
80-84
(n=91)
85—
(n=31)
0% 25% 50% 75% 100%
1. HEBAEIAE '
; e |
=D
(n=1172) O #i¢
2E
(n=989)
By 0 70-74
(n=1172) B8 75-79
ox @ 380-84
(n=989) @ 85-
1 |
0% 20% 40 % 60 % 80 % 100 %
K2 #8Bs2Esr2EREEC BT H5REDHE
2% ; 1%
i %
- { *
o Bya
a8 2H
{ bk
. ok
{ *x
20 30

* p<0.05 (vs £E)
®3 — AFHREEROLR



20 X ZEFhn R KPS
(F)
= 0 f
— 5 =
25%E 3K — — 25%E 0%
PRE 19%K —] — hffE 99X
T5E 24K = 20 = T5%E 19K
=15 =
= 10 —
= 5 =
= =
= 0
30 % 20 % 10 % 10 % 20 % 30 %
o &gys B £F
4. BENSEOTEEEIAH
— T T
2%
%HEFH----‘ ]
£k h--unl--I-lIIlIlIl——*—J
‘ o B8
B £H
70-74 S E— '
75-79 P—-ﬁl‘—‘
80-84 —
85~
0% 20 % 40 % 60 %

5. 20 RA L IREEED

7D 9.9% HF L, 19.2% TH -7z,

BEW OB, SEREICHS, #2HE0 50 2840855
<y RABHEOEIGESERETR L (H6),

3) KEBRBRR (K7)

— NIRRT 123 KT, £EFED 160 Kkt
DI o o BRI 5 B RIBREBROZIE 1L, £,
R, FERMEENOLFRIZB LTS 80~90% Thbh, FZ
LREERDENE M T,

B AR EE (X 8)
BESEICBITS CPI A7 ORI, 227 0~4 £
FIEN12.0%, 12.0%, 26.1%, 40.0%, 9.8% T&H - F Dt

L, 2EHETIE 8.2%, 9.4%, 24.8%, 44.0%, 13.6% TH D, X
IT70DBEENE L, Aa7T 3,4 0ERERDOETLLE
DEEPMEER D A 5 Nz, & ORI, EH TR B, §
EIEERI T 70-74 5%, 75-7T9OEVKEICEZ 0 HD &
Nize 85 MBI Z DIERIZ 2 5z h 7z,

&

T~

1. BREN%R

%%@ﬁ%tﬁjt%#§m8&(ﬁﬁﬁi@%ﬁ%@%
BERTEHREEN244% CELTEY, 2EFESD
19.0%'" 2 K& LESBEHEBTH 5, BERNRO 70



24815 LS S SEEBREOORAE: 8870V TN

= U BeiE
B gl
8 KkLESH

0% 20 % 40 % 60 % 80 % 100 %
6. BFESMERO K

e Wi ] ]

2F

Gra
28

ity BF i i I ]
Ti =]

O ZiBHRE
B EHEE

By
70-74 om

@ra
75-79 om

B
80-84 28

Bra
2@

|
|
|

0% - 20% 40 % 60 % 80 % 100 %
7. FARFERRELOLLE

PRRIDSNEN TEEF O e T TH T

%ﬁi Grs (n=814)

£[E (n=596) R e T T EEBsEEmin:

Brd (h=380) CREWNRL. o e o /j/aRusiNNiNARRRs N sysRARRaRRss sz aaass ssziasnsnss;

%ﬁ:‘ 2 (n=140)

OAxa7o0
AAa7 1
i PP EEL R B X372
0 X373
B8 X374

B d (n=494)
=i i

%[ (n=245)

i RERanRARS

By s (n=505)
£ (n=356) =5

70-74

............. I A R A O

By (n=247)
2 (n=166) (RS

75-179

Wy a (n=91) e

80-84 o (n=ssy

B e (n=31) e R T FEHTE

EE (n=19) RN

85

8  HERMEIRTED R



22 K ZEhH

B EESRECELTY, 2EED 13.3%Y &L 161% &
B, Licai> T, Bk s EimAOOBMSFEl s n 5 5$k0
EFNELT, By SMRBMEBHRE R T, BEREEER
429% TH- Iz, MR, FRPEEAMOZZFIRO <, [
HIR D ACIHER I 8 1) B HEEL, FERREELL & 12— L 7- [
THolzo COEFIHERWCES 2 EDOTE .05 R
BELESRETCHY, BENELEZEZ VOO, RHXORE
FRBCBI2MOEFEELEZREV20%EBETHS
DR, ZO2FEUEOF/EBETH >/,

2. OfFRE

BEORER, BERIZE L DBHCE L, RctkouRd
LTz, ZOEAREEREELERTH S, LrLixss—
NEHOBERR G, i, SFEREE B C2EEL
Db Eholz, & LIEHEBIOS TS, HEEEED D LE]
EPMEL BHEREEEVR O I LS, ke LTSN
FlEETTHB I IS, E 5Tz, 8020 EALE DEEE A
5Y, FEWREEROFEN S bbb, BEHROERT
i, SEFE L L TEESENS RULERD 2 h o T,
KISHBRI 2 ERE & OZRTD sh iz o o, lAMRR
DREBIZLERAE L N, 2 TEIBEERTH -7, 2D
Lin s, REELSLHE OMEEHE TS & AR
BIFRREETHEEL T3 Z LSRR E N,

FEZTHON B GHK L £EFHE BT 5 ORREE
DESOERE LT, By R OMIBRENE Z 5h, 20—
DELTHEROBEREND T N5, FMKIZ 1960 R
fEobNfcma—F v ThHYD, Ay Rnicd, BRIEECHE
T HEHRP Y — R EBHBEAE LSNP TV, FEMREDOL L
i, 5 URBE T OHER2%- TB 0, ZOEELEWEAE
DOERBICEEL TwD EHEINE, S5, ZBENS
Bl EREBT - o —FETHEEHEET, 7oy
LR AEARESELZ LI LR EH S, AROBEE

ALk

BOHSRF LT RET IO HESH B L E L SN, BEE
RWRBENLHRER L H %, — AT, FATHSEBRRBZHR
THLIORIL, HEHE B EEA T IFHAE R 2O BER
ETHHI D6, HEL-MHRT 2 I L OMBES b
oL L s, AR TOLEIZ L 0 D7 &b ADL DL
BB WEREODEREREEAMBIC L 22BYSLD
LbRIFTHDZEMNES LRk, MET R, BIFL
OFEBREOREME L ADL RO BEGFO—D TH 5 FHEMES
BEEY oS,

LR LB SHIR O L S RETHHEER I 2 E
%<, SRAROBELE T S SENT 5 2 LT
na,

3. SHBOBIEEE)

ZORR, OEREBOPTY, LD buBEEEORR IS
ERELBL A EMAET A LM Rol, THE
T, REREHSREN R HET 2 RAERTH S 2 L3RS
ShTHEDY, SREOHEEMEE FRT 2—EDHEEL ENT
VBRI e BWOEEKS TV EERE BV TIRETE
B RIEEEE R SO R R T 5270 b
Bsae, .

AT TIL, OHEREROZED 474 & 3 BAR S OUEIEEES I
A7 =7 Lk ZEBREA O EBENFMS T I VTV R
=% BT E TRIE L ¥ OBRESHE, 7 & VW ARETRE
RRITHIET 27y - RESREDEBL TS, £Z
T, SHRIERETE S N7 OREE & RS & ORMED &
267, REBRRKELAD QOL &YX, SEELFEICON
THRELTOLTFETH S, 2R, Rl 0&EEC XY
CHEOFESHIIPEE &, BHRRIE, EieEES, 11> o, A
BEERE L © OBEERENCE T 5 THEREE L OBERH S
PITBEIELSBROFETH 2,

REES: NEFHEBY 20BN RHERIINARER T2 10hiz ), DERE HSSEER X &I+ % QOL O

BRERR, IhoSEiE 0 LEEEEET (BEERE ik

&T%@%%%mw?a:;mKﬂkfﬁéo%ZTﬁﬁﬁ

Fihil (IETEREFXE » GHIK) wiEFT 2 70 U EEMEENR E LB, 5D, RAEHEEORAHGER
BEIBOTERERHES 2 ERL /o, KR TR, ZOEBKRO—» 5HAR E T OBK, KIERERE S & UREHER
DIREEE T L, Z OFHEBES M LI, & 517, SERAETH 2 FH 11 EERRHEBERFERS L OHBHE 217>
Too 7 DR, YUBBHKEESERSE T, 2EREC - AETEEREDERCS P o7 (141 K104 ), £z, B
FEHREEHEOESPINMICB VT, EREEENEL, SHOBRESFEEOEENE» >, 20 U LEREEB LV
8020 EMHE R LEE K& ElH> e, —F, KIEFHFFRICEERE L DBLRA SN 5 o, BRBROREL, H
BRI S R EDNS {, WREEADEAEOE G ED - o ZFREOIE L 7% - 721 » BHEE 20 T OFEELEHT,
BE S COEALPTHHEERTH 2, 20 & 5 BT 2 ERIERRE, @ISR, SFRER Y OEER,

EElE O OEREBeZE L L 3 TR HE S i,

X 3

1) FERSFEE NERREERRRE (F), BEEYEHE

ERRNBOER
2} Osterberg, T., Mellstrom, D. and Sundh, V. : Dental health
and functional ageing. A study of 70-year-old people.



24HE1S

6)

Community Dent Oral Epidemiol. 18(6) : 313-8, 1980.
I, @ 1, ELE—E, BE B smEOE
IEHERE L B ERE & OBE I DT, BER M 169-
173,1997.

Shimazaki, Y., Soh, 1., Saito, T., Yamashita, Y., Koga, T.,
Miyazaki, H. and Takehara, T.: Influence of dentition
status on physical disability, mental impairment, and
mortality in institutionalized elderly people. J Dent Res.
80 : 340-5, 2001.

Nordenram, G., Ryd-Kjellen, E., Johansson, G., Nord-
strom, G. and Winblad, B.: Alzheimer's disease, oral
function and nutritional status. Gerodontology. 13: 9-16,
1996.

Taylor, GW., Burt, B.A,, Becker, M.P., Genco, R.J., Shloss-
man, M., Knowler, W.C. and Pettitt, D.J.: Severe per-
iodontitis and risk for poor glycemic control in patients
with non-insulin-dependent diabetes mellitus. J Perio-
dontol. 67 ; 1085-1093, 1996.

Saito, T., Shimazaki, Y., Kiyohara, Y., Kato, |, Kubo, M.,
lida, M. and Koga, T.: The severity of periodontal disease
is associated with the development of glucose intolerance
in non-diabetics : the Hisayama study. J Dent Res. 83:
485-30, 2004.

Joshipura, K.J., Hung, H.C., Rimm, E.B., Willett, W.C. and
Ascherio, A.: Periodontal disease, tooth loss, and inci-

dence of ischemic stroke. Stroke. 34: 47-52, 2003.

14)

15)

16)

AT C ST DEEEHEOOERE: B8Oz

Desvarieux, M., Demmer, RT., Rundek, T., Boden-Albala
B., Jacobs, D.R., Jr., Sacco, RL. and Papapanou, P.N.:
Periodontal microbiota and carotid intima-media thick-
infections and Vascular Disease
Circulation. 111: 576-82,

ness: the Oral
Epidemiology Study (INVEST).
2005.

B4 EBEERSERHAEEGR . TR EERERAE
TR, OHERERS, ¥a, 2001

BHERED . AR —TFR 15 €10 B 1 BBEH
SHAO—. BFE#HEHE, Hm, 2004

BEEE A, THNE, WHEHTEES  RABRGREOER
LT M sl | OWET 23k FEmpIsEKREEs
MRf, [fEEE 37 444-445, 1987.

Leak, J.L. : An index of chewing ability. J Public Health
Dent. 50: 262-267, 1988.

AL, EeokE AESE, REER EZE=, b
MoSi, TREE—, AMKIEE, SRR SRS L s
e OBEIE DT, [If§3E 39 424-425, 1989,
EOEE . BEEDOER - HIERE, HRREE N 299
308, 1998.

T, ¥ W, AIUER, EONE, soREm, Ak
EHNR . BEEEBEEH I FET ZRTFOMN. BFEEE
9: 184-189, 1995.

EAREE, HEES, SIS EERECETCES
2 OEEEETIER 7 — Vv DBEF L THll. BFEEF¥9: 3,
1995.

23



Green tea consumption and cognitive function: a cross-sectional

study from the Tsurugaya Projec

.t'1—-3

Shinichi Kuriyama, Atsushi Hozawa, Kaori Ohmori, Taichi Shimazu, Toshifumi Matsui, Satoru Ebihara, Shuichi Awata,

Ryoichi Nagatomi, Hiroyuki Arai, and Ichiro Tsuji

ABSTRACT

Background: Although considerable experimental and animal ev-
idence shows that green tea may possess potent activities of
neuroprotection, neurorescue, and amyloid precursor protein pro-
cessing that may lead to cognitive enhancement, no human data
are available.

Objective: The objective was to examine the association between
green tea consumption and cognitive function in humans.

Design: We analyzed cross-sectional data from a community-based
Comprehensive Geriatric Assessment (CGA) conducted in 2002.
The subjects were 1003 Japanese subjects aged =70 y. They com-
pleted a self-administered questionnaire that included questions
about the frequency of green tea consumption. We evaluated cog-
nitive function by using the Mini-Mental State Examination with
cutoffs of <28, <26, and <24 and calculated multivariate-adjusted
odds ratios (ORs) of cognitive impairment.

Results: Higher consumption of green tea was associated with a
lower prevalence of cognitive impairment. At the <26 cutoff, after
adjustment for potential confounders, the ORs for the cognitive
impairment associated with different frequencies of green tea con-
sumption were 1.00 (reference) for =3 cups/wk, 0.62 (95% CI. 0.33,
1.19) for 4~ 6 caps/wk or 1 cup/d, and 0.46 (95% CI: 0.30, 0.72) for
=2 cups/d (P for trend = 0.0006). Corresponding ORs were 1.00
(reference), 0.60 (95% CI: 0.35, 1.02), and 0.87 (95% CI: 0.55, 1.38)
(Pfortrend = 0.33) for black or oolong tea and 1.00 (reference), 1.16
(95% CI: 0.78, 1.73), and 1.03 (95% CI: 0.59, 1.80) (P for trend =
0.70) for coffee. The results were essentially the same at cutoffs of
<28 and <24.

Conclusion: A higher consumption of green tea is associated with a
lower prevalence of cognitive impairment in humans. AmJ Clin
Nutr 2006;83:355-61.

KEY WORDS Cognitive function, elderly, green tea, Japa-
nese, Mini-Mental State Examination

INTRODUCTION

Dementia is arapidly growing public health concern as aresult
of aging of the population (1, 2). In developed countries, demen-
tia has a reported prevalence of =~1.5% at age 65 y, doubling
every 4 y to reach ~30% at age 80 y (1). Environmental factors
associated with the risk of Alzheimer disease (AD), a common
cause of dementia, remain largely undefined, although several
risk factors for vascular dementia have been identified (1, 3—6).

- Experimental and animal studies have shown that tea and tea
polyphenols (which include catechins and their derivatives), par-
ticularly those from green tea, may possess potent neuroprotec-
tive activity that can help to ameliorate neurodegenerative dis-
eases such as AD and Parkinson disease (PD) (7). Green tea
catechins, especially (—)-epigallocatechin-3-gallate (EGCG),
formerly thought to be simple radical scavengers, are now con-
sidered to invoke a spectrum of cellular mechanisms related to
neuroprotective as well as neurorescue activities (8 —10). One of
these mechanisms includes protective effects against S-amyloid
(AB)-induced neurotoxicity by enhancing the release of the
nonamyloidogenic soluble form of amyloid precursor protein
(APP) (8). AP protein is formed by proteolytic cleavage of APP
(11) and is the main constituent of the neuritic plaques that are the
physiologic hallmark of AD (12). In addition, EGCG was shown
to have neuroprotective activity in a mice model of PD (13), and
an epidemiologic study indicated that the risk of PD was reduced
if tea consumption was =2 cups/d (14). Despite this considerable
evidence that tea, especially green tea, can protect against neu-
rodegenerative diseases, to our knowledge, no data are available
on any association between green tea intake and dementia or
cognitive impairment in humans.

We therefore designed this cross-sectional analysis to inves-
tigate the association between consumption of green tea and
cognitive function in elderly Japanese subjects, among whom
green tea was widely consumed. We considered it important to
search for modifiable factors underlying cognitive impairment
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because early detection and management of cognitive decline
contribute to the prevention of dementia rather than to treatment
(15, 16).

SUBJECTS AND METHODS

Study population

The Tsurugaya Project was a community-based Comprehen-
sive Geriatric Assessment (CGA) conducted among elderly Jap-
anese subjects living in Tsurugaya district, a suburban area of
Sendai City in northern Japan, between July and October 2002
(17,18). CGA is a structured approach to measuring the physical,
mental, and social functioning of elderly people to assess early
deterioration that may result in the need for long-term care and to
promote healthy aging (19, 20).

At the time of the study, 2730 people aged =70 y were living
inthe Tsurugaya district. We sent letters to all of these people and
invited them to participate in the health survey. Of those invited,
1198 participated in the survey and 1178 (43.2%) gave written
informed consent to be included in the analysis. The study pro-
tocol was approved by the institutional review board of Tohoku
University Graduate School of Medicine.

Data about consumption of green tea, black or oolong tea, and
coffee and cognitive function were obtained from 1151 of the
subjects who gave written informed consent. We excluded 148
subjects with missing data on body weight, height, blood glucose
concentrations, blood pressure values, or depressive symptoms
(described in Measurements). Thus, data from 1003 subjects
contributed to the final analyses.

Measurements

The questionnaire in the CGA included items about the fre-
quency of recent consumption of 5 beverages (green tea, black or
oolong tea, coffee, cola or juice, 100% fresh vegetable juice) and
55 items about food intake during the previous month. The fre-
quency of consumption of green tea was divided into 8 catego-
ries: never, <1 cup (0.1 L)wk, 1 cup/wk, 2-3 cups/wk, 4—-6
cups/wk, 1 cup/d, 2-3 cups/d, and =4 cups/d. In the study region,
the volume of a typical cup of green tea is 100 mL. We grouped
the subjects into 3 categories according to their beverage con-
sumption: <3cups/wk, 4—6 cups/wk or 1 cup/d, and =2 cups/d.

The questionnaire in the CGA also included /) demographic
characteristics (age, sex, and duration of education); 2) social
factors (visiting friends); 3) lifestyle habits (smoking, alcohol
use, and physical activity); and 4) physical health [history of
chronic medical conditions such as stroke or myocardial infarc-
tion, regular intake of supplements and medication, and self-
rated health (excellent, good, normal, poor, or very poor)].

Cognitive function was tested by using the Japanese language
version of the 30-point Mini-Mental State Examination (MMSE)
(21). The test was administered by specially trained research
assistants. The MMSE includes questions on orientation to time
and place, registration, attention and calculation, recall, lan-
guage, and visual construction. This screening test was originally
created for a clinical setting (21) and is used extensively in
epidemiologic studies (22). Higher MMSE scores indicate
higher cognitive function, and the maximum score is 30 points.
The analyses were conducted by using 3 cutoff points to define
different levels of cognitive impairment. The initial cutoff point
was <26, because a score of <<26 points on the MMSE generally

indicates cognitive impairment (23). The second was <28,
which we regarded as slight cognitive impairment, and the third
was <24, which we regarded as relatively severe cognitive im-
pairment. In the initial analyses, the group with cutoff points of
<26 included subjects with cutoff points of <24, and the group
with cutoff points of <28 included subjects with cutoff points of
<26 and <24, In further analyses, we reanalyzed the data by
using cutoff points of <26 or <28 after excluding subjects with
a MMSE score of <24.

Data were obtained about /) body mass index (BMI; in kg/mz;
as calculated from participants’ measured weight and height); 2)
the presence or absence of diabetes mellitus, defined as a non-
fasting blood glucose concentration = 140 mg/dL or a history of
diabetes mellitus; 3) the presence or absence of hypertension,
defined as a self-measured systolic blood pressure = 135 mm Hg
(measured at home) or a history of hypertension; 4) the presence
or absence of depressive symptoms, as assessed by using the
Japanese version of the 30-item Geriatric Depression Scale (24);
and 5) physical functioning status, assessed by using the 6-item
physical functioning status measure of the Medical Outcomes
Study (MOS) Short-form General Health Survey (lower MOS
scores indicate lower physical functioning status) (25).

Statistical analysis

The subjects’ characteristics according to categories of green
tea consumption were compared by using analysis of variance or
chi-squared test, as appropriate. We used multivariate logistic
regression analysis to calculate odds ratios (ORs) for cognitive
impairment relative to the consumption frequencies of green tea
or other beverages, with the lowest frequency category (<=3 cups/
wk) treated as the reference group. Trend tests were performed by
including the ordinal variable in a linear regression analysis. In
these analyses, we regarded the following data as covariates: age
(continuous variable); sex; consumption of green tea (=3 cups/
wk, 4—6 cups/wk or 1 cup/d, =2 cups/d; when calculating the
ORs for consumption of black or oolong tea or coffee); consump-
tion of black or oolong tea (=<3 cups/wk, 46 cups/wk or 1 cup/d,
=2 cups/d; when calculating the ORs for consumption of green
tea or for coffee); consumption of coffee (<3 cups/wk, 4-6
cups/wk or 1 cup/d, =2 cups/d; when calculating the ORs for the
consumption of green tea or black or oolong tea); BMI (<18.5,
18.5-24.9, 25.0-29.9, =30.0); diabetes mellitus (presence or
absence); hypertension (presence or absence); history of stroke
(presence or absence); history of myocardial infarction (presence
or absence); depressive symptoms (Geriatric Depression Scale
scores of <11 or =11); duration of education (<12 y or >12y);
living with a spouse (yes or no); self-rated health (excellent or
good or other); visiting friends (yes or no); physical functioning
status (MOS scores of 0—1, 2—4, or 5-6); energy intake (contin-
uous variable); intake of nondietary vitamin C or E including
supplement vitamin C, supplement vitamin E, prescribed vita-
min C, and prescribed vitamin E (yes or no); consumption of fish
(<1 time/wk, 1-6 times/wk, or =1 time/d); consumption of
green or yellow vegetables (<1 time/wk, 1-6 times/wk, or =1
time/d); mild leisure-time physical activity such as walking (yes
or no); vigorous leisure-time physical activity such as tennis or
jogging (yes or no); smoking (never, former, currently smoking
<20 cigarettes/d, and currently smoking =20 cigarettes/d); and
use of alcohol (never, former, and currently drinking).

Interactions between consumption of green tea and all con-
founders were tested through the addition of cross-product terms
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TABLE 1
Characteristics of the study subjects according to categories of green tea consumption?

Green tea consumption

=3 cups/wk 4—6 cups/wk or 1 cup/d =2 cups/d

Characteristics (n = 170) (n = 108) (n = T25) P?
Women (%) 51.2 472 60.0 0.01
Age (y)’ 742+ 44 74.6 £ 43 748 £ 4.7 0.23
Mini-Mental State Examination score

X+ 8D 267 £33 273 +26 276 +25 0.0006

<28 (%) 48.8 444 392 0.06

<26 (%) 25.3 17.6 143 0.002

<24 (%) 11.2 8.3 6.3 0.09
Black or oolong tea consumption (%)

=2 cups/d 324 14.8 19.3

4-6 cups/wk or 1 cup/d 11.8 315 17.4 <0.0001
Coffee consumption (%)

=2 cups/d 21.2 18.5 10.5

4-6 cups/wk or 1 cup/d 27.1 37.0 313 0.0004
BMI (%)*

<18.5 kg/m? 6.5 3.7 47

25.0-29.9 kg/m* 29.4 324 305

=30.0 kg/m? 4.1 3.7 4.1 0.96
Diabetes mellitas (%)° 224 26.9 22.1 0.54
Hypertension (%)° 69.4 67.6 68.1 0.94
History of stroke (%) 8.8 9.3 40 0.007
History of myocardial infarction (%) 12.4 17.6 10.1 0.06
Depressive symptoms (%)’ 41.8 34.3 30.8 0.02
Duration of education <12 y (%) 30.0 315 30.5 0.97
Living with a spouse (%) 63.5 713 61.9 0.17
Self-rated health excellent or good (%) 57.6 63.8 67.3 0.06
Visiting friends (%)* 66.1 733 715 0.008
Physical functioning status (%)°

Capable of moderate but not vigorous activity 27.1 20.4 257

Only capable of low physical activity 15.3 12.0 8.7 0.06
Energy intake (kcal/d)* 1528.4 = 417.8 1626.8 £ 389.4 1619.5 £ 391.8 0.02
Intake of nondietary antioxidants (%)’° 11.8 11.1 16.0 0.20
Fish consumption (%)

=1 time/d 3.0 28 22

1-6 times/wk 75.2 75.7 75.8 0.98
Green or yellow vegetable consumption (%)

=1 time/d 29.2 26.9 414

1-6 times/wk 63.7 713 57.5 <0.0001
Mild leisure-time physical activity =1 time/wk (%)™’ 51.7 52.9 577 0.38
Vigorous leisure-time physical activity =1 time/wk (%)*? 4.8 7.8 8.5 0.32
Smoking (%)

Never 429 49.1 60.6

1-19 cigarettes/d 11.9 113 8.6

=20 cigarettes/d 6.0 2.8 2.8 0.001
Alcohol use (%)

Never 45.1 347 471

Current 389 50.5 41.5 0.10

‘lcup=0.1L.

2 Determined by ANOVA or chi-square test.

3 All values are ¥ * SD.

# Calculated from participants’ measured weight and height.

? Defined as a nonfasting blood glucose concentration of =140 mg/dL or a history of diabetes mellitus.

% Defined as a self-measured systolic blood pressure of =135 mm Hg (measured at home) or a history of hypertension.

7 Measured based on the Japanese version of the 30-item Geriatric Depression Scale, with a cutoff point of =11.

8 Answer to the question, “Do you visit your friends?”

? Assessed by using the 6-item physical functioning status measure of the Medical Outcomes Study Short-form General Health Survey.
1% Nondietary antioxidants included supplemental vitamin C, supplemental vitamin E, prescribed vitamin C, and prescribed vitamin E.
! For example, walking.

‘2 For example, tennis and jogging.
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TABLE 2
Odds ratios (ORs} and 95% Cls from logistic regression models for the association between consumption of green tea and cognitive impairment’

Green tea consumption

4-6 cups/wk or P for
Logistic regression models =3 cups/wk 1 cup/d =2 cups/d trend?
Cognitive impairment, defined as MMSE score <28
Model 17 1.00 (reference) 0.84 (0.52, 1.36) 0.68 (0.48, 0.94) 0.02
Model 2¢ 1.00 (reference) 0.82 (0.50, 1.34) 0.61(0.44, 0.87) 0.004
Model 3° 1.00 (reference) 0.83 (0.50, 1.38) 0.62 (0.43, 0.88) 0.005
Model 49 1.00 (reference) 0.86 (0.52, 1.43) 0.69 (0.48, 0.98) 0.03
Model 57 1.00 (reference) 0.85(0.51, 1.40) 0.62 (0.43, 0.89) 0.005
Cognitive impairment, defined as MMSE score <26
Model 17 1.00 (reference) 0.63(0.35, 1.15) 0.50(0.33,0.74) 0.0007
Model 2¢ 1.00 (reference) 0.61(0.33, 1.13) 0.43 (0.29, 0.66) < 0.0001
Model 3° 1.00 (reference) 0.64 (0.34, 1.21) 0.43 (0.28, 0.67) 0.0001
Model 49 1.00 (reference) 0.63(0.33,1.19) 0.51 (0.33,0.78) 0.003
Model 57 1.00 (reference) 0.66 (0.35, 1.27) 0.47 (0.30,0.74) 0.0008
Cognitive impairment, defined as MMSE score <24
Model 1? 1.00 (reference) 0.72 (0.31, 1.66) 0.54 (0.31,0.95) 0.03
Model 2* 1.00 (reference) 0.69 (0.30, 1.62) 0.47 (0.26, 0.83) 0.008
Model 3° 1.00 (reference) 0.82 (0.35, 1.96) 0.48 (0.27, 0.88) 0.01
Model 49 1.00 (reference) 0.69 (0.29, 1.64) 0.55(0.30, 1.00) 0.05
Model 57 1.00 (reference) 0.77 (0.32,1.89) 0.48 (0.25, 0.89) 0.02

¥ Multivariate logistic regression analysis was used to calculate ORs and 95% CTs for cognitive impairmentrelative to the consumption frequencies of green

tea, with the lowest frequency category (=3 cups/wk) treated as the reference group. Cognitive function was tested by using the Japanese language version of

the 30-point Mini-Mental State Examination. 1 cup = 0.1 L.

2 Trend tests were performed by including the ordinal variable in a linear regression analysis.

% Crude model.
# Adjusted for age and sex.

7 Adjusted for model 2 + black or oolong tea consumption, coffee consumption, BMI, diabetes mellitus, hypertension, history of stroke, and history of

myocardial infarction.

¢ Adjusted for model 2 + depressive symptoms, duration of education, living with a spouse, self-rated health, visiting friends, and physical functioning

status.

7 Adjusted for model 2 + energy intake, intake of nondietary vitamin C or E, fish consumption, green or yellow vegetable consumption, mild leisure-time
physical activity, vigorous leisure-time physical activity, smoking, and alcohol use.

to the regression model. All statistical analyses were performed
with the use of SAS software, version 9.1 (26). All the statistical
tests that we report were two-sided. A P value of < 0.05 was
accepted as statistically significant.

RESULTS

The subjects’ characteristics according to categories of green
tea consumption are shown in Table 1. Of the subjects, 16.9%
consumed =3 cups green tea/wk, 10.8% consumed 4 -6 cups/wk
or 1 cup/d, and 72.3% consumed =2cups/d. The mean + SD
overall MMSE score was 27.4 £ 2.7. The prevalence of cognitive
impairment decreased with increasing consumption of green tea
for every cutoff point (P for the cutoff points of <28, <26, <24
= 0.06, 0.002, 0.09, respectively). Subjects who consumed =2
cups green tea/d were more likely to be women, have better
self-rated health (P = 0.06), visit friends, have more total energy
intake, consume green or yellow vegetables, never have smoked,
and never have used alcohol (P = 0.10). They were less likely to
consume black or oolong tea or coffee, have a history of stroke or
myocardial infarction (P = 0.06), have depressive symptoms,
and have limited physical functioning status (P = 0.06). No
apparent associations were observed among mean age, BMI,
presence or absence of diabetes mellitus or hypertension, dura-
tion of education, living with a spouse, intake of nondietary

antioxidants, consumption of fish, or mild and vigorous leisure-
time activities and frequency of green tea consumption.

Statistically significant inverse associations were observed
between green tea consumption and cognitive impairment (Ta-
ble 2). With the use of the <<26 MMSE score cutoff point, the
crude ORs of cognitive impairment associated with the different
frequencies of green tea consumption were 1.00 (reference) for
=3 cups/wk, 0.63 (95% CI: 0.35, 1.15) for 4-6 cups/wk or 1
cup/d, and 0.50 (95% CI: 0.33, 0.74) for =2 cups/d. We included
a variety of potential confounders in our multivariate logistic
models; however, the results did not change substantially even
after adjustment for these variables. The results for MMSE score
cutoff points of <28 and <24 were essentially the same as those
for the <26 cutoff point.

In the final model used to investigate the association between
different frequencies of green tea consumption and cognitive
impairment, we chose the following data as covariates according
to their relative contribution to the model outlined in Table 2 and
their clinical importance: age, sex, consumption of green tea
(when calculating ORs for consumption of black or oolong tea or
coffee), consumption of black or oolong tea (when calculating
ORs for consumption of green tea or coffee), consumption of
coffee (when calculating ORs for consumption of green tea or
black or oolong tea), presence or absence of diabetes mellitus,
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FIGURE 1. Odds ratios (ORs) for the association between different frequencies of beverage consumption and cognitive impairment. The bars indicate
adjusted ORs for the association between different beverage consumption frequencies and cognitive impairment, respectively; error bars represent the
corresponding 95% Cls. Multivariate logistic regression analysis was used to calculate ORs for cognitive impairment relative to the consumption frequencies
of green tea or other beverages, with the lowest frequency category (<=3 cups/wk) treated as the reference group. Trend tests were performed by including the
ordinal variable in a linear regression analysis. The ORs and 95% Cls for the ORs were adjusted for age, sex, green tea consumption (when calculating ORs
for black or oolong tea or coffee consumption), black or oolong tea consumption (when calculating ORs for green tea or coffee consumption), coffee
consumption (when calculating ORs for green tea or black or oolong tea consumption), presence or absence of diabetes mellitus, presence or absence of
hypertension, history of stroke, depressive symptoms, duration of education, visiting friends, energy intake, intake of nondietary vitamin C or E, and fish
consumption. Cognitive impairment was defined as a Mini-Mental State Examination score <26. P < 0.001. 1 cup = 0.1 L.

presence or absence of hypertension, history of stroke, depres-
sive symptoms, duration of education, visiting friends, energy
intake, intake of nondietary vitamin C or E, and consumption of
fish. The ORs (95% Cls) in the final model (using a cutoff point
of <26) and corresponding ORs (95% Cls) for consumption of
black or oolong tea or coffee are shown in Figure 1. The mul-
tivariate ORs according to frequencies of green tea consumption
were 1.00 (reference) for =3 cups/wk, 0.62 (95% CI: 0.33, 1.19)
for 4—6 cups/wk or 1 cup/d, and 0.46 (95% CT1: 0.30,0.72) for =2
cups/d. In contrast, a weak or null association was observed
between intake of black or oolong tea or coffee and the preva-
lence of cognitive impairment. The ORs for black or oolong tea
were 1.00 (reference), 0.60 (95% CI: 0.35, 1.02), and 0.87 (95%
CI: 0.55, 1.38), whereas those for coffee were 1.00 (reference),
1.16 (95% CIT: 0.78, 1.73), and 1.03 (95% CI: 0.59, 1.80). When
cutoff points of <28 or <24 were used, the results for the final
model were similar to those for the <26 cutoff point (data not
shown). We were unable to examine the associations between
cola or juice and 100% fresh vegetable juice and cognitive im-
pairment because an insufficient number of subjects consumed
these beverages. Tests for interaction between consumption of
green tea and all confounders in the final models were not sta-
tistically significant.

We repeated the analysis after expanding the highest category
of green tea consumption in the final model. With a cutoff point
of <26, the ORs for the different frequencies of green tea con-
sumption were 1.00 (reference) for =3 cups/wk, 0.62 (95% CI:
0.33, 1.19) for4 -6 cups/wkor 1 cup/d, 0.42 (95% CT: 0.25,0.71)
for 2-3 cups/d (n = 258), and 0.49 (95% CI: 0.30, 0.79) for =4
cups/d (n = 467) (P for trend = 0.004). With a cutoff point of
<28, the corresponding ORs were 1.00 (reference), 0.80 (95%
CI: 0.48, 1.34), 0.59 (95% CI: 0.39, 0.90), and 0.67 (95% CL:
0.45, 0.98) (P for trend = 0.04). With a cutoff point of <24, the
corresponding ORs were 1.00 (reference), 0.77 (95% CI: 0.32,

1.86), 0.54 (95% CIL: 0.26, 1.10), and 0.50 (95% CI: 0.26, 0.98)
(P for trend = 0.04).

We also repeated the analysis for the final model after exclud-
ing subjects with relatively severe cognitive impairment (MMSE
score < 24; n = 74). The results did not change substantially.
With a cutoff point of <26, the ORs for the different frequencies
of green tea consumption were 1.00 (reference) for = 3cups/wk,
0.55 (95% CI: 0.24, 1.27) for 4—6 cups/wk or 1 cup/d, and 0.44
(95% CI: 0.25, 0.78) for =2 caps/d (P for trend = 0.006). With
a cutoff point of <28, the corresponding ORs were 1.00 (refer-
ence), 0.82 (95% CI: 0.47, 1.41), and 0.68 (95% CI: 0.46, 1.00)
(P for trend = 0.05).

DISCUSSION

Our study showed inverse dose-response relations between
consumption of green tea and the prevalence of cognitive im-
pairment. In contrast, a weak or null relation between consump-
tion of black or oolong tea or coffee and cognitive impairment
wasobserved. To ourknowledge, this is the first study to examine
the association between consumption of green tea and cognitive
function in humans.

Our study had several methodologic strengths. We recruited
subjects from the general population, and a substantial variation
was observed in the consumption of green tea among our sub-
jects. We conducted a CGA that allowed us to carefully consider
cardiovascular risk factors, which were causes of vascular de-
mentia. Our study had areasonably large sample size, which gave
us the opportunity to test the association between consumption of
greentea and various grades of cognitive impairment (from slight
to relatively severe).

Several methodologic limitations should be considered in the
interpretation of our results. First, our study had a cross-sectional
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design; therefore, no temporal relation between consumption of
green tea and cognitive function can be inferred.

Second, our observational study design does not allow us to
fully exclude the possibility of residual confounding by unmea-
sured factors. For example, healthier and more active individuals
might have more opportunities to consume green tea. Among the
Japanese, green tea is often consumed as a social activity, and this in
itself may contribute to maintaining higher cognitive function (27).
However, we controlled for many potential confounders, and the
findings were robust to adjustments for these confounders.

Finally, because functional impairments of daily living were
not fully assessed here, we cannot diagnose the presence or
absence of dementia or the subtype of dementia syndromes, but
we did evaluate cognitive impairment by using MMSE scores.
However, cognitive decline is generally regarded as a core symp-
tom of dementia. Furthermore, reduced cognition may be a key
predictor of the development of dementia and may be considered
a preclinical marker of the early stages of dementia (15, 16).
Therefore, we believe that our data provide a useful clue to
effective preventive interventions for dementia.

Green tea polyphenols, especially EGCG, might explain the
observed association with improved cognitive function (7-10).
Green tea is much richer in catechins than other beverages;
Khokhar et al (28) reported that green tea contains 67.5 mg
catechins/100 mL, whereas black tea contains only 15.5 mg/100
mL. The weak or null relations observed between consumption
of black or oolong tea or coffee and cognitive impairment might
reflect the important neuroprotective effects of catechins de-
scribed in numerous experimental and animal studies (7-10).
EGCQG is brain permeable (29-31), and its neuroprotective and
neurorescue effects were explained in terms of various mecha-
nisms in addition to its well-established antioxidant and iron-
chelating properties (7). These properties include modulation of
cell survival and cell cycle genes (9) and promotion of neurite
outgrowth activity (10). Furthermore, Levites et al (8) have
shown that EGCG exerts neuroprotective and neurorescue ef-
fects against AP toxicity by regulating the secretory processing
of nonamyloidogenic APP through the protein kinase C pathway.
In addition to the above-mentioned experimental and animal
evidence, recent epidemiologic studies have suggested that red
wine, which is also rich in polyphenols, may be associated with
reduced risk of dementia (32, 33).

In addition to polyphenols, green tea contains vitamin C, caf-
feine, and other nutrients (34). Intake of vitamin C accompanied
by high consumption of green tea might contribute to the ob-
served association (3—6). Green tea contains 6 mg vitamin C/100
mL (10 g tea leaf/430 mL water, 90 °C, 1 min) (34) and is, in fact,
the most common source of vitamin C (13.6%) among the pop-
ulation in our study region (35). Therefore, we cannot exclude a
possible effect of vitamin C in the green tea on cognitive func-
tion. However, our results were not substantially changed even
after adjustment for intake of nondietary vitamin C or E, indi-
cating that the effects of vitamin C may be small. The contribu-
tion of caffeine to higher cognitive function also appears to be
small because of the null relation observed between consumption
of coffee and cognitive impairment. Green tea contains 0.02 g
caffeine/100 mL (10 g tea leaf/430 mL water, 90 °C, 1 min),
whereas coffee contains 0.06 g caffeine/100 mL (10 g coffee
powder/150 mL water, 100 °C) (34). Nutrients in green tea other
than polyphenols, vitamin C, and caffeine remain to be studied.

In conclusion, the present results suggest that higher consump-
tion of green tea is associated with lower prevalence of cognitive
impairment in humans. The results might partly explain the rel-
atively lower prevalence of dementia, especially AD, in Japan
than in Burope and North America (1). Given the high preva-
lence, worldwide rapid increase, and clinical significance of de-
mentia (1, 2), any association between the intake of green tea, a
drink with little toxicity and no calorific value, and cognitive
function could have considerable clinical and public health rel-
evance. The results of this cross-sectional study generate a new
hypothesis and warrant further investigation. B2
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Abstract

The aim of the present study was to investigate the association between blood groups and life expectancy. We compared frequencies of
ABO blood group in 269 centenarians (persons over 100 years) living in Tokyo and those in regionally matched controls (n=7153).
Frequencies of blood types A, O, B, and AB in centenarians were 34.2, 28.3, 29.4, and 8.2%, respectively, while those in controls were 38.6,
30.1, 21.9, and 9.4%, respectively. Blood type B was observed more frequently in centenarians than in controls (x* =8.41, P=0.04). This
tendency also was true in comparison between centenarians and 118 elderly old individuals of the 7153. Approximate one-third of the
centenarians were free from serious diseases such as malignancy. However, blood types were not associated with such medical records. Our
findings suggest that blood type B might be associated with exceptional longevity. Responsible mechanisms need to be investigated.

© 2004 Elsevier Inc. All rights reserved.

Keywords: Centenarian; Blood group; Longevity

1. Introduction

A variety of medical literature has been concerned with
blood groups. However, only a small number of issues have
been proven to be of clinical importance: the ABO blood type
in transfusion, the Rh antigen in incompatible pregnancy, and
the Duffy antigen in malarial infection. Recently, blood type O
individuals have been reported to have lower plasma
concentrations of von Willebrand factor (VWF), a marker of
blood coagulability, than persons with other blood types
(O’Donnell and Laffan, 2001). Since elevated VWF
carries increased risk for ischemic heart disease, cardiovas-
cular events might be less frequent in individuals with blood
type O. In other words, associations are possible between

* Corresponding author. Tel.: +81 3 3272 6111x430; fax: +81 3 3271
5296.
E-mail  address:
(K. Shimizu).
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0531-5565/% - see front matter © 2004 Elsevier Inc. All rights reserved.
doi:10.1016/j.exger.2004.08.004

blood groups and life expectancy. We therefore investigated
frequencies of ABO blood groups in the very old, specifically
centenarians.

2. Methods

Of 1206 centenarians living in Tokyo at the time of our
study, 269 individuals, 202 women and 67 men, in ages from
100 to 109 years (Mean 101.2 [Std Dev 1.8]) gave informed
consent and agreed to a visit for our medical examinations, We
identified the ABO blood group using their blood samples and
examined their medical records with respect to hypertension,
cardiovascular disease, apoplexy, diabetes, femoral fracture,
malignancy, and chronic lung disorder. As a regionally
matched control group, we selected 7153 individuals (1673
women and 5480 men) aged 17-93 years (mean 54.8 [Std Dev
11.0]) who came to the Keio Health Consulting Center for
annual medical check-ups in 2003. Of the 7153, the following
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Tabie 1
Comparison of blood group frequencies

Blood type

A (6] B AB
Observation
Centenarians (n=269) 92 (34.2) 76 (28.3) 79 (29.4) 22 (8.2)
Controls (n=7153) 2759 (38.6) 2153 (30.1) 1570 (21.9) 671 (9.4)
Old controls (n=740) 288 (38.9) 219 (29.6) 159 (21.5) 74 (10.0)
Elderly old controls (n= 48 (40.7) 34 (28.8) 27 (22.9) 9 (7.6)
118)
Expectation
General population” 109 (38.7) 83 (29.3) 63 (22.2) 28 (10.0)
Tokyo area® 108 (38.3) 83 (29.1) 63 (22.4) 29 (10.2)

Data are numbers followed by percentages in parentheses. Differences between centenarians and controls and between observed and expected frequencies were
investigated by x*-tests. Observation in centenarians was significantly different from that in controls (x? [d.f. =3]=8.41, P=0.04) and from expectations (y°
[d.f.=3]=12.68, P=0.005 for Japan; x* [df.=3]=11.91, P=0.007 for metropolitan Tokyo). Notably, blood type B was observed more frequently in

centenarians. This predominance of blood type B, although not being statistically significant, was observed in comparison between centenarians and old
controls ()(2 [d.f.=3]=7.17, P=0.06) and between centenarians and elderly old controls (xz [d.f.=3]=2.25, P=0.52).

* Calculated from data for 4464349 individuals in a 1978 survey throughout Japan.

® Calculated from data for 293688 Tokyo-area individuals among the above 4464349.

two subgroups were constituted: Old control group consisting
of 740 individuals over 70 years (inean 74.8 [Std Dev 4.4]) and
elderly old control group of 118 over 80 years (mean 82.8 [Std
Dev 2.8]). Differences in frequencies were investigated by x>
tests. A P <0.05 was considered to be statistically significant.

3. Results

Frequencies of blood types A, O, B, and AB in the
centenarian group were 34.2, 28.3, 29.4, and 8.2%,
respectively; those in the control group were 38.6, 30.1,
21.9, and 9.4%, respectively (Table 1). Observed frequen-
cies differed significantly between these two groups (x°
[d.f.=3]=8.41, P=0.04). Notably, blood type B was
observed more frequently in centenarians than in controls.
This predominance of blood type B, although not being
statistically significant, was observed in comparison
between centenarian group and old control subgroup (x*
[df.=3)=7.17, P=0.06) and between centenarian group
and elderly old control subgroup (x2 [df.=3]=2.25, P=
0.52). We next compared the frequencies of ABO blood
groups in the centenarians with those in a general Japanese
population as calculated from a 1978 survey conducted in
4464349 individuals throughout Japan (Fujita et al., 1978).
A similar result showing an increased frequency of blood
type B in centenarians was obtained ()(2 [df.=3]=12.68,
P=0.005). This also was true when the centenarians were
compared with 293688 Tokyo-area individuals among the
4464349 ()(2 [df.=3]1=12.02, P=0.007). The frequency
distribution of blood types in the 1978 survey was almost
the same as that in a 1933 survey of 121200 individuals
(Furuhata, 1933) and that for 5819007 blood donors profiled
in an annual report of the Japanese Red Cross (year 2000)
(The Japanese Red Cross Society. 2002). Our findings

suggest that to some degree blood type B might be
associated with exceptional longevity.

The following imporiant diagnoses were recorded in
centenarians: hypertension (n=78), cardiovascular disease
(n=51), apoplexy (n=37), diabetes (n=9), femoral
fracture (n=66), malignancy (n=24), and chronic lung
disorder (n=29). Approximate one-third of the centenarians
were free from these important diseases. However, blood
types were not associated with such medical records
(Table 2) (X2 [d.f.=3]=4.16, P=0.25). This finding
implies that blood type B might be related to surviving
serious diseases rather than escaping them.

4. Discussion

One would expect an abundance of centenarians with
blood type O, since plasma concentrations of VWF, a
cardiac risk factor, are lower in blood type O individuals.
However, the frequency of blood type O in centenarians
tended to be lower than expected. Instead, we found

Table 2
Relationship between blood groups and medical history

Blood groups Medical history of important diseases
Absence Presence

A (n=92) 32(34.8) 60 (65.2)

O (n=76) 19 (25.0) 57 (75.2)

B (1=179) 18 (22.8) 61 (77.2)

AB (n=22) 8 (36.4) 14 (63.6)

Total (n=269) 77 (28.6) 192 (71.4)

Data are numbers followed by percentages in parentheses. Relationship
between blood groups and medical history was investigated by x -tests (x>
|d.f.=3]=4.16, P=0.25).
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a possible association of blood type B with exceptional
longevity. Differences in ABO blood groups are determined
by antigens in the glycocalyx on the surface of the
erythrocyte. These antigens are present in most tissues as
well as on erythrocytes. Therefore, differences in the
glycocalyx expressed by cells might elicit differing
responses in biomedical phenomena apart from hemagglu-
tination, Henry et al. summarized patterns in which blood
types may be associated with various diseases, stating that
bacterial infections tend to attack individuals with blood
type A, while viral infections tend to be associated with
blood type O. Also, cancers and clotting disorders tend to
be associated with blood type A, while autoimmune
diseases and bleeding disorders are associated with blood
type O (Henry and Samuelsson, 2000). According to these
tendencies, blood type B individuals might be more likely
to escape serious illnesses, and therefore show longevity.
On the other hand, our findings imply that blood type B
might contribute to longevity via biomedical mechanisms
favorable for surviving serious diseases rather than

escaping them. In future, blood groups will need to be
investigated from an aspect of glyconomics, or the study of
sugar-modifications to proteins that affect structure and
function.
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Abstract

Recent studies have demonstrated a significant association between mutations in genes involved in the insulin/IGF1 signaling pathway and
extension of the life span of model organisms. In this study which compared 122 Japanese semisupercentenarians (older than 105) with 122
healthy younger controls, we examined polymorphic variations of six genes which are involved in insulin/IGF1 signaling. These genes were
FOXOIA, INSR, IRS1, PIK3CB, PIK3CG, and PPARGCIA. We investigated the possible association of each gene locus and longevity by
haplotype-based association analyses using 18 SNPs from public databases and the published literature. One /NSR haplotype, which was
comprised of 2 SNPs in linkage disequilibrium, was more frequent in semisupercentenarians than in younger controls.

© 2004 Elsevier Inc. All rights reserved.
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1. Introduction

Recent studies using model organisms have demon-
strated a significant association between mutations in genes
involved in the insulin/insulin-like growth factor 1 (IGF1)
signaling pathway and extension of the life span. The first
examples of such genes were found in Caenorhabditis
elegans (Kenyon et al., 1993). They include daf-2, an
ortholog of the insulin/IGF1 receptor gene family, and
daf-16, an ortholog of the forkhead transcription factors
which regulate insulin/IGF1-induced gene transcription.

Anotherexampleis age-1 whichis the C. elegans ortholog
of the gene encoding the catalytic subunit of phosphoinosi-
tide-3-kinase, a protein involved in insulin/IGF1 signal
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transduction (Morris et al., 1996). A long-lived mutant of the
insulin-like receptor gene (InR) was also reported in
Drosophila melanogaster (Tatar et al., 2001). At almost the
same time, the ablation of the D. melanogaster gene chico,
which encodes an insulin receptor substrate, was reported to
extend the life span of the fly (Clancy et al., 2001).
Regulations of life span by insulin receptor and IGF1 receptor
were also reported in mice (Bluher et al., 2003; Holzenberger
et al., 2003). Based on these studies, genes involved in the
insulin/IGF1 signaling pathway are believed to play arolein
longevity throughout evolution. In fact, polymorphic vari-
ations of the genes for insulin-like growth factor 1 receptor
(IGFIR) and phosphoinositide-3-kinase have been reported
to affect human longevity (Bonafe et al., 2003).

In this study, we compared 122 Japanese semisupercen-
tenarians (SSCs) (older than 105) with 122 healthy younger
controls. We examined polymorphic variations of the genes
for six proteins, forkhead box O1A (FOXOIJA), insulin



