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CHDOD 5 ﬁﬁ]ﬁ 1914

R—RXF4 2

1990~ 1993 AL
/ - ™
—H t T— 2007 7\\)3’-:/9'
ERIZRE . -
MR 3 ~—
___________ [ === = = = = = ———
L CHODOREZL | ' X EREF 3824

B 1 R BPIER « XHRBFET A

K1 JEBIEE &R O AT A &

JEGIRE (N=191) *THERE (N=382)

T IN  SD/% 5N spiw
i (%) 56.7 7.7 56.6 7.6
PER (B L % 119 62.3 238 62.3
BMI, kg/cm? 24.5 3.2 24.3 9.6 0.824
W % 78 40.8 105 27.5 0.002
i (=450 mg/i#), % 16 8.4 45 11.8 0.271
B EDOREE, % 61 31.9 58 15.2 <0.001
BERIS OB, % 35 18.3 34 8.9 0.002
SIREFOES) (=1~2 [, % 42 22.0 69 18.1 0.313
R A S 2O AR (F). % 39 20.4 49 12.8 0.018
Aa WHUAA, U/mL 269.7 441.5 249.6 439.7 0.606
PgwEHUAf, U/mL 148.2 164.1 136.8 144.3 0.397
PiwEHUATE, U/mL 395.9 248.8 358.1 233.6 0.075
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level and dentition status in Japanese adults: Japan public health center-based oral

health study. Community Dent Oral Epidemiol 2012; 40: 481—487.
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Yanagisawa T, Marugame T, Ohara S, Inoue M, Tsugane S, Kawaguchi Y. Relationship
of smoking and smoking cessation with number of teeth present: JPHC Oral Health
Study. Oral Dis 2009; 15: 69-75.
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Yanagisawa T, Ueno M, Shinada K, Ohara S, Wright C, Kawaguchi Y. Relationship of
smoking and smoking cessation with oral health status in Japanese men. J Periodont
Res 2010; 45: 277-283.
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V. BEEE == - LIHBRES & DRE

Ueno M, Yanagisawa T, Shinada K, Ohara S, Kawaguchi Y. Masticatory ability and
functional tooth units in Japanese adults. J Oral Rehabil 2008; 35: 337—-344.

[BFEE EW]

APEICDTZY A O Z TELRETE<RAT 22 LITH@RE I Z#R L T L TH
ETHDH, BIE, 8020 #iEMT D700 S F X F R EHLANKHBL TIThL T, 20
WL LA OWEAT HZ L DEEEPALIEZHNATND, L, 20 B O %
A LTOTH, TOWNERIRIE (C4) TH-oY ., EEOHEFRNFEN TR E  BhfE
LTCWAIEEITIE, MG, RBE., FEMEREHE S L ToORUREEL TR &1FT
AR, FIT, AMFETITEEEEEICER LT, BIEHREES L OV ORA IR Z R
THéRE —~ =~ b (FTU: Functional Tooth Unit) &PWHIGRES] & DEFEH, X 54 720H
WEFRE ) A HERF 9™ 2 T2 OIS B R NR O BIAE AL & BB == = » MIZ DWW TR &2 1T o 7,

(5]

1. X58H

KA F T OER T, 2005~2006 FIZHFHEZ Jo L OVE 24 2 5205 L 72 40~75
kDB 916 4 (61.7E8.8 1) . & 1,248 44 (59.89.2 i) | 7t 2,164 L & xf5 L L7z,
ERHEZ IR T (BT IRHERIS &R BLO b0y RRHEMSOW 25T,
BERESIRINC TT - 7, HRMEEZ OFE S & 0 BIEHR S L OV FTU 2R L, B ZH
A CIIARKIAGERE /17 A b & Fhii L7z,

2. Hpgth>~=> ~ (FTU)

AMFFETIZ. HEE (55 3 REMIIBRLS) OWERILZFHh 546FE & LT, FTU &{&
ML (¥1), FTU oFHGEE, ETFHEOREAKRAER 2 hii> TW2a54a13 20 &
TEADFRIA/INEED 2 > TWAHEIT 1, ABEOAEDOARFEL TWDLEAER LT
EBICFAERRWEEIL 0 LEHET 5, L7ed> T, FTU OF/MiElx 00 BoKfEix 12 &
7%, FTU XBUEHR T T <L i b B0 =T X CTOMREHR CiMli21T 5, k.
C1~C3 O, FIW, RWOr 7 v R EDHBE, 7V vy POR T4y 7 AV
7T v NIRRT, C4 OWEt . FEAH. Se R ITIEHEREN & T 5.

FTU (Ju@% . FiE ORISRl X T2 E 0§ 225, A4FFETiX, FTU
ZAERL L CWAHERER 2 LL T D 3 DIZH L Thgt 217> 72, OBLfEN (natural teeth)
O FHTaEM L7z n-FTU, @BIFEM & B EMMHY (natural, implanted and fixed
prosthetic teeth) Z &t TRl L7z nif- FTU, @BAEH & [EEMEMRRY 5 L OVnT A
A, RO HIEAE OT X TOMEER (total) % % & O THAf L 72 total-FTU,
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3. WASHMERE )T A b

MHIEHE ) 2 J M9~ 25 FiElZiE, ©—F v VR EORMEZERIIEATY D 9 Hik, KA
NFHOHMET R E R 72 EDa B A D HIER ENH D03, EFRE e ETRBONE XI5
ET DA, BARTITILUARIEERES T A hBASEHEINTWD, AFZE TR, AKX
WHIFRE )7 A b OHMN G, DR 15 FMEORM (E—F v > Bt A0, 72
<bh, THH, HIEOTFWY, BElZZ, 77 A0 E77%, Hbo&x L9, A4 ORI
g, Tz, bbb, SYREOWEE, v/ rofily, JiTA) ZBRE, ThENC
DUNTIED 2 737>, BERIZEZFIH U ClA L7,

4. HWEHIHT

TEIPE AR, RN BIER S, F%. n-FTU, nif-FTU, total-FTU O F¥JfED Hhifg
AT o7, Eilo, IWAKIEMEEES 7 A N ORMBNZIE D HHE L WO 72 WEED 2 BEIZ 31T T
BEHHIR L O FTU Ok Z21T-o7-, & HI2, IARRIEEE T 2 F o 15 &l &3~ T
Wi 2 LA LI-E L, 1 OTHLMORVERNH D LEIELE=ED 2 BRI/ T, BIER
#. n-FTU, nif-FTU, total-FTU Ol z1T o7z, &I, HoHoriric X0 Fk -
B ZFHEL TIT-o 72

[#2R]

1. BUERHL

40~59 %, 50~59 i, 60~69 %, T0~75 i&k OYER| DO — N EHBIE R 2 X 2 12T,
BYEZENE25.9 i, 23.3 #, 20.7 B, 15.9 t, ZZME(Z 25.8 i, 23.3 tH, 19.0 B,
13.3 T, BhE LEMMPEL 2D LN, BHEEEIID L roT-, EOEREIC
BWTHEMETEMEL VIRWVEEZ R L, 60~69 5% & T0~75 5% CIIMERI CHEZNRD &
i,

2. F%k

40~49 %, 50~59 %, 60~69 iF. T0~75 KD B LB OHEEZ X 3 1R T, B
FNEN 14.3 i, 12.4 5, 10.9 tF, 8.1 tf. M 14.1 b, 12.4 th, 9.5 t. 6.3 th & .
Flm < DI LI, AUl rote, £z, EOFRBIZIBW TS LM
BRI AMEVMEZ R L, 60~69 1% & 70~T75 % CIEMERI CHEZENRD b,

3. fFElPERAI L OMER O 3 FE¥ED FTU O ik

40~49 7%, 50~59 i%, 60~69 %, 70~75 %D n-FTU %, BHETIEZNEI 9.4, 7.2,
5.9, 3.7, ZMTIL 9.2, 7.1, 4.8, 25 TH YV, B L bFlN EADHIT LAV, n-FTU
W LTz (K4),
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40~49 %, 50~59 i, 60~69 . 70~75 %D nif-FTU (X, BHETIIZENZEh 10.2,
8.3, 6.7, 4.5, KMTIF10.2, 8.2, 5.6, 3.2 TH V., Bl LEMMN ENDIT LN,
nif-FTU 1 LTz (11 5),

40~49 7%, 50~59 7%, 60~69 5%, 70~75 %D total-FTU (X, BIETITZ LN 10.6,
10.0, 10.3, 10.2, &M:Ti% 10.4, 9.7, 10.0, 10.5 TH Y., WTFNOFEHBIZBVTE
F19~10 LI AL EITA DN -T2 (X 6),

2. EFOEMBIZHE VTS n-FTU, nif-FTU, total-FTU IZHERIC & % 2813580 b
IRt

5. IIARAIHMGRE /)7 2 b L BlfE# s L OV FTU

IATCEIGRE )7 A b 15 FEFHOBSANS, Wi 2 3ED 2 BT, Fllis - YER
Z I L CHBUERE A R Lo, TORER, T X TORMRIZEBNT D25 (O)) LEZ
L7=FE, ey (X)) LEELZH L — NEBIEREITZ <, ~ 7 rofilg,
ZIEHAUAD 18 BT 5| EEE LI-FOBEERIE. D) EELEE
IR FRICEWEEZ R L ([T,

WHIFEE /)T A F DF I OWT, WD DEEL WO RWEOBUE R A2 ik 5 &, v
—F >y (O:21.6H#, X :13.6%), BEEZEAN (O: 2208, X :151%), 7=
<hHA (O:216%, X :13.18), 750 (O:23.08%, X :153%), HiEoF+H (O :
224, X :16.0 ), FE7ZZ (O : 2238, X :15.2H), 77 A/ (O :21.9 .,
X :161H), E77% (O:216H, X :156H#), boxxr ) (O:21.1#, X :15.8
), A Aol (O:21.3 8, X 153 #)., ZAIC»< (O:20.9 8. X :16.7 ).
H<H (O: 208, X :17.5 W), 22 EDHkEEX (O :209 ., X : 184 ), v~
aofly (O:20.7%H, X :19.3#). JiZA (O:20.7H#H,. X :18.9) T, DD
DEAEWHEEIT T 20 &2 2 Tz,

FTU IZBL TiE, TR TORBICBWNTIED 5 (O) ) LEIZ L2, D720 (X)
EEELTZE LY total FTU 132 <, ~ 7 rofilsy, ZIZAUSND 13 &5 T D 5 )
EEE L72F D total - FTU 1%, MO0 LEIE LB ICHAAEEICEWEEZ R LT (K
8).

AT A R OB REICTOVT, WD D REL WD Z2VEED total FTU % Hlied 5 & |
E—Fv>y (O:102 8, X :9.48#), BEEZEAN (O: 103, X :9.48#), 7=
<dHA (O:1028, X :9.78), ¥ (O:10.3H, X :9.81H), HiEOTH (O :
10.3 B, X : 9.7H), W22 (O : 103, X :9.88), 77 A" (O :10.3 4,
X:9.7MH), EZ77F% (O:10.2H, X :9.8M), boxxr o (O:10.2 8, X :9.2 #),
AHoREF (O:10.2 ., X :9.8#H), ZAC< (O:102H#H, X :9.1H8H), H<b

(O :10.2 t, X :88 )., >72EDHkEx (O:102 #H, X :9.7 ), v~ 7 Dl

(O:10.1 8, X :998). JiTA (O:10.1 8, X :9.3H#) T, WD HEEOD total- FTU
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X7 RT10 2B A TV,

IASUINE /)7 % 1 15 febl &< TR % & I8V Ui 5 OARM - MERIZ % L1
BUEHHEIE 23,4 BT, 1 DTHMDARV RS D D LEE LIHO 17.2 £ H# LT,
AREICEWMEZ R LTz,

MRS, Al - PERI A FERE L7z 3 B FTU TiE, nFTU 13 15 R T X TIED 5
LIS L7 7.6, 15T HADRG A S S & B L= HiE 4.0, nif-FTU 22h2
7 8.6, 4.7, total- FTU 1% 10.4. 9.8 THo7-. WIND 2 HMICHERENRD LT,

[Z£]

KETIE ETRO A MO AR DA I HICFHE T & 215 L LT FTU MEHINT
BY . INETEYOERRZ — o RMHERE ) ER<CBEEL TWD Z ERHEINTND,
THETIE, 2 ETEFTU 246 L2 7iias> FTU &6 ) & ORR &~ 72158
FZE AT TWRY, 22T, lABIONEIRE 25 L LT 3 ffHo FTU 03
REFAA 21T\, BUERECOIENERE /) & OBIEIZ DWW CoOT 21T o 72,

ARG ORER, Tl LR 5 & & bICBTER M KO H BT LT <Ay,
total-FTU OfFEIZITFEIC K DD NN ERB LN o7, T, JIRH
DHREHERZ =TT, WOREHE TV vV AT T~ KRS TERL, BEIR
MEBELTND ZEEZRLTND, RN X DR CIE, BE L el U C etk o Bt
B}, FH#EEITD 720 HE200b 53, FTU OEICHRZITRD S, K i mig s 2
EL<ZTF TV D EAARBD b,

HIEFRE /) & BIE 2L & OBIEIZ DWW TR L 2 A, FRMEWD D L[EIE LcED—
NEBBAEEHUTT T 20 oL ETh o7z, Fiz, IWARKIEMERES )7 A N 15 &% T
RTD 5 LAE LT-FOBEEHRE 20 a2 Tz, Lzl->T, HOoowaDb72
<EdH 20 HULERAETAHZ LIE, FEAEETORMEMTZ N TE, HIFEIZE
WTKENRRNT EZRT—DODFEREIC/e D 2 LRI N,

—JF, FTU IZBWTHERMEMD 5 L RIE L2 OBEIEEIZE L total FTU 1%
TRT 10 2R TWDZ ERWLNTRY . HIREOWEIRILAIHERE ) IR & <
ZHZTWDZ EARBE T, D DEEL D 2 W EEOBEN D L D n-FTU
DHHZTIL 7.6 & 4.0, BUEHRICEEHEMFEY & N2 72 nif-FTU O5E121% 8.6 & 4.7 &
H 4 DGO LTy, HEREl & LT &I Z 72 total-FTU DEEZ T, 104 & 9.8
L. FOEFTDTN 0.6 LiRdoniehotz, Lo T, #EEHEAE L CTETHDH
B oW R I A [ LT, IR 25 2 1o 851218, Rk O A RIEESZ OFRER
WE+DBE LTI RN LRI T,

AHFFEIZ LY EEICHZY B0t E 20 UL ERAT 5D 2 & 2SIHMERE ) 2 AR L C
WS ETHEHETHD Z ERHERTE T, 70, FTU OFEEN S, HOERNA U1
IIHGE T, BRI ERHA R 2T > TREREBLZEIET L2 AR TH L, 205
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BT, BEREV TV v OR0A VT T M EORBIEMERBY TRE & BT L21E 5 A3, 0
WRE ) ZHEFF 2 E TR TH D Z R ST,
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nif-FTU
b BEE oxi

10.2 10.2
10 ~

3.2

40~497% 50~591% 60~691% 70~758%

5 ARG, MO nif-FTU

total-FTU
12 A mEE ok

10.6 10.5
10.4 100 o9 10.3 1590 10.2

10 -

40~49%% 50~595% 60~69%% 70~755%

6 AFEEREERLE. PERID total- FTU
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VI. #gE# = = b ORERKPER & IHEEE ) & o BE

Ueno M, Yanagisawa T, Shinada K, Ohara S, Kawaguchi Y. Category of functional
tooth units in relation to the number of teeth and masticatory ability in Japanese

adults. Clin Oral Invest 2012; 14: 113-119.

(B EW]

MEMRE 11X, BIEHE-CRE i — =~ b (FTU : Functional Tooth Unit) 72 E#k % 72 H[K]
DL Z T 5, BEEE-CHIEHR == b3 77 n LG b T 52 L2
., BOOWEZ TE LR LLHMERTL 2 ENEEICRD, BUE, P EbASDHEE
20 HHERFT D 2 & DMERIIEME AT ) ETHETHD & SN TN5H,20 Ll LAy O %
AT DLW BIEIEL, AARTO 8020 EE)Z /L UH, WHO X° FDI THHERX LTV 5,
LU B DOl 20 iiRA T 2 Z & OEFEMZ FTU ZH51E & U CTRET L72iFZEIE 720,
Z 2T, ZOMED BEE, 20 LA LB O A RA T H2F LIRA LRNWEIZHBVW T, FTU
DORERLNER & IHIEFRE /) DR - MiEt 2179 2 &L Th D,

[ 7]

RIS % 40~75 DB 2,164 4 (ME 916 4. &bk @ 1,248 4) & WFTEXTER
&L, HERZERE L ERHEMIC L2 AENRZE L FEM L7, FTU X, L TSHORA KAN
R 2 W > TV DA 20 B FHOFEA/NEAE 2 > TWD5E1E 1. ABADHEO
HFELTNDEAECETHE BICHENRWEAIZ0 S L7 B 3 KEA#EIEFRL),
L7235 C FTU O/ MilE 0, ekt 12 & 725, FTU IEHERZ T ¢l BEB X
OARUERR & O T2 T X COMRE o Calli 217 > 72,

S HIZ FTU (X2 OARNFRIC L V. RIXEE[F L (natural-natural : n-n) , [EEMEAFEY D
T 4y L RIXM (fixed-natural : f-n) | EEVERIFEA DR T 1w 7 [AlE: (fixed-fixed :
£-f) . AIEUMER Y & KR (removable-natural : r-n) . A UMY & E E ERTH Y

(removable-fixed : r-f) . A AHFRY[F 1= (removable-removable : r-r) @ 6 DIZ/3¥E L T=,

T, RGEZ B OW % 20 lRA T 20BN T2 BIZH I To72, S 612, B
HRZEOIANXIEMGERE I 7 A R & 0, 15 FEHO L2 T N CTHET 2 2 &N TE L L
BLIREE 2 5 TROVEED 2 BRI /3 T bl « ot 21T o 72, £72. FTU ORERLANFR O34T
E. L BOITIC K MR & Rl AR L TIT o e,

[#5 5]
1. FEfERA D 20 B ERA T 5F OEIE
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40-49 B TIXIE E A ETRTDE (98.0%) 73 20 L EARA LTV 2, 70~75 7% Tl
F LT (39.4%) Th o7z, 20 Ll EERA T 2F OFIGITFERD LRSI & b7l
LTWi= (K1),

2. ElPERAE LORA RGO HHE L FTU

20 BEERA T DN BT HEEIIFRRS LA DI LW LTz (K
2), —J5. FTU I 20 thLA EORA T 238 TIXHEERN LR DI L72AWED LTV 7aa3, 19
UL R 5 E TITAER DS _E2N D12 L2 ASWEEIN L TU 7z, 40-49 5538 & T8 50-59 7% Tl
20 L EIRE T 2E X198 LL FERA T D8 1T FTU 32005 7203, 60-69 1% 53 L OV 70-75
& CIXIZIEFBRE CThH o772 (K3),

3. PRAHEHRIO FTU Mk R

20 LA ERA 2 F O FTU 1 10.14, 19 UL T RAT 28 TIL 10.11 TH Y ZEITFEH 5
nigiolz, LovL FTU OMBENER TIIAERZENR A Bz, 20 WL LA T 5E DN
SRTCITRARHEFE L (nn) B3 H % < 8.02. KW CHEEMMBRM DR LT 4 v 7 & KIKH (f-n)
725 1.05 Tholz, TOMOD FTU #ERHFIZT XTI T Th o7,

— 75, 19 LA FOF TIXRAHEF L (nn) 13472< 1.12 TH Y | AEmEDFE L (r)
25 5.04 LEcH < IRWTRIMERIFEY & RIKHE (rn) 73 3.33 & Lo 7z, OO FTU
HEERNFRIZT R TOS LT Tho7 (K4),

4. AT BIO FTU #ERLNR

20 UL R T 58 L 19 LA TERA T 58 ORI G WA T RO 2#{T> 7= & Z A FTU
DEFET HERIZ. EH6 LIZFFRBRETH 72, FTU OIFEET DEEITE 1 /N Tk
HE < 95%, T HEIZARDIT LIeBWEDOEIAITIKRL 720 52 /NEHE TR 90%. 5 1
KEIHETHI 85%. %52 KEH TKI 75% Th o 7=,

20 t L B % FH O FTU BERENFRIE E DORIE L7 I2B8 W T b KRR+ (nn) 23
K53 %2 56D TNz, NEHERTIE 80~90% ., KHEES TIZAI 60% 23 KX R+ (n-n) T
HY . B 1UNERTZEOREIEN Kb ENoT,

— 5. 19 B LA FERA 3 5 Tl FIHERIBR IR L (rr) | RTRCHEARR A & RIRE (rn) |
W EMEMFED DR T v 7 ERIRM (fn) 12X D HDHR 70%005 80% % 5Tz,
KRR (n-n) (3, /DNEEFTIX 10~15%. REEHF TIEO T2 2~3% Th o7, Al
PERIREDE L (r) OFEIGIIRFAEE (] 50%) 2/ INFHE (30~40%) CH~@m< .
(AT Y & KR (en) 1T /NEEEES (30~40%) S KEIBRT (25~30%) (ZEE~_ED»
7= (K5),

4. LRAWHESIO FTU #ERKNGER & HIEHRE /1 & D B
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20 UL ERET2E L 19U TIRAET2EHEDOELLIZEBW TS, ISHEHEOREMEZ T
THT A ENTEDHERE LIZREEZ D TRWVWEEE T FTU OFUTZEITRE D Bt
o7z, LU, FTU ORERNERZ 7% & IRERBUZ o b3, 15 O R AT T
IHMES 2 Z ENTE D LA L-RHIEE 9 TROWEEC AR, KARHEFE L (h-n) OFEIGNEH
<. AHUERMBDIC LD b OBREN-T- (K6),

[%4]

— DM R A E LA RO WT, BOOW 2% AT 52 LIXRA
7R OIS BEDHERFICEE TH D Z EDNH LN o2, F72, 20 UL ERA L TV D g
2T FTU & L7z & 2 A FTU BUTIE S IEEE VR A LN h-7z, L L, FTU
OFERNFRIXBEE I Z /2 5 Z LAV Lz, 20 LA ERA T 538 O FTU MEENGERIL, K
SRR 3% < | AR L D b DD Ieino Tz, w612 19 LA FIRAE T HHF D FTU
RN FRIZRIR BT R 2370 < O ATRUERIFEIC K D b D% Do T,

FTU L WHMFRES) & OB A 2 & | R REUZ DD B3, (LARRXIANEEE )7 A T 15
OB MZ TN THET 52 ENTED EEELEFIZE D TRVEITH A, FTU ik
R CRIRBE R - DEIA N E > 1=,

AT LY | FTU OEIZT TIERL Z OMENIRPEZETH Y | RARWIZ LD b D7k
Do, TIE LA HPEMHRDIC L D L OROPPNEFENICRELS EEEHEZ VWD L
DB L7, ZHHORERND, TE DRV A0 &R L RIRIIZ X5 FTU 2% < f&
BT 5T LT, R OPEERES OEORELZ R OTCOICHETH D L EX LI,
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3 AR, PRA GO FTU
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SAEWRT
100%
80% A
Hr-r
60% mr-f
EHr-n
40% - af-f
Of-n
On-n
20% A
0%
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HEERT

X5 20 LA ERAE (F) & 19HLLTERAEE (T) OXFEW7 50 FTU #ERNGER
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FTU

12 10.36
9.62
10 -
|
Hr-r
8 1 Er-f
Or-n
6 of-f
Of-n
4 .
On-n
2 .
0
+ —_
FTU
12 -
10.36 10.04
10 -
Br-r
8 1 Er-f
Or-n
6 .
of-f
4 Of-n
On-n
2 .
0
+ J—

X6 20l ERAEE (B) & 19 LA NRAEHE (F) OIEMERE 150 FTU # R NER
+ ISTEEORMET X CHE TN TE 5 LA LR
— CIHIETERWRNN S D LRI LR
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VI. GOHAI 3 X U ABEDRERIRIED B C7HEh & 1 AR R & o REE

Zaitsu T, Ueno M, Shinada K, Ohara S, Wright C, Kawaguchi Y. Association of clinical
oral health status and self-rated oral health and GOHAI in Japanese adults.
Community Dental Health 2011; 28: 297-300.

[FR L EM]

QOL i Quality of Life OBFETH Y | EIHFOE, EmOE, AFOERELRINT
W5, QOL %, A&, mimd. EY - BROSELR L a2 i CEH STV 5203,

FesE ik 2 Rk L 72 QOL X 1S QOL (Oral Health Related QOL) & FEEALT

W5, DRI BEE U 72 a i Ze B R E QOL 2 FH 95 RE & LT GOHAI (General
Oral Health Assessment Index) NEMNATHHA I TS, QOL 27T 25 DlX, =
WEMTIT R BEMNOB X ZHFT L5720 THDH, BEDED X DITHZO OO
IZONTEXTNDDONMD Z L ITREEOMERE - HHEDT-DIZEE TH D, AWIETIE
40~55 iE DOHBEE R A %15 & LT, GOHAL 3 X OV A EOREFRIRRED B CaFlh & 1R
R E DORIEIZ SV T &21T > 72,

[Fi:])

ARIFGE~DSNINZFE L= H RS TH D 40~55 i OfER 459 4 (BYE : 154 44, &
PE 1805 44) HRIRE Lz, 2007 FIHEFHB KOO LW EMSOB IO b L. HiL
XEMEE NPENZ A Z BRI B W TH M L,

R T O PEREE QOL ORI E & L GOHAI @ HAGERR ZFIH L7=, GOHAI X
12@%%@5?%&%% FHBAIZ TWob ] TR TEEEE) Thoizien) 720
D5 EBPET, Hir 3 » A OIREZEIET 2 Z LI >TWnsh, GOHAI DX 27 (% 12~
60 THY . Xﬂ?ﬂm%i&ﬂﬁ%@QOLﬂmw Pl S D, HEOEEEIRED H
FHIZ DWW TIE, T5OBOOREIRIEIZE 5> TT 21 LWHEMERICH LT X
TEH LW [529] THED LI TSRy O5EBTHELTLL T,
Dz, RHERIC X2 OENZE (5 3 KEWIIRIN) 21TV, ROAEHRH, EAH
B, AEHEE, Tr—E I K VRO S 5 E . wAaltEOH D EE. WER T
> b 4mm LA EOHER, OFEGEBEORE, OPESRIREZTM L, £/, HEORS
FEDFHE D 7= D | ZHfE = =~ b (Functional Tooth Unit:FTU) ZH&H L7z,

[#R]

1. GOHAI B X O AEO D A CL A

GOHAI O ¥l X 53.6£6.1 TH o7z, GOHAI DIHHBITH DL E Tnwob T TE
LX) EEELEEFEORIEGHEWVIHEIL, THOHDRIZBIZONT, Nl o 2 &7
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H5] TOOFOPFFOESR, [KUSRDZERH D] TAODOHFT, B ORHZNEHD
RHWHDONLADLZ ERHDH] T, ZNEN 42.7%, 30.1%, 27.5%ThHh-7 (¥ 1),

Fo. AEOREIREO B ML TEWv] 2 7.2%, TEH LV 28 16.6%, [5D9 ]
28 52.9%, [HFED LW 2320.5%, (LK< R2.8%TH-oT-,

2. FERGER D

W ARMLE AL, B, BRI TN 1.6 R, 2.7 ., 13.8 i ChoTo, 7
E—E IR RO & 5 HE. WAEDD D WEAR Y b 4Amm P RO
WEIXEN TN, 5.9, 8.6, 4.7 CTH-7m, £io. OEBROH HE1T 3.7%, HIE
THERCIREN R R OE T 12.6%, FTU OFH)fEIX 10.83 Th-o 7=,

3. GOHAI & MERERIRDL & o B

GOHAI O F¥)fiia & L1Z, QOL o BATHE (54 LA L) & RERE (B3 LLT) @ 2 BEIZH
L DR & DBSEE A5 L. QOL O BB TITRAFRE & il LT, B liHn
AREILEL, FTUBRFEILA o7 (H2),

4. PEOREEKEED B Rl & A BEORERR DL & OB

APEDREFRIED B ORI L Bar#E (TR TEH XV T5295)) EAREREE (Ih
FO L) TRV O 2825 T APERERRS & OB Z 58T Lz, Z O
R HOFHIOR REEITRAFRE & Bl U CL A BICRLE #5032 < .FTU B2 0o 72,
F o, OEERLERD B 5 H B L OO EERHREEN R ROFOEIE NS L | hEMRORE (
P, A EE, Amm DL EOEER T v M) b AR TH-72 (K3),

5. GOHALI 3 X OV AR IRAED B 2R B0 5 ZLX]

i, PERIZFHEE U725 2 C. GOHAIL, OFEDRFRIED B ATl 2 76 m A%k, D
PRI UL E NI 25 & U CRIERIR T 21T o 72, 2 OfER. GOHAL & A E 722 BH AT
DO EB X, RAERER, M, OERRTH o7, DEORBEIRRED A R
EHEZRBEENRO N HE T, RAOLERS, AR, AREERRETH -7,

[Z£]

K5RE D GOHAL 2 2 7 1 2 OF g OFAME L 1FEF—FH L T Y DMFT IZBAL T
HRR B ERERA L RO E R Lz, LER-> T, AFEOMEE L. DR EO Z DF
ROBANERFBTLHH IV THDHEEZOLND,

AMFZE T BN S TR EFEO R A TS T 5 N PERSHE QOL OIHH X =MW
) THY, mmEENGRE LA TO THEPHET | S i13ih-> Tz, £/2, A
TREERDLD 5 &, HEfh, oMK, DR N FERE QOL IZ/EAH L T\b 2 & o3
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L. ZOHFLE LT, B ABBRERREENEL T\ D LRI,

—J7, OFEOREERED B ML 5 2 T =00, High, DOREsg, nbes
WEETH o7z, WECAEEEIIAEOREREE LT, RADRRDERT L, £n
QOL IZH BT HLEZBILD,

MRS QOL 1T % 5 2 2 W O OJF R I, L7211 TR < lEER S KE L
B LTWD, LavL, RFEORGEIZENT, oA T QOL BEE L, OfED
fRERBE S L TR L TWDoIZxt L, A, lAafE, A7y hOES R ED
R B OIERICHRT U THEERRE L T W Z ERH S MR -7z, FEFEIZB VLT QOL
Zh LS5 72012, w@%@ﬁ%@f&ﬁl&&éwﬂﬁ*%%%?é:&z)iuz%fv;b@\
ZOLEOITITEERBEZRRTEDL LI RBERE 0 /7 22T 2 e NEELE
BT,
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ONFDREZBIZOVNT, FFIZBSIZEAH D
ODFDOREFDEIN., RITHEEIENHD
ODHT, BLEDOAT=VEDOHWEDNLAZIENHS

BAYENHYTY . MAFEYLITKNZ EAH D

OQFDHFNBNENT, BRYDEROEANDEEEZLHEDH
%

ODOHOFFAEBNENT, ABERIZTEIENHD
ODOFDFEFOENT, BICERSNGENIENHD
OPANELYDEHOCTRED I, EEFESIENHD
ODOFDRERFOENT, BOBYITLeRShENIELH D
ODOHDOFFDENT. ALDIDDYEEZHENHD
ADHFDRFFNENENT, AR TELBEVTREALNAENIELHD

BRYORAYE . BT 2ERA DBV ESHD

s

),,;,"-"' 427
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T 4o
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VI ERSERAEIC X SEBRE Ml O 2 EiC o\ T

Yanagisawa T, Ueno M, Shinada K, Ohara S, Kawaguchi Y. Validity of Self-reported
Masticatory Function in a Japanese Population. J Dent Hlth 2012; 60: 214-223.

[EF L BHR)

THIRESIE, EH OREIRAE, Kb - IIRBRE, REHEME R L LML THD I LN
WESNLTWVD, Lo T, BAFREMBRE) ZHEFF 25 2 & 13, MR SRR
ZRFFTOOICEHETHD, THET, HEETEREMPIGREOARENEZ DL Y
OLVBZELT, TOMRICHESTFHE L TE 7o, APFETIE, HRMEZ LR TE 220
W NT, ERMEREIC L > THBREN DA 7 Y —= TR TE D 0ENERBRTT 2
72O\ HMGEE ) O H Eat il & | EER OIS RE /) OFFHE & OBIEIC OV T 21T~ 72,

(5]
2005~2006 FIZ R AN B FHER2 2 5272 L2 R R 11100 40~75 i D ER 2,668 41 (5
PE 1,091 4, & 1,577 4) ZxgE L, BRRAOHEMEREZITV, THOOW X7z
IZANE T, EADORWZ LoD NHLODL I ENTEETN?2 ] LW ERIZH LT,
MG &b s ) ERE LFEE TR ThHTE0) %) LRIE Lead M), T
ey LEPELHEE TRR] &, 321X LTz, £z, 15 HORMIZ &L
HINANHEEE )7 A P b EbETHEm L7, 62, AENZE (8 3 KEMWIEFR)
ATV, BifEMEEL, FtE. #eE# == I (Functional Tooth Units : FTU) Z&HEH L
7
FTU (3u@%, 7 X CTOMRERIZ X 5 RO G Z R TR L L THOWBILD A3,
AWFZETIE, FTU 2R L TS BREHE 2 LA T D 3 DIZ08 L Tt 217 - 72, OBUER
(natural teeth) DA CTHH L7z n-FTU, QBIfE & [EEMEAH##Y) (natural, implanted
and fixed prosthetic teeth) % & CHI L7z nif-FTU, @IB/E & EEMEMED S L

ORI, 372 bb 3 T OMEES (total) ZE 0 TR LT total FTU ThH 2,
PERI. AEERPE RN . BB X 2 HMERE S 0 B Caklh o %8 R & LA §E ) 7
Z b, BUEwE, A, FTU & OBEICOWTRET Z1T o 72,

[#R]
1. BRI X HHMFRE ) O A CRET

BRZEIC X2 HEREN O B CaHiiix, TRAF) 2% 2,021 4 (75.7%) . ] 25 447 4
(16.8%), 'R 232004 (7.5%) Th-ol-, [BifF) #EE, ) #80 [RE) BRI
oS TSR AN ES ME I 035830 B LT,
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2. FEMERRA OBAEH . Hi%. FTU

BU{E#EE. F%. n-FTU, nif-FTU OFAE 2 ERPESR AN ik L= & = A, Bidt
(AR < 72D LHEMEL Zp o7z, — 7, total-FTU TIE B L 3RITAERIC L 5213780
biLZeinolz (K1, X2),

3. MHWEEE ) D H Rl & (ASUHIERE )7 A b & DR

BEREEORR & IIANEEEES) 7T X FORIRZ K LIz & 2 A HIEFRES O B 2 A3
TR BER IO @) BRI, [RR) BB LT, ARICEVWEIATIZE A EORM
zZ [HEAEE] LRIFLTWe, —J7, HEEE oMo PRE] BT, 2500
B OWTIIHEBRIRE CTH o723, B —F Y HARN, AVA L TT U ANRE
FEVESICEI L TIE, 9 50%DF D TIHIECX Zpvy ) LA LTz,

4. HWFEES 0 H CRFAl & BN, F#EE. FTU & R

BMZEORR L BIEHE, HEE, FTU L OBEL ST L7z & 2 A, R TOFEERBEHRIC
BT, WO H CRHMIio TRA ) BEE, M) B L W AR B L Ty~
TORENEBWEEZ R LIz, £, TNTOREICBWTHEE N TR — [558)
— [RE] ERDI Ly, Emnmd Lz (K3, X4,

[E£]

ARWFFEORER VAR L 2 HERE /) 0 B R & ILARKIEGERE /17 A N OB EH L,
Fpgd, FTU & ORICEEEN S 5 2 & 3R S iz, Fric, MHMGEE IS TRAF) & B ORE
i L=ffid, M) R X TRR) BEEHIR LT, X TORENSWEIEEZ R LT,

INETOMET, n-FTU 2 7.6, nif- FTU 23 8.6 LLETH S & IUIARHIGHE ) T %
RO 15 BAMDIZE A EEEIFET 2 Z LN TE 503, n-FTU A 4.0, nif-FTU 78 4.7 LA F T
boE, HFTEXRVWEMRHD Z ENRESNTND, RIFRIZBWNTE, IHIEFEES
TR L HOFME L2 TIEn-FTU 28 7.2, nif-FTU 2881 THV ., 1FLALEETOR
PRE A CE 2 LEIZE LTV, IRE ] & O L7ZBETlE n-FTU 2 2.6, nif-FTU
2 3.0 T, —HORM, FFCHEOENTHE TRV ERH LMo 72,

a2 TELIETRAETHI L. EwMNER LG a IIMifRALE & L CIHMERE /) Ak
FLTWS ZEIFEETH D, Z OIHKFRE) ORI A EEIFHE T 572012, TE/ O£
TIEANE T EADREZ Lo R LDD 2 ENTEET?2 &0 ) EREH I,
Ftl ORI Z 7 FTU RLEBEO RS OIEERRM L EE LT, Z4MRH5 L%
2O, ZROMBEREZ MR L LT FHE LT O 5EI2iE, T X TOMRE DOHE

DaFEMTDHZ LIIARARETH 5, tHFHERM S OPENZ A 2 FEli C X 2 RILIZ BN T,
ARWFZECHEH LIZEREIC L D@ DR 7 ) —= 0 ZERSE AR TH D B2 5
niz,
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FIH 3k

LK

DR oEd® aFR
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b0-69

60-69

T0-75
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nif-FTUs n-FTUs

total-FTUs

oo 5
50-59 F
60-69 [
70-75 F
40-49 7
50-59 F
60-69 |
70-75 b
40-49 F
50-59 F

60-69 [

ORfF oER TR

4 THMEHE/I D H CEHHE n-FTU, nif-FTU, total-FTU & REH
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X. RADOORLE ZNICEb 5 ER O FE

Ueno M, Yanagisawa T, Shinada K, Ohara S, Kawaguchi Y. Prevalence of oral malodor
and related factors among adults in Akita Prefecture, J Med Dent Sci 2007; 54:
159-165.

[BEE EW]

DR EIIAENDLHEE LN ARAERNTHY, NRBHDLEANEDIIa=r—T 3
RMBAIGICRE L 525 Z L2 5, AROKFEROK 9ENTOENICH Y . IR
HibAY (VSC) NZDJRRWE T 5, VSCIZHEND 7T AREMEe MRS 23 2 >3

VB EDGRTHZEICLVEAINS,

1999 4R 2 540 S - R MFHEIC L 2 & SO OFICAERIERO S HE5D H b
THR] THATHWLIEDOEIRITMN15%TH Y, BRIERE LTUI4FRICEZWINATH
STz, TR Tt OEIGITER & & HITHM L, 1524 5% T 7.6%.25-34 1% T 10.1%.
35-44 % T 17.7%. 4554 5% T 20.7% CTH YV, 4554 % CIXHIMEM %/~ L7, 55-64
WLARRIC 705 & MR ZFFRZ DH OEIS TR 212 LT,

ZOEINCHARTIIZ L DADNARTHA TS, AROFEKRYESHD RIGEICETS
FRIZZEATON TV DD, — R OHIRER 2 x5 & Lz 0 BRI 720, Al
T2 13K RBETF 7 O Ml E R A e U B B A & DN A 21TV, BAICEBIT 2 A
BROFEAZFHEL, QROBEICTHFLSTLERIZHOWTHF LT,

(5]

K VAR PREEFT E NI JEE T D 40 105 75 ik £ TOMERK 25,000 4 (2xt LA~
DOEMEEE TR L, RECEONT 2,141 4 (B 910 4 : 4t 61.8+8.8 1%, LMk
1,231 4 : 4FHip 59.9£9.2 %) ZAMIOMEORRE L Lz, &I, MThHB XUV
B (BOB0) HEHEMSOWM )2/ T, SEBZREINCRB W TERM Lz, HENAITHE
BHREATENCFIRR, DGR IE, WEEE 2 SICB 3 5 Bt N B2 s X OV BHEAT
IZE D OENZETH S,

HROFMIL, EEHEMMIC K2 BERMAORR (7oL, TRE, 58V 2., Filin,
PERI. BB BRAEROGHE, BRRN, RAOERR, ARG, - 2k - FoO

ERRAE (B4F, HiE, AR). gL - A EE - 5mll EOWEE R 7 v ROz bbb
L OB A Kendall ¢ 2> Tt Lz, £, DROAE (DR LZ0, O&R
bV & 1) ZUERAEE. Flm, YR, WU BITERE RLE SR, DPERER, o - ik
FOWEIRAE, HIL « 8ALSE - 5 mll EOWHER, v OB bR DA TPE L L
TRYRAT 4 v 7 ERHT &7 o7z, #atitr Y 7 X SPSS18.0J & L7z,
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[#R]

1. &R5H O NROHERE

KIGH 2,141 4 785 44 (36.7%) ITHFRE & 2 W TRV R 3FE O HALTz, Fhnp ik
BNCHD & BEFRECIIEFRBIZHAROROBO 6N OFEEMEN-72 (K 1-a), F
7o. BRI MECH AN ROBEO b 2BENAEICE 72 (p<0.001) (B 1-b),
ERHEMIZE 2 N ROBEREMREREEARNOBRIER O ZLT-LZA, OROH
TIEROHL2FEDOFNARS Y LHEINLEIGREN->T (p<0.001) (X 1-¢),

B (X 1-d) . EOERIRENRRZ2E (K 1-e), HEGENALNDLGE (X 1)
ILZ 5 TRWELY, DROBHNLEIEGRE D> (p<0.001),

2. ARTEE O ROFERE
A HFHE 2,039 IR N T, RLEEEPZWE (K 2-a), HOIERHRERARRZ2E (K
2-b) . A OA BN D EWERZNE (X 2-¢c), WALEDHLNLEEDZNE (K
2-d), 5mld EOWEERYT v b OB LNHWEDZNE (K 2-e) 1ZEARDEDHHNDHE
BnmEmnoTz (p<0.001),

3. BlFEHEOOROFERE
F i 863 A4 ICHB WV TIL, |BHOIFRIREDARERRFIZE ORZDBRD L HEEN
ol (K3) (p<0.001),

4. Aoi5H O 0 RIZED 5 R

A5 2,039 40w AT v 7 BRI ORER, OIERRE (PRE : OR=5.4,
RE : OR=14.3). FOERIREE (TR : OR=2.3. RE : OR=4.3). 5 mmll EOHER
v FOBLIDHEH (6 Ll OR=2.8), AE#ME: (OR=2.6)., WHMHIMOALND
B35 (1-5 ti : OR=1.4, 6 LA |- : OR=1.9) | A iL& DA LD ik (6 Ll [ : OR=1.6) .
PERI (& : OR=0.7) ., gk (55-59 : OR=1.8, 60-64 : OR=1.8 . 65-69 : OR=1.7,
70+ : OR=1.6) NHEOFEIZHEICEALG LT\ e (K1),

5. AHTHE CEMBLEME O RN RICED 52K

A CRMB AL 770 5O P AT v 7 [BURSHTORER ., B OTERIREE (R
OR=5.3, RE :0R=13.1), 5 mmLl EOHE R~ hOZ B HHEL (6 HLL L : OR=4.3) .
T OEIRRE (FFLE : OR=1.7, ~E : OR=4.0), HAWEfE (OR=2.4). FHil OiFimIkeE
(RE : OR=2.4), #RHIIMDOA B 2% (6 WL L : OR=1.9), WALEDABND
% (6 LI L : OR=1.9) WHROAEIIAEICEE L T\ (£ 2),

[E£]
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AR O—EOHIBEREZ 3R L LT EFEFHE T, J5H O 40% 120 & 03589 b,
INETOREICHANEMEZ R LTz, HARTOETHETIE, TS OMET 6~23%
CHEINTWS, F72, HMETORHETIEZ Meskin 1255 & 10~30%. Liu 512k 5 &
20.3~35.4% L WE SN TV D, FIPERIC L 5 D ROBIGIZET A DR o 7oy, Bk
T PEIC N AR ORD SN LA N E -T2, 2. AROARIERNH 5 HE TERER
HICEVORERS D EHESINDEERE NS,

NROFWICHETHERNEO AT 4 v 7 BIRSHIT TRET LI E 2 A, B0E DGR
K&, 5 bl EOWEAR T v hOAHLNDL W, WRMHIMOAR S L EEL HATE D
HNDHHE, AN ORI EE L TWDZ ERHLNICR T2, TOFTHHED
RS D ROFEICR B RESHFEL TV,

ZOHIBIZB W THROBD HNFOEIEITE L, ARIZEBWTHERR e & OHREHE
B AR EN - B 5 Z LI LT, ARIOFR T, woEmoiEi, wEwE, A
Vi iiein EM D RICEEE B2 2N ThH -T2, LIBn-> T, S%MsERICH T2 0R
TRAOT=OI, oE OIEIRFRE., #ERIRH, D iR e & OREHE B L OB
HE A LD 2 TN ERES OUGEIZ S DN Y | HUSRBHRENEBI O —BR & L TE
MiT 2 MENH D & b,
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Clinical Studies

Prediagnostic Plasma Antibody Levels to Periodontopathic Bacteria
and Risk of Coronary Heart Disease

Masayuki UENO,' PhD, Yuichi Izumi,” PhD, Yoko KawaGuchl,' PhD, Ai IKEDA,” PhD,
Hiroyasu Is0,> PhD, Manami INOUE,* PhD, Shoichiro TsUGANE,! PhD, for the JPHC Study Group

SUMMARY

Many epidemiological studies have indicated that periodontitis is an important risk factor for coronary heart disease
(CHD). We examined whether plasma antibody levels to 3 major periodontal pathogens, Aggregatibacter actinomyce-
temcomitans, Porphyromonas gingivalis, and Prevotella intermedia predicted the risk of CHD events.

A nested case-control research design (case: n = 191, control: n = 382), by matching gender, age, study area, date
of blood collection, and time since last meal at blood collection, was employed in a large cohort of Japanese community
residents.

Antibody levels of periodontopathic bacteria were associated with risk of CHD after adjusting for BMI, smoking
status, alcohol intake, history of hypertension, history of diabetes mellitus, exercise during leisure time, and perceived
mental stress. The association was different by age subgroup. For subjects aged 40-55 years, the medium (31.7-184.9 U/
mL) or high tertile plasma antibody level (> 184.9 U/mL) of A. actinomycetemcomitans showed higher risk of CHD
(medium: OR = 3.72; 95% CI = 1.20-11.56, high: OR = 4.64; 95% CI = 1.52-14.18) than the low tertile level (< 31.7 U/
mL). The ORs of CHD incidence became higher with an increase in IgG level of A. actinomycetemcomitans (P for trend
=0.007). For subjects aged 56-69 years, the high tertile level (>414.1 U/mL) of P. intermedia was associated with higher
risk of CHD (OR = 2.65; 95% CI = 1.18-5.94) in a dose-response fashion (P for trend = 0.007).

The possible role of periodontopathic bacteria as a risk factor for CHD incidence was suggested by the results of this

study by the elevated antibody level to these bacteria with the increased risk of CHD. (Int Heart J 2012; 53: 209-214)

Key words: Plasma antibody, Periodontopathic bacteria, Coronary heart disease

are infectious disorders of the periodontal tissues

caused by dental plaque accumulation. Gingivitis is a
disease with reversible inflammation of the gingival tissues,
whereas periodontitis is a chronic inflammation involving not
only gingival tissues but also the periodontal membrane and
alveolar bone." Specific gram-negative anaerobic bacterial
species, including Aggregatibacter actinomycetemcomitans (A.
actinomycetemcomitans), Porphyromonas gingivalis (P. gingi-
valis), Prevotella intermedia (P. intermedia), Treponema denti-
cola (T. denticola), Tannerella forsythia (T. forsythia) and Fu-
sobacterium nucleatum (F. nucleatum) have been consistently
associated with periodontal diseases.””

Periodontal diseases are highly prevalent dental diseases,
along with dental caries.” A Japanese national survey of dental
diseases conducted in 2005 reported that more than 80% of
Japanese aged 45 years or older had some periodontal disease
symptoms (ie, gingival bleeding or calculus deposition) and
42.2% of those aged 45 to 55 years had periodontal pockets.”

Coronary heart disease (CHD) is primarily caused by a

Periodontal diseases such as gingivitis and periodontitis

condition called atherosclerosis, which is the narrowing of the
coronary arteries that supply blood and oxygen to the heart due
to fatty buildup of plaque. According to the 2010 Japanese vi-
tal statistics, heart diseases ranked as the second leading cause
of mortality in Japan after cancer, accounting for 15.8% of all
deaths, approximately half of which were CHD.”

CHD has a number of risk factors, including smoking, al-
cohol, and obesity.”'” Furthermore, many epidemiological
studies have indicated that periodontitis is involved in the initi-
ation and progression of CHD. They showed a positive associ-
ation between various measures of periodontal diseases and
CHD risk, even after adjustment for a variety of potential con-
founders of these associations.'” However, the status of perio-
dontal disease in most of the studies was based on clinical peri-
odontal examinations or self-reporting. Therefore, the
interpretation of such results should be made cautiously be-
cause standardized measures for periodontal disease were
lacking.

The systemic immunological response to periodontitis
can be measured as elevated serum antibody levels against cer-
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tain periodontopathic bacteria. Serum antibodies to such perio-
dontal pathogens have been used to identify microbial species
that are associated with status and progression of periodontal
disease, and to define disease-susceptible or disease-resistant
individuals."

Previous studies that employed the antibody levels of
periodontal pathogens have provided evidence that infections
caused by main periodontal pathogens like A. actinomycetem-
comitans and P. gingivalis are associated with an increased risk
of myocardial infarction and acute coronary syndrome.”"?
Pussinen, et al reported that high serum antibody levels to A.
actinomycetemcomitans were associated with the subclinical,
prevalent, and future incidence of CHD." A Japanese study
demonstrated that serum antibody levels against periodonto-
pathic bacteria were higher among periodontitis patients with
CHD than those without CHD.'”

However, very few longitudinal studies have investigated
a relationship between the systemic immune response to a par-
ticular strain of periodontopathic bacteria and the incidence of
CHD. In particular, a large-scale prospective cohort study to
assess the association between periodontitis and the develop-
ment of CHD has not yet been conducted in Japanese popula-
tions. Therefore, the objective of the current study was to pro-
spectively examine whether plasma antibody levels to 3 major
periodontal pathogens, A. actinomycetemcomitans, P. gingiva-
lis and P. intermedia, predicted the risk of CHD events in a
large cohort of Japanese community residents.

METHODS

Study cohort: Subjects in this nested case-control study were
those who had participated in the Japan Public Health Center-
based (JPHC) prospective studies I and II, which intended to
prospectively follow the morbidity and mortality of various
diseases, such as cancer and cardiovascular diseases, in a large
population-based Japanese sample. The JPHC Study Cohort I
was initiated in 1990 and included residents aged 40-59 years
as of December 31, 1989 in 5 public health center areas. The
second group (Cohort II) involved 6 public health center areas,
was started in 1993 and included residents aged 40-69 years as
of January 1, 1993. Details of this study are described in previ-
ous articles.""”

In this study, 191 subjects voluntarily provided 10 mL of
blood samples at baseline from 1990 to 1992 in Cohort I or
1993 to 1995 in Cohort II and were diagnosed with CHD dur-
ing the follow-up period. For each case, two controls were se-
lected by matching gender, age (within 3 years), study area
(city or town and village), date of blood collection (within 6
months), and time since last meal at blood collection (within 5
hours). Thus, the number of controls in this study was 382.

Ethical approval of this study was granted by the Ethics
Committee of the National Cancer Center in Tokyo, and Ethi-
cal Committees of Osaka University and Tokyo Medical and
Dental University, Japan.

Socio-demographic and health behavioral information: A self-
administered questionnaire, which inquired about height,
weight, smoking and drinking habits, medical history (hyper-
tension and diabetes mellitus), leisure time physical activity,
and perceived mental stress was distributed to all participants
at baseline in 1990 or 1993. BMI was calculated using the for-

Int Heart J
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mula (weight (kg)/height (m)°).

Confirmation of CHD incidence: A total of 78 hospitals were
registered within the sampling area of the JPHC cohort. They
were all major hospitals at which CHD disease patients could
be admitted. The medical records were reviewed by physi-
cians, blinded to the patient’s lifestyle data. CHD events were
included in the study if they occurred after the date of return of
the baseline questionnaire and before December 31, 2007. The
details of the surveillance for CHD were described in a previ-
ous paper.” Briefly, CHD was confirmed in the medical
records according to the criteria of the Monitoring Trends and
Determinants of Cardiovascular Disease (MONICA) project,
which requires evidence from ECGs, cardiac enzymes, or au-
topsy."”

Plasma antibody titer measurement: The plasma and buffy
layer of the baseline blood sample were divided into 4 tubes
holding 1.0 mL each (3 tubes for plasma and one for the buffy
layer) and stored at -80°C until analysis.

Plasma samples were analyzed for the IgG antibody
against cell surface antigens for the following 3 suspected peri-
odontal pathogens: A. actinomycetemcomitans ATCC 33384,
P. gingivalis ATCC 33277 and P. intermedia ATCC 25611, us-
ing an enzyme-linked immunosorbant assay (ELISA) with
sonicated whole cell extracts of each periodontal pathogen.
The microtiter plates coated with sonicated extracts (100 uL)
were stored for 1 day at 4°C and washed 3 times with PBS-T
(0.05% Tween-20/PBS), following which they were blocked
with 350 L of 2% BSA + 5% Sucrose + 0.1% NaN3/PBS (pH
= 7.0) solution. The plates were incubated for 4 hours at 37°C.

Plasma samples were diluted 420-fold with 1% BSA
(Sigma, A-4503) + 0.4% hydrolyzed gelatin (Sigma, G-0262)
+ 0.1% NaN3 + 5mM magnesium chloride + 5SmM EDTA-
Na2/0.1M phosphoric acid buffer solution (pH 7.0) and 6 dif-
ferent concentrations of reference solution were prepared with
the same diluted solution.

Subsequently, 100 4L of the diluted plasma sample and
reference solution were applied to each well, stored for 1 hour
at 20-30°C, and washed with 350 uL of 0.05% (w/v)
Tween-20/PBS 6 times. To each well was added 100 uL of la-
beled antibody (IgG antibody: anti-human IgG (rabbit) conj.
POD (DAKO), Antibody Aa: 7500I1gG, Antibody Pg:
3000IgG, Antibody Pi: 2000IgG), stored 1 hour at 20-30°C
and washed with 350 xL of 0.05% (w/v) Tween-20/PBS 8
times.

After adding 100 uL of enzyme substrate solution
(DAKO, TMB+) and stopping the reaction with 100 x«L of 2N
sulfuric acid, the absorbance of each well was read using a Mi-
croplate Reader (SOFT MaxTM) at 450 nm with a 650 nm
reference wavelength. Individual plasma antibody levels of
periodontal pathogens (U/mL) were calculated from the refer-
ence curves of antibody concentrations of periodontal patho-
gens and absorbance density.

Statistical analysis: Baseline characteristics of the cases and
controls were evaluated by the Mantel-Haenszel test with
matched set strata. Crude odds ratios (ORs) and 95% confi-
dence interval (CIs) for CHD risk were estimated by the tertile
level of plasma antibody of the 3 periodontopathic bacteria us-
ing a conditional logistic regression model. Tertile cutoft points
of each bacterium were based on the frequency distribution of
all subjects: A. actinomycetemcomitans (< 31.7, 31.7-184.9,
> 184.9), P. gingivalis (< 57.0, 57.0-134.9, > 134.9) and P. in-
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termedia (< 235.9, 235.9-414.1, > 414.1). Adjusted ORs were iables: BMI (continuous), smoking status (never, past, current),
computed by entering the following potential confounding var- alcohol intake (nondrinkers or former drinkers, less than week-

Table I. Characteristics of Cases and Matched Control Subjects

Cases (n=191)

Controls (n = 382)

P
Mean/N  SD/% Mean/N SD/%

Age, years 56.7 7.7 56.6 7.6 -
Gender (male), % 119 62.3 238 623 -
BMI, kg/em® 245 32 243 9.6 0.824
Current smoking, % 78 40.8 105 275 0.002
Heavy alcohol intake (= 450 mg/week), % 16 8.4 45 11.8 0.271
History of hypertension, % 61 319 58 152 <0.001
History of diabetes mellitus, % 35 18.3 34 8.9 0.002
Leisure exercise time (= 1-2 times/week), % 42 22.0 69 18.1 0.313
High mental stress, % 39 20.4 49 12.8 0.018
Aggregatibacter actinomycetemcomitans IgG, U/mL 269.7 441.5 249.6 439.7 0.606
Porphyromonas gingivalis IgG, U/mL 148.2 164.1 136.8 144.3 0.397
Prevotella intermedia IgG, U/mL 3959 248.8 358.1 233.6 0.075

Table II. Odd Ratios (95% CI) of CHD According to Tertiles of Antibody Levels to Periodontopathic Bacteria

Antibody Tertiles P for
Low Medium High Trend
Total subjects
Aggregatibacter actinomycetemcomitans, U/mL ~ <31.7 31.7-184.9 >184.9
Cases / Controls 567135 68/123 6717124
Crude OR (95% CI) 1.00 1.34 (0.87-2.07) 1.31 (0.85-2.03) 0.227
Adjusted OR (95% CI) 1.00 1.19 (0.71-1.99) 1.65 (0.98-2.80) 0.061
Porphyromonas gingivalis, U/mL <57.0 57.0-134.9 > 1349
Cases / Controls 627129 67/124 62/129
Crude OR (95% CI) 1.00 1.13(0.74-1.72) 1.00 (0.65-1.53) 0.993
Adjusted OR (95% CT) 1.00 1.04 (0.63-1.71) 1.00 (0.59-1.70) 0.998
Prevotella intermedia IgG, U/mL <2359 235.9-414.1 >414.1
Cases / Controls 547137 60/ 131 77/114
Crude OR (95% CI) 1.00 1.18 (0.75-1.86) 1.81 (1.15-2.86) 0.010
Adjusted OR (95% CI) 1.00 1.39 (0.81-2.39) 1.89 (1.10-3.23) 0.021
Age 40-55 years
Aggregatibacter actinomycetemcomitans, U/mL ~ <31.7 31.7-184.9 > 184.9
Cases / Controls 16761 24733 32750
Crude OR (95% CI) 1.00 2.55(1.14-5.72) 2.51(1.16-5.43) 0.019
Adjusted OR (95% CI) 1.00 3.72 (1.20-11.56) 4.64 (1.52-14.18)  0.007
Porphyromonas gingivalis, U/mL <57.0 57.0-134.9 > 1349
Cases / Controls 28751 18746 261747
Crude OR (95% CI) 1.00 0.73 (0.35-1.52) 0.90 (0.46-1.76) 0.757
Adjusted OR (95% CT) 1.00 0.81(0.27-2.42) 0.94 (0.36-2.46) 0.894
Prevotella intermedia IgG, U/mL <2359 235.9-414.1 >414.1
Cases / Controls 26/54 22742 24148
Crude OR (95% CI) 1.00 1.21 (0.58-2.52) 0.86 (0.42-1.79) 0.695
Adjusted OR (95% CI) 1.00 1.67 (0.62-4.46) 1.19 (0.41-3.47) 0.747
Age 56-69 years
Aggregatibacter actinomycetemcomitans, U/mL ~ <31.7 31.7-184.9 >184.9
Cases / Controls 40/74 44790 35774
Crude OR (95% CI) 1.00 0.90 (0.53-1.53) 0.85 (0.48-1.48) 0.556
Adjusted OR (95% CI) 1.00 0.65 (0.33-1.26) 0.96 (0.47-1.94) 0.904
Porphyromonas gingivalis, U/mL <57.0 57.0-134.9 > 1349
Cases / Controls 34 /78 49778 36/82
Crude OR (95% CI) 1.00 1.29 (0.75-2.23) 0.97 (0.55-1.71) 0910
Adjusted OR (95% CI) 1.00 1.19 (0.60-2.37) 0.96 (0.45-2.04) 0.907
Prevotella intermedia IgG, U/mL <2359 235.9-414.1 >414.1
Cases / Controls 28/83 38/89 53766
Crude OR (95% CI) 1.00 1.31(0.71-2.43) 2.45 (1.29-4.65) 0.004
Adjusted OR (95% CI) 1.00 1.74 (0.76-3.94) 2.65 (1.18-5.94) 0.007

Adjusted for BMI, smoking status, alcohol intake, history of hypertension, history of diabetes mellitus, exercise during lei-

sure time, and perceived mental stress.
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ly, < 150 g/week, 150-299 g/week, 300-449 g/week, and =
450 g/week), history of hypertension (yes/no), history of dia-
betes mellitus (yes/no), exercise during leisure time (rarely, 1-3
times/month, 1-2 times/week, 3-4 times/week, almost every
day) and perceived mental stress (low, moderate, high) into the
conditional logistic regression model. Since the interaction
term suggested that the relationship of periodontopathic bacte-
ria and CHD varied by age, ORs were further computed strati-
fied by two baseline age subgroups using the mean age: 40-55
years and 56-69 years (P for interaction by age: A. actinomyc-
etemcomitans = 0.022, P. gingivalis = 0.878, and P. intermedia
= 0.004). All statistical analyses were performed with SAS
software, version 9.2.

RESULTS

The basic characteristics of cases and matched controls at
baseline are presented in Table I. The mean age at baseline in
the cases was 56.7 (+ 7.7 SD) and that in controls was 56.6
(£ 7.6 SD). The percentage of males was 62.3% in each group.

The cases (40.8%) smoked more than the controls
(27.5%, P = 0.002) and also had higher percentages of history
of hypertension (31.9%) and diabetes mellitus (18.3%) com-
pared to controls (15.2%, P < 0.001 and 8.9%, P = 0.002, re-
spectively). Further, the cases (20.4%) were more likely to per-
ceive high mental stress than controls (12.8%, P = 0.018).

No differences were detected regarding BMI, alcohol in-
take, exercise during leisure time, and the 3 periodontopathic
bacterial antibody titers in the plasma.

Table II shows ORs and 95% ClIs of CHD incidence risk
according to tertile antibody values of the 3 periodontopathic
bacteria in the plasma. Subjects with the high tertile of P. inter-
media antibody titer had a higher incidence of CHD (crude
OR = 1.81; 95%CI = 1.15-2.86 and adjusted OR = 1.89; 95%
CI = 1.10-3.23) than those with a low tertile, and there was a
dose-dependent increase in incidence of CHD (P for trend =
0.010 for crude OR, P for trend = 0.021 for adjusted OR) with
the plasma antibody of P. intermedia. There were no associa-
tions of CHD incidence with plasma antibody levels of A. ac-
tinomycetemcomitans and P. gingivalis.

The associations between the bacteria antibody titers and
risk of CHD were analyzed for two baseline age subgroups:
40-55 years and 56-69 years. For subjects aged 40-55 years, a
medium tertile (crude OR = 2.55, 95% CI = 1.14-5.72; adjust-
ed OR = 3.72; 95% CI = 1.20-11.56) or a high tertile plasma
antibody level (crude OR =2.51; 95% CI = 1.16-5.43; adjusted
OR =4.64; 95% CI = 1.52-14.18) for A. actinomycetemcomi-
tans showed a higher incidence of CHD than a low tertile plas-
ma antibody level. The ORs of CHD incidence became higher
with an increase in IgG titer level of A. actinomycetemcomi-
tans (P for trend = 0.019 for crude OR, P for trend = 0.007 for
adjusted OR). No associations with CHD incidence were ob-
served for antibody levels of P. gingivalis and P. intermedia.

For subjects aged 56-69 years, a high tertile titer of P. in-
termedia (crude OR = 2.45, 95% CI = 1.29-4.65 and adjusted
OR = 2.65, 95% CI = 1.18-5.94) had a higher incidence of
CHD compared to a low tertile titer, and the titer of P. interme-
dia was associated with a dose-dependent increase in incidence
of CHD (P for trend = 0.004 for crude OR. and P for trend =
0.007 for adjusted OR). Antibody levels of A. actinomycetem-
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comitans and P. gingivalis were not related with the incidence
of CHD.

DiScuUSSION

In this population-based, longitudinal study, higher levels
of periodontopathic bacteria A. actinomycetemcomitans and P.
intermedia, measured as the plasma antibody titer, were signif-
icantly associated with an increased risk of CHD events. The
association was different by age subgroup, ie, the relationship
with A. actinomycetemcomitans was accentuated in subjects
aged 40-55 years and that with P. intermedia in those aged 56-
69 years.

The link between periodontal disease and CHD is com-
plex and many publications have provided support to the hy-
pothesis of a causal association.”*”" Hypothesized mecha-
nisms include the direct effect of a subgingival biofilm or an
indirect effect through an immunologic response and activation
of inflammation is involved in the pathogenesis of atheroscle-
rotic plaque formation.”**" Endothelial dysfunction is the first
step in the development of atherosclerosis. Periodontitis has
been demonstrated to be related with endothelial dysfunc-
tion.” Dorn, et al show that periodontopathic bacteria such as
P. gingivalis and P. intermedia invade coronary artery cells at a
significant level.” Further, an elevated serum 1gG level of A.
actinomycetemcomitans is reported to be associated with
atherosclerosis.””

The possible relationship of A. actinomycetemcomitans
with CHD incidence has been documented in several studies.
Spahr, et al measured subgingival pathogens in subjects aged
43 to 73 years with DNA-RNA hybridization, and found a
positive association of the amount of A. actinomycetemcomi-
tans with risk of CHD (OR = 2.70; 95% CI = 1.79-4.07).”
Pussinen, et al reported significant associations between ele-
vated levels of IgG antibodies against A. actinomycetemcomi-
tans and cardiovascular disease events in subjects aged 25 to
64 years (OR = 1.64, CI = 1.00-2.69).>”

A. actinomycetemcomitans is the major etiologic agent
of localized aggressive periodontitis, and an increased level of
serum antibody to A. actinomycetemcomitans is considered to
represent a destruction of the periodontal structures; thereby
posing a systemic challenge that disseminates the bacteria,
leading to vascular activation.”” Individuals who carry A. ac-
tinomycetemcomitans have a higher risk of periodontitis, par-
ticularly among a younger age population (35 years or young-
er), because this species possesses certain disease-relevant
virulence.”” A. actinomycetemcomitans is also reported to be
an etiological agent in early-onset periodontal disease."”**”
Thus, the augmented association of CHD with A. actinomyce-
temcomitans observed in the younger age subgroup of this
study implies that people who already develop advanced peri-
odontal disease at an early age may have a higher risk of CHD.

A previous study demonstrated that the presence of P. in-
termedia in periodontal pockets was associated with an in-
creased risk of myocardial infarction (OR = 1.40 and 95% CI
= 1.02-1.92) in subjects aged 35 to 69 years, after adjusting for
potential confounding factors.”” A case-control study among
males aged 48 to 80 years by Nonnenmacher, et al document-
ed a significantly higher frequency of subgingival P. intermedia
in patients with coronary artery disease when compared to the



Vol 53

No4 PERIODONTAL BACTERIA AND CORONARY HEART DISEASE 213

controls, after adjusting for smoking.”” Further, Spahr, et al
found a markedly higher number of P. intermedia in the sub-
gingival biofilm of 43 to 73 year-old patients with CHD com-
pared to age- and sex-matched controls. All these findings sup-
port our current results.”

However, the above studies were based on the amount of
P. intermedia in the subgingiva. Few reports have used the anti-
body level of P. intermedia, in contrast to other periodonto-
pathic bacteria, to examine the relationship with CHD. In a
population-based study conducted for 45 to 64 year-olds in the
United States, a high serum IgG antibody level to P. intermedia
was associated with risk of CHD among never smokers.””

A relationship between P. intermedia and CHD was only
detected in subjects aged 56-69 years in this study. This might
be linked to the fact that P. intermedia play a major role during
chronic periodontitis, with which older people are more likely
to be afflicted, by regulating diverse inflammatory and immune
responses to tissue destruction.”

Since no studies have investigated the association be-
tween bacteria antibody and CHD by stratifying for age, it is
unknown why different pathogens play a role in the different
age groups. Therefore, further research will be needed to clari-
fy the molecular-biological mechanisms of the age-related re-
lationships between CHD and P. intermedia and A. actinomyc-
etemcomitans found in this study.

Serological evidence confirms that an infection caused by
P. gingivalis is a contributor to an increased risk for CHD.
Pussinen, et al reported in a dentate male population aged 45
to 74 years that CHD was more common among subjects who
were seropositive for P. gingivalis compared to those who were
seronegative.” However, we found no association between the
plasma antibody to this species and risk of CHD. Similarly,
several studies showed no significant connection between the
presence of IgG antibodies to P. gingivalis and CHD, especial-
ly after adjusting for confounding variables.">***>

In spite of the similar infectious capability of P. gingivalis
strains, the risk of CHD differs depending on the strain; a par-
ticular genotype of P. gingivalis with strong virulence is con-
sidered to be involved more in the mechanisms linking perio-
dontitis and CHD.'” The existence of different genotypes of P.
gingivalis with different virulence may also contribute to the
inconsistent relationship with CHD.

Our study had several strengths. We used antibodies to
bacteria in examining the association between periodontal dis-
ease and CHD. Defining periodontal disease by clinical perio-
dontal parameters, such as pocket depth or clinical attachment
level, has been criticized when investigating the relationship
with CHD, where long-standing exposure to the bacteria is the
hypothesized risk factor, because they do not represent any
systemic effect incurred by the periodontal disease. The most
commonly used surrogates for systemic exposure are antibody
titers, which indicate an immunological response against the
periodontopathic bacterial infection and are thought to be a
marker of inflammation. Antibody levels to serum periodonto-
pathic bacteria are also closely related to the distribution of or-
ganisms in gingival plaque.”

Further, the control of important confounders that would
strongly affect both periodontal health and cardiovascular out-
comes is important in interpreting the findings. We used con-
trols and cases, individually matched for age, sex and other re-
lated factors, and a sampling ratio of 1:2 was intended to

ensure adequate statistical power. We also attempted to reduce
potential confounding variables by statistically controlling for
a number of CHD-related health indicators. In addition, the
current prospective case-control design allows assessment of
the causal role of periodontal pathogens in the development of
CHD.

There are also limitations of our study that deserve con-
sideration. Although serum antibody levels are considered sta-
ble over time, clinical periodontal status was not available, and
it is not known whether the levels of antibody to periodontal
organisms are the result of a prior incident or to active infec-
tion in the study population. In addition, information on re-
maining teeth, an important confounder for the antibody val-
ues,”” was missing. Further, only 3 periodontopathic species
were investigated in this study, and antibody responses to other
kinds of bacteria and their role in CHD incidence are un-
known.

The possible role of periodontopathic bacteria as a risk
factor for CHD incidence was demonstrated in this prospective
study, where the elevated antibody level to these bacteria ap-
peared to increase the risk of CHD. Therefore, a close relation-
ship between oral disease and systemic disease was confirmed.
From a public health standpoint, our result on periodontal dis-
ease as a risk factor for CHD is important, because periodontal
disease can be prevented or treated. Given the high prevalence
of both periodontal disease and CHD globally, the prevention
and treatment of periodontal disease by appropriate oral health
interventions might contribute to the prevention of CHD.
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Abstract — Objectives: The aim of this study was to examine whether there is an
educational gradient in dentition status among Japanese adults who are under
the universal public health insurance system. Methods: Subjects were 1201
community residents aged 55-75 years as of May 2005 who completed a self-
administered questionnaire and had a standard clinical oral examination.
Analysis focused on the association of three education levels (junior high
school, senior high school, and any college or higher education) with dentition
status. Results: The proportion of subjects with 20 or more teeth (P < 0.001),
number of teeth present (P = 0.037), number of filled teeth (P = 0.016), and two
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There are several indicators employed in the occupational status are greatly influenced by
evaluation of socioeconomic status (SES). Gener- economic fluctuations (3).

ally, SES is measured by income, occupational The relationship between SES and general health
status, or education level as the proxy, and these has been widely investigated, and the close link
have been used singularly or in combination (1, between SES and health is well established. An
2). Education level is often used in research to unfavorable health status is often found among peo-
distinguish people with a high status in society ple with a lower SES (4, 5). The association of a lower
from those with a low status. Among SES education level with a higher risk of general health
measures, education level is fairly stable for most problems has been often investigated among people

adults throughout their life, while income and in Europe and the United States (4, 6), but few
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studies have been conducted in the Japanese popu-
lation (7-9). An earlier Japanese study reported that
the relationship between education level and health
behaviors was weaker in Japan than in other devel-
oped countries (7). There is, however, evidence that
lower education levels are associated with worse
general health conditions in Japan (8, 9).

Socioeconomic disparities in oral health have
also been repeatedly demonstrated in many coun-
tries (10). People in lower SES groups are reported
to have markedly poorer oral health than those in
higher SES counterparts (11). There is also substan-
tial evidence of a strong association between edu-
cation level and oral health from many countries
(12-14). One previous study reported that subjects
with a low education level had a larger number of
missing teeth compared with those with a high
education level (15). Further, elderly Danes with a
low education level had a tendency to have more
decayed tooth (DT) surfaces compared with those
with a high education level. On the other hand,
individuals with a high education level had signifi-
cantly more filled teeth (FT) than those with a low
education level (16). A low education level in older
people also has an independent negative impact on
oral health-related quality of life (17).

To date, no study has assessed whether educa-
tion level contributes to the inequalities of oral
health in Japanese people. Thus, it is not possible
to verify whether the relationship between educa-
tion level and oral health status, identified in Eur-
ope and the United States, also exists in Japan.
Japan is known to have a less marked socioeco-
nomic differential compared with other developed
countries. In addition, Japan has had a universal
health insurance system, including dentistry, since
1961 (18). Thus, every Japanese person can receive
most dental treatments, including restorations,
prostheses, and oral surgery for the same price at
any dental clinic by paying 30% of the cost.

Therefore, the aim of this study was to examine
whether there is an educational gradient in denti-
tion status among Japanese adults who are under
the universal public health insurance system.

Methods

Subjects

The Japan Public Health Center-Based (JPHC)
Study Cohort I was initiated in 1990 for the pur-
pose of prospectively following the morbidity and
mortality of various diseases, such as cancer and

482

cardiovascular diseases, in a large population-
based Japanese sample of administrative districts
supervised by five public health centers (19).

In 2005, a dental survey was conducted for the
first time in a cohort from the Yokote health center
jurisdiction, Akita Prefecture. Thus, subjects in this
study were a subsample in the Yokote health cen-
ter jurisdiction, who had participated both in the
JPHC Study Cohort I'in 1990 and the dental survey
in 2005.

Invitation letters were mailed to 15 782 residents
(aged 55-75 years as of May 2005) who had joined
the JPHC Study Cohort I, informing them about
the purposes and procedures of the study and
seeking their participation in the research. A total
of 1518 subjects completed a self-administered
dental questionnaire and presented for a clinical
oral examination between July 2005 and January
2006. Information on demographics (date of birth
and gender) and education was obtained from a
self-completed questionnaire administered in 1990
as a part of the JPHC Study Cohort 1. The final
number of subjects used for the analysis was 1201
after excluding those with missing data for either
the outcome or any explanatory variable. Ethical
approval of this study was granted by the Ethics
Committee of the National Cancer Center in Tokyo
and Tokyo Medical and Dental University Ethical
Committee, Japan.

Education levels

The response options of the question inquiring
about the highest education level achieved by sub-
jects were junior high school, senior high school,
junior college or vocational school, and university
or higher. The education level was then collapsed
into three groups: low (junior high school), middle
(senior high school), and high (any college or
higher education) education levels.

Health behaviors

A self-completed dental questionnaire, adminis-
tered at the time of the presentation for the oral
examinations in 2005, consisted of health-behavior-
related questions such as intake of sweet snacks or
drinks (rarely, sometimes and everyday), dental
check-up in the previous year (yes or no) and
smoking status (nonsmoker, past smoker, and cur-
rent smoker).

Dentition status
Clinical oral examinations of dentition status
(excluding third molars) were conducted in 2005



according to the World Health Organization guide-
lines (20). The standardized clinical oral examina-
tions were performed by one of 43 participating
dentists trained in the survey methods. A hand-
book describing the clinical criteria was distributed
to all participating dentists prior to the examina-
tion. The examination included the number of
teeth present, DT, and FT, following which the
prevalence of edentulousness and proportion of
subjects with 20 or more teeth were calculated.

The total number of Functional Tooth Units
(total-FTUs) was defined as the number of pairs of
opposing natural teeth (i.e., sound, restored, and
carious teeth) and artificial teeth on implant-sup-
ported, fixed (bridge pontics), and/or removable
prostheses in posterior teeth occlusion. Carious
teeth with extensive coronal destruction and miss-
ing teeth were regarded as nonfunctional. Two
opposing premolars were defined as one FTU, and
two opposing molars were defined as two FIUs.
Therefore, a person with a complete dentition had
12 FTUs. The FTUs were further divided by tooth
composition into n-FTUs (FTUs of natural teeth)
and nif-FTUs (FTUs of natural teeth and artificial
teeth on implant-supported and fixed prostheses).

Oral hygiene of teeth or dentures was visually
evaluated by examining all teeth present or on the
dentures and was scored as: (i) good = plaque cov-
ering less than one-third of tooth surfaces; (ii)
fair = plaque covering more than one-third but less
than two-thirds of tooth surfaces; and (iii)
poor = plaque covering more than two-thirds of
tooth surfaces. The worst score was recorded as
representative for the subject.

Statistical analysis

The two-sample t-test was used for testing the
difference of mean age between two groups, and
chi-square test for the relationship of categorical
values such as gender or education level. The
linear trend of education level with demographics,
health behaviors, and oral hygiene was analyzed
by a linear regression model for continuous data
and by the Mantel-Haenzel’s chi-square test for
categorical data. The linear trend of education level
with each clinical dental outcome was assessed
using a logistic regression for binary data and
generalized linear regression of the negative
binominal model with logit built-in link function
for count data. The analysis was performed both
unadjusted and adjusted for age, gender, intake of
sweet snacks and drinks, dental check-up,
smoking, and oral hygiene of teeth or dentures. All
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analyses were conducted using SPSS (SPSS Japan
Inc., Tokyo, Japan) 18] software.

Results

The nonresponse analyses to compare participants
and nonparticipants on  socio-demographics
assessed at baseline in 1990 indicated that the num-
ber of nonparticipants of the study (excluding
those with missing data) was 10 236 (mean age:
66.2 £ 796, 5005 men, 5231 women) (Table 1).
Nonparticipants had a similar mean age to partici-
pants (65.5 £ 5.77 years), although the difference
was significant (P = 0.003). Male to female ratio of
nonparticipants (48.9-51.1%) was similar to that of
participants (46.4-53.6%) (P = 0.102). However,
nonparticipants had a higher proportion of low
education level (low: 49.8%, middle: 37.5%, and
high: 12.7%) compared with participants in this
study (low: 33.5%, middle: 50.6%, and high:
15.9%).

Mean ages (£5D) of men in the low, middle, and
high education levels were 66.8 + 5.8, 65.2 + 5.5,
and 64.8 + 6.0, respectively, and those of women
were 67.5 £ 5.5, 64.2 £ 5.6, and 63.8 = 5.5, respec-
tively. Age was inversely related with education
level in both men (P for trend < 0.01) and women
(P for trend < 0.001), with older ages in the lower
education levels.

The proportions of men in the low, middle, and
high education levels were 30.7% (N = 171), 51.3%
(N =286), and 18.0% (N = 100), respectively, and
those of women were 35.9% (N = 231), 50.0%
(N =322), and 14.1% (N = 91), respectively. There
was a significant distributional difference in gen-
der by education level (P for trend = 0.023).

Intake of sweet drinks in men was significantly
associated with education level (Table 2). More

Table 1. Socio-demographics of participants and non-
participants

Participants  Nonparticipants
(n =1201) (n =10 236) P value
Age
Mean (SD)  65.5 (5.77) 66.2 (7.96) 0.003
Gender, n (%)
Male 557 (46.4) 5005 (48.9) 0.102
Female 644 (53.6) 5231 (51.1)
Education level, n (%)
Low 402 (33.5) 5098 (49.8) <0.001
Middle 608 (50.6) 3838 (37.5)
High 191 (15.9) 1300 (12.7)

483



Ueno et al.

Table 2. Health behaviors and oral hygiene among the study subjects by gender (1 = 1201)

Male education level

Female education level

Low Middle High P fortrend Low Middle High P for trend
Sweet snacks, 1 (%)
Rarely 26 (11.2) 54 (18.9) 21 (21.00 0.204 19 (8.2) 18 (5.6) 3(3.3) 0961
Sometimes 108 (63.2) 184 (64.3) 60 (60.0) 119 (51.5) 161 (50.0) 59 (64.8)
Everyday 37 (21.6) 48 (16.8) 19 (19.0) 93(40.3) 143(444) 29(31.9)
Sweet drinks, 1 (%)
Rarely 36 (21.1) 97 (33.9) 43(43.0) 0.001 109 (47.2) 145(45.00 52(57.1) 0.490
Sometimes 83 (48.5) 130(45.5) 45 (45.0) 78 (33.8) 118 (36.6) 21 (23.1)
Everyday 52 (30.4) 59 (20.6) 12 (12.0) 44 (19.0) 59 (18.3) 18(19.8)
Dental check-up, 1 (%)
Yes 74 (43.3) 135(47.2) 51(51.0)0 0.216 102 (44.2) 143 (44.4) 44 (484) 0597
No 97 (56.7) 151 (52.8) 49 (49.0) 129 (55.8) 179 (55.6) 47 (51.6)
Smoking, 1 (%)
Nonsmoker 69 (40.4) 108 (37.8) 24(24.0) 0.213 227 (98.3) 313(97.2) 87(95.6) 0.350
Past smoker 57(33.3) 112(39.2) 52 (52.0) 3(1.3) 2 (0.6) 4 (4.4)
Current smoker 45 (26.3) 66 (23.1) 24 (24.0) 1(0.4) 72.2) 0(0.0)
Oral hygiene, 1 (%)
Good 17 (9.9) 35(12.2) 16 (16.00 0.379 26 (11.3) 60 (18.6) 14(154) 0.064
Fair 112 (65.5) 177 (61.9) 61 (61.0) 157 (68.0) 44 (13.7) 16 (17.6)
Poor 42 (24.6) 74 (25.9) 23 (23.0) 48 (20.8) 74 (25.9) 23 (23.0)

subjects who drank sweet drinks everyday were
observed in the lower education levels (P for
trend = 0.001). Intake of sweet snacks, dental
check-up in the previous year, smoking status and
oral hygiene of teeth or dentures were not signifi-
cantly related with education level.

In the bivariate analysis, without adjustment by
demographic and oral health-related variables,
there were significant linear trends in dentition
status by education level (Table 3). Prevalence of
edentulousness declined with the rise of
education level (P for trend < 0.001), whereas the
proportion of subjects with 20 or more teeth
increased as the education level went up (P for
trend < 0.001).

No significant trends were observed in the
number of DT and total-FTUs by education

level (Table 4). Numbers of teeth present and FT
showed an ascending trend by education level
(P for trend < 0.001). Further, significantly more
n-FTUs and nif-FTUs were found in subjects
with a higher education level (P for
trend < 0.001).

After adjustment for demographic and oral
health-related variables, the significant association
between edentulousness and education level dis-
appeared. The proportion of subjects with 20 or
more teeth (P for trend < 0.001), numbers of teeth
present (P for trend =0.037), FI (P for
trend = 0.016), n-FTUs (P for trend < 0.001), and
nif-FTUs (P for trend < 0.001) remained signifi-
cantly related with education level. The values of
these variables had a significantly increasing trend
with the rise in education level.

Table 3. Prevalence of edentulousness and proportion of subjects with 20 or more teeth by education level

Education level

Low Middle High P for trend

Edentulousness

% (No. of cases/subjects) 8.5 (34/402) 5.1 (31/608) 2.1(4/191)

OR (95% CI) 1.00 0.58 (0.35-0.96) 0.23 (0.08-0.66) <0.001

Adjusted OR® (95% CI) 1.00 1.03 (0.58-1.83) 0.42 (0.14-1.27) 0.085
20 or more teeth

% (No. of cases/subjects) 45.8 (184/402) 62.5 (380/608) 74.9 (143/191)

OR (95% CI) 1.00 1.98 (1.53-2.55) 3.53 (2.41-5.17) <0.001

Adjusted OR" (95% CI) 1.00 1.53 (1.16-2.01) 2.72 (1.81-4.07) <0.001

?Adjusted for age, gender, intake of sweet snacks, intake of sweet drinks, dental check-up, smoking, oral hygiene of teeth

or dentures.
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Table 4. Mean numbers of teeth present, decayed teeth (DT), filled teeth (FT), and functional tooth units (FTUs) by edu-

cation level

Education level

Low Middle High P for trend

Number of teeth present

Mean (SD) 16.33 (8.76) 19.21 (8.52) 21.71 (7.00) <0.001

Adjusted Mean (SD)? 16.97 (17.80) 18.46 (19.09) 20.72 (21.35) 0.037
Number of DT

Mean (SD) 1.01 (1.96) 1.20 (2.38) 1.28 (2.54) 0.184

Adjusted Mean (SD)* 0.82 (1.26) 0.93 (1.38) 0.95 (1.38) 0.248
Number of FT

Mean (SD) 8.94 (6.16) 10.21 (6.22) 11.84 (6.03) <0.001

Adjusted Mean (SD)* 9.03 (9.72) 9.76 (10.33) 11.46 (12.07) 0.016
Number of n-FTUs

Mean (SD) 3.65 (4.01) 5.11 (4.42) 6.28 (4.32) <0.001

Adjusted Mean (SD)* 3.76 (4.33) 4.68 (5.20) 5.78 (6.29) <0.001
Number of nif-FTUs

Mean (SD) 4.42 (4.58) 5.87 (4.75) 7.37 (4.64) <0.001

Adjusted Mean (SD)* 4.58 (5.15) 5.40 (5.94) 6.79 (7.31) <0.001
Number of total-FTUs

Mean (SD) 10.09 (2.67) 10.14 (2.68) 10.49 (2.18) 0.084

Adjusted Mean (SD)? 10.05 (10.75) 10.14 (10.70) 10.53 (11.13) 0.623

®Adjusted for age, gender, intake of sweet snacks, intake of sweet drinks, dental check-up, smoking, oral hygiene of teeth

or dentures.

Discussion

This cross-sectional study explored the association
between education level and dentition status in a
sample of Japanese adults. Even in Japan, where a
universal public health insurance system is insti-
tuted, there existed a gradient in oral health by
education level, and the gradient still persisted
while controlling for other relevant demographic
and health behavioral variables commonly used in
many studies (11, 21, 22).

Health behaviors and oral hygiene used in this
study have been demonstrated to be associated
with dentition status (23-26). Dietary habit such as
consumption of sweet snacks or sweet drinks is
still one of risk factors of dental caries despite of
the widely use of fluoride (23). Dental visit pattern
is contributory to periodontal disease (24). Smok-
ing has a positive association with missing teeth
and periodontal disease (25, 26). Oral hygiene con-
dition, especially plaque accumulation, is closely
related with the development of dental diseases
27).

These possible confounding variables used to
control for variability were not related with educa-
tion level except for intake of sweet drinks in men.
These findings were align with the report by
Paulander et al. (15) who found no association of
education level with dietary habit, dental care
habits, and oral hygiene. Similarly, in respect to

smoking status, Anzai et al. (7) also reported no
differences by education level in Japanese men
aged 50-59 years and 70 years or older as well as
women aged 60-69 years and 70 years or older.
Male subjects with a higher education level were
less likely to take sweet drinks in this study.

The former studies reported that the percentage
of edentulous subjects in low education level
groups were significantly higher than that in
higher education level groups (10, 15, 28). The
unadjusted bivariate analysis in this study showed
a similar trend, although this trend was attenuated
and was not marginally significant (P = 0.085) after
adjusting for confounders. Therefore, confounding
factors influence the relationship between edentu-
lousness and the education level to some degree.

Keeping at least 20 or more natural teeth until
the age of 80 is the goal of the national oral health
campaign in Japan (29). People with 20 or more
teeth are reported to be able to eat most types of
Japanese foods (30). Similar goals of having 20 and
more functional natural teeth exist in the World
Health Organization (31) and Federation Dentaire
Internationale (32). There was a significant increas-
ing trend in the proportion of subjects with 20 or
more teeth as education level increased. Previous
research has also indicated that there were fewer
persons with 20 or more teeth in less educated
groups (10). A further study showed a linear rela-
tionship between the prevalence of having fewer
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than 24 teeth and SES, with prevalence decreasing
at higher levels of perceived social status (11).

The present study showed that persons with a
higher education level had significantly more FT
compared with those with a low education level.
Similar results were found in the National Health
and Nutrition Examination Survey 1999-2004 (28).
This trend might be explained by people’s attitude
and behavior toward oral health care utilization
(10).

On the other hand, there was no significant asso-
ciation between education level and number of DT,
confirming previous reports. For example, in a
Danish study of the elderly, those with a lower
education level tended to have more decayed sur-
faces compared with their counterparts, but the
difference was not significant (16). A possible rea-
son for not detecting a significant difference in this
study is that the mean number of DT was very
small, that is, close to 1, making statistical signifi-
cance difficult to detect.

No difference by education level was found
regarding total-FTUs, which were more than 10 at
all education levels. This high number could be
explained by missing teeth being replaced with the
artificial teeth of dentures, resulting in the recovery
of FTUs when calculated as total-FTUs, as has also
been reported in previous studies (30, 33). In fact,
any Japanese person can afford to have dentures
made regardless of their SES, because it is rela-
tively inexpensive under the Japanese universal
public health insurance system. On the other hand,
a significant oral health gradient was found in n-
FTUs and nif-FTUs, indicating that less educated
people were more likely to lose posterior occlusal
relations with natural, implanted, and fixed pros-
thetic teeth. A previous study reported that recov-
ery of total-FTUs by removable prosthodontic
treatments might not yield a significantly
improved masticatory function. Therefore, mainte-
nance of occluding pairs with as many n-FTUs or
nif-FTUs as possible is important in reducing the
likelihood of chewing difficulty (30).

This study had certain limitations. The subjects
used in this study may not have been representa-
tive of the general adult population in Japan,
because their participation was voluntary. Intra- or
interexaminer reliability was not obtained because
of a large number of participating dentists. In addi-
tion, we only used the education level as a proxy
for SES. It would be preferable to use multiple indi-
cators, because each indicator covers a different
aspect of SES. The nonresponse analyses indicate
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that there is a possibility that participants may
have a little different socio-demographic character-
istic from nonparticipants. Future research will be
needed to confirm the current findings using a rep-
resentative sample with multiple SES indicators.

This is the first study demonstrating that the
level of education has an independent impact on
dentition status, as a consequence of different treat-
ment options by education level, in a group of Jap-
anese adults. People with a lower education level
tended to lose more teeth and wear removable
prostheses, whereas those with a higher education
level had more teeth and tended to receive treat-
ments such as fillings, fixed prostheses, and
implants.

The findings indicate that oral disease preven-
tion strategies solely focusing on personal health
behaviors may have a limited effect. Therefore, it is
necessary to focus on the socioeconomic determi-
nants of oral health that form the living and work-
ing environments in which oral health behaviors
are created. Nine years of elementary and junior
high school education are compulsory in Japan.
The present study suggests that providing appro-
priate information from an early age through oral
health education in compulsory school health pro-
grams is necessary to enhance health literacy and
lessen the inequalities of dental health by educa-
tional level.

Acknowledgements

This study was partly supported by the Ministry of
Health, Labour and Welfare Grants-in-Aid for Scientific
Research, and the 8020 Promotion Foundation. The
authors thank all staff members in each study area and
in the central office for their painstaking efforts to con-
duct the baseline survey and follow-up.

References

1. Sabbah W, Tsakos G, Chandola T, Sheiham A, Watt
R. Social gradients in oral and general health. ] Dent
Res 2007;86:992-6.

2. Haugejorden O, Klock KS, Astrem AN, Skaret E,
Trovik TA. Socio-economic inequality in the self-
reported number of natural teeth among norwegian
adults—an analytical study. Community Dent Oral
Epidemiol 2008;36:269-78.

3. Timis T. Socioeconomic status and oral health. ] Prev
Med 2005;13:116-21.

4. Cox AM, McKevitt C, Rudd AG, Wolfe CD. Socioeco-
nomic status and stroke. Lancet Neurol 2006;5:181-8.

5. Fuhrer R, Shipley MJ, Chastang JF, Schmaus A,
Niedhammer I, Stansfeld SA et al. Socioeconomic



10.

11.

12.

13.

14.

15.

16.

17.

18.

position, health, and possible explanations: a tale of
two cohorts. Am J Public Health 2002;92:1290-4.
Sulander T, Martelin T, Sainio P, Rahkonen O, Nissi-
nen A, Uutela A. Trends and educational disparities
in functional capacity among people aged
65-84 years. Int ] Epidemiol 2006;35:1255-61.

Anzai Y, Ohkubo T, Nishino Y, Tsuji I, Hisamichi S.
Relationship between health practices and education
level in the rural Japanese population. ] Epidemiol
2000;10:149-56.

Ito S, Takachi R, Inoue M, Kurahashi N, Iwasaki M,
Sasazuki S et al. Education in relation to incidence of
and mortality from cancer and cardiovascular dis-
ease in Japan. Eur ] Public Health 2008;18:466-72.
Honjo K, Iso H, Inoue M, Tsugane S, JPHC study
group. Education, social roles, and the risk of cardio-
vascular disease among middle-aged japanese
women: the JPHC study cohort I. Stroke 2008;39:2886
-90.

Petersen PE, Kjoller M, Christensen LB, Krustrup U.
Changing dentate status of adults, use of dental
health services, and achievement of national dental
health goals in denmark by the year 2000. J Public
Health Dent 2004;64:127-35.

Sanders A, Slade G, Turrell G, John Spencer A, Marc-
enes W. The shape of the socioeconomic-oral health
gradient: implications for theoretical explanations.
Community Dent Oral Epidemiol 2006;34:310-9.
Bernabé E, Suominen A, Nordblad A, Vehkalahti
M, Hausen H, Knuuttila M et al. Education level
and oral health in finnish adults: evidence from
different lifecourse models. ] Clin Periodontol
2011;38:25-32.

Geyer S, Schneller T, Micheelis W. Social gradients
and cumulative effects of income and education on
dental health in the fourth german oral health study.
Community Dent Oral Epidemiol 2010;38:120-8.
Donaldson AN, Everitt B, Newton T, Steele J, Sherriff
M, Bower E. The effects of social class and dental
attendance on oral health. ] Dent Res 2008;87:60—4.
Paulander J, Axelsson P, Lindhe ]. Association
between level of education and oral health status in
35-, 50-, 65- and 75-year-olds. ] Clin Periodontol
2003;30:697-704.

Krustrup U, Holm-Pedersen P, Petersen PE, Lund R,
Avlund K. The overtime effect of social position on
dental caries experience in a group of old-aged
danes born in 1914. ] Public Health Dent 2008;68:
46-52.

Tsakos G, Sheiham A, Iliffe S, Kharicha K, Harari D,
Swift C et al. The impact of educational level on oral
health-related quality of life in older people in lon-
don. Eur J Oral Sci 2009;117:286-92.

Kobayashi Y. Five decades of universal health insur-
ance coverage in japan: lessons and future chal-
lenges. JMAJ 2009;52:263-8.

Association between education level and dentition status

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Tsugane S, Sobue T. Baseline survey of jphc study —
design and participation rate. Japan health center-
based prospective study on cancer and cardiovascular
diseases. ] Epidemiol 2001;11:524-9.

World Health Organization. Oral health surveys,
basic methods. Geneva: World Health Organization;
1997.

Wamala S, Merlo ], Bostrom G. Inequity in access to
dental care services explains current socioeconomic
disparities in oral health: the swedish national sur-
veys of public health 2004-2005. ] Epidemiol Com-
munity Health 2006;60:1027-33.

Sanders AE, Spencer A], Slade GD. Evaluating the
role of dental behaviour in oral health inequalities.
Community Dent Oral Epidemiol 2006;34:71-9.
Pereira SM, Tagliaferro EP, Pardi V, Cenci MS, Cort-
ellazzi KL, Ambrosano GM et al. Sugar consumption
and dental health: is there a correlation? Gen Dent
2010;58:e6-12.

Pham TA, Ueno M, Shinada K, Yanagisawa T,
Wright FA, Kawaguchi Y. Periodontal disease and
related factors among Vietnamese dental patients.
Oral Health Prev Dent 2011;9:185-94.

Yanagisawa T, Ueno M, Shinada K, Ohara S, Wright
FAC, Kawaguchi Y. Relationship of smoking and
smoking cessation with oral health status in Japanese
men. ] Periodont Res 2010;45:277-83.

Yanagisawa T, Marugame T, Ohara S, Inoue M,
Tsugane S, Kawaguchi Y. Relationship of smoking
and smoking cessation with number of teeth
present: JPHC Oral Health Study. Oral Dis
2009;15:69-75.

Slot DE, Dorfer CE, Van pDer WEIDEN G. The efficacy
of interdental brushes on plaque and parameters of
periodontal inflammation. Int J Dental Hygiene
2008;6:253—64.

Vital and Health Statistics. Trends in oral health sta-
tus, United states, 1988-1994 and 1999-2004. Mary-
land: National Center for Health Statistics; 2007.
Miyatake K. 8020 movement. ] Jpn Dent Assoc
1992;45:15-24.

Ueno M, Yanagisawa T, Shinada K, Ohara S, Kawag-
uchi Y. Category of functional tooth units in relation
to the number of teeth and masticatory ability in Jap-
anese adults. Clin Oral Investig 2010;14:113-9.

World Health Organization. A review of current rec-
ommendations for the organization and administra-
tion of community oral health services in northern
and western europe. Report on a who workshop.
Oslo: World Health Organization; 1982.

Federation Dentaine Internationale. Global goals for
oral health in the year 2000. Int Dent ] 1982;32:74-77.
Ueno M, Yanagisawa T, Shinada K, Ohara S,
Kawaguchi Y. Masticatory ability and functional
tooth units in Japanese adults. J Oral Rehabil
2008;35:337—44.

487



ORIGINAL ARTICLE

Oral Diseases (2009) 15, 69-75. doi:10.1111/j.1601-0825.2008.01472.x
© 2008 The Authors. Journal compilation © 2008 Blackwell Munksgaard
All rights reserved

http://www.blackwellmunksgaard.com

Relationship of smoking and smoking cessation with
number of teeth present: JPHC Oral Health Study*

T Yanagisawal, T Marugamel’z, S Ohara®, M Inoue*, S Tsugane4, Y Kawaguchil

'Department of Oral Health Promotion, Graduate School, Tokyo Medical and Dental University, Tokyo, Japan; *Cancer Information
Services and Surveillance Division, Center for Cancer Control and Information Services, National Cancer Center, Tokyo, Japan;

3Oral Diagnosis and General Dentistry, Dental Hospital, Faculty of Dentistry, Tokyo Medical and Dental University, Tokyo, Japan;
*Epidemiology and Prevention Division, Research Center for Cancer Prevention and Screening, National Cancer Center, Tokyo, Japan

BACKGROUND: Smoking is associated with the number
of teeth. The purpose of this study was to determine the
relationship of number of teeth with smoking and
smoking cessation.

METHODS: Subjects included 547 males aged between
55 and 75 years. Oral examinations were conducted in
2005. Smoking status information was collected from
questionnaire surveys conducted in 1990, 1995, 2000, and
2005. The relationship between having more than eight
missing teeth and smoking status was estimated with
adjusted odds ratio.

RESULTS: Comparing with never smokers, odds ratios of
having more than eight missing teeth among current and
former smokers were 1.96 and 1.86, respectively. The
odds ratios in those who had stopped smoking for
<10 years was 3.02, and for those who had ceased smok-
ing for 11-20 years was 2.66. In those who stopped
smoking for 21 years or more, there was no increase in
the odds ratio.

CONCLUSION: Smoking had a positive association with
the number of missing teeth and smoking cessation is
beneficial for maintaining teeth. The odds of having more
than eight missing teeth in those who had never smoked
was equal to that of individuals who reported that they
had stopped smoking for 21 years or more.

Oral Diseases (2009) 15, 69-75

Keywords: missing teeth; smoking; smoking cessation

Introduction

Tooth loss affects activities such as speaking, smiling,
chewing and tasting. In 1989, the Japanese Ministry of
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Health and Welfare proposed the 8020 Campaign, and
since then this national oral health campaign has been
conducted with the co-operation of the Japanese Dental
Association throughout Japan. The concept behind the
8020 program is to maintain a high quality of life by
preventing tooth loss throughout life. The ‘80” signifies
the average life expectancy of Japanese people, and the
20’ indicates the critical number of natural teeth needed
to maintain a good eating and chewing function
throughout life (Hashimoto ez al, 2006a,b). According
to the national dental survey in 2005, however, the
current mean number of teeth present in those 80 years
of age is 8.8 (The Statistical Analysis Committee on the
Survey of Dental Diseases, 2000).

Smoking has been associated with a higher prevalence
of edentulousness and fewer remaining teeth (Ahlqwist
et al, 1989; Linden and Mullally, 1994; Krall et al, 1997,
2006b; Axelsson et al, 1998; Ylostalo et al, 2004;
Dietrich et al, 2007). The main biological causes of
tooth loss are periodontal disease and dental caries
(Morita et al, 1994). A complex relationship among
bacteria, the host, and behavioral and environmental
factors determines the onset and progress of these oral
diseases. Smoking is one important risk factor for
periodontal disease (Osterberg and Mellstrom, 1986;
Grossi et al, 1994, 1995; Albandar et al, 2000; Tomar
and Asma, 2000; Bergstrom, 2003). A causal association
has been established between smoking and periodontal
disease (U.S. Department of Health and Human
Services, 2004). As periodontal disease progresses, the
gingival margins regress and root surfaces are exposed
to acid-producing bacteria. Therefore, periodontal dis-
ease also increases the risk of caries on the root surfaces
of teeth (U.S. Department of Health and Human
Services, 2004).

Because various factors influence tooth loss, con-
founding factors should therefore also be considered
while investigating the relationship of smoking and
smoking cessation with tooth loss. Body mass index
(BMI), vitamin C intake, alcohol consumption and
educational background can all be associated with tooth
loss (Gilbert et al, 2003; Klein et al, 2004).
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In Japan, an association between smoking and tooth
loss has been identified by a number of researchers
(Yoshida et al, 2001; Yoshihara et al, 2005; Hanioka
et al, 2007), but most such investigations have been
cross-sectional, with only a few retrospective studies
(Okamoto et al, 2006). In particular, few epidemiolog-
ical studies have investigated the relationship of smok-
ing cessation with the risk of tooth loss.

The purpose of this study was to investigate the
relationship of smoking and smoking cessation with the
number of teeth. The association between the number of
smoking cessation years and having more than eight
missing teeth (i.e. fewer than 20 teeth present) was
analyzed using the data of an ongoing prospective study,
the Japanese Public Health Center-based Prospective
Study (JPHC Study).

Methods

The subjects in the present study included a subsample
of participants in the district of the Yokote Public
Health Center belonging to the JPHC Study Cohort I
(Tsugane and Sobue, 2001). In this district, 15,782
subjects (7,559 men, 8,223 women) who were 40—
59 years of age as on December 31, 1989, were respon-
dents to the JPHC study and 11,754 subjects (5,471 men,
6,283 women) answered the questionnaire. The subjects
were recruited by mail to participate in a dental health
checkup at district dental clinics in May 2005. A total of
1,518 subjects (706 men, 812 women) underwent clinical
dental examination between July 1, 2005 and January
31, 2006.

The number of teeth present was objectively deter-
mined by dental examination by the district’s dentists at
the dental clinics of Yokote city and Hiraka County
Dental Association members in 2005. Only 28 perma-
nent teeth were examined and third molars were
excluded.

The smoking status of the subjects was derived
from a self-completed questionnaire administered in
1990, 1995, 2000, and 2005, in which the questionnaire
items asked about smoking status at the time of the
survey. The response options were: ‘Currently smok-
ing’; ‘Quit smoking’; and ‘Not smoking’. Based on
these four questionnaires, smoking status was catego-
rized into three groups: ‘Never smokers’, ‘Current
smokers’ and ‘Former smokers’. ‘Never smokers’ were
persons who answered ‘Not smoking’ in both 1990
and 2005 and answered ‘Not smoking’ in 1995 and
2000 or had a missing value in 1995 and 2000.
‘Current smokers’ were individuals who answered
‘Currently smoking” in 2005, regardless of answers in
1990, 1995 and 2000. ‘Former smokers’ were persons
who answered ‘Quit smoking’ in 2005 or those who
answered ‘Not smoking’ in 2005 but ‘Currently
smoking’ or ‘Quit smoking’ in 1990. We excluded
the subjects whose information of smoking status at
the 1990 questionnaire was not available and whose
information of smoking status during 15 years showed
a discrepancy such as ‘Quit smoking’ in 2005 and ‘Not
smoking’ in 1990.
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The question about the age when subjects started
smoking was asked in 1990, and the questions about the
number of cigarettes smoked per day and the age when
they quit smoking were asked in 2005. In case the data
in 2005 were not available, we used the data at latest
available questionnaires between 1990 and 2000. The
number of cigarettes smoked per day and the total
number of smoking years were calculated for current
smokers and former smokers. To calculate the smoking
years for current smokers, a calculation was made using
the age of start of smoking from the 1990 questionnaire
and age in 2005. For smoking years for former smokers,
the age of quitting smoking from the 2005 questionnaire
and the age of starting smoking from the 1990
questionnaire or the age of quitting smoking from latest
available questionnaire between 1990 and 2000 and the
age of starting smoking from the 1990 questionnaire
were used for the calculation. Finally, the smoking-
cessation years for former smokers were calculated with
the age of quitting smoking from the 2005 questionnaire
and the age in 2005 or the age of quitting smoking from
latest available questionnaires between 1990 and 2000
and the age in 2005.

For current smokers, the level of smoking exposure
was categorized in terms of smoking years (<40, 4145,
>46 years) and the number of cigarettes smoked per day
(215, 16-20, =21 cigarettes). For former smokers,
smoking exposure was categorized in terms of smoking
years (<20, 21-30, >31 years), the number of cigarettes
smoked per day (<15, 16-20, =21 cigarettes), and
smoking cessation years (<10, 11-20, 21-30, >31 years).

Body mass index, vitamin C intake, alcohol con-
sumption and educational background of the subjects
were obtained from the self-completed questionnaires
conducted as the baseline survey of the JPHC Study in
1990. Vitamin C intake was calculated from food
frequency questionnaires, which asked about the aver-
age consumption of 44 food items, during the previous
month and adjusted by energy intake. These variables
were categorized as following; BMI (24.9 kg/m? or less,
or 25.0 kg/m? or more), vitamin C intake (100 mg/day
or more, or less than 100 mg/day), alcohol consumption
(never, sometimes, everyday), educational background
(junior high school, high school, university or college).

The percentages of current smokers and former
smokers among female subjects in 1990 were only
2.1% and 1.0%, respectively. This number was too
low for statistical analysis, thus female subjects were
excluded from analyses. After further exclusion of
subjects with missing covariate information used for
the adjustment in the statistical analysis, 547 men were
considered in the final analysis. This survey was
approved by the Ethics Committee of Tokyo Medical
and Dental University and the Ethics Committee of the
National Cancer Center, Tokyo, Japan.

Statistical analysis

The chi-squared test and one-way analysis of variance
were used to detect the differences of the distribution by
the number of teeth present. Analysis of covariance was
used to calculate adjusted mean number of teeth present



by controlling for age, BMI, vitamin C intake, alcohol
consumption and educational background according to
smoking status, smoking years, the number of cigarettes
smoked per day and smoking-cessation years.

Then, we used a logistic regression to obtain adjusted
odds ratios (ORs) and 95% confidence intervals (CIs) to
examine the association between having more than eight
missing teeth and smoking status. In this analysis,
dependent variables were dichotomized in terms of 8020
achievement; the subjects were classified into two cate-
gories in terms of 8020 achievement: (i) more than eight
missing teeth, i.e. retaining fewer than 20 teeth and
(i1) eight or less missing teeth, i.e. retaining 20 or more
teeth. Statistical adjustments were made for age, BMI,
alcohol consumption, vitamin C intake, and educational
background because previous studies reported positive
association between these factors and tooth loss (Gilbert
et al, 2003; Klein et al, 2004). We estimated ORs of
having more than eight missing teeth according to
number of cigarettes smoked per day and smoking years
among current and former smokers compared with that
among never smokers by including both variables simul-
taneously into the model to weigh their relative impor-
tance. Two-sided P-values less than 0.05 were considered
to be statistically significant. SPSS14.0J (SPSS Japan,
Tokyo, Japan) was used to analyze the data.

Results

Participation rate
In this study, the participation rate was 12.9% among
the males who answered the baseline questionnaire
survey of the JPHC Study (1990) among the Yokote
districts residents.

Distribution of smoking status

At the 2005 questionnaire survey, 135 subjects
(24.7%) answered ‘Currently smoking’, 212 (38.8%)
answered ‘Quit smoking’, and 200 (36.6%) answered
‘Not smoking’. The subject’s smoking history was
confirmed by reference to the 1990, 1995, and 2000
questionnaires. Figure 1 shows the changing pattern of
smoking status from the data obtained from the 1990
questionnaire to the data within the final question-
naire. The number of subjects who answered

Questionnaire survey | Currently smoking
in 1990 (n=227)

n=130

Current smokers

In the final analysis
(n=135)

Figure 1 Changing pattern of smoking status
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‘Currently smoking’ in 1990 was 227, and of these
subjects, 97 (42.7%) later stopped smoking while 130
(57.3%) continued smoking until 2005. The number of
those who answered ‘Quit smoking’ in 1990 was 154,
and of these subjects, 4 (2.6%) had started smoking
again by 2005 while 150 (97.4%) continued not to
smoke. The number of subjects who answered ‘Not
smoking’” in 1990 was 166, and of these subjects, 161
(97.0%) continued not to smoke, 1 (0.6%) began
smoking, and 4 (2.4%) started but then stopped
smoking again by 2005. In the 2005 questionnaire, 200
subjects answered that they were ‘Not smoking’.
However, 39 (19.5%) of these were, in fact, former
smokers. They had answered ‘Not smoking’ instead of
‘Quit smoking’, even though they had smoked in the
past. The final grouping of smoking status therefore
was: 135 current smokers (24.7%), 251 former smok-
ers (45.9%), and 161 who had never smoked (29.4%).

Characteristics by number of teeth present

Age of the subjects ranged from 55 to 75 years in 2005
(mean = 65.6, s.d. = 5.8). The mean age by the num-
ber of teeth present was 67.7 £ 5.8 for subjects with 0—
19 teeth (i.e. more than eight missing teeth) and
64.4 + 5.5 for subjects with 20-28 teecth (i.e. eight or
less missing teeth). The difference between the two
groups was statistically significant (P < 0.001). Table 1
shows the distributions of age group, BMI, vitamin C
intake, alcohol consumption, and educational back-
ground by the number of teeth present. Subjects with
more than eight missing teeth were older (P < 0.001),
had a lower BMI (P = 0.021), and a lower educational
background (P < 0.001).

Mean number of teeth present, and percentage of subjects
and ORs of having more than eight missing teeth, by
smoking status

Table 2 shows the adjusted mean number of teeth
present by smoking status, the percentage of subjects
having more than eight missing teeth and ORs of having
more than eight missing teeth among current smokers
and former smokers compared with that among never
smokers. Current smokers (P = 0.050) and former
smokers (P = 0.010) had fewer teeth than never smok-
ers. In comparison with never smokers, ORs of having

Quit smoking
(n=154)

Not smoking
(n=166)

n=161

<lllllllllllllllll .

Never smokers
(n=161)

Former smokers

(n=251)
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Table 1 Characteristics of the subjects by the number of teeth present

Number of teeth present

0-19 20-28
n n % n % P value
Age in 2005 (years)
55-59 101 21 10.7 80 229 <0.001
60-64 140 34 173 106 303
65-69 128 44 223 84 24.0
70-75 178 98  49.7 80 229
BMI (kg/m?)
-24.9 407 157 79.7 250 714 0.021
25.0+ 140 40 203 100 28.6
Vitamin C intake (mg/day)
100 + 306 103 523 203 58.0 0.115
<100 241 94 477 147 420
Alcohol consumption
Never 59 24 122 35 10.0 0.201
Sometimes 187 58 294 129 369
Everyday 301 115 584 186 53.1

Educational background
Junior high school 168 81  41.1 87 249 <0.001
High school 282 94 477 188 537
University or college 97 22 112 75 214

Table 2 Mean number of teeth present, and percentage of subjects and
ORs of having more than eight missing teeth, by smoking status

Adjusted
mean
number of
teeth Percentage of

Adjusted ORs of
having more than

present” subjects with  eight missing teeth”
more than —
eight missing 95%
Smoking status  Mean SE teeth ORs’ Cls
Current smokers 19.0 0.7 39.3% (537135) 1.96 1.16-3.31
Number of cigarettes smoked per day®
>21 18.6 1.2 38.1% (16/42) 2.07 1.06-4.44
16-20 20.2 1.1 35.8% (19/53) 1.43  0.71-2.85
<15 19.0 1.3 43.6% (17/39)  2.08  1.00-4.37
P for trend 0.826 0.037
Smoking years®
> 46 18.5 1.6 50.0% (25/50) 1.98  0.97-4.04
41-45 19.1 1.3 41.0% (16/39) 226  1.04-4.92
<40 20.5 1.6 24.4% (11/45) 1.66  0.70-3.94
P for trend 0.030 0.022
Former smokers 18.8 0.5 39.0% (98/251) 1.86  1.18-2.95
Number of cigarettes smoked per day®
>21 184 09 38.0% (30/79) 2.03  1.08-3.80
1620 18.1 0.9 452% (33/73) 2.00 1.07-3.71
<15 20.4 0.8 33.0% (30/91) 1.32 0.71-2.41
P for trend 0.102 0.020
Smoking years®
>3] 16.6 0.9 55.6% (45/81)  3.03  1.64-5.62
21-30 189 0.9 36.0% (27/75) 191  1.01-3.62
<20 21.4 09 24.1% (21/87)  0.99  0.52-1.90
P for trend <0.001 0.010

Never smokers 21.1 0.6 28.6% (46/161) 1.00 (Reference)

#Adjusted for age, BMI, vitamin C intake, alcohol consumption and
educational background. Number of cigarettes smoked per day and
smoking years are mutually adjusted.

®Never smokers as a reference.

“One case in ‘Current smokers’ and eight cases in ‘Former smokers’
were deleted because of missing values.
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more than eight missing teeth among current smokers
and former smokers were 1.96 and 1.86 (P = 0.010 and
0.009, respectively).

In current smokers, there was no significant associa-
tion between the adjusted mean number of teeth and
number of cigarettes smoked per day. However, the
greater the number of smoking years the smaller the
adjusted mean number of teeth (P for trend = 0.030).
Current smokers who had smoked for 46 years or more
had 2.0 fewer teeth than those who had smoked 40 years
or less. Former smokers who had smoked either 16-20
or 21 or more cigarettes per day had fewer teeth (2.3 and
2.0, respectively) than those who had smoked 15 or less
cigarettes. Furthermore, the greater the smoking years,
the less the adjusted mean number of teeth (P for
trend <0.001). Former smokers who had smoked for
31 years or more had, on average, 4.8 fewer teeth than
those who smoked for 20 or less years.

The adjusted odds of having more than eight missing
teeth were significantly higher in current smokers who
smoked 21 or more cigarettes per day vs never smokers.
In regard to smoking years, in comparison with never
smokers, the adjusted odds among current smokers who
had smoked for 41 years or more were higher. The
adjusted odds of having more than eight missing teeth
among former smokers who had smoked 16 or more
cigarettes per day, or had smoked for 21 years or more,
were higher in comparison with never smokers.

An increasing tendency was observed among former
smokers. Namely, the ORs of having more than eight
missing teeth among former smokers compared with
that among never smokers increased with the number of
cigarettes smoked per day (P for trend = 0.020) and the
number of smoking years (P for trend = 0.010).

Mean number of teeth present, percentage of subjects and
ORs of having more than eight missing teeth, by smoking
cessation years

Table 3 shows the adjusted mean number of teeth
present, the percentage of subjects who had more than
eight missing teeth, and ORs of having more than eight
missing teeth with never smokers as the reference, by
smoking cessation years. Former smokers with fewer

Table 3 Mean number of teeth present, and percentage of subjects and
ORs of having more than eight missing teeth, by smoking cessation
years

Adjusted
mean num-

ber of teeth

Adjusted ORs of
having more than
eight missing

Percentage of
subjects with

Smoking present” more than teeth “

cessation eight missing

years Mean  SE teeth ORs” 95% Cls
<10 16.9 1.0 48.6% (35/72) 3.02 1.54-5.90
11-20 17.4 1.0 42.2% (27/64) 2.66 1.36-5.23
21-30 20.3 1.0 29.0% (20/69) 1.27 0.64-2.51
> 31 22.2 1.2 33.3% (15/45) 0.94 0.43-2.04
P for trend  <0.001 <0.001

?Adjusted for age, BMI, vitamin C intake, alcohol consumption and
educational background.
"Never smokers as a reference.



than 11 or 11-20 smoking cessation years had fewer
teeth than those with 31 years or more of smoking
cessation (the differences were 5.3 and 4.8, respectively).
There was an increasing trend in the adjusted mean
number of teeth with the increasing smoking cessation
years (P for trend <0.001). In addition, the adjusted
mean number of teeth in those who ceased smoking for
21 years or more was 20 or more.

The percentage of subjects with more than eight
missing teeth was over 40% in former smokers with
fewer than 11 or 11-20 smoking cessation years, while it
was about 30% in former smokers with 21 or more
smoking cessation years. Using never smokers as a
reference, the ORs of having more than eight missing
teeth in those who had stopped smoking within less than
11 or 11-20 years were 3.02 and 2.66, respectively. ORs
of having more than eight missing teeth tended to
decrease with an increasing value in the number of
smoking cessation years (P for trend <0.001). In those
who had stopped smoking for 21 years or more, no
significant increase in ORs was seen.

Discussion

After confirming any status changes in the subjects’
smoking behavior from 1990 to 2005, we examined the
association between smoking status and number of
teeth. The odds of having more than eight missing teeth
among current smokers were higher in comparison with
never smokers. In addition they had, on average, about
two fewer teeth than never smokers. A significant
negative association between number of teeth and
smoking status was reported, using Japanese National
Survey data, where the adjusted OR of current smokers
in comparison with never smokers among male was 2.22
(Hanioka ez al, 2007). The present results are consistent
with that report. Many studies have also shown the
number of cigarettes and smoking years to be related to
tooth loss comparing current vs never smokers (Oster-
berg and Mellstrom, 1986; Ahlqwist et a/, 1989; Krall
et al, 1997; Axelsson et al, 1998; Albandar er al, 2000;
Gilbert et al, 2003). We also found that the ORs of
having more than eight missing teeth tended to increase
when comparing current vs never smokers and for a
declining number of teeth with increasing smoking years
even after adjustment for the number of cigarettes
smoked per day compared with never smokers.
Previous Japanese reports found no significant differ-
ences in the number of teeth retained or the odds of
having more than eight missing teeth between former
smokers and never smokers (Yoshida et al, 2001;
Yoshihara et al, 2005; Hanioka et al, 2007). In contrast,
this study did find differences, but these differences
depended upon the number of years since smoking
ceased. Subjects who ceased smoking for 21 years or
more had, on average, 20 or more teeth present, and had
odds of having more than eight missing teeth nearly
equal to those who had never smoked. We should
consider how the risk of tooth loss changes with
smoking cessation in order to understand this finding.
The reduction in the increased odds of having more than
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eight missing teeth in those who stopped smoking may
be relatively rapid, but it takes many years before the
odds of having more than eight missing teeth in former
smokers equal that of never smokers.

Smoking cessation decreases the risk of certain
diseases and in some cases reduces the risk to the same
level as in those who had never smoked. The risk of lung
cancer in males returns to the level of never smokers
30 years after quitting smoking among light smokers
(i.e. fewer than 10 cigarettes per day) and more than
40 years after quitting among heavy smokers (National
Cancer Institute, 1997). The risk of coronary heart
disease decreases within 2 years of smoking cessation
(Baba ef al, 2006), and approximately 15 years after
smoking cessation, the mortality rates from coronary
artery disease and stroke among former smokers
approach those of never smokers (Burns, 2003). Total
mortality and cancer mortality rates among male former
smokers remain higher than those who never smoked
even 20 years after quitting (LaCroix et al, 1991).

There are very few studies regarding dental diseases to
assess the length of smoking cessation required for
gaining health benefits. The risk of tooth loss among
subjects who had quit smoking for 13 years was not very
different from those who never smoked (Krall ef al,
2006b), and our results are similar to this previous report.
We could not measure risk in this study; nonetheless, we
found that the adjusted ORs of having more than eight
missing teeth did not significantly differ from unity when
comparing subjects who had quit smoking for 21 years or
more and those falling in the category of never smokers.

The mechanism behind the decreasing risk of tooth
loss with smoking cessation could be attributed to a
reduction in periodontal tissue damage. Smoking influ-
ences periodontal tissue because nicotine and other
toxins contained in cigarettes suppress immunoactivity
when absorbed into the bloodstream (Kornman and di
Giovine, 1998). When oxygen in the periodontal pocket
decreases (Hanioka et al, 2000), anaerobes that cause
periodontal disease (e.g. Actinobacillus actinomycetem-
comitans, Porphyromonas gingivalis and Tannerella

forsythensis) increase (Shiloah ez al, 2000). Finally, the

toxins directly destroy periodontal tissue (Sayers et al,
1999). These phenomena produce numerous deep peri-
odontal pockets, an increased absorption of the alveolar
bone supporting the teeth and increased tooth mobility,
leading to tooth loss. There is, furthermore, emerging
evidence suggesting that the progression of periodontal
disease may or may not be amplified by unavoidable
microbial colonization. In addition, it has been specu-
lated that interference with vascular and inflammatory
phenomena may be one potential mechanism for the
induction of periodontal disease because of smoking
(Bergstréom, 2004).

Associations have been reported between smoking
and root caries (Hahn et al, 1999), coronal caries
(Axelsson et al, 1998) and endodontic treatment (Krall
et al, 2006a,b). A causal association with smoking has
been suggested for root caries; however, the mechanism
of action and the reason for this association with
coronal dental caries by smoking is not clear.
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One advantage of the current study design was that
the subjects’ history of smoking status could be
confirmed from four self-completed questionnaires dur-
ing the 15-year period from 1990 to 2005. In the 2005
questionnaire, about 20% of subjects who answered
‘Not smoking’ had answered ‘Currently smoking’ or
‘Quit smoking’ at least one time in the 1990 to 2000
questionnaires. If they had been categorized as ‘Never
smokers’, then the odds of having more than eight
missing teeth among never smokers would have been
overestimated. In the present study, however, a never
smoker was strictly defined as a person who answered
‘Not smoking’ at both the 1990 and 2005 questionnaires
and never answered ‘Currently smoking’ or ‘Quit
smoking” in the 1995 or 2000 questionnaires. The
measurement of smoking status from a single question-
naire would be more vulnerable to misclassification and
recall bias. Although if a slight misclassification
remained, this type of misclassification would result in
an attenuation of estimation of ORs. Nonetheless, we
observed a significant positive association between
having more than eight missing teeth and current
smoking and past smoking.

This study had some limitations. Participation rate in
the dental survey was low among the males who
answered the baseline questionnaire survey of JPHC
study (1990) of the Yokote districts residents. However,
the frequencies of smoking status and the percentage of
those having more than eight missing teeth were similar
to those of the national survey conducted in the same
year (Ministry of Health Law, 1991; The Statistical
Analysis Committee on the Survey of Dental Diseases,
2006) in Japan. In that survey among males over
60 years of age, 28.9% answered ‘Currently smoking’,
35.0% answered ‘Quit smoking’, and 36.1% answered
‘Not smoking’ (compared with 24.7%, 38.8%, and
36.6% in this study, respectively). The percentage of
subjects having more than eight missing teeth in 55- to
74-year-old males was 62.6% in the national survey
(compared with 64.0% in this study). Therefore, both
smoking and dental status of this sample were consid-
ered close to those of all Japanese males in the national
survey. The information of past oral health practices
and past regular dental visits was not available for this
study, although these behavioral factors may influence
tooth loss (Kressin et al, 2003; Cunha-Cruz et al, 2004).
Previous studies have reported an increased risk of tooth
loss with smoking and a decreased risk with smoking
cessation after adjusting for oral health behavior (Krall
et al, 2006b). We therefore consider the results of this
study to be not far from the actual situation in Japan.
The participants’ dentate status was unknown at base-
line; therefore, it was not possible to model incident
tooth loss.

This study examined only males, because of the low
prevalence of female smokers in the 1990 baseline
survey. However, smoking prevalence among females
in their twenties and thirties has recently increased in
Japan. Among 38- to 60-year-old Swedish females, the
mean number of lost teeth during a 12-year follow up
was 3.5 among current smokers and 2.1 among those
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who had never smoked (Ahlqwist et a/, 1989). In Japan,
the association between the number of teeth and
smoking status was significant in a study using Japanese
National Survey data. The adjusted OR of having more
than eight missing teeth in current female smokers
compared with those who had never smoked was 2.14
(Hanioka et al, 2007). Hence, we recommend smoking
cessation for both males and females.

In Japan, recommendations to stop smoking are made
to patients mainly in medical settings. However, smok-
ing cessation promotion by dentists and dental hygien-
ists has an advantage over promotion by other health
professionals. Because current smokers can directly see
and recognize the symptoms of tobacco-related oral
diseases, it should be helpful to motivate them to stop
smoking and, thereby, help prevent the development of
other severe health hazards at an early stage. Dental
professionals should actively co-operate with medical
professionals to conduct effective smoking cessation
programs.
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Background and Objective: Smoking has been associated with the number of
natural teeth a person has and with the likelihood of periodontitis. The purpose of
this study was to determine the relationships between the number of teeth present
and periodontal diseases with smoking habits in a cohort of Japanese men.

Material and Methods: The study group comprised 1088 men, 40-75 years of age.
Oral examinations were conducted in dental clinics. Information on smoking
status and on oral health behavior was collected from self-administered
questionnaires. The relationship between oral health status and smoking status
was estimated using adjusted odds ratios.

Results: Compared with those whom had never smoked, the odds ratios of having
more than eight missing teeth and having periodontitis, among current smokers,
were 1.67 and 1.74, respectively. In those who had stopped smoking for 11 years
or longer, there was no increase in the odds ratio of having more than eight
missing teeth and periodontitis, compared with those whom had never smoked.

Conclusion: Smoking has a positive association with missing teeth and perio-
dontitis. However, smoking cessation is beneficial for oral health. The odds of
having more than eight missing teeth, or of having periodontitis, in those who had
never smoked was similar to that of individuals who reported that they had
stopped smoking for 11 years or more.
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Tooth loss affects the daily activities of
humans, such as speaking, smiling,
chewing and tasting; therefore, tooth-
loss prevention helps to maintain a
high quality of life. Previous studies
have reported that smoking is associ-
ated with tooth loss, a higher preva-
lence of edentulousness and fewer
remaining teeth (1-6). The main bio-
logical causes of tooth loss are perio-
dontal disease and dental caries (7). A
complex relationship among bacterial,
host, behavioral and environmental
factors determines the onset and pro-

gress of these oral diseases. Smoking is
an important risk factor for perio-
dontal disease (8—13) and a clear causal
association has been established (14).
Promoting smoking cessation on the
advice of dental professionals may
therefore be an effective tool in pre-
venting periodontal disease and tooth
loss in smokers.

Smoking has major effects on the
host response, but there are also a
number of studies that show some
microbiological differences between
smokers and nonsmokers. The biolog-

ical mechanisms underpinning the
adverse effects of smoking have been
comprehensively reviewed by Palmer
et al. (15).

However, in Japan, few epidemio-
logical studies have investigated the
relationship between smoking cessa-
tion and the risk of tooth loss and
periodontal diseases (16—18). Similarly,
there are few studies on dental diseases
that have assessed the length of
smoking cessation required to gain
measurable oral health benefits (19,20).
It has been reported that smoking
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cessation decreases the risk of certain
diseases, and in some cases reduces
the risk to the same level as in never-
smokers. The risk of lung cancer in
men, for example, returns to the level
found in never-smokers 30 years after
quitting smoking among light smokers
(i.e. fewer than 10 cigarettes per day)
and more than 40 years after quitting
among heavy smokers (21). The risk
of coronary heart disease decreases
within 2 years of smoking cessation
(22); and approximately 15 years after
smoking cessation, the mortality rates
from coronary artery disease and
stroke among former smokers
approach the level found in never-
smokers (23).

The central aim of this study was to
investigate whether we could explain
variation in the length of smoking-
cessation years regarding oral health
gain in the same manner as in general
health studies. The purpose of this
study therefore was to investigate the
relationship between smoking and
smoking cessation with the number of
teeth present and periodontal status.

Material and methods

Subjects

This study was designed to investigate
the relationship between general life-
style and oral health status, and was
conducted in co-operation with the
Akita prefecture local government,
whose advice was followed. The sub-
jects in the present study were residents
in Yokote city, Akita prefecture. In
this district, about 33,000 residents
were 40-75 years of age. Subjects were
recruited by letter to participate in
this study. All 33,000 residents were
included in the sampling. Some 2681
participants agreed to join the study
and signed the informed consent form
in 2005 to 2007. Self-administered
questionnaires were given to partici-
pants, and dental examinations were
conducted at local dental offices with
the co-operation of the Yokote and
Hiraka Dental Associations. Subjects
were given a list of participating den-
tists and were free to attend the office
of their choice that was closest to their
residence.

Dental examination

Clinical examinations for dental status
and periodontal tissue condition (third
molars were excluded) were performed
by local dentists who were provided
with special information and training
specific to this study. Training con-
sisted of circulating a manual of the
constituents and standards for con-
ducting dental examinations and hav-
ing a meeting with dentists to explain
the procedures and to answer any
concerns.  Subjects dentally
examined in a dental chair using an
operatory light, a dental mirror, a
periodontal probe and an explorer,
which were routinely used in the dental
clinic of each participating dentist.
Probing pocket depth was measured at
all sites for all natural teeth. The
deepest pocket depth was recorded for
each tooth, excluding third molars.
Periodontitis was defined as an indivi-
dual having ‘at least one tooth with
severe pocket depth, i.e. pocket depth
of 6 mm or greater’. The World Health
Organization, in the Community
Periodontal Index (CPI) definition for
code 4, describes a pocket depth of
6 mm or more as ‘severe periodontitis’.
No inter-reliability or intrareliability
tests were carried out.

were

Self-reported questionnaire

Prior to the clinical examination, the
participants were asked to complete a
self-reported questionnaire regarding
their smoking habits and oral health
behavior. Information collected on
smoking habits included participants’
current smoking status, the number of
cigarettes smoked per day and the age
when subjects either commenced or
quit smoking. Smoking status was
categorized into three groups: ‘never
smoked’; ‘current smokers’; and
‘former smokers’. The number of
cigarettes per day was calculated for
current smokers and former smokers,
and the smoking-cessation years were
calculated for former smokers. For
current smokers, the level of smoking
exposure was categorized into three
groups depending upon the number
of cigarettes (< 15, 16-20, or >21)
smoked per day. For former smokers,

smoking exposure was categorized in
the same way, that is, number of
cigarettes (< 15, 16-20, or =21)
previously smoked per day. Smoking-
cessation years were categorized into
four groups depending on time since
stopping (< 10, 11-20, 21-30, or
> 31 years).

Information regarding oral health
behavior included the following: fre-
quency of daily toothbrushing; using
dental floss or an interdental brush;
experience of toothbrushing instruc-
tion; self-check of teeth and gums using
a mirror; and whether subjects had
undergone a dental check-up within
the previous 12 mo. Frequency of daily
toothbrushing was categorized as
‘twice or more’, or ‘less than twice’;
other variables were all ‘yes’ or ‘no’
responses.

The percentages of current smokers
and former smokers among female
subjects were only 4.6% and 2.6%,
respectively. This number was consid-
ered to be too low for statistical analysis,
and thus female subjects were excluded.
Subjects with missing covariate infor-
mation were also excluded, resultingin a
total of 1088 men who were used in the
final analysis. Thirty subjects were
edentulous and were excluded from the
analyses on periodontal diseases. All
variables analyzed in this study were
part of a single database. This survey
was approved by the Ethics Committee
of Tokyo Medical and Dental Univer-
sity, Tokyo, Japan.

Statistical analysis

The chi-square test and the z-test were
used to detect statistical differences in
the distribution of the number of teeth
present and the periodontal status.
Negative binomial regression was used
to calculate adjusted mean numbers of
teeth present, by controlling for age and
oral health behavior according to
smoking status, the number of cigarettes
per day and smoking-cessation years.
The 8020 Campaign is a national oral
health campaign in Japan, jointly pro-
posed by the Ministry of Health and
Welfare and the Japanese Dental
Association. The ‘80’ signifies the aver-
age life expectancy for Japanese people,
and the 20’ indicates the critical number



of natural teeth needed to maintain
good eating and chewing function
throughout life (24,25). In the analyses
in this study, dependent variables were
dichotomized in terms of the 8020
aspirations. That is, subjects were clas-
sified into two categories in terms of
whether (i) they had more than eight
missing teeth (i.e. retained fewer than 20
teeth) or (ii) they had eight or fewer
missing teeth (i.e. they retained 20 or
more teeth, in line with the current 8020
goal).

With respect to periodontal status,
subjects were also classified into two
groups, namely (i) those with perio-
dontitis (one or more teeth with a
pocket depth of 6 mm or more) or (ii)
no periodontitis (no teeth with a
pocket depth of 6 mm or more).
Logistic regression was used to obtain
adjusted odds ratios (ORs) and 95%
confidence intervals (Cls), which were
then used to examine the associations
between ‘having more than eight miss-
ing teeth® and smoking status, and
between those classed as with/without
periodontal disease and smoking
status. These categories appear to be
consistent with the findings and sug-
gestion of previous reports (26,27).

Statistical adjustments were made for
age and oral health behavior as previous
studies had reported a positive associa-
tion between these factors and tooth
loss and periodontal diseases (28,29).
Two-sided p-values of < 0.05 were
considered to be statistically significant.
spss 16.0J (SPSS Japan, Tokyo, Japan)
was used to analyze the data.

Results

Distribution of smoking status

From the questionnaire survey, 317
subjects (29.1%) responded that they
were ‘current smokers’, 421 (38.7%)
that they were ‘former smokers’ and 350
(32.2%) stated that they had ‘never
smoked’.

Characteristics categorized by
number of teeth present and
periodontal status

The age of the subjects ranged from 40
to 75 years (mean = 59.6, standard

Smoking and smoking cessation with oral health status

deviation = 9.7). The mean age, cate-
gorized by the number of teeth present,
was 65.8 £ 7.6 years for subjects with
0-19 teeth (i.e. more than eight missing
teeth) and 57.3 + 9.3 years for sub-
jects with 20-28 teeth (i.e. eight or
fewer missing teeth). The difference
between the two groups was statisti-
cally significant (p < 0.001). The mean
age, categorized according to the perio-
dontal status, was 60.7 £+ 9.3 years for
those with periodontitis and 59.2 +
9.8 years for those without periodon-
titis. The difference between the two
groups was statistically significant
(p = 0.024). When age was grouped
by decade from 40 years upwards
(40-49, 50-59, 60-69, 70-75), the rela-
tionship between age and 20 or more
teeth was retained, but the relationship
with periodontitis did not reach statis-
tical significance, although a trend was
evident.

Table 1 shows the distributions by
age group and oral health behavior
and by the number of teeth present and
periodontal status. Subjects with more
than eight missing teeth were older
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(» < 0.001), had a lower frequency of
daily toothbrushing (p < 0.001), a
lower prevalence of using interdental
brushing tools (p = 0.002), lower
experience of toothbrushing instruc-
tion (p < 0.001) and lower self-check-
up of their intra-oral condition using a
mirror (p = 0.005). A higher preva-
lence of dental check-up within a year
was associated with a higher level of
periodontitis (p = 0.029).

Mean number of teeth present,
percentage of subjects and ORs of
having more than eight missing
teeth, categorized by smoking status

Table 2 shows the adjusted mean
number of teeth present, when catego-
rized by smoking status, the percentage
of subjects who had more than eight
missing teeth and the ORs of having
more than eight missing teeth, among
current smokers and former smokers
compared with those who had never
smoked. There was no significant
relationship between the adjusted
mean number of teeth and smoking

Table 1. Characteristics of the subjects by number of teeth and periodontal status

Number of teeth

Periodontal status

Perio- Not perio-
> 20 < 19 dontitis® dontitis
n n % n % p value n % n % p value

Age in 2005 (years)

40-49 216 205 255 11 3.9 < 0.001 44 156 172 213 0.094

50-59 303 256 31.8 47 16.6 74 262 229 284

6069 349 244 303 105 37.1 102 362 247 30.6

70-75 220 100 124 120 424 62 220 158 19.6
Frequency of daily toothbrushing

22 697 542 673 155 548 < 0.001 185 65.6 512 63.5 0.291

<2 391 263 327 128 452 97 344 294 365
Using dental floss or interdental brush

Yes 378 300 373 78 27.6 0.002 92 326 286 355 0214

No 710 505 62.7 205 724 190 674 520 64.5
Experience of toothbrushing instruction

Yes 722 565 702 157 555 < 0.001 188 66.7 534 66.3 0.480

No 366 240 298 126 445 94 333 272 337
Self-check of teeth and gums using a mirror

Yes 508 395 49.1 113 399 0.005 139 493 369 458 0.172

No 580 410 50.9 170 60.1 143 50.7 437 542
Dental check-up within a year

Yes 436 313 389 123 435 0.100 127 450 309 38.3 0.029

No 652 492 61.1 160 56.5 155 550 497 61.7

At least one site with pocket depth of 6 mm or more.
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Table 2. Mean number of teeth present, percentage and odds ratios (ORs) of more than

eight teeth lost, by smoking status

Adjusted mean
number of

Percentage of sub-
jects with more

Adjusted ORs of
more than eight teeth

teeth present® than eight teeth lost lost®
Smoking status Mean SE % (n/N)° ORs*® 95% ClIs
Current smokers 21.4 0.5 26.2 (83/317) 1.67 1.12-2.50
Number of cigarettes per day
> 21 21.1 0.7 28.6 (13/63) 2.27 1.14-4.52
16-20 21.2 0.5 24.1 (33/137) 1.65 0.97-2.81
<15 21.8 0.5 27.0 (31/115) 1.30 0.75-2.24
p-for-trend 0.120 0.053
Former smokers 21.4 0.4 26.8 (113/421) 1.35 0.94-1.94
Number of cigarettes per day
> 2] 21.3 0.6 28.3 (32/113) 1.49 0.89-2.55
16-20 20.3 0.5 31.2 (49/157) 1.72 1.06-2.79
<15 21.9 0.6 20.5 (25/122) 0.85 0.48-1.48
p-for-trend 0.068 0.060
Never smoked 22.0 0.5 24.9 (87/350) 1.00 Reference

“Adjusted for age and oral health behavior. Two cases in current smokers and 29 cases in
former smokers were deleted as a result of missing values.
°n/N where n = subjects with > 8 lost teeth and N = total sample.

“Never smoked as a reference.
CI, confidence interval; SE, standard error.

status; however, current smokers and
former smokers had fewer teeth (0.6
and 0.6, respectively) than those who
had never smoked. In comparison to
those whom had never smoked, the OR
was 1.67 (p = 0.011) for having more
than eight missing teeth among current
smokers. However, there was no dif-
ference between former smokers and
those who had never smoked.

The adjusted ORs of having more
than eight missing teeth were signifi-
cantly higher in current smokers who
smoked 21 or more cigarettes per day
and in former smokers who smoked
16-20 cigarettes per day compared
with those who had never smoked.
However, an increasing tendency was
not observed among current smokers.
Namely, there was not a tendency for
an increased OR of having more than
eight missing teeth among former
smokers compared with those who had
never smoked.

Percentage and ORs of periodontitis
categorized by smoking status

Table 3 shows the percentage and
adjusted ORs of subjects with perio-
dontitis among current smokers and
former smokers compared with those

who had never smoked. In comparison
with those who had never smoked, the
OR of subjects with periodontitis
among current smokers was 1.74 (p =
0.003); however, there was no significant
difference between former smokers and
those who had never smoked.

The adjusted ORs of subjects with
periodontitis were significantly higher in
current smokers who smoked 16 or more
cigarettes per day than in those who had
never smoked, and an increasing ten-
dency was observed among current
smokers. However, theincreased ORs of
subjects with periodontitis among for-
mer smokers, compared with those who
had never smoked, was not as strong,
although the trend approached signifi-
cance (p = 0.052).

Mean number of teeth present,
percentage of subjects and ORs of
having more than eight missing
teeth, categorized by smoking-
cessation years

Table 4 shows the adjusted mean
number of teeth present, the percent-
age of subjects who had more than
eight missing teeth and the ORs of
having more than eight missing teeth,
when categorized by smoking-cessa-
tion years. The reference was those
who had never smoked. There was an
increasing trend in the adjusted mean
number of teeth present with an
increase in the number of smoking-
cessation years (p for trend = 0.005).
Former smokers, with fewer than 11
smoking-cessation years, had 3.9 fewer

Table 3. Percentage and odds ratios (ORs) of subjects with periodontitis by smoking status

Percentage of subjects
with periodontitis®

Adjusted ORs of subjects
with periodontitis®

Smoking status Y% (n/N)° ORs? 95% Cls

Current smokers 31.1 (97/312) 1.74 1.21-2.50
Number of cigarettes per day
> 21 38.1 (24/63) 2.53 1.39-4.60
16-20 30.6 (41/134) 1.83 1.14-2.93
<15 28.3 (32/113) 1.44 0.88-2.37
p-for-trend 0.001

Former smokers 26.2 (107/408) 1.27 0.90-1.78
Number of cigarettes per day
> 21 28.2 (31/110) 1.43 0.87-2.34
16-20 29.7 (44/148) 1.53 0.99-2.38
<15 223 (27/121) 0.95 0.57-1.58
p-for-trend 0.052

Never smoked 23.1 (78/338) 1.00 Reference

#At least one site with pocket depth 6 mm or more. Two cases in current smokers and 29
cases in former smokers were deleted as a result of missing values.

Adjusted for age and oral health behavior.

‘n/N where n = subjects with periodontitis and N = total sample.

9Never smoked as a reference.
CI, confidence interval.
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Table 4. Mean number of teeth present, percentage and odds ratios (ORs) of more than
eight teeth lost, by smoking cessation years in former smokers

Adjusted Percentage of

mean number subjects with Adjusted ORs of

of teeth more than eight more than eight

present® teeth lost teeth lost®
Smoking cessation years Mean SE % (n/I\/')b ORs® 95% ClIs
<10 19.9 0.5 27.6 (48/174) 2.02 1.23-3.30
11-20 21.0 0.6 25.7 (26/101) 1.17 0.65-2.08
21-30 21.7 0.7 25.6 (22/86) 1.69 0.90-3.17
>3] 23.8 0.8 26.3 (15/57) 0.59 0.29-1.17
p-for-trend 0.005 0.022

#Adjusted for age and oral health behavior.

®1/N where n = subjects with > 8 lost teeth and N = total sample.

“Never smoked as a reference.

teeth than those with 31 or more years
of smoking cessation.

Using never-smokers as a reference,
an OR of 2.02 was found for having
more than eight missing teeth in those
who had stopped smoking 11 years
ago or less. The OR of having more
than eight missing teeth tended to
decrease with an increase in the num-
ber of smoking-cessation years (p for
trend = 0.022). In those who had
stopped smoking for 11 or more years,
no significant increase in ORs was
seen.

Percentage and ORs of periodontitis,
categorized by the number of
smoking-cessation years

Table 5 shows the percentage and the
adjusted ORs of subjects with perio-
dontitis when categorized by smoking-
cessation years. The reference group

was those who had never smoked. The
percentage of subjects with periodon-
titis was over 30% in former smokers
with fewer than 11 smoking-cessation
years and about 20% in former
smokers with 11 or more smoking-
cessation years.

Using never-smokers as a reference,
an OR of 1.88 was obtained for sub-
jects with periodontitis who had stop-
ped smoking less than 11 years ago.
The ORs of subjects with periodontitis
tended to decrease as the number of
smoking-cessation years increased
(p for trend = 0.012). In those who
had stopped smoking for 11 or more
years, no significant increase in the
ORs was seen.

Discussion

This study had some limitations. The
participation rate in the dental survey

Table 5. Percentage and odds ratios (ORs) of subjects with periodontitis by smoking

cessation years in former smokers

Adjusted ORs of sub-

jects with Percentage of subjects

periodontitis® with periodontitis®
Smoking cessation years Y% (n/N)® ORs? 95% ClIs
<10 329 (55/167) 1.88 1.23-2.88
11-20 21.9 (21/96) 0.99 0.57-1.72
21-30 22.1 (19/86) 0.99 0.56-1.77
>3] 19.6 (11/56) 0.71 0.35-1.48
p-for-trend 0.012

“At least one site with a pocket depth of 6 mm or more.

®Adjusted for age and oral health behavior.

‘n/N where n = subjects with periodontitis and N = total sample.

9Never smoked as a reference.
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was low overall (about 10%) and
especially among the male residents.
However, the frequencies of smoking
status and the percentages of those
with more than eight missing teeth and
periodontal diseases were similar to
those of the national survey conducted
in 2005 in Japan (30,31). Therefore,
both the smoking status and the dental
status of this sample were considered
to be close to that of Japanese men in
the national survey. Because of the low
prevalence of female smokers, this
study examined only men. However,
the prevalence of smoking among
women in their 20s and 30s has
recently increased in Japan (30). The
association between number of teeth
and smoking status was significant in a
study using Japanese National Survey
data in 2006 (16). The adjusted OR of
having more than eight missing teeth in
current female smokers compared with
those who had never smoked was 2.14,
and meaningful differences between
current smokers and never-smokers
were evident in the > 40 years age-
group in women (16). Hence, we sug-
gest that further research is needed into
smoking cessation in both men and
women and on its relationship with
other lifestyle health-behavior activi-
ties.

A further limitation may also be the
definition of periodontal diseases used
in this study. Subjects having one or
more teeth with a pocket depth of
6 mm or more were defined as having
periodontitis. In other studies, perio-
dontal diseases have been defined by
clinical attachment loss or alveolar
bone level, and bleeding points, which
together may reflect the periodontal
status more accurately (32-35). How-
ever, pocket depth alone is a useful
indicator that reflects the periodontal
status (36,37). In Japan, most dentists
do not measure attachment loss but
they do measure pocket depth rou-
tinely in their dental work. In this
study, many dentists who participated
and were therefore trained in the study
protocol were familiar with pocket
depth as an indicator of periodontal
disease. Therefore, pocket depth was
included in the training manual as the
study indicator of periodontitis. In
addition, in the national survey in
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Japan, periodontal disease was mea-
sured using the CPI. A CPI code of 3
(mild periodontitis) means that sub-
jects had one or more teeth with a
pocket depth of 4-6 mm, and a CPI
code of 4 (severe periodontitis) means
that subjects had one or more teeth
with a pocket depth of 6 mm or more
(31). The present study thus provided a
good comparative indicator with the
code 4 CPI indicator in defining severe
periodontitis. In this study, pocket
depth was measured using pocket
probes that were used in each dental
clinic; however, no information was
collected on the type of probe used in
each practice and no reproducibility
tests of clinical assessment were con-
ducted. Therefore, some misclassifica-
tion might exist in the results.
However, clinical assessment in this
study was carried out in a manner
similar to that of the regular thera-
peutic intervention of participating
dentists.

With respect to smoking status, the
Comprehensive Smoking Index has
been used as an effective index for
analysis (38); however, as we did not
collect information about smoking
years, we could not use this index.

In addition, we could not include the
socioeconomic status (SES) of subject
in the model. The SES is often cited as
a potential confounder. Self-rated
health may be associated with social
inequality in Japan (39). Furthermore,
a negative association reported be-
tween smoking and SES, such as esti-
mated by educational background (40),
has been reported in Japan. That is,
smoking is more prevalent in those of a
higher educational status. Further-
more, in a previous report, some vari-
ables used for adjustment, for example,
frequency of daily toothbrushing,
could compensate for the direct effect
of SES (16).

This study examined the association
between smoking status and number of
teeth and periodontal status. The odds
of having more than eight missing
teeth among current smokers, and the
odds of periodontitis, were higher in
current smokers than in those who had
never smoked. A significant, negative
association between number of teeth
and smoking status was reported. This

is consistent with other reports and
also in the Japanese National Survey
data, where the adjusted OR of current
smokers, in comparison with those
who had never smoked, among men,
was 2.22 (16). The national report also
found a significant, negative associa-
tion between severe periodontitis and
smoking status where the adjusted OR
of current smokers was 1.40 (10).

Previous Japanese reports have not
found any significant differences in the
number of teeth retained, the odds of
having more than eight missing teeth
and the presence of periodontitis be-
tween former smokers and those who
had never smoked (16-18). Our results
were also consistent with these reports.
However, the risk for some former
smokers of having tooth loss and peri-
odontal diseases were different from
those who had never smoked. Consid-
eration should also be given to those
who have ceased smoking. In this study,
subjects who had ceased smoking for 11
or more years had the same odds of
having more than eight missing teeth,
and the same level of periodontitis, as
those who had never smoked. By con-
trast, those who had ceased smoking for
a shorter period of time (10 years or
less) had an OR of 2.02 of having more
than eight missing teeth and an OR of
1.88 for the presence of periodontitis.
Therefore, ceasing smoking may
be a potentially influential factor for
improving oral health.

There are few studies on dental dis-
eases regarding the relationship with the
length of time of smoking cessation
required to gain health benefits (41). In
USA, the risk of tooth loss among
subjects who had ceased smoking for
13 years was not very different from
those who had never smoked. In Japan,
it was reported that more than 21 years
of smoking cessation is necessary for
smokers to have the same number of
teeth as nonsmokers, and the ORs of
having more than eight missing teeth
tended to decrease with an increasing
number of smoking-cessation years
(19). Our results are similar to these
previous reports. The results of this
study suggest that the risk of tooth loss
and periodontitis decreases with smok-
ing cessation, but that it may take at
least 10 years of abstinence for the risk

to return to the level of those who have
never smoked.

These findings should be of impor-
tance to the Japanese healthcare strat-
egy, as a lifestyle intervention that could
encourage current smokers to quit and
to remain abstinent. It would be most
opportune for dental personnel to
encourage patients to not only stop
smoking but also to practice good oral
health behavior to maintain their oral
health status.

Based on the relationships shown in
this study, it is suggested that the
dental profession should take a more
prominent role in advising patients to
stop smoking.
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SuUMMARY The purposes of this study were (i) to
examine the relationship between the number of
natural teeth and the number of functional tooth
units in Japanese adults, (ii) to evaluate how func-
tional tooth units relate to subjective masticatory
ability and (iii) to determine the minimum number
of natural teeth and functional tooth units needed
to maintain adequate self-assessed chewing func-
tion. A self-administered questionnaire was given
and dental examination was conducted for 2164
residents aged 40 to 75 years. Counts were made on
the number of functional tooth units of natural
teeth (n-functional tooth units), the sum of natural
teeth and artificial teeth on implant-supported
and fixed prostheses (nif-functional tooth units)
and the sum of natural teeth and artificial teeth on
implant-supported, fixed and removable prostheses
(total-functional tooth units). The average number
of natural teeth, n-functional tooth units and

nif-functional tooth units decreased with age, but
these were often replaced by functional tooth units
from artificial teeth on removable prostheses. Total-
functional tooth units in 50-59 year old people were
slightly lower compared with those in other age
groups. Subjects who reported that they could chew
every food item on an average had 23-4 total natural
teeth, 12-6 posterior natural teeth, 7:6 n-functional
tooth units, 8:6 nif-functional tooth units and 10-4
total-functional tooth units, and subjects without
chewing difficulties had fewer functional tooth
units from removable prostheses. Maintaining 20
and more natural teeth and at least eight nif-
functional tooth units is important in reducing the
likelihood of self-assessed chewing difficulties.
KEYWORDS: masticatory ability, functional tooth
units, tooth loss, dentition, chewing
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Introduction

A number of factors could influence masticatory func-
tion, including loss of teeth and restorations (1-9), bite
force (10-12) and malocclusion (13). Tooth loss is
related not only to impairment of chewing efficiency
but also to other health problems (e.g., lower extremity
strength, agility and balance) in elderly population
(14). To rehabilitate masticatory function, missing teeth
are often replaced with fixed or removable dental
prostheses.

There are many methods for evaluating masticatory
function: the modified Mastication Performance Index
(15-17), the Craniomandibular Index (18, 19), bite

© 2008 The Authors. Journal compilation © 2008 Blackwell Publishing Ltd

force (7, 20) and electromyography (21). Chewing tests
have shown a clear relationship between dental state
and objective masticatory performance (1, 22-26).
Subjective masticatory ability, as determined from
questionnaires is closely related to the number of
remaining natural teeth (3, 5, 24, 27-29). Yamamoto's
chewing-ability test, which measures subjective masti-
catory ability has been widely used for many years in
Japan, because it contains typical Japanese food items
(30, 31).

Functional tooth units (FTUs), defined as pairs of
opposing teeth have been used to evaluate masticatory
function as well as oral condition and dietary intake
(17, 32-37). The number of FTUs is an important

doi: 10.1111/.1365-2842.2008.01847.x
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determinant of masticatory performance (17, 37).
A smaller number of FTUs is associated with chewing
difficulties, and an association exists between the lack
of FTUs and poor dental functional status (37). Loss of
posterior FTUs, in particular is thought to be a key
variable towards the loss of masticatory function.
However, very few studies using FTUs have been
carried out previously in Japan (38).

Because masticatory impairment has a negative
impact both on dental health and general health, the
relationship between FTUs and masticatory function
should be examined. We evaluated different types of
FTUs that are composed of natural teeth, artificial teeth
on fixed and removable prostheses. No previous studies
have examined the influence of tooth composition on
FTUs’ relationship to masticatory function.

We hypothesized that the number of natural teeth
was closely related to FTUs and chewing ability was
positively influenced with the number of natural teeth
and FTUs. Thus, the purposes of this study were (i) to
examine the relationship of the number of natural
teeth to the number of FTUs in Japanese adults, (ii) to
evaluate how different types of FTUs contribute to
subjective masticatory ability and (iii) to determine the
number of natural teeth and FTUs needed to maintain
adequate self-assessed chewing function.

Methods

Subjects

We mailed invitation letters to about 25 000 residents
ages 40 to 75 years who dwelt in jurisdiction of Yokote
Health Centre, Akita Prefecture, Japan and informed
them about the purposes and the design of the study to
seek their participation in the research. This conve-
nience sample consisted of 2177 participants who
agreed to join the study and signed the informed
consent form. Investigation was carried out from July
2005 through December 2006. Self-administered ques-
tionnaires were given and dental examinations were
conducted at local dental offices with the cooperation of
the Yokote and Hiraka Dental Associations. A total of
2164 people (916 men: mean age = 61'7; s.d. = 88,
1248 women: mean age = 59-8; s.d. = 9-2) were used
for the analysis after excluding subjects who had
incomplete data on the studied variables. This study
protocol was approved by the Tokyo Medical and
Dental University Ethical Committee.

Questionnaire

The self-administered questionnaire items consisted
of demographic information (gender and age) and
Yamamoto’s chewing-ability test questions that asked
whether the subject was able to chew the following 15
items that were arranged from hard to easy chewable
food: peanuts, hard rice cracker, pickled radish, dried
squid, dried scallop, boiled octopus, french bread, beef
steak, pickled scallion, raw squid, konjac (jelly made
from arum root), fishcake, broiled eel, raw tuna and
steamed rice.

Dental examination

Clinical examinations of dental status (third molars
were excluded) were performed, by trained and cali-
brated dentists, by making the subjects sit in a dental
chair with an operatory light, a dental mirror and an
explorer. The dentists examined carious status as well
as types of prosthetic restoration. Standardized clinical
criteria based on the WHO format (39) were described
in detail in a handbook distributed to all participating
dentists.

Functional tooth units

The total number of FTUs (total-FTUs) were defined as
pairs of opposing natural teeth (i.e., sound, restored and
D,;-D4 scale carious teeth) and artificial teeth on
implant-supported, fixed (bridge pontics) and remov-
able prostheses. D4 scale carious teeth with extensive
coronal destruction and missing teeth were regarded as
non-functional. Only FTUs from posterior teeth, in
which two opposing premolars were defined as one
FTU and two opposing molars were defined as two FTUs
were investigated. Therefore, a person with a complete
dentition had 12 FTUs (third molars/wisdom teeth
excluded). The number of FTUs was further divided by
tooth composition into n-FTUs (FTUs of natural teeth)
and nif-FTUs (FTUs of natural teeth and artificial teeth
on implant-supported and fixed prostheses).

Statistical analysis

Mean differences of natural teeth and the three sets of
FTUs were analysed with anova followed by the
Bonferroni’s multiple comparison method. An associa-
tion among variables was investigated using Pearson’s
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Table 1. Mean (s.d.) number of total and posterior natural teeth by gender and age group

Total natural teeth Posterior natural teeth

Age group n Male (n = 916) Female (n = 1248) Male (n = 916) Female (n = 1248)
40-49 300 259 (2'5) 258 (2+6) 143 (2:0) 141 (23)
50-59 650 233 (5-8) 233 (5°1) 12-4 (4-0) 12:4 (3-6)
60-69 755 207 (7°7) 19:0 (8-4) 10-9 (4-8) 95 (5°1)
70-75 459 159 (9-2) 133 (9:3) 81 (5°5) 63 (52)

Total 2164 20-8 (7°9) 204 (8-2) 11-0 (49) 10-5 (5°1)

correlation analysis. Age and gender adjustment was
made by specifying these variables as covariates in the
ancova. The statistical analysis was performed with the
spss 15-0J software.

Results

Of the 2164 subjects, 93 were edentulous and com-
plete-denture wearers. The numbers of total and
posterior natural teeth by age group are presented in
Table 1. The numbers of both total and posterior
natural teeth decreased with age and both males and
(P < 0-001)
among all age groups. For both the number of total
and posterior natural teeth, significant gender differ-
ences were found within age groups of 60-69 (total:
P < 001, posterior: P < 0-001) and 70-75 years (total:
P < 0:01, posterior: P < 0-001). However, for the FTUs,
no significant gender differences were detected, and the
values of males and females were combined in Table 2.

Both n-FTUs and nif-FTUs decreased with age and
significant differences were found among all age groups
(P < 0:001), however, the number of total-FTUs
remained relatively constant. The 50-59 year old age

females showed significant differences

Table 2. Mean (s.d.) number of different types of FTUs by age
group

Age group n n-FTUs nif-FTUs total-FTUs
40-49 300 93 (3-0) 102 (2+6) 104 (2-3)
50-59 650 72 (4:0) 82 (4:0) 9:8 (2:9)
60-69 755 53 (4-4) 61 (47) 10:1 (2+6)
70-75 459 31 (39) 3-8 (4'5) 103 (2+7)

Total 2164 59 (4-5) 68 (47) 10-1 (2:7)

FTUs, functional tooth units; n-FTUs, number of FTUs of natural
teeth; nif-FTUs, number of natural, implant-supported and fixed
prostheses FTUs.

group had a slightly lower total-FTUs value compared
with other age groups, and significant differences were
found between the following age groups: 40-49/50-59
(P < 0:01) and 50-59/70-75 (P < 0-05). Comparison of
the numbers of nif-FTUs and total-FTUs indicated that
the number of artificial teeth on removable prostheses
increased with age. This was most noticeable in the age
group of 70-75 years who had six FTUs from removable
prostheses.

Pearson’s correlation coefficients showed that all
significantly associated except the
number of total natural teeth and total-FTUs. The
correlation coefficients among natural teeth, n-FTUs
and nif-FTUs were greater than 0-84 (P < 0-001).
Although significant associations of total-FTUs with
posterior natural teeth (r = 0-10, P < 0-001), n-FTUs
(r = 027, P < 0:001) and nif-FTUs (r = 0-27, P < 0-001)
were seen, their correlation coefficients were relatively
small.

Figures 1 and 2 present the gender and age-adjusted
mean number of natural teeth and the three types of
FTUs for each of the 15 food items in Yamamoto’s
chewing ability test. For all 15 food items, subjects who
reported that they could chew every food item had a
higher mean number of natural teeth and FTUs
compared with those who could not. The differences
were more obvious in hard food items such as peanuts

variables were

and hard rice cracker than in soft food items such as
raw tuna and steamed rice. Mean differences were
significant at P < 0-05 for most food items except
steamed rice and for natural teeth and total-FTUs with
raw tuna.

Subjects were divided into two groups depending on
whether they stated that they could chew all 15 food
items or not. Subjects who reported that they could
chew all 15 food items had a significantly higher mean
number of natural teeth and all types of FTUs compared

© 2008 The Authors. Journal compilation © 2008 Blackwell Publishing Ltd
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Ajusted mean number of natural teeth

0 4 8 12 16 20 24 Significance
N T T T T T 1 .
Posterior Total
Peanuts 1918 Posterior [ Anterior
246 Posterior [ Anterior b e o
Hard rice cracker 1747 Posterior [ Anterior
417 Posterior [ Anterior |—< ok o
Pickled radish 1931 Posterior [ Anterior
233 Posterior [ Anterior = ok ok
Dried squid 1499 Posterior | Anterior
665 Posterior | Anterior |-* ok ook
Dried scallop 1562 Posterior | Anterior |*
- - sk sk
602 Posterior | Anterior |—‘
Boiled octopus 1637 Posterior [ Anterior J
527 Posterior [ Anterior h
French bread 1698 Posterior [ Anterior
466 Posterior I Anterior |—<
Beef steak 1805 Posterior | Anterior . s
359 Posterior | Anterior |—‘
Pickled scallion 2005 Posterior [ Anterior b s s
159 Posterior [ Anterior =
Raw squid 1918 Posterior [ Anterior
246 Posterior | Anterior |—‘
Konjac 2063 Posterior | Anterior |-I -
101 Posterior | Anterior }—4 *
Fishcake 2093 Posterior | Anterior P -
7l Posterior l Anterior - Fig. 1. Adjusted mean number of
Broiled eel 1993 Posterior | Anterior J . . natural teeth by Yamamoto’s chew-
171 Posterior | Anterior & ing-ability test on 15 food items.
Left of the line is the number of
Raw tuna 2116 LT | niEhy I posterior natural teeth, right of the
48 Posterior l Anterior }—< K . .
line is the number of anterior natural
Steamed rice 2144 Posterior [ Anterior b teeth and whole bar is the number of
20 Posterior | Anterior — total natural teeth. Arrow bars
[ Subjects who reported that they could chew the food item w5 p < 0,001 represent s.e. of number of total

[J Subjects who reported that they could not chew the food item

with those who could not (P < 0-001) (Table 3). Over-
all, subjects who answered that they could chew every
food item had 23-4 total natural teeth, 12-6 posterior
natural teeth, 7-6 n-FTUs, 8-:6 nif-FTUs and 10-4 total-
FTUs. Subjects without chewing difficulties had fewer
FTUs by removable prostheses (approximately two) in
contrast to subjects with difficulties (approximately
five).

Discussion

The mean number of both total and posterior natural
teeth decreased with age in this sample and a significant

natural teeth.

correlation was seen between these two numbers. The
trends in which the number of natural teeth decreases
with age, and that elderly males retain more natural
teeth than elderly females are comparable with the
results of a Japanese survey of dental diseases con-
ducted in 2005 (40). The number of natural teeth in our
sample is only slightly smaller (by up to two teeth)
compared with reports from the Japanese survey.
Masticatory function can be measured using self-
reporting or a clinical test. Objective measurements
with chewing of a test food may be preferable because
they are reliable indicators of masticatory performance
(12, 33, 41). For very large samples, chewing tests take
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Adjusted mean number of n-, nif-and total-FTUs
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Fig. 2. Adjusted mean number of Fishcake n i ] I . "
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FTUs by Yamamoto’s chewing-ability n [if | =
test on 15 food items. n, number of ) i
. Broiled eel n [ if | J sk . ®
FTUs of natural teeth (n-FTUs); nif, n [ if | - ) )
number of natural, implant-
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supported and fixed prostheses o [if] —
(nif-FTUs); and whole bar is the | | |*
Steamed rice n if
number of total-FTUs. Arrow bars 5 Tl —

represent s.e. of number of
total-FTUs.

too much time and need special instruments. The self-
reported assessment of chewing ability is simple, infor-
mative and valid for large samples (42). Yamamoto's
chewing ability test relies on the subject’s judgment of
various Japanese food items that are most commonly
eaten in Japan.

The current findings suggest that the poorer the
dentition status, worse the masticatory ability. Subjects
who answered that they could chew every food item
had a higher number of natural teeth compared with
their counterparts. That is, chewing is easier with a
greater number of natural teeth. In contrast, subjects
were more likely to experience chewing difficulty if
they had lost more natural teeth.

In 1982, the World Health Organization adopted
‘retention throughout life of a functional, aesthetic,
natural dentition of not less than 20 teeth’ as a goal for

[0 Subjects who reported that they could chew the food item
[J Subjects who reported that they could not chew the food item

* p<0.05 **: p<0.01 *** p<0.001

oral health (43). FDI also determined a goal that
recommended 50% of individuals of 65 years and
above to have 20 or more teeth (44). In Japan, the
Ministry of Health and Welfare launched a campaign in
1989 (the 8020 campaign) to encourage the Japanese
population to retain at least 20 or more own natural
teeth up to the age of 80 years (45-47). In 2000, a
national health plan, ‘Healthy Japan 21" was begun,
with the oral health goal to help people prevent tooth
loss so that they could retain at least 20 teeth through-
out their lifetimes.

Our results show that having an average of 23-4 total
natural teeth allow subjects to eat all 15 food items. The
subjects having problems with one or more food items
have significantly lower number of total natural teeth
(17-2). These findings are in agreement with former
studies, which showed that impairment of masticatory
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Table 3. Adjusted mean number of natural teeth and FTUs by
Yamamoto’s chewing ability test status

Status n Mean (s.d.) P
Total natural teeth + 1195 234 (6°6) *
- 969 17:2 (69)
Posterior natural teeth + 1195 12:6 (4-2) *
- 969 86 (44)
n-FTUs + 1195 76 (3-8) *
- 969 40 (3:7)
nif-FTUs + 1195 8:6 (3:8) *
- 969 47 (41)
total-FTUs + 1195 104 (2-5) *
- 969 9:8 (31)

FTUs, functional tooth units; n-FTUs, number of functional tooth
units of natural teeth; nif-FTUs, number of natural, implant-
supported and fixed prostheses FTUs.

+: Subjects who reported that they could chew all 15 food items.
—: Subjects who reported that they could not chew some of 15
food items.

*P < 0-001.

function occurred when fewer than 20 teeth are
present (27), and people retaining 20 or more natural
teeth could eat most types of Japanese foods (45-48).
Furthermore, this study shows that people with an
average of 8-6 posterior natural teeth are likely to have
problem in chewing one or more food items. This result
is not in agreement with previous studies (24, 29, 49,
50) which suggested that as long as people maintain at
least eight premolars, it is possible to maintain adequate
oral function (i.e., satisfactory biting and chewing). On
an average, 12-6 posterior natural teeth were needed to
chew all food items without problems in this sample.
Subjects with fewer FTUs are thought to be substan-
tially at increased risk for chewing difficulties as Hatch
et al. (17) reported that the single best predictor of
masticatory performance was the number of FTUs. In
this study, it was found that people with an average of
7-6 n-FTUs (or 8-6 nif-FTUs) did not have problems with
the 15 food items. The subjects having problems with
one or more food items had significantly lower values:
4-0 n-FTUs (or 4-7 nif-FTUs). Thus the number of
FTUs of natural teeth or/and artificial teeth on fixed
prostheses should on an average be eight or more, in
other words, four pairs of premolars and two pairs of
molars to avoid chewing problems. These findings are
different from the studies, which report that having 10
occluding pairs from premolar to premolar, namely four
FTUs have been recognized as providing function at a
sub-optimal but acceptable level for older people (50,

51), and intact premolars and at least one pair of
occluding molars, that is, six FTUs, provide sufficient
chewing ability (52). Current results, however are
similar to the studies indicating that five or fewer FTUs
define a threshold for problematic dental functional
status. (35, 37).

Analysis of the different types of FTUs indicated that
subjects without chewing difficulties had fewer FTUs
supplied by removable prostheses compared with their
counterparts. In other words, those who reported
difficulties in chewing food items had many missing
teeth restored by dentures. In particular, elderly
subjects who lose their natural teeth recover their
FTUs mainly with removable prostheses. The strong
correlations in the number of natural teeth, n-FTUs
and nif-FTUs indicate that subjects who had more
natural teeth were more likely to have FTUs with
natural teeth and fixed prostheses. Very weak corre-
lations of total-FTUs with natural teeth, n-FTUs and
nif-FTUs suggest that once a subject loses many
natural teeth the missing teeth are restored with
removable prostheses.

Removable prosthodontic treatments provided the
current subjects, especially the elderly, with up to six
additional FTUs. Subjects who reported that they could
and could not chew all food items had on an average
104 and 9:8 total-FTUs, respectively. Although the
difference was very small, real oral function between
two groups would be very different. FTUs based on
removable prostheses may add very little in avoiding
chewing problems. Hence, it is apparent that total-FTUs
are not a good index to distinguish groups with and
without chewing problems and are irrelevant for the
actual oral functional status.

Masticatory function with dentures is thought to be
affected by many factors such as retention and stability
of the denture, denture shape and the action of the soft
tissues. There are also reports that the subjective
masticatory ability becomes less reliable as the number
of teeth decreases (53); some subjects report a high
chewing ability even when their number of teeth is
close to zero (54). Future research should examine the
relationship between subjective and objective mastica-
tory function, and how the number of FTUs affecting
masticatory function is related to conditions of the
dentures, such as adaptation, retention and extension.

We evaluated a convenience sample which is derived
from a community; therefore, the present report may
not be generalizable if there are differences in the
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demographic characteristics of the sample from the
overall Japanese population. However, the study sub-
jects were community residents, not patients; and the
numbers of natural teeth were very similar to those of
Japanese survey data. Therefore, we consider this
sample as an approximate profile of the adult Japanese
population even if it is not representative for the
Japanese population. In a future study, we will test
whether these results can be generalized to other
populations.

Our study confirms that the numbers of natural teeth
and FTUs are key components of chewing ability, and
suggests that maintenance of these factors may be of
primary importance for promoting healthy oral func-
tion. Our community-based research adds evidence
that maintaining 20 and more natural teeth and eight
and more FTUs based on natural and fixed prosthetic
teeth is important in reducing the likelihood of chewing
difficulties, and primary interventions to maintain or
improve masticatory function in subjects should be
aimed at the preservation and restoration of FTUs,
preferably with fixed prostheses.
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Abstract The purposes of this study were (1) to examine
differences in dental status among various age groups,
particularly, focusing on whether subjects retained 20 or
more natural teeth, and (2) to investigate the relationship
among dental status, the number and categories of
functional tooth units (FTUs), and masticatory ability. A
dental examination and self-administered questionnaire
were conducted in a total of 2,164 residents aged 40 to
75 years who dwelt in Japan. The percentage of subjects
with 20 and more natural teeth and their number of
posterior teeth decreased with age. There was not much
difference in the mean number of FTUs in subjects with
and without 20 or more natural teeth, but those with 20
natural teeth had fewer numbers of FTUs than those with
more than 20 natural teeth. The categories of the FTUs
were extremely different. Subjects with 20 or more natural
teeth had FTUs consisting mostly of natural to natural teeth.
Subjects with 19 or fewer natural teeth had many FTUs
consisting of removable prosthetic teeth. The subjective
chewing ability test was significantly correlated with the
number of natural teeth. Subjects could chew the higher
number of test foods as the number of natural teeth
increased. Not only the number of natural teeth but the
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categories of FTUs appear to be key factors of chewing
ability. It is important to keep as many natural teeth as
possible so that the person’s categories of FTUs are mainly
composed of natural to natural teeth to maintain better oral
function.

Keywords Functional tooth units - Masticatory ability -
Tooth loss - Shortened dental arch - Prostheses

Introduction

Dental status can be evaluated with a variety of indexes.
One important index representing oral health is the number
of natural teeth [1-4]. Tooth loss can occur either from loss
due to progressive dental disease (e.g., dental caries and
periodontal disease) or trauma. Our preceding study has
reported that loss of natural teeth will decrease masticatory
function [5].

Another significant index is a functional tooth units
(FTUs) that is defined as pairs of opposing teeth. It has
been used to evaluate oral function and masticatory
performance [6—17]. Our previous study also demonstrated
that the number of FTUs is an important determinant of
masticatory performance [5]. A lower number of FTUs is
not only associated with chewing difficulties but an
association also exists between a reduced number of FTUs
and physical disabilities [12].

Internationally, the World Health Organization set “the
retention, throughout life, of a functional, esthetic, natural
dentition of not less than 20 teeth and not requiring
recourse to prostheses” as a goal for oral health in 1982
[18]. The Federation Dentaire Internationale also recom-
mended a goal of 50% of individuals 65 years and older
having 20 and more natural teeth [19].

@ Springer



114

Clin Oral Invest (2010) 14:113-119

In Japan, the Ministry of Health and Welfare and the
Japan Dental Association jointly began the 8020 Campaign
in 1989 to encourage the Japanese to keep at least 20 or
more natural teeth until the age of 80, the approximate
Japanese life expectancy. In 2000, the national “Healthy
Japan 217 plan was initiated, focusing on health promotion
and increased life expectancy. The plan included the
promotion of better oral health to achieve its goals, which
were to help people prevent tooth loss so that they could
retain at least 20 teeth throughout their lifetimes.

Although the goal of maintaining 20 and more natural teeth
has been announced worldwide, no study has investigated in
detail the importance and significance of keeping one’s own
natural teeth using an index like FTUs. Thus, the purposes of
this study were (1) to examine the dental condition in
Japanese adults, particularly focusing on whether they retain
20 or more natural teeth, and (2) to investigate the relationship
among natural teeth, FTUs, and masticatory ability.

Materials and methods

Details of the sampling method, examination procedure, and
indexes used have been described in a preceding paper [5].

Subjects

Subjects were community residents aged 40 to 75 years, who
dwelt in Yokote Health Center Jurisdiction, Akita Prefecture,
Japan. Invitation letters informing about the purposes and the
design of the study and seeking participation in the research
were mailed to all subjects. Convenience sample consisted of
2,177 subjects who agreed to participate and signed the
informed consent form. Investigation was carried out from
July, 2005 through December, 2006. After excluding subjects
who had incomplete data, a total of 2,164 people (916 men,
mean age=61.7, SD=8.8 years old; 1,248 women: mean age=
59.8, SD=9.2 years old) were used for the analysis.

Clinical dental examination

Clinical dental examinations of tooth status (third molars
were excluded) were performed by trained and calibrated
dentists. Standardized clinical dental criteria [20] were
instructed beforehand at the meeting, and a handbook
describing the detailed criteria was also distributed to all
participating dentists. The dentists examined caries status as
well as types of prosthetic restoration.

Functional tooth units

The number of FTUs was defined as pairs of opposing
posterior natural (i.e., sound, restored and D;—D, scale

@ Springer

carious teeth) and artificial teeth on implant-supported,
fixed (bridge pontics), and removable prostheses. D, scale
carious teeth with extensive coronal destruction and
missing teeth were regarded as non-functional. Two
opposing premolars were defined as one FTU and two
opposing molars were defined as two FTUs with 12 FTUs
of a complete dentition (third molars were excluded). The
total number of FTUs, divided into six categories (natural
to natural teeth, fixed prosthetic to natural teeth, fixed to
fixed prosthetic teeth, removable prosthetic to natural teeth,
removable to fixed prosthetic teeth, and removable to
removable prosthetic teeth), was evaluated at the subject
level and at the opposing tooth pair level (i.e., 17/47, 16/46,
15/45, 14/44, 24/34, 25/35, 26/36, and 27/37).

Questionnaire

Self-administered questionnaire items consisted of demo-
graphic information (age and sex) and Yamamoto’s chew-
ing ability test questions that asked if the subject was able
to chew the 15 test foods [5, 21, 22].

Statistical analysis

The number of subjects with or without 20 and more
natural teeth by age group (40—49, 50-59, 60—69, and 70—
75 years) was calculated, and the distributional differences
of frequency were analyzed with chi-square tests. The mean
numbers of posterior teeth and FTUs by age group were
examined in subjects with and without 20 or more natural
teeth. Age and sex adjustment was done by specifying these
variables as covariates in the ANCOVA, after which the
differences of the adjusted mean number of each FTU
category between the two groups were analyzed with the ¢
test. The proportion of each FTU category by opposing
tooth pair was also investigated. The relationship between
Yamamoto’s chewing ability test and the number of natural
teeth was assessed with Pearson’s correlation. The statisti-
cal analysis was performed with the SPSS15.0J software.

Ethics

This study protocol was approved by the Tokyo Medical
and Dental University Ethical Committee.

Results

Proportion of subjects with and without 20 or more natural
teeth

Almost all subjects in the 40-49 age group had 20 or more
natural teeth, but fewer than half of subjects in the 70-75
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Table 1 Frequency and mean number of posterior teeth and FTUs in subjects with and without 20 or more natural teeth by age group
Age group Number of natural teeth
20 and more 19 and less 20 and more 19 and less 20 and more 19 and less
Number (%) of subjects Number (95% CI) of posterior teeth Number (95% CI) of FTUs
40-49 294 (98.0) 6 (2.0) 14.3 (14.1, 14.5) 7.3 (3.9, 10.8) 10.5 (10.2, 10.7) 8.3 (3.9, 12.8)
50-59 544 (83.7) 106 (16.3) 13.7 (13.5, 13.9) 5.6 (5.1,6.2) 10.1 (9.9, 10.3) 8.4 (7.6, 9.2)
60-69 499 (66.1) 256 (33.9) 13.2 (13.0, 13.4) 4.2 (3.8,4.5) 10.0 (9.8, 10.3) 10.4 (10.0, 10.7)
70-75 181 (39.4) 278 (60.6) 12.9 (12.6, 13.2) 3.5(3.1,3.8) 9.8 (9.4, 10.2) 10.6 (10.3, 11.0)
Total 1518 (70.0) 646 (30.0) 13.5(13.4, 13.7) 4.1 3.9, 4.4) 10.1 (10.0, 10.2) 10.1 (9.9, 10.4)

age group had 20 or more natural teeth (Table 1). The
percentage of subjects with 20 or more natural teeth
decreased with age, and a significant distributional differ-
ence was observed (p<0.001).

Number of posterior teeth and FTUs

The mean number of posterior teeth declined with age
regardless of the fact that subjects had 20 or more natural
teeth or not. The mean number of FTUs in subjects with 20
or more natural teeth had a decreasing trend with age, while
among those with 19 or fewer natural teeth, there was an
increasing trend with age. In the 40-49 and 50-59 age
groups, the mean numbers of FTUs in subjects with 20 or
more natural teeth were slightly higher than those with 19
or fewer natural teeth, but the mean numbers of FTUs were
almost the same in the 60—69 and 70-75 age groups.

Number of FTU categories by subject level

As displayed in Table 2, the mean numbers of total FTUs
were 10.14 in subjects with 20 or more natural teeth and

Table 2 Adjusted mean number (adjusted for sex and age; 95% CI)
of FTUs categories in subjects with and without 20 or more natural
teeth

10.11 in those without, and no significant difference was
detected. However, the mean number of each FTU category
differed significantly between the two groups at p<0.05.
Among subjects with 20 or more natural teeth, FTUs with
natural to natural teeth was predominant (8.02), followed
by fixed prosthetic to natural teeth (1.05). The other FTU
categories were all less than 1.00. In contrast, among those
with 19 or fewer natural teeth the mean number of FTUs
based on natural to natural teeth was very small (1.12), and
removable to removable prosthetic teeth (5.04) and remov-
able prosthetic to natural teeth (3.33) were the two main
categories. All other FTU categories were less than 0.50.

Subjects with 20 or more natural teeth were further
divided into two groups: subjects with more than 20 natural
teeth including first molars (N=1,427) and those with 20
natural teeth (N=70). Subjects with more than 20 natural
teeth had similar numbers of each FTU category to those
with 20 or more natural teeth (Table 3). Among subjects
with 20 natural teeth, the mean number of total FTUs was
slightly low (8.10), and FTUs with natural to natural teeth
(3.58) and removable prosthetic to natural teeth (2.96) were
the two major categories.

Table 3 Adjusted mean number (adjusted for sex and age; 95% CI)
of FTUs categories in subjects with more than 20 natural teeth
including first molars and 20 natural teeth

FTUs Number of natural teeth p value FTUs Number of natural teeth p value
20 and more teeth 19 and less teeth More than 20 teeth 20 teeth
n-n 8.02 (7.88, 8.16) 1.12 (0.89, 1.35) <0.001 n-n 8.52 (8.37, 8.68) 3.58 (2.89, 4.26) <0.001
fn 1.05 (0.99, 1.12) 0.17 (0.06, 0.28) <0.001 f-n 1.04 (0.96, 1.12) 0.85 (0.50, 1.20) n.s.
— 0.08 (0.06, 0.10) 0.04 (0.01, 0.07) <0.05 —f 0.07 (0.05, 0.09) 0.06 (0.00, 0.14) n.s.
r-n 0.81 (0.68, 0.93) 3.33 (3.13, 3.53) <0.001 r-n 0.60 (0.51, 0.70) 2.96 (2.52, 3.39) <0.001
—f 0.06 (0.03, 0.09) 0.41 (0.36, 0.46) <0.001 - 0.04 (0.02, 0.06) 0.34 (0.26, 0.42) <0.001
-1 0.12 (0.00, 0.26) 5.04 (4.82, 5.27) <0.001 T 0.01 (0.00, 0.02) 0.31 (0.24, 0.38) <0.001
Total 10.14 (10.00, 10.28) 10.11 (9.89, 10.33) n.s. Total 10.28 (10.16, 10.40) 8.10 (7.53, 8.64) <0.001

n.s. not significant, n—n natural to natural teeth, f~n fixed prosthetic to
natural teeth, f~f fixed to fixed prosthetic teeth, r—n removable
prosthetic to natural teeth, »—f removable to fixed prosthetic teeth, r—
r removable to removable prosthetic teeth

n.s. not significant, n—n natural to natural teeth, f~n fixed prosthetic to
natural teeth, f~f fixed to fixed prosthetic teeth, »—n removable
prosthetic to natural teeth, »—f removable to fixed prosthetic teeth, r—
r removable to removable prosthetic teeth
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a Subjects with 20 and more natural teeth
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Fig. 1 Percentage of FTU categories at opposing tooth pair level in
subjects with (a) and without (b) 20 or more natural teeth (n—n natural
to natural teeth, /~n fixed prosthetic to natural teeth, /~f fixed to fixed
prosthetic teeth, r—n removable prosthetic to natural teeth, r—f
removable to fixed prosthetic teeth, »—r removable to removable
prosthetic teeth)

Percentage of FTU categories by opposing tooth pair level

There was no apparent difference in the percentage of total
FTUs at each opposing tooth pair between subjects with
and without 20 natural teeth (Fig. 1). The percentage of
total FTUs was highest in first premolars and gradually
decreased toward second molars in both groups: approxi-
mately 95% in first premolars, 90% in second premolars,
85% in first molars, and 75% in second molars.

FTUs with natural to natural teeth were dominant in
subjects with 20 or more natural teeth, while FTUs
composed of removable prostheses (i.e., removable to
removable prosthetic teeth, removable prosthetic to natural
teeth, and removable to fixed prosthetic teeth) were 70% to
80% in subjects with 19 or fewer natural teeth. Among
subjects with 20 or more natural teeth, approximately 60%
for molars and 80% to 90% for premolars were FTUs with
natural to natural teeth, and the percentage was higher for
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second molars than for first molars. Among subjects with 19
or fewer natural teeth, only 2% to 3% for molars and 10% to
15% for premolars were FTUs with natural to natural teeth.
The FTUs with removable to removable prosthetic teeth
were slightly higher for molars (around 50%) than for
premolars (30% to 40%). In contrast, FTUs from removable
prosthetic to natural teeth were slightly higher for premolars
(30% to 40%) compared to molars (25% to 30%).

The percentage of each FTU category in subjects with
more than 20 natural teeth was very similar to that in those
with 20 or more natural teeth (Fig. 2). On the other hand,
the percentage of total FTUs was lower, especially in
molars, among subjects with 20 natural teeth. The percen-
tages of FTUs with natural to natural teeth were around
60% in premolars and less than 20% in molars, and higher
percentages of FTUs with removable prosthetic to natural
teeth were observed in second premolars and molars.

a
100%

Subjects with more than 20 natural teeth including first molars

80% A

60% 7

40% A

20% 1

0% -
17/47 16/46  15/45 14/44 24/34  25/35

Opposing tooth pair

26/36  27/37

b Subjects with 20 natural teeth
100%

80% 1

mr-r
60% 1 or-f
or-n
of-f
of-n
@n-n

40% 1

20% 7

0%~

17/47 16/46  15/45
Opposing tooth pair

14/44  24/34  25/35 26/36  27/37

Fig. 2 Percentage of FTU categories at opposing tooth pair level in
subjects with (a) more than 20 natural teeth including first molars and
with (b) 20 natural teeth (n—n natural to natural teeth, f-n fixed
prosthetic to natural teeth, f~f fixed to fixed prosthetic teeth, r—n
removable prosthetic to natural teeth, »—f removable to fixed prosthetic
teeth, —r removable to removable prosthetic teeth)
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Masticatory ability and number of teeth

There was a significant correlation between the number of
Yamamoto’s 15 chewing ability test foods which subjects
reported they could chew and the number of natural teeth (r=
0.55, p<0.001). Subjects could chew the higher number of
foods as the number of natural teeth increased. A higher
proportion of subjects with 20 or more natural teeth could
chew all 15 foods (70.6%) compared to those with 19 or
fewer natural teeth (19.2%). Among subjects with 20 or
more natural teeth, 72.9% of subjects with more than 20
natural teeth could chew all 15 foods and 28.6% of those
with 20 natural teeth.

Discussion

This study of the relationship among dental status, the
number and categories of FTUs, and masticatory ability
indicated that retaining as many natural teeth as possible is
preferable to maintain appropriate oral function. Kiyser
[23-25] reported that at least 12 anterior teeth and eight
premolars are necessary for satisfactory biting and chewing.
Witter [26] also suggested that, as long as people
maintained 20 well-distributed teeth, there was an adaptive
mechanism to maintain adequate oral function. On the other
hand, an impairment of masticatory ability is thought to
occur when fewer than 20 teeth are present [27-29]. Similar
conclusions were also drawn in Japan. It is stated that
maintaining more than 20 teeth was necessary for mastica-
tion [30] and people with 20 or more teeth could eat most
types of Japanese foods [31-33]. People who have 20 or
more remaining teeth also show better oral condition and
health status than those who have less than 20 teeth [34,
35]. According to the Japanese dental survey [36] con-
ducted in 2005, the mean number of retained teeth in the
Japanese elderly (65 years and older) was less than 20.
Thus, there is much room for improvement in dental status
of the Japanese elderly.

There are researches that examine the total number of
FTUs [11, 12, 37], but no study investigates the categories
of the FTUs or FTUs at the opposing tooth pair level.
Comparison of the number of FTUs in subjects with and
without 20 or more natural teeth indicated that the mean
number of FTUs did not differ, although those with 20
natural teeth had fewer numbers of FTUs than those with
more than 20 natural teeth by approximately two.

The categories of the FTUs were extremely different
depending on the number of natural teeth. Not only did
subjects with 20 or more natural teeth have natural to
natural teeth as the dominant category of FTUs, but they
had fewer FTUs with removable prosthetic teeth compared
to those with 19 or fewer natural teeth. The latter had very

few FTUs with natural to natural teeth and many FTUs with
removable prosthetic teeth. Subjects with 20 or more
natural teeth had more than 9.1 FTUs based on natural or
fixed prosthetic teeth out of 10.1 total FTUs. On the other
hand, those with 19 or fewer natural teeth had more than
8.7 FTUs based on removable prosthetic teeth out of 10.1
total FTUs. Even among subjects with 20 or more natural
teeth, those with 20 natural teeth had fewer number of
FTUs with natural to natural teeth and higher number of
FTUs with removable prosthetic to natural teeth compared
to those with more than 20 natural teeth. In other words,
people with fewer natural teeth tended to have their missing
teeth restored with dentures. Consequently, they had a
higher number of FTUs with removable prosthetic teeth.

An analysis of FTU categories at the opposing tooth pair
level revealed that the overall distribution of total FTUs
was similar, whether or not subjects had 20 or more natural
teeth. The percentage of FTUs was higher in the premolars
than in the molars. The proportion of FTUs with natural to
natural teeth was also higher in the premolars than in the
molars in subjects with 20 or more natural teeth, while
FTUs with natural to natural teeth had been replaced with
removable prosthetic to natural teeth or removable to
removable prosthetic teeth in those with 19 or fewer natural
teeth. The investigation of subjects with 20 or more natural
teeth also showed that those with 20 natural teeth had very
low percentages of FTUs with natural to natural teeth,
particularly in molars, compared to those with more than 20
natural teeth.

Subjective masticatory function, as determined from
Yamamoto’s chewing ability test suggested that ease of
eating was clearly influenced by the number of natural teeth,
with chewing becoming easier with a greater number of
natural teeth. More than 70% of subjects with 20 or more
natural teeth reported they could chew all 15 foods, thus
having many natural teeth was considered important for
people to eat and enjoy meals with a wide range of foods. In
contrast, less than 20% of subjects with 19 or fewer natural
teeth could chew all foods. Therefore, people are more likely
to experience chewing difficulty if they lose their natural
teeth. Those results suggested that the shortened dental arch
(SDA) [29, 38], which was defined as having an intact
anterior region but a reduced number of posterior teeth, was
not sufficient for appropriate mastication.

The masticatory ability also depends on the number of
FTUs, and a loss of FTUs is reported to be a key variable in
the decrease of masticatory performance [13—16]. In this
study, however, the findings from FTUs category imply that
even if the total number of FTUs increases as a result of
removable prosthodontic treatment, it may not yield a
significantly improved masticatory function. Thus, when
FTUs are recovered with dentures, they appear to be poor
substitutes for natural teeth in chewing foods, possibly due
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to various factors, including a lack of retention, poor
adaptation, poor stability, and reduced bite force as
suggested in previous studies [39—41]. Maintaining as
many occluding pairs of natural teeth as possible is
essential in reducing the likelihood of chewing difficulty
[9, 11, 17] and masticatory function is not improved with
removable dentures [42—44]. Hence, we suggest that not
only the number of FTUs but also the category of the FTUs
are relevant factors affecting masticatory function.

As shown in this study, the number of retained natural
teeth and categories of the FTUs are key factors of chewing
ability. These results add evidence that maintenance of these
factors may be of primary importance for promoting a
healthy oral condition. It is reported that the SDA influences
not only on mastication, oral function, and temporomandib-
ular joint but on the oral health-related quality of life [23,
45]. Therefore, it is important to maintain as many natural
teeth as possible and to avoid replacing lost posterior teeth
with removable prostheses. Keeping the FTUs with natural
to natural teeth better maintains good oral function.
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Association of clinical oral health status with self-rated oral
health and GOHAI in Japanese adults
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Objective: The objective of this study was to investigate clinical oral health status relationships that affect quality of life (using the 12-item
General Oral Health Assessment Index (GOHAI)) and self-rated oral health in a community of Japanese residents. Methods: 459 residents
of Yokote City, Japan aged 40-55 years had oral health examinations and completed self-administered questionnaires collecting data on
age, gender, GOHALI items and self-rated oral health. Linear regression analysis was performed with GOHAI or self-rated oral health as
a dependent variable and gender, age and indicators of oral health status as independent variables. Results: The GOHAI indicated 42.7%
of subjects were concerned about the appearance of their teeth, 30.1% were worried about teeth problems and 27.5% concerned about
sensitive teeth. Analyses showed that gender, decayed teeth, oral dryness and missing teeth were significantly associated with variation in
GOHALI scores, and that gender, decayed teeth, oral dryness and oral hygiene were significantly associated with variation in self-rated oral
health. Conclusion: This study revealed that in this sample of Japanese adults aged 40-55 years, decayed teeth and oral dryness affected
both GOHALI and self-rated oral health, whereas missing teeth affected GOHAI and oral hygiene affected self-rated oral health. Subjects

did not recognise periodontal disease as a quality of life impacting condition or as a health problem.

Key words: Quality of life, self-rated oral health, dental health status, Japanese adults, GOHAI

Introduction

Many studies show that the quality of life (QOL) is an
important element of health (Locker and Allen, 2007;
Locker et al, 2001; Tabira et al, 2002). QOL, as the
overall goal of health, was suggested by Wilson and
Cleary in a model applicable to oral health (Locker, 2005).
Many studies have investigated the relationship between
oral health status and QOL (Locker ef al, 2001). The
General Oral Health Assessment Index (GOHAI, Atchison
and Dolan, 1990) is a self-administered questionnaire
popularly used to assess the Oral Health Related Quality
of Life (OHRQoL). GOHALI has been translated, validated
and used in many countries (Daradkeh and Khader, 2008;
Tubert-Jeannin et al., 2003) including Japan (Naito et al.,
2006). GOHALI is mainly used with elderly people and
there are few OHRQoL studies conducted with groups
other than elderly in Japan (Ikebe et al, 2007; Locker,
2003; Wong and McMillan, 2005). Particularly there are
limited OHRQoL data on the mid-aged groups which
could prompt earlier preventive intervention. At this age
(40-55 years) it is possible to investigate the relationship
between GOHAI and several oral diseases like dental
caries and periodontal disease as this age-group tends to
have more natural teeth. OHRQoL studies which examine
oral health status have mainly focused on tooth loss or
xerostomia (Wong and McMillan, 2005) so impacts of
dental caries, periodontal disease and oral hygiene have
not yet been assessed.

It may be important to investigate the relationship
between oral health status and self-rated oral health as
Wilson and Cleary have suggested that negative oral
health perceptions could be a predictor of oral health
related quality of life (Locker, 2005).

Thus, the main aim of this study was to investigate
clinical oral health status relationships that affect qual-
ity of life using both GOHALI, and self-rated oral health
in community of Japanese residents aged 40-55 years.

Methods

All 10,771 residents in Yokote city, Akita Prefecture,
Japan aged 40-55 years on the municipal electorate
register were sent invitation letters to participate in this
study. They were given information about the purpose of
this research, the design of the study and response letters
to participate. Some 504 agreed to join the study and
signed informed consent forms. The investigation was
carried out from August 1% to September 30™ 2007. Only
the 459 subjects with complete data were included in the
analysis. The study protocol was approved by the Tokyo
Medical and Dental University Ethics Committee (#278).

A self-administered questionnaire covered demograph-
ic information (gender and age), the Japanese version of
GOHALI and a self-rated oral health question. GOHALI is
a 12-item instrument comprising questions related to oral
function, anxiety and pain/discomfort during the last three
months. Response categories for each question were: 1
all the time, 2 often, 3 sometimes, 4 seldom and 5 never.

Correspondence to: Dr Takashi Zaitsu, Department of Oral Health Promotion, Graduate School of Medical and Dental Sciences, Tokyo
Medical and Dental University, 1-5-45 Yushima Bunkyo-ku Tokyo, Japan. 113-8549. E-mail: zaitsu.ohp@tmd.ac.jp



Summing the 12 scores gave the mean GOHAI score in
the possible range 12-60 with higher scores indicating
better perceived OHRQoL. The question to elicit self-rated
oral health was: “How do you consider your present oral
health condition?” with response options: 1 very bad, 2
bad, 3 fair, 4 good and 5 very good.

Self-administered questionnaires and dental ex-
aminations were conducted at local dental clinics by 50
dentists of the Yokote and Hiraka Dental Associations.
The required reporting standards, based on WHO (1997)
recommendations, were circulated to these dentists in a
detailed manual which was then explained and discussed
at an information session. The examinations were con-
ducted with subjects in a dental chair under an operator
light. The dentists examined and recorded decayed, miss-
ing and filled teeth (third molars excluded), periodontal
status (gingival bleeding, calculus and pocket depth), oral
hygiene and oral dryness. Decay was coded according
to the extent of lesion development: DO, sound surface;
D1, initial caries; D2, enamel caries; D3, caries of den-
tin; and, D4, pulpal involvement. Periodontal status was
examined using a dental mirror and a periodontal probe.
The deepest pocket depth was recorded by probing all
sites around each natural tooth. Pocket depths of 4mm
or more on any one tooth site were judged to indicate
periodontitis. Existence of calculus and gingival bleeding
on probing were checked on each tooth while measuring
the probing depth.

Oral hygiene was examined and reported as: good -
plaque hardly existing, poor - plaque existing on more
than two-thirds of surfaces of the cervical region of one or
more teeth; or fair - a mid-range score between good and
poor. Oral dryness was visually examined and reported
in this analysis as: yes - dry or no - moist.

Functional Tooth Units (FTUs) were defined as pairs
of opposing teeth, and FTU scores were used to evaluate
masticatory function (Hatch et al., 2001; Kwok et al.,
2004; Ueno et al., 2008). The total number of FTUs was
defined as pairs of opposing natural teeth (i.e. sound,
restored and minimal score carious teeth), artificial teeth
which may be on implant, fixed or removable prostheses.
D4 score carious teeth, with extensive coronal destruc-
tion, and missing teeth, were regarded as non-functional
units. FTUs from posterior teeth, in which there were two
opposing molars, were scored as two, while FTUs with
two opposing premolars, scored as one FTU. Therefore,
a person with a complete dentition had 12 FTUs (third
molars excluded).

Descriptive statistics were calculated for each exam-
ined item. The t-test was used to investigate the bivariate
association of GOHAI and self-rated oral health with
clinical oral health status (number of decayed teeth,
missing teeth, filled teeth, teeth with gingival bleeding on
probing, teeth with calculus, teeth with 4mm and deeper
periodontal pockets and FTUs). GOHAI was categorised
from the mean score into <54 or 54+. Self-rated oral
health was categorised into “very good/good/fair” and
“bad/very bad”. The y* test was used to investigate the
bivariate association of grouped GOHAI and self-rated
oral health data with clinical oral health status (oral
hygiene and oral dryness). Oral hygiene was divided
into good/fair and poor response options. Oral dryness
were divided into yes and no response options. Linear
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regression analysis was performed with GOHAI scores
or self-rated oral health as dependent variables. Gender,
age and clinical oral health status indicators were used as
independent variables. Two-sided p-values less than 0.05
were considered to be statistically significant. Statistical
analyses were performed with the SPSS 15.0 J software.

Results

The mean age of the subjects was 48.8 years (s.d. 4.3)
with a third, 154, being male, 305 female. The mean
numbers of decayed, missing and filled teeth were 1.6,
2.7 and 13.8 respectively, mean DMFT 18.0. The mean
number of teeth with gingival bleeding was 5.9, calculus
8.6 and pocket depth 4mm or more 4.7. The propor-
tion of subjects with oral hygiene rated good/fair was
87.4% and 12.6% were rated poor. Some 3.7% had oral
dryness. The mean FTU score was 10.3 units (s.d. 2.5).

Table 1 summarises the responses to of the GOHAI
items and the self-rated assessments of oral health. The
mean GOHALI score was 53.6 (s.d. 6.1). Table 1 shows
only the proportion of subjects who answered negatively
on the GOHAL, that is, all the time, often or sometimes.

Bivariate analyses using both mean and grouped
GOHALI scores had significant relationships with missing
teeth and FTUs (Table 2). Decayed teeth, FTUs, periodon-
tal status (gingival bleeding, calculus and pocket depth),
oral hygiene and oral dryness also showed significant
relationships with poor (bad/very bad) self-rated oral
health (Table 3). Linear regression analysis showed that
GOHAI score was significantly associated with gender,
number of decayed teeth, number of missing teeth and
oral dryness while poor self-rated oral health was signifi-
cantly, associated with gender, number of decayed teeth,
poor oral hygiene and oral dryness (Table 4).

Table 1. General Oral Health Assessment Index (GOHAI) and
self-rated oral health

Characteristics % (n=459)

GOHAI 12 items”*

Have to limit food intake/choice of food 14.6

Trouble biting/chewing 19.4
Unable to swallow comfortably 2.8
Unable to speak clearly 6.5
Discomfort during eating 12.0
Limited contact with people 5.9
Not pleased with the look of teeth 42.7
Use medication to relieve pain 8.9
Worried about teeth problems 30.1
Self-conscious of teeth problems 12.6
Uncomfortable eating in front of people 4.6
Sensitive to hot/cold/sweet/sour food 27.5

Self-rated oral health

Very good 7.2

Good 16.6 ] 76.7%
Fair 52.9

Bad 20.5 ]

Very bad 2.8 1 233%

* Percentage reporting ‘All the time’, ‘Often’ or ‘Sometimes’



Table 2. Bivariate association of GOHAI with oral health status

Oral health status

Below GOHAI Above GOHAI p-value

Table 3. Bivariate association of self-rated oral health with
oral health status

mean, mean, Self-Rated Oral Health Group
<54 54+
n=175 n=284 Oral health status Bad Good/Fair  p-value
n=352 n=107
Decayed Teeth ® 1.8 1.4 0.112
Missing Teeth ® 3.4 22 <0.001 Decayed Teeth * 1.4 22 0.010
Filling Teeth * 13.6 14.0 0.476 Missing Teeth 25 3.3 0.053
FTU® 9.6 10.7 <0.001 Filling Teeth® 14.0 13.4 0.340
Gingival bleeding * 5.8 5.9 0.863 FTU® 10.5 9.7 0.007
Existence of calculus * 9.0 8.3 0.337 Gingival bleeding * 55 7.2 0.022
Deep pockets * 54 42 0.053 Existence of calculus ® 7.9 10.8 0.002
Oral hygiene (poor) * % 14.9 113 0.261 Deep pockets * 4.1 6.4 0.004
Oral dryness® % 5.7 25 0.073 Oral hygiene (poor)® % 9.4 23.4 <0.001
Oral dryness® % 2.3 8.4 0.003
2 T-test  ° o2 test
@ t-test  ° 2 test
Table 4. Linear regression analysis with GOHAI (G) and self-rated oral health (SR) as the dependent variables
B S.E. Beta t p
G SR G SR G SR G SR G SR
Gender -1.37 0.26 0.60 0.09 -0.11 0.14 -2.27 3.00 0.023 0.003
Age 0.02 -0.02 0.07 0.01 0.02 -0.07 0.35 -1.51 0.729 0.133
Decayed teeth -0.25 0.05 0.11 0.02 -0.11 0.15 -2.29 3.14 0.023 0.002
Missing teeth -0.36 0.02 0.11 0.02 -0.19 0.08 -3.35 1.43 0.001 0.154
Filled teeth -0.09 0.01 0.05 0.01 -0.08 0.06 -1.53 1.27 0.126 0.206
FTUs 0.22 -0.03 0.14 0.02 0.09 -0.07 1.65 -1.28 0.099 0.200
Gingival bleeding 0.07 0.00 0.05 0.01 0.07 0.02 1.23 0.34 0.218 0.735
Dental calculus -0.05 0.01 0.04 0.01 -0.06 0.10 -1.05 1.79 0.295 0.074
Pocket depth >4mm  -0.07 0.01 0.06 0.01 -0.07 0.06 -1.20 1.00 0.232 0.317
Oral hygiene -0.58 0.21 0.58 0.08 -0.05 0.12 -0.99 2.45 0.322 0.015
Oral dryness 3.71 -0.50 1.45 0.21 0.12 -0.11 2.55 -2.36 0.011 0.019

F=5.09, p<0.001 for GOHAI .

Discussion

The response rate of participation was 4.3% in this
study. Participants had to visit a local dental clinic for
examination and complete a consent form and question-
naires: a considerable demand on their time and effort.
In Japan, it is uncommon for people to go to a clinic
for regular examinations, instead they tend to go only
when some symptoms like toothache or biting difficulty
occurs. This may partly explain the low response rate.
However, our sample’s mean GOHAI score was almost
the same as that of Japanese aged 40-59 years (Naito,
2007) and their mean DMFT was almost the same that
was found in the 2005 national oral health survey of
40-54 year-olds (SACSDD, 2007) suggesting our sample
is close to the Japanese population for this age group.
Male response rates may be lower than females because
many middle-aged males were at work in the daytime.
However analysis by linear regression adjusted for any
impacts of gender. This research was a community-based
study involving and engaging local dentists. One of the
epidemiological limitations of the study therefore is
that clinical measurements lack rigorous calibration and
standardization.

F=5.95, p<0.001 for self-rated oral health

It should be noted that oral health service delivery
and the National Health Service in Japan is different from
many other nations. In Japan, all residents benefit from a
public health insurance system covering the main dental
treatment needs, such as dental caries, periodontal diseases
and prosthetic treatment. This benefit may impact sub-
stantially on QOL measures such as GOHAI. Compared
with other countries, the Japanese have fewer decayed
and missing teeth but many filled teeth (WHO, 2008)
and high levels of conservative and prosthetic treatments.

The main oral health complaints of Japanese adults
aged 40-55 years, in this study, were the appearance
and pain associated with their teeth. On the other hand,
the main complaints reported by older people (mean 83
years) were discomfort when eating, and not biting well
(Locker et al, 2001). In general, it appears from these
findings that this mid-aged group of Japanese people is
more concerned with the impact of psychological well-
being and pain, than the older groups who tend to report
higher levels of oral function problems and discomfort
as their main concerns.
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The linear regression analysis suggests that oral
health status elements which appeared to impact strongly
on GOHAI and self-rated oral health were somewhat
different. Gender, decayed teeth and oral dryness af-
fected both GOHAI and self-rated oral health, whereas
missing teeth affected GOHAI and oral hygiene affected
self-rated oral health.

Gender affected GOHAI and self-rated oral health.
These findings are similar to research showing female
GOHALI scores to be lower than male scores (Tsakos et
al., 2009). Missing teeth affected only the GOHALI score
and not self-rated oral health. Oral hygiene affected
only self-rated oral health. But the signs of periodontal
disease such as gingival bleeding, calculus and pocket
depth which may cause tooth loss were not related to
either GOHALI or self-rated oral health.

These findings strongly suggest that there is little
linkage between periodontal health, and either quality of
life (GOHAI) or self-perception of periodontal diseases
in this population. It would seem appropriate therefore
to provide health education programs to help this age
group to recognise their periodontal status so that they can
prevent periodontal diseases and associated loss of teeth.

In conclusion, this study revealed that the main com-
plaints of Japanese adults aged 40-55 years are appear-
ance of their teeth or pain from teeth. Gender, decayed
teeth and oral dryness were related to both GOHAI and
self-rated oral health, whereas missing teeth were only
related to GOHAI, and oral hygiene was only related
to self-rated oral health. Further research is required on
more representative samples of the Japanese mid-aged
population, with more refined methods to observe whether
the trends found in this study can be generalized.
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Introduction

Abstract

Aim: The aims of this research were to assess the validity of self-reporting of
the number of teeth by comparing the number with that obtained through
clinical dental examinations, and to investigate factors affecting the discordance
between the two measures.

Methods: Self-administered questionnaires and dental examinations were con-
ducted among 1152 dentate community residents in Japan. The validity of the
patients’ reports of the number of teeth was assessed by comparing the self-
reported number with that determined at the clinical examination. Factors
affecting the absolute value of the difference between the self-reported number
of teeth and the number at clinical examination were investigated using a
multivariate analysis.

Results: Overall, 47.5% of participants had perfect agreement in their self-
report with the clinical examination. There was a slight tendency toward
underestimation of the number of natural teeth by self-reporting. Pearson’s
correlation coefficient was 0.80, and the intraclass correlation coefficient was
0.78 for all patients. Decayed, filled, sound teeth, and fixed prosthetic pontics
were significantly associated with the absolute value of the difference between
self-reports and clinical examinations.

Conclusions: Patients’ reported number of remaining teeth, the data for which
were collected via the questionnaire, provided reasonably valid data on the
actual number of teeth within a population group.

less resource involvement, and within shorter timeframes.
Thus, the availability of valid, self-reported measures of

Data on population dental health status have been
predominantly obtained through standardized clinical
examinations by calibrated dentists in controlled epidemi-
ological surveys. Clinical dental examinations are regarded
as the diagnostic “gold standard” for accurate and reliable
information on population oral health status. However,
they are very resource intensive in terms of personnel,
facilities, time, and cost. Information gained through
questionnaire and interview methods are alternative
sources of data on oral health status. If the subjective
(self-reported) oral health measurement is valid, it would
provide a more convenient process for measuring oral
health conditions in populations and groups at lower cost,

© 2010 Blackwell Publishing Asia Pty Ltd

dental status could supplement large-scale epidemiological
studies in periodic surveillance, as large-study populations
could be reached by, for example, computer-assisted tele-
phone interview surveys rather than by clinical examina-
tion.! The data obtained would be used for monitoring
the oral health status of populations, planning dental
public health goals and policies, and evaluating the impact
of changes in external environments on dental conditions
and the treatment needs of populations.

Many studies investigating the relationship between self-
reported oral health and actual oral health by means of
clinical examinations have been conducted.>™® A key out-
come variable in population studies is the mean number of
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Self-reported number of natural teeth

natural teeth in a population group. Prior research has
documented various degrees of validity of patients’ self-
reported number of remaining natural teeth, in comparison
to the true number, using different survey methods.”™"'

Overall, the number of natural teeth estimated by ques-
tionnaires is in good agreement with clinical examina-
tions,'>'* but in their study, Palmqvist et al.'> suggested
that self-reporting of missing teeth and the prevalence of
prosthetic restorations is not reliable. Most studies on the
validity of self-reported number of teeth have been con-
ducted in Western Europe and North America, and many
reports have suggested that replication among populations
with different sociocultural backgrounds is needed. There
are some studies examining the validity of the self-reported
number of teeth in Japan that indicate that the self-report-
ing of Japanese people is valid and reliable.'®'” Factors
influencing the validity of the self-identification of natural
teeth, however, have not been investigated in Japan.

The hypotheses of this research are: (a) the self-reported
number of teeth in a Japanese population could be used
as a surrogate to accurately estimate the actual number of
teeth and (b) the dental status of the individual is related
to the degree of validity of the accurate measurement of
the number of natural teeth. Therefore, the aims of this
research were to assess the validity of self-reporting of the
number of teeth (using a self-reporting questionnaire) by
comparing the number to that obtained through clinical
dental examinations, and to investigate factors affecting
the discordance between the two measures.

Materials and methods

Patients

Patients were drawn from a population of 21 961 commu-
nity residents aged 40-56 years who dwelt in Yokote city,
Akita prefecture, Japan. Letters informing the community
in general terms about the study and seeking their individ-
ual participation in the research were mailed to all eligible
patients. Responses were received from 1163 residents
(participation rate: 5.3%) who agreed to join the study
and signed the informed consent form. The investigation
was carried out from November 2006 to December 2007.
Self-administered questionnaires and dental examinations
were conducted at local dental offices with the cooperation
of the Yokote and Hiraka Dental Associations. A total of
1152 dentate people (386 men: mean age = 48.7, standard
deviation [SD] = 4.6; 766 women: mean age = 49.5, SD =
4.5) was used for the analysis, after excluding patients who
had incomplete data on the study variables (n = 11).
Therefore, this report presents data only on the dentate
proportion of the population sampled. This study proto-
col was approved by the Tokyo Medical and Dental
University Ethical Committee (no. 278).
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Questionnaire

The self-administered questionnaire was made available to
participants when they presented at the dentist’s office
prior to the dental examination. Among other items col-
lected, demographic information (sex and age) and partici-
pants’ self-reported estimate of the number of natural teeth
they had were recorded. The question they were specifically
asked to respond to was: how many natural teeth do you
have in your mouth? No specific instructions on how to
conduct the self-assessment were given to participants.

Dental examination

Clinical examinations of dental status were performed by
local general dentists; each patient was in the dental chair,
and a standard operatory light, a dental mirror, and an
explorer were used. A training and calibration session was
held before the study commenced, and a handbook that
described standardized clinical criteria based on the
World Health Organization (WHO) format'® was distrib-
uted to all participating dentists. The dentists examined
dental status as well as types of prosthetic restoration.
The inter- or intra-reliability statistic in clinical examina-
tions was not calculated because many dentists (n = 43)
participated in the research.

Statistical analysis

The validity of patients’ reports of the number of teeth was
assessed by comparing the self-reported number with that
determined at the clinical examination. The overall associa-
tion between the self-reported number of teeth and actual
number was analyzed using scatter plots. Pearson’s correla-
tion coefficient and intraclass correlation coefficient (ICC)
were calculated to quantitatively evaluate the validity.

The association was further analyzed by creating two
categories of remaining teeth (1-19 and 20-32 teeth),
because these criteria for the number of teeth is widely
used in Japan as the 8020 campaign,'® as well as by the
WHO and Federation Dentaire Internationale.””*'

Factors affecting the absolute value of the difference
between the self-reported number of teeth and the num-
ber at clinical examination were investigated using a mul-
tivariate analysis. The generalized linear model (GLM) of
the negative binominal distribution with a logit built-in
link function analysis was used to investigate associations
between potential influencing variables. Age and sex,
which were considered to confound the association
between variables, were used as covariates, while the
number of sound (0-8 and >9), decayed (0 and >1), filled
(0-9 and 2>10) and fixed prosthetic pontics (0 and 1),
removable prosthetic teeth (0 and 2>1), and implanted

© 2010 Blackwell Publishing Asia Pty Ltd



M. Ueno et al.

teeth (0 and >1) were used as dichotomous factors in the
model. Dichotomous values were chosen based on the
median values of the variable concerned. Analyses were
performed using spss software, version 17.0 (SPSS Japan,
Tokyo, Japan).

Results

A scatter plot of the self-reported number of teeth against
clinical counts is presented in Figure 1. The points on the
diagonal line drawn in the graph indicate that there are
absolute agreements and no systematic tendencies toward
overestimation or underestimation. The points appearing
above the line suggest overreporting, while the points
below the line indicate underreporting. Since more points
of difference present below the diagonal line than above
the line, and points below the line vary more widely than
points above the line, the scatter gram results indicate
a slight tendency toward underestimation of the number

Self-reported number of teeth

0 10 20 30

Number of teeth counted by clinical examination

Figure 1. Scatter gram of the number of teeth by clinical examina-
tion and that by self-reporting.

Self-reported number of natural teeth

of natural teeth by self-reporting. As shown in Table 1,
47.5% of participants had perfect agreement in their self-
report with the clinical examination. The percentages of
perfect agreements were 35.2% for patients with 1-19
teeth, and 48.3% for those with 20-32 teeth. For each
category, those who showed a difference of within one
tooth were 53.6% and 70%, respectively.

The dental status measures of patients are presented in
Table 2. The values for males and females were combined
in these analyses. The mean age was higher in patients
with 1-19 teeth (52.2 £ 3.0 years) than in those with
20-32 teeth (49.0 + 4.6 years). For all patients, the mean
number (SD) of teeth reported by clinical examination
was 25.84 (3.93), and the mean number by self-reporting
was 25.52 (4.96). In patients with 1-19 teeth, the clinical
mean was 14.90 (4.67), and that reported by individuals
was 14.15 (6.33); in the 20-32 teeth group, the clinical
mean was 26.56 (2.58), and self-reported mean was 26.27
(3.82). Therefore, all mean differences between clinical
and self-reporting were less than one tooth.

Table 3 presents the two types of correlations calcu-
lated between the number of teeth by self-reporting and
by clinical examination, together with their confidence
intervals. Both types of correlation analyses resulted in
coefficients that were slightly lower in patients with 20-32
teeth than those with 1-19 teeth. Pearson’s correlation
coefficients were 0.76 for patients with 1-19 teeth, and
0.66 for those with 20-2 teeth. The ICC were 0.72 for
patients with 1-19 teeth, and 0.61 for those with 20-32
teeth, respectively. For all patients, Pearson’s correlation
coefficient was 0.80, and the ICC was 0.78.

Since the absolute value of the difference between the
self-reported number of teeth and the number at clini-
cal examination was positively skewed due to a high
proportion of zero values, and found not to be normally
distributed by the Shapiro-Wilk test, the GLM was used for
the multivariate analysis. The GLM were carried out for
each subgroup (1-19, 20-32) of remaining natural teeth.
Age and sex were controlled as covariates. The y*-tests of
GLM were significant in each subgroup: y* = 29.4 in the
group with 1-19 teeth (P < 0.001), and %* = 109.8 in the

Table 1. Distribution of differences in the number of teeth between self-reporting and clinical examination with means and standard deviations (SD)

Difference between self-reporting and clinical examination (self-reporting minus clinical examination)

No. teeth <-7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 >7 Mean SD

1-19 (n=71) n 7 2 2 3 3 4 6 25 7 1 0 4 2 4 1 -0.75 4.12
% 98 28 28 42 42 5.6 8.5 35.2 9.9 14 0 56 28 56 14

20-32(n=1081) n 42 12 13 24 31 42 98 522 136 73 42 23 10 5 8 -0.29 2.8
% 4.1 1.1 1.2 2.2 29 3.9 9.1 48.3 126 6.8 39 2.1 09 05 038

Total (n = 1152) n 49 14 15 27 34 46 104 547 143 74 42 27 12 9 8 -0.32 297
% 4.3 1.2 1.3 2.3 3.0 40 9.0 475 124 64 36 23 1.0 0.8 038
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Table 2. Dental status measures of patients by the number of teeth (self-reporting versus clinical examination)

No. teeth

1-19 teeth (n = 71)

20-32 teeth (n = 1081) Total (n = 1152)

Dental status measures Mean SD Mean SD Mean SD

Self-reported number of teeth 14.15 6.33 26.27 3.82 25.52 4.96

Clinical dental examination
No. remaining teeth 14.90 4.67 26.56 2.58 25.84 3.93
No. sound teeth 3.69 2.94 10.76 5.72 10.33 5.84
No. decayed teeth 0.97 1.78 1.49 2.71 1.46 2.66
No. filled teeth 10.24 4.37 14.31 5.24 14.06 5.28
No. fixed prosthetic pontics 1.97 2.54 0.82 1.25 0.89 1.39
No. removable prosthetic teeth 6.42 7.67 0.21 0.97 0.59 2.59
No. implanted teeth 0.1 0.75 0.01 0.13 0.01 0.22

SD, standard deviation.

Table 3. Pearson’s and intraclass correlation coefficients by the num-
ber of teeth

Correlation coefficients

No. teeth n Pearson’s (95% Cl) Intraclass (95% Cl)
1-19 71 0.76 (0.65, 0.85) 0.72 (0.59, 0.82)
20-32 1081 0.66 (0.63, 0.70) 0.61 (0.57, 0.65)
Total 1152 0.80 (0.78, 0.83) 0.78 (0.75, 0.80)

Cl, confidence interval.

group with 20-32 teeth (P < 0.001), respectively. Among
the patients with 1-19 teeth, those with one and more
decayed teeth (P < 0.001) and with 10 and more filled teeth
(P < 0.01) were more likely to inaccurately report the
number of teeth present than their counterparts (Table 4).
Two variables (sound teeth and fixed prosthetic pontics)
were significantly associated with the absolute value of the
difference in patients with 20-32 teeth. Patients with nine
or more sound teeth (P < 0.001) were more likely to have
valid self-reports than their counterparts, while those with
one and more fixed prosthetic pontics (P < 0.001) were
more likely to incorrectly report their number of natural
teeth than their counterparts.

Discussion

The results of this study suggest that patients’ reported
number of teeth collected via the questionnaire can provide
reasonably valid data on the actual number of teeth
within a population group. The magnitude of discordance
of tooth counts was less than one tooth, and patients
tended to slightly underestimate the actual number of
remaining teeth. Correlations between self-reports and
clinical examinations were high both in Pearson’s and
intraclass procedures, which were approximately 0.8 for
the total sample of patients.

82

Self-reporting of the number of teeth has been shown
to be valid in research from several different age groups
and in different countries. Therefore, this research sup-
ports work conducted elsewhere in Japan'®'” and interna-
tionally,'"®'»'* that the self-report, in population terms,
is a valid procedure to estimate the number of teeth in
an adult’s dentition.

The variability in the number of teeth is reported to
affect the validity of self-reports, with a tendency for less
accuracy when the actual number of teeth increases.'' In
this study, the analysis was performed by dichotomizing
the sample into two categories, depending on the number
of remaining teeth, and a similar trend in relationship was
evident. A lower validity of the self-reported estimate
among patients with 20-32 teeth was indicated by the
smaller correlation coefficient, in particular, the ICC.

We could not compute a Kappa statistic because two
variables, self-reported teeth number and actual number
of teeth, had different range of values. Instead, we used
the ICC. The ICC is preferable to Pearson’s correlation
coefficient in estimating validity.”> Pearson’s correlation
coefficient can be high, even if two variables do not show
perfect agreement, while the ICC reflects the overall mag-
nitude of absolute agreement. The maximum number of
differences between the two measures (self-reporting and
clinical examination) was 20 teeth in the 20-32 teeth
group, and a maximum of 13 teeth in the 1-19 teeth
group. This large difference is why lower correlation coef-
ficients were observed in patients with 20-32 teeth.
Therefore, our hypothesis of less-valid reports among
individuals with many teeth was verified.

The proposition that certain dental characteristics
(decayed and filled teeth, fixed prosthetic pontics, and
removable prosthetic teeth) would be associated with the
validity of self-reports was also confirmed. The rationale
was that prosthetic or cavitated teeth might have con-
fused some patients as to whether these teeth should be

© 2010 Blackwell Publishing Asia Pty Ltd
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Table 4. Generalized linear model of the absolute value of the difference between self-reporting and clinical examination

No. teeth
1-19 20-32
Independent variable n B SE P-value n B SE P-value
Sound teeth
>9 5 0.96 0.70 0.17 662 -0.38 0.09 0.00
0-8 66 (reference) 419 (reference)
Decayed teeth
>1 26 0.95 0.33 0.00 503 0.14 0.08 0.09
0 45 (reference) 578 (reference)
Filled teeth
210 41 1.10 0.35 0.00 903 0.02 0.12 0.87
0-9 30 (reference) 178 (reference)
Fixed prosthetic pontics
>1 35 0.52 0.32 0.10 444 0.59 0.08 0.00
0 36 (reference) 637 (reference)
Removable prosthetic teeth
>1 37 —-0.60 0.33 0.07 61 0.31 0.16 0.06
0 34 (reference) 1020 (reference)
Implanted teeth
>1 2 0.76 0.84 0.36 3 0.30 0.74 0.69
0 69 (reference) 1078 (reference)

Adjusted for age and sex. SE, standard error.

included as “natural teeth.” Patients with 1-19 teeth
seemed to have trouble counting natural teeth, as they
were uncertain of whether dental caries or fillings were
their own teeth. Pitiphat et al'® also reported that
patients tended to underestimate the number of filled
and decayed teeth, and the correlation between the self-
reported and actual means was low for decayed teeth.

However, patients with 20-32 teeth appeared to not be
able to recognize their fixed prosthetic appliances well.
The deviations from the concordance could partly be due
to the possible miscounting of the fixed prostheses with
pontics. This result is in agreement with previous studies
reporting that self-assessment is more subjective to error,
where missing teeth are replaced with fixed prosthodon-
tics.”> A higher number of sound teeth appeared to help
patients more accurately count their teeth, especially
among patients with 20-32 teeth. These findings suggest
that the difficulty of accurately counting the correct
number of teeth by self-assessment is largely due to the
complexity of the individual’s dental condition. Use of
the absolute value of the difference would cause a bias
because it could not distinguish the effect of underestima-
tion of the number of teeth from that of overestimation.
However, a separate analysis for underestimation and
overestimation was not performed due to the small num-
ber of subjects, especially in those with 1 to 19 teeth.

This study population was not a representative sample
of the general population. Patients were volunteers taking
part in the study, and the participation rate was very low.

© 2010 Blackwell Publishing Asia Pty Ltd

To improve the response rate, the reinforcement of public
education about the importance of oral health would be
necessary. However, in terms of dental status, the mean
number of teeth present (25.8) and sound (10.3), decayed
(1.5), and filled (14.0) teeth in the current age group of
patients in this study were similar to those of the Japa-
nese dental survey data on patients in the same age
group:>* mean number of teeth present (25.8) and sound
(12.6), decayed (1.0), and filled teeth (12.2). Therefore,
this sample provides a proximate dental health status pro-
file to the adult Japanese population in this age group.
Oral health data collected by clinical dental examina-
tions have been considered as the only valid source of
information.”> However, based on the present findings
and previous studies of an aggregate population level,
and acknowledging certain limitations, it is feasible to
assume that lay people’s self-reports can be considered
as alternative instruments for estimating the number of
natural teeth present in adult dentitions. The use of
self-reported information collected in this way would
allow for not only an easy and inexpensive method for
collecting data of large-scale research and surveillance
but also provide a helpful tool for planning oral health
programs. However, the validity of conclusions drawn
from such data should be qualified. For example, the
validity is slightly less in patients with many teeth, and
the counting of decayed and filled teeth and fixed pros-
thetic pontics was prone to increased errors in report-
ing. The validity of self-reported tooth counts might be
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improved if the wording of the questionnaire explicitly
explained restorative and prosthodontic characteristics
so that respondents could understand the status of res-

torations correctly. Further research would also be

needed to confirm current results in other age-group
populations. This study confirms the benefits of pursu-
ing self-reporting methods of determining oral health
status and refining such approaches through further

research.
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Prevalence of oral malodor and related factors among adults in Akita Prefecture
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The national survey on health and welfare con-
ducted in 1999 reported approximately 15% of
people, who had some dental problem, suffered
from oral malodor. Oral malodor was ranked the
fourth highest dental complaints in Japanese.
However, there is a scarcity of epidemiological
studies assessing the prevalence of oral malodor in
the general population. Thus the aims of this
study were to assess the prevalence of oral mal-
odor and its relationship with oral health indicators
among general adults aged 40 to 75 years in Akita
Prefecture, Japan. The prevalence of oral mal-
odor, diagnosed using the organoleptic method,
revealed that approximately 37% of subjects had
oral malodor. Logistic regression analysis sug-
gested that oral hygiene, periodontal disease and
oral dryness were influential factors which could
cause oral malodor. Hence oral malodor related
health education, preventive interventions such
as tooth and tongue brushing instruction, and
treatment regimens targeting periodontal disease
should be incorporated into community oral
health programs. Such an approach would bring
about not only a reduction in the complaint of oral
malodor condition, but also the promotion of
overall oral health.
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Introduction

Oral malodor (halitosis or bad breath) is an offensive
odor of oral cavity and may disturb interpersonal com-
munication and social activities. The oral region is the
most frequent origin of halitosis’, which is caused by
Volatile Sulfur Compounds (VSCs), especially, hydro-
gen sulfide, methyl mercaptan and dimethyl sulfide®.
VSCs are produced by putrefaction of gram-negative
anaerobic bacteria®. It is reported that around 90% of
oral malodor originates in the oral cavity, although sev-
eral non-oral causes are attributed to oral malodor*®.
Among oral related causes, tongue coating®, peri-
odontal disease” and poor oral hygiene® can generate
oral malodor. Therefore, treatments corresponding to
the causes of oral malodor include mechanical or
chemical tongue cleaning’, periodontal disease treat-
ment'®, oral hygiene instruction'’ and mouthrinses or
mouthwashes'* ™.

The national survey on health and welfare conducted
in 1999' reported approximately 15% of people, who
had some dental problem, suffered from oral malodor.
Oral malodor was ranked the fourth highest dental com-
plaints in Japanese. The percentage of people who suf-
fered from oral malodor increased with age and the
trend continued until the age-group of 45-54 years. That
is, from 7.6% of 15-24 year-olds, 10.1% of 25-34
year-olds, 17.7% of 35-44 year-olds, and 20.7% of 45-
54 year-olds. From the age-group of 55-64 year-olds
and older, the percentage presenting with oral malodor
decreased gradually. In the survey conducted in gen-
eral Japanese, Miyazaki et al." stated that 6 to 23% of
people complained about oral malodor. The concern
about oral malodor is therefore relatively high in
Japan. In the United States, 10 to 30% of the popula-
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tion was reported to suffer from bad breath'. Liu et al."”
investigated the prevalence of oral malodor in the
Chinese general population and found that 27.5% of
the population had oral malodor when the organoleptic
test was employed. On the other hand, 20.3 to 35.4% of
the subjects exhibited on oral malodor with the
Halimeter” (Inerscan Corp., Chatworth, CA, USA).
Many studies have been reported on the mecha-
nisms of oral malodor causation, diagnosis and mea-
surement devices. However there is a scarcity of epi-
demiological studies assessing the prevalence and
intensity of oral malodor in the general population. Thus
the aims of this study were to assess the prevalence of
oral malodor and its relationship with the oral health
indicators in a general population of adults in Japan.

Subjects and Methods

Subjects

Invitation letters that informed subjects about the pur-
pose and the design of the study and sought their par-
ticipation in the research, were mailed to about
25,000 residents ages 40 to 75 years who dwelt in
Yokote health center jurisdiction, Akita Prefecture,
Japan. Some 2,141 people (910 men: aged 61.8+8.8
years old, 1,231 women: aged 59.9+9.2 years old)
agreed to participate in the study and signed the
informed consent form. Investigation was carried out in
April, 2005 for persons aged 55 to 75 years, and in
November and December, 2006 for those aged 40 to
55 years. A self-administered questionnaire and dental
examination were conducted at local dental offices with
the cooperation of the Yokote and Hiraka Dental
Associations.

This study protocol has been approved by the
Tokyo Medical and Dental University Ethical
Committee.

Questionnaire

Self-administered questionnaire items consisted of
demographic (age and sex) information, subjective
symptoms of oral malodor (presence/absence) and
smoking habits (current smoker/past smoker/non-
smoker).

Clinical dental examination

All clinical dental examinations included tooth status
(third molars were included), oral dryness, oral
hygiene, pocket depth, existence of calculus, gingival
bleeding on probing, and the organoleptic test for oral
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malodor. The clinical assessments were performed by
participating dentists with subjects in a dental chair with
an operatory light, a dental mirror, an explorer and a
periodontal probe. Standardized clinical criteria for
each measurement were described in detail in a
handbook distributed to all participated dentists.

Oral dryness was diagnosed dichotomously by
visually observing the whole mouth and recorded
either dry or moist. Oral hygiene of teeth, dentures and
tongue was visually evaluated on a subjective catego-
ry scale of 1 to 3: 1 (good) no apparent plaque or
tongue coating; 2 (pair) two-third or less of the whole
mouth or tongue dorsum covered; 3 (poor) more than
two-third of whole mouth or tongue dorsum covered
with plaque or coating. Pocket depth measurement was
assessed on each tooth surface circumferentially, and
the deepest measure was scored in millimeters for
each tooth, including third molars. Existence of calculus
(presence/absence) and bleeding on probing (pres-
ence/absence), were evaluated following the pocket
depth measurement. All measurements were recorded
per tooth for all present teeth including third molars.
Oral malodor was diagnosed by the dentists using the
organoleptic test and scored on a subjective scale from
1 to 3 as follows; 1=strong malodor, 2= moderate mal-
odor, 3=no odor.

Statistical analysis

Prevalence of oral malodor was investigated by
age-group (49 or younger, 50-54, 55-59, 60-64, 65-69,
70 or older), sex, subjective symptoms of oral malodor,
smoking habit, number of decayed teeth (0, 1-2, 3 or
more), oral dryness, oral hygiene of teeth, oral
hygiene of dentures, oral hygiene of tongue, number of
teeth with gingival bleeding on probing (0, 1-5, 6 or
more), number of teeth with calculus (0, 1-5, 6 or more),
and number of teeth with 5 mm and deeper periodontal
pockets (0, 1-5, 6 or more). Number of decayed teeth,
oral hygiene of teeth, number of teeth with gingival
bleeding on probing, number of teeth with calculus, and
number of teeth with 5 mm and deeper periodontal
pockets were analyzed only in dentate people, and oral
hygiene of dentures was analyzed only in denture wear-
ing subjects.

Two logistic regressions analyses were performed.
Firstly, on dentate subjects (N=2,039), regression of
dentists’ diagnosis of oral malodor (0: no odor, 1:
moderate or strong oral malodor) on age-group, sex,
smoking habit, number of existing teeth, number of
decayed teeth, oral dryness, oral hygiene of teeth, oral
hygiene of tongue, number of gingival bleeding on prob-
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ing, number of existence of calculus, and number of 5
mm and deeper periodontal pockets. Secondly, on den-
tate subjects with dentures (N=770), regression of
dentists’ diagnosis of oral malodor (0: no odor, 1:
moderate or strong oral malodor) on age-group, sex,
smoking habit, number of existing teeth, number of
decayed teeth, oral dryness, oral hygiene of teeth, oral
hygiene of dentures, oral hygiene of tongue, number of
gingival bleeding on probing, number of existence of
calculus, and number of 5 mm and deeper periodontal
pockets. The statistical analysis was performed with the
SPSS15.0J software.

Results

Among the total 2,141 subjects, 785 (36.7%) people
had moderate or strong oral malodor. Oral malodor
prevalence was lower in younger age-groups (49 or
younger and 50-54) compared to older age-groups, and

males had a higher prevalence than females.
Subjects who reported the subjective symptoms of oral
malodor had a higher prevalence of oral malodor
diagnosed by the dentists than those who had not.
Current smokers had a higher prevalence of oral mal-
odor compared with past or non smokers. The preva-
lence of oral malodor increased with the number of
decayed teeth, and people with oral dryness had a
higher prevalence of oral malodor in comparison to
those without oral dryness. In dentate people, those
with poorer oral hygiene of teeth had the higher
prevalence of oral malodor. Similarly, subjects with den-
tures, who had poorer oral hygiene, had the higher
prevalence of oral malodor. Subjects who had a
greater amount of tongue coating, higher levels of gin-
gival bleeding on probing, higher levels of calculus, and
higher numbers of 5mm and deeper periodontal pock-
ets had the higher prevalence of oral malodor.
Logistic regression analysis in dentate people is pre-
sented in Table 1. Oral hygiene of teeth, coating on the

Table 1. Logistic regression analysis in dentate people (N=2,039)

95%
. Odds Confidence
Explanatory variable N  p-value ratio Interval
Lower Upper
Age-group —49 (reference) 286
50-54 220 176 1.379 866  2.196
55-59 410 .003 1.813 1.220 2.694
60-64 375 .003 1.828 1.220 2.739
65-69 349 .015 1.668 1.103  2.522
70+ 399 .023 1.623 1.068  2.466
Sex Male (reference) 877
Female 1162 .019 710 533 944
Smoking habit Non smoker (reference) 1379
Past smoker 378 .590 1.104 769 1.585
Current smoker 282 621 917 .651 1.292
Number of existing  1-10 (reference) 194
teeth 11-20 358 982 1.005 .663 1.523
21+ 1487 452 .861 .582 1.273
Number of 0 (reference) 1155
decayed teeth 1-2 553 152 1.041 813 1.332
3+ 331 314 1.165 .865 1.568
Oral dryness No (reference) 1894
Yes 145 .000 2.607 1.749 3.886
Oral hygiene of Good (reference) 370
teeth Fair 1264 .000 5.348 3.246 8.811
Poor 405 000 14.265 8.243 24.687
Oral hygiene of Good (reference) 507
tongue Fair 1379 .000 2302 1.706  3.105
Poor 153 .000 4284 2.692 6.818
Gingival bleeding 0 (reference) 529
on probing 1-5 763 .048 1.355  1.002 1.832
6+ 747 .000 1.865 1356  2.563
Existence of 0 (reference) 561
calculus 1-5 553 478 .895 .659 1.216
6+ 925 .002 1.592 1.186  2.138
Smm and deeper 0 (reference) 1221
periodontal pockets  1-5 628 432 1.098 870 1.387
6+ 190 .000 2780 1.879 4.113
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tongue, number of 5mm and deeper periodontal pock-
ets, oral dryness, levels of gingival bleeding on probing,
levels of calculus, sex and age-group were all associ-
ated with oral malodor occurrence. Those with fair oral
hygiene of teeth (OR=5.3, p<0.001), poor oral
hygiene of teeth (OR=14.3, p<0.001); fair oral hygiene
of the tongue (OR=2.3, p<0.001), poor oral hygiene of
the tongue (OR=4.3, p<0.001); 6 or more teeth with
5mm and deeper periodontal pockets (OR=2.8,
P<0.001); oral dryness (OR=2.6, P<0.001); 1-5 teeth
with gingival bleeding on probing (OR=1.4, P=0.048), 6
or more teeth with gingival bleeding on probing
(OR=1.9, P<0.001); 6 or more teeth with calculus
(OR=1.6, P=0.002) and older age-groups (55 years old
and older) were more likely to have oral malodor com-
pared with their respective reference categories.
Female subjects (OR=0.7, p=0.019) were less likely to
have oral malodor compared with males.

On the other hand, in the logistic regression analysis
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of dentate subjects with dentures - oral hygiene of
teeth, number of 5 mm and deeper periodontal pockets,
oral hygiene of the tongue, oral dryness, oral hygiene of
dentures, levels of gingival bleeding on probing, and
levels of calculus - were contributors to oral malodor
prevalence. Those with fair oral hygiene of teeth
(OR=5.3, p=0.001), poor oral hygiene of teeth
(OR=13.1, P<0.001); 6 or more teeth with 5 mm and
deeper periodontal pockets (OR=4.3, p<0.001); fair oral
hygiene of the tongue (OR=1.7, p=0.026 ), poor oral
hygiene of the tongue (OR=4.0, p<0.001); oral dryness
(OR=2.4, p=0.001); poor oral hygiene of dentures
(OR=2.4, P=0.013); 6 or more teeth with gingival
bleeding on probing (OR=1.9, p=0.023) and 6 or more
teeth with calculus (OR=1.6, P=0.034) were more
likely to have oral malodor compared with their
respective reference categories (Table 2).

Table 2. Logistic regression analysis in dentate people with dentures (N=770)

95%
Explanatory variable N p-value ?a(::ios C(I)rrllg iljglce
Lower Upper
Age-group —49 (reference) 23
50-54 39 456 1.709 417 7.004
55-59 126 .348 1.801 527 6.161
60-64 140 366 1.760 517 5.991
65-69 185 416 1.654 493 5552
70+ 257 607 1.371 A1l 4573
Sex Male (reference) 328
Female 442 .062 .635 394 1.023
Smoking habit Non smoker (reference) 530 .
Past smoker 139 932 1.027 .559 1.886
Current smoker 101 295 733 410 1.311
Number of existing 1-10 (reference) 192
teeth 11-20 321 921 971 622 1.536
21+ 257 263 750 453 1.241
Number of decayed O (reference) 488 .
teeth 1-2 184 .807 950  .631 1.432
3+ 98 522 .843 499 1424
Oral dryness No (reference) 690
Yes 80 001 2412 1402 4.149
Oral hygiene of Good (reference) 92
teeth Fair 499 001 5257 1.967 14.048
Poor 179 000 13.095 4.632 37.024
Oral hygiene of Good (reference) 192
dentures Fair 496 452 1.199 147 1.925
Poor 82 013 2395 1.199 4.784
Oral hygiene of Good (reference) 168
tongue Fair 531 .026 1.742  1.068  2.842
Poor 71 .000 4.014 1969  8.183
Gingival bleeding 0 (reference) 195
on probing 1-5 356 141 1.418 891  2.258
6+ 219 .023 1.875 1.089  3.229
Existence of 0 (reference) 278
calculus 1-5 229 .861 1.039 .675 1.601
6+ 263 034 1.633 1.037 2571
Smm and deeper 0 (reference) 448 .
periodontal pockets 1-5 250 815 1.046 719 1.522
6+ 72 .000  4.288 2.147  8.564
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Discussion

Humans have a sense of smell that can detect the
differences of the strength or concentration of odor mol-
ecules'. An organoleptic test scale with 0-5 intensity
was introduced by Allison and Katz'?, and by
Rosenberg et al.”’. This has been widely used in clini-
cal malodor studies. In this study, a modified
organoleptic test scale with 1 to 3 was used. The cur-
rent prevalence of oral malodor diagnosed with this
organoleptic method revealed that approximately 37%
of subjects had oral malodor. The rate was higher than
that of reported in previous research: 6 to 23% by
Miyazaki et al.”®, 10 to 30% by Meskin'®, and 20.3 to
35.4% by Liu et al.”’. It is not feasible however to com-
pare too closely the current malodor rate with previous
studies since each researcher employed slightly differ-
ent malodor measurement methods. Nonetheless, it
might be that regional differences of malodor preva-
lence may exist.

Similar to a previous report', the present results
showed that the percentage of people who had oral
malodor tended to increase with age up to age of 55-59
years, but a decreasing trend in older age-groups, was
not observed. Subjects who self-reported oral malodor
had a higher probability of being diagnosed with the
condition by the examining dentists. Further, there
was a significant difference between males and
females in the degree of oral malodor. Males had high-
er prevalence of oral malodor compared to females,
and gender was still a significant variable in the logistic
regression analysis after adjusting for other variables.
These results are contrary to the study by Miyazaki et
al.”® that failed to demonstrate a relationship between
self report and gender with malodor prevalence.
Further investigations will be needed to evaluate
these relationships.

The logistic regression analysis demonstrated that
oral hygiene of teeth and tongue, periodontal condition,
and oral dryness were significant factors associated
with oral malodor. Among these variables, oral
hygiene of teeth was the most influential. It seems
many dental clinicians are prone to think that dental
plague is the direct cause of oral malodor, but the evi-
dence of such a relationship is reported to be low?".
Since VSCs production from dental plaque is very
small, dental plaque could not be a direct cause of oral
malodor unless an abundance of plaque is accumulat-
ed on tooth surfaces. The current results could be inter-
preted from two standpoints: firstly, oral hygiene of this
sample was very poor, consequently oral malodor

may actually has been caused by abundantly accumu-
lated dental plaque. Secondly, the dentists examined
regarded a subject with very poor oral hygiene person
as presenting oral malodor because of an intuitive prej-
udice.

Oral hygiene of the tongue also had a strong influ-
ence on oral malodor. The tongue dorsum is a favorite
place for growth of anaerobic bacteria responsible for
the condition®. It has been reported that 60-70% of oral
malodor originates from bacterial activities on the dor-
sal surface of the tongue®. In addition, there are stud-
ies demonstrating that tongue coating is strongly
related to VSCs production'®**** and around 40% of
VSCs have an origin on the dorsum of the tongue®.
Pedrazzi et al.”® showed substantial reducing of oral
malodor after removing the tongue coating with ade-
quate appliances. Other research, likewise, demon-
strated that cleaning of the tongue decreases the
level of VSCs, the amount of tongue coating and the
number of microorganisms®*"?®. Thus it was under-
standable that oral hygiene of the tongue was one of
the important factors in oral malodor in this population.

Periodontal diseases are regarded as common
cause of oral malodor®™. Oral malodor has been
reported to be caused by the same bacteria that
cause gingivitis and periodontitis®. There are reports
that VSCs concentrations are higher in individuals
with periodontal diseases than in those without peri-
odontal diseases®*"*. There is also evidence that the
concentration of VSCs increases with the severity of
periodontal disease’. However research by Yaegaki and
Sanada® showed the presence of oral malodor without
any periodontal diseases. Pocket depth has been
used as one of the indices of periodontal disease pro-
gression. Therefore the result that people who had
many 5mm and more pockets had higher risk for oral
malodor was comparable to former findings that
demonstrated the relation between periodontal disease
severity and oral malodor. Gingival bleeding is also
another indicator for periodontal diseases. In the cur-
rent study, as similar to the previous research, gingival
bleeding on probing was a significant factor for oral mal-
odor. It is reported that a strong correlation between the
volume of gingival crevicular fluid (GCF), which is a
serum transudate or an inflammatory exudate, and
hydrogen sulfide produced by the GCF exists”®'. In
addition, there is research that shows VSCs are posi-
tively correlated with the bleeding index, since hemo-
globin is an essential component for the growth of
causal bacteria of oral malodor such as
Porphyromonas  gingivalis®. Blood decomposition
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products themselves also can produce sulfur-containing
peptides and amino acids that are the source of
VSCs.

Dry mouth is generally thought to be a potential con-
tributory factor in the production of oral malodor
because the reduction of salivary flow rate weakens the
cleansing mechanism of the oral cavity and predispos-
es the oral micro-flora toward the gram-negative bac-
teria responsible for the oral malodor®*®. Previous stud-
ies have not verified any relationships between the
reduction of salivary flow rate and increase of oral mal-
odor or concentration of VSCs in mouth air, although an
extreme reduction in resting saliva influences the gen-
eration of methylmercaptan and hydrogen sul-
fide'>***, Even though oral dryness was evaluated only
dichotomously as presence/absence in this study, dif-
ferent from earlier research, oral dryness was indicated
to be an important predictor for oral malodor. This rela-
tionship persisted after controlling for confounding
variables in the study, which strongly suggests that sali-
vary flow does have an association with oral malodor
occurrence.

In summary, the results of this epidemiological survey
demonstrated that the prevalence of oral malodor in this
specific community was very high. Factors associated
with oral malodor were oral hygiene, periodontal dis-
ease and oral dryness. Hence health education and
preventive intervention; such as tooth brushing
instruction, and treatment regimens targeting peri-
odontal disease as well as tongue cleaning should be
incorporated within community oral health programs.
The inclusion of such elements within a community
based program would bring about not only a reduction
in the prevalence of oral malodor, but also the promo-
tion of overall oral health.
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Abstract

The objective of this study was to analyze the relationships between subjective oral health
symptoms and clinical oral health conditions on the perceived oral health of 1799 Japanese
middle-aged adults. A self-administered questionnaire together with dental examinations was
administered. A structural equation modeling analysis with Bayesian estimation was used to
examine the factors influencing perceived oral health as a latent variable with 4 other latent
variables: subjective oral health symptoms, clinical tooth conditions, clinical periodontal condi-
tions, and other clinical oral conditions. For perceived oral health as the endogenous variable,
only subjective oral health symptoms and clinical tooth conditions showed significant relation-
ship. Clinical periodontal conditions and other clinical oral conditions did not show significant
effects on the perceived oral health.

Keywords

clinical oral health, perceived oral health, periodontal conditions, structural equation modeling,
Bayesian estimation

Introduction

Perceived health is a key factor that has an impact on well-being and quality of life."”
Perceptions of oral health are associated with oral health care services utilization as well as
actual clinical oral health status.” If people perceive their oral health is poor, or that they have a
problem, this may trigger a health behavior change (visiting a dentist, brushing their teeth) and
bring about a change in their oral health status (receiving a dental restoration, reducing gingival
bleeding) as a result. Hence, understanding a person’s perception of oral health could provide
important information that will lead to the improvements not only in oral health promotion
interventions but also in oral health care utilization.
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Furthermore, it has been demonstrated that factors associated with the perception of oral
health differ by ethnicity because of different lifestyles, diet, and health behaviors.* Until now,
very few studies concerning perceived oral health have been done in Japan.® Thus, it is valuable
to investigate the determinants of perceived oral health in Japanese people, which may be differ-
ent from those in other ethnic groups.

In addition, most studies on perceptions of oral health have been conducted in elderly popula-
tions or special groups of people such as patients or military personnel,®’ and few studies targeting
free-living Japanese middle-aged adults are available. Middle-aged people are likely to be influ-
enced by a diverse array of psychological, socioeconomic, and oral health factors such as untreated
dental caries, missing teeth, and risk of periodontal disease. Since oral health conditions in this
age-group will greatly influence the conditions in old age, it is important to provide appropriate
strategies for maintaining or ameliorating oral health in the middle-aged group.

Many types of statistical analysis have been used to examine the relationships among multiple
variables that have an impact on perception of oral health need. A structural equation modeling
(SEM) analysis is a powerful statistical technique that allows simultaneous testing of complex
associations among variables specified within models.® The SEM analysis incorporates multiple
independent and dependent variables as well as conceptual latent constructs that “clusters of
measured variables” may represent.

In the field of dental research, however, very few studies have used SEM as a statistical
technique. Konishi et al’ analyzed the relationship between oral health status, oral motor func-
tion, daily-life situations, and self-assessed oral health in independently living elderly Japanese
using the SEM. By applying SEM, Baker et al'’ examined a conceptual model of the direct and
mediated pathways between clinical and nonclinical variables in relation to oral health—related
quality of life of outpatients with xerostomia.

The SEM analysis is currently considered the most appropriate technique for exploring and assess-
ing multivariable theoretical models. Therefore, the principal objective of this study was to analyze the
relationship of subjective oral health symptoms and clinical oral health conditions on the perceived
oral health of independently living Japanese middle-aged adults by using the SEM analysis.

Methods
Subjects

Invitation letters were mailed to approximately 17 500 residents (40-64 years old) who lived in the
area under the jurisdiction of Yokote Health Center, Akita Prefecture, Japan. The letters informed
them about the purpose and the procedure of the research and sought their participation in the
study. The study was carried out from July 2005 through September 2007. Self-administered ques-
tionnaires and dental examinations were conducted at local dental offices with the cooperation of
the Yokote and Hiraka Dental Associations. The final sample consisted of 1835 participants who
agreed to join the study and signed the informed consent form. Data from a total of 1799 subjects
(690 men, mean age = 53.9 years, SD = 6.8; 1109 women, mean age = 52.7 years, SD = 6.3) were
used for the final analysis, after excluding subjects who were edentate (n = 7) or had incomplete
data on the study variables (n = 29). The study protocol was approved by the Tokyo Medical and
Dental University Ethical Committee.

Questionnaire

The questionnaire written in Japanese consisted of three parts. The first part collected demographic
information (gender and age). The second part inquired about the existence of subjective oral
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99 ¢

health symptoms such as “tooth sensitive to cold,” “tooth sensitive to heat,” “gingival bleeding,”
“oral malodor,” “loose teeth,” and ”dry mouth.” The responses were coded as “yes” or “no.”

The third part contained two questions. The first question—‘How do you rate your oral condition?”’—
was intended to measure the generic perception of the subject’s oral condition. Subjects’
responses were recorded on a 5-point Likert-type scale: excellent, good, fair, poor, and very
poor. The second question—*“Do you have any difficulty in eating and enjoying food?”—probed
an important oral function. Subjects’ responses were recorded on a 5-point Likert-type scale:
never, sometimes, fairly often, very often, and all the time.

Dental Examination

Prior to the research, a handbook describing detailed standardized clinical criteria based on the
World Health Organization format'' was distributed to 43 participating dentists. Clinical examina-
tions of oral health status were performed by the dentists with subjects in a dental chair with an
operatory light, a dental mirror, an explorer, and a periodontal probe. Third molars were excluded
from all the examinations.

The dentists examined dental status such as the number of teeth present and carious teeth (both
enamel and dentine) as well as periodontal conditions such as the number of teeth with gingival
bleeding on probing, calculus deposits and 4-mm or deeper periodontal pockets. The total number
of functional tooth units (total-FTUs) was defined as the number of pairs of opposing natural
teeth (i.e., sound, restored, and carious teeth) and artificial teeth on implant-supported, fixed
(bridge pontics), and removable prostheses.'>"* Carious teeth with extensive coronal destruction
and missing teeth were regarded as nonfunctional. Only FTUs from posterior teeth were investi-
gated, in which two opposing premolars were defined as one FTU and two opposing molars were
defined as two FTUs.

Statistical Analysis

To assess a structural model of direct and indirect relationships among multiple variables, the
SEM analysis was performed. The SEM analysis is used to test relationships between measured
and latent variables. In comparison with multiple-regression techniques, SEM has some advan-
tages for analyzing complex relationships within a conceptual model by allowing the inclusion
of latent variables. Latent variables are those that cannot be measured directly but are estimated
from measured variables in the model. Latent and measured variables used in the SEM analysis
are shown in Table 1. Since we used many dichotomous and categorical variables, Bayesian
estimation based on Markov chain Monte Carlo simulation technique was used as suggested by
Lee and Song."

“Perceived oral health” was defined by two measured variables: self-assessed oral condition
and perceived oral function. Measured variables used for “subjective oral health symptoms”
were tooth sensitive to cold, tooth sensitive to heat, gingival bleeding, oral malodor, loose teeth,
and dry mouth. “Clinical tooth conditions” were composed of three measured variables: number
of teeth present, number of untreated dental caries, and total-FTUs. “Periodontal conditions”
were made of three measured variables: number of teeth with gingival bleeding on probing,
number of teeth with calculus deposits, and number of teeth with 4-mm or deeper periodontal
pockets. “Other clinical oral conditions” were derived from three measured variables: degree of
oral malodor by organoleptic method (strong, moderate, and none), existence of dry mouth (yes
or no) and existence of oral mucosal lesions (yes or no).

Variables were recoded so that the severity of subjective oral health symptoms and bad clinical
oral conditions were indicative of poor perceived oral health. The effects are presented as
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Table I. Characteristics of the Study Latent and Measured Variables (N = [799)

Variable Response/Range n/Mean %/SD
Perceived oral health
Self-assessed oral condition Excellent 180 10.0
Good 258 14.3
Fair 910 50.6
Poor 375 20.9
Very poor 76 42
Perceived oral function Never 462 25.7
Sometimes 789 43.8
Fairly often 534 29.7
Very often 10 0.6
All the time 4 0.2
Subjective oral health symptoms
Tooth sensitive to cold Yes 466 25.9
No 1333 74.1
Tooth sensitive to heat Yes 106 5.9
No 1693 94.1
Gingival bleeding Yes 471 26.2
No 1328 73.8
Oral malodor Yes 646 35.9
No 1153 64.1
Loose teeth Yes 192 10.7
No 1607 89.3
Dry mouth Yes 312 17.3
No 1487 82.7
Clinical tooth conditions
Teeth present [-28 239 5.0
Untreated dental caries 0-26 1.3 2.5
Total no. of functional tooth units 0-12 10.1 2.6
Clinical periodontal conditions
Gingival bleeding 0-28 54 6.0
Calculus deposits 0-28 7.3 7.6
Periodontal pockets 0-28 3.8 5.6
Other clinical oral conditions
Oral malodor Strong 46 2.6
Moderate 571 31.7
None 1182 65.7
Dry mouth Yes 84 4.7
No 1715 95.3
Oral mucosal lesions Yes 33 1.8
No 1766 98.2

standardized parameter estimates (SPEs), with mean = 0 and variance = 1. In this standardized
unit, the magnitudes can be compared directly for relative importance. All SPEs were computed
based on the structure of current theoretical path diagram using all variables. AMOS 18 software
was used for the analysis.
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Table 2. Standardized Parameter Estimates on Measured Variables

Variable Standardized Parameter Estimates Significance, P

Perceived oral health

Self-assessed oral condition 0.74 .0l
Perceived oral function 0.27 .0l
Subjective oral health symptoms
Tooth sensitive to cold 0.33 .0l
Tooth sensitive to heat 0.30 .0l
Gingival bleeding 0.38 .01
Oral malodor 0.33 .0l
Loose teeth 0.31 .0l
Dry mouth 0.22 .0l
Clinical tooth conditions
Teeth present 0.37 .0l
Untreated dental caries 0.22 .0l
Total no. of functional tooth units 0.48 .0l
Clinical periodontal conditions
Gingival bleeding 0.75 .01
Calculus deposits 0.61 .0l
Periodontal pockets 0.66 .0l
Other clinical oral conditions
Oral malodor 0.35 .0l
Dry mouth 0.30 .01
Oral mucosal lesions 0.07 Not significant
Results

The response rate in this study was 10.5%. Table 2 shows SPEs on the measured variables of the
five latent variables. All SPEs except for oral mucosal lesions were significant. In “perceived
oral health,” self-assessed oral health condition had a higher SPE (0.74) than perceived oral
function (0.27). Poor self-assessed oral condition and oral function were associated with poor
“perceived oral health.”

Gingival bleeding had the highest SPE (0.38) in the “subjective oral health symptoms,” fol-
lowed by oral malodor (0.33), tooth sensitive to cold (0.33), loose teeth (0.31), tooth sensitive to
heat (0.30), and dry mouth (0.22). Having symptoms of any those measured variables was linked
to perceiving more oral health symptoms.

Lower number of teeth present, higher number of teeth with untreated dental caries, and lower
total-FTUs were related with worse “clinical tooth conditions.” The SPEs on the total-FTUs
(0.48) and numbers of teeth present (0.37) were higher than that on the number of teeth with
untreated dental caries (0.22).

Gingival bleeding (0.75) had higher SPEs than calculus deposits (0.61) or periodontal pockets
(0.66) in “clinical periodontal conditions.” Higher numbers of teeth with gingival bleeding, cal-
culus deposits, and periodontal pockets were associated with worse “clinical periodontal
conditions.”

Among “other clinical oral conditions,” the highest SPE was observed on oral malodor (0.35),
followed by dry mouth (0.30) and oral mucosal conditions (0.07). Having more these lesions was
associated with worse “other clinical oral conditions.”
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Subjective oral health symptoms

0.27*
Clinical tooth conditions Clinical periodontal conditions
7 %%
0.30** -0.11

Perceived oral health

Other clinical oral conditions

Figure 1. Path diagram of variables influencing perceived oral health (numerical values indicate

standardized parameter estimates)
P < 0l.

As displayed in Figure 1, 5 out of 7 SPEs on paths between 5 latent variables were significant.
Among SPEs on paths directing toward the “perceived oral health,” “subjective oral health
symptoms” showed the highest value (SPE = 0.72), followed by “clinical tooth conditions”
(SPE = 0.30). However, SPEs on paths from “clinical periodontal conditions” to “perceived oral
health” (SPE = —0.11) and from “other clinical oral conditions” to “perceived oral health”
(SPE = 0.13) were not significant. More “subjective oral health symptoms” or worse “clinical
tooth conditions” were linked to poorer “perceived oral health.”

Paths from “clinical tooth conditions,” “clinical periodontal conditions,” and “other clinical
conditions” to subjective oral health symptoms” were all significant. Worse “clinical tooth
conditions,” “clinical periodontal conditions,” and “other clinical oral conditions” were linked
to more “subjective oral health symptoms.” “Other clinical oral conditions” had a higher value
(SPE = 0.60) compared with “clinical periodontal conditions” (SPE = 0.27) or “clinical tooth
conditions” (SPE = 0.23).

Discussion

In this study, a SEM analysis with Bayesian estimate was carried out to understand and explain
the complicated relationships of subjective oral health symptoms and clinical oral health status to
perception of oral health. The present findings indicated that subjective oral health symptoms
were the most powerful factor in explaining how people perceived their oral health. A previous
study also suggested that perceptions of oral health depended on the specific symptoms the person
might experience.'” These findings provide a valuable insight into the oral health care needs and
services of middle-aged community residents. There is a possibility that Japanese people do not
perceive their oral health compromised unless they experience certain symptoms or clinical signs.
Therefore, middle-aged Japanese people may not be likely to seek dental treatment until some
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apparent symptoms or signs occur. A poor recognition of symptoms of oral ill health may result
in delay in accessing necessary health care service.

There was a huge gap between a layperson’s standpoint of health and dental professional’s
one. Therefore, it appears important to create favorable health behavior changes for people to
access health services appropriately. Previous studies have also shown that there is a large dis-
cordance between subjectively perceived oral health and professionally measured oral health.’

Among the clinical oral conditions, only latent variable “tooth conditions,” in which numbers
of teeth present and FTUs were the dominant indicators, had a significant influence on the per-
ceived oral health. Clinical periodontal conditions did not show a significant effect on perceived
oral health in this study. This finding is similar to reports in other countries. It is an important
finding for improving community oral health, because people who cannot recognize and acknowl-
edge their deteriorating periodontal condition accurately are at increasing risk of delaying access
to dental care or instituting preventive actions to reduce periodontal disease morbidity with
increasing age. Prevention of advanced periodontal conditions in older adults requires earlier rec-
ognition of the importance of signs and symptoms of these diseases.

The SEM analysis procedures can examine both direct and indirect effects of variables. The
impact of clinical periodontal conditions or other clinical oral conditions on perceived oral health
was thought to be indirect rather than direct, because SPE values for the direct paths from these
variables to perceived oral health were very low: —0.11 and 0.13, respectively. However, the SPE
values for paths from these variables through subjective oral health symptoms were significantly
large. That is, the effects of the clinical variables on perceived oral health were mediated by subjec-
tive oral health symptoms. A modified and simplified version of the model by Wilson and Cleary'®
applied to oral health also shows that clinical conditions such as oral diseases and disorders do not
directly affect the quality of life but are mediated by oral symptoms.

There are many perspectives on perceived oral health. Davis'’ describes that perceptions of
oral health depend on the understanding by the individual of what “normal” oral health is.
According to Locker and Gibson,'® self-rating of oral health is an assessment of the functional,
psychological, and social impact of oral disease and disorder on overall well-being. Several
multi-item indices have been developed to evaluate perceived oral health, because these are con-
sidered more valid and reliable than a single-item measure.'’

In this study, we used two single-item measures to represent perceived oral health. They are a
simple, easy way of summarizing the state of a person’s oral health. Many studies demonstrated
that a single-item global self-rating was a valid, reliable measure of health and could be used as
a substitute for multi-item scales and instruments to summarize a person’s oral health status and
as an oral health outcome measure.'®

One limitation in the study is that intra- or interexaminer variability assessments were not
carried out. In addition, there are a certain limitations to generalizations from this study. First,
since our main objective was to assess the relationship of subjective and clinical oral conditions
with perception of one’s oral health, other factors not included in the analysis may increase its
explanatory power—for example, factors such as socioeconomic status, use of dental services,
oral health behaviors, and oral health attitudes or beliefs.?

Second, we evaluated a sample that was derived from a certain community population; there-
fore, the present report could not be generalized to the overall Japanese population. However, the
study subjects were free-living residents, not a special group of people such as dental patients;
and the oral health status of subjects was similar to that of subjects in the Japanese national sur-
vey.”! Therefore, we consider this sample as having a proximate profile of the middle-aged adult
Japanese population even if it is not representative of all Japanese in this age-group. In future
studies, we will include other potential factors influencing perceived oral health and test whether
these results can be generalized to other populations.
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This study targeted subjects aged 40 to 64 years, largely because there is a paucity of research
on people living independently in this age-group. As very few people were edentulous, it was
possible to assess the effect of tooth and periodontal conditions on perceived oral health after
excluding edentulous subjects. There was no major difference in the parameters for 40 to 50
years and older than 50 years age-groups.

Conclusion

This study suggested the powerful role of subjective oral symptoms on perceptions of oral
health. Therefore, it appears necessary for dental professionals to be more proactive in inform-
ing the general population of the importance of regular dental checkups and the oral health
symptoms to monitor and maintain their oral health conditions. This knowledge could also be
used to improve oral health services utilization at an individual level and as information for
planning and conducting appropriate intervention programs for oral health promotion at a
population level.
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