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Summary

During the last two decades, there has been increasing interest in the impact of periodon-
tal disease on atherosclerosis and subsequent cardiovascular disease (CVD). However, due
to the multi-factorial nature of periodontal disease as an oral infection and CVD, confirm-
Ing a causal association is difficult, and the published results are conflicting. The main defi-
cit in the majority of these studies has been the inadequate control of numerous confound-
ing factors, leading to overestimation and imprecise measurement of the predictor or
overadjustment for confounding variables, resulting in underestimation of the risks. In this
paper, a literature search was performed to identify descriptive and cross-sectional studies,
case-control studies, longitudinal studies, and systematic reviews and meta-analyse of pro-
spective and retrospective follow-up studies as well as clinical trials addressing different as-
pects of periodontal disease (microbial, immunological) and clinical outcomes of CVD. A re-
view of the knowledge of the effects of periodontal disease on the development of atheroma-
tous plaque is presented here. There was no scientific evidence to prove direct association
between periodontal disease and atherosclerosis. However, such a relationship appears
probable in light of the reviewed articles.

Recently, bacterial and viral organisms involved in chronic inflammatory processes have
also been regarded as risk factors for atherosclerosis. The advent of the inflammation para-
digm in the pathogenesis of atherosclerosis has stimulated research into chronic infections
caused by a variety of micro-organisms-such as Chlamydia pneumoniae, Helicobacter py-
lori, and cytomegalovirus-as well as dental pathogens. Moreover, these low grade chronic
infections are thought to be involved in the etiopathogenesis of CVD by releasing cytokines
and other pro-inflammatory mediators (e.g., C-reactive protein: CRP, serum amyloid A:
SAA, tumor necrosis factor: TNF-a) that may initiate a cascade of biochemical reactions
and cause endothelial damage and facilitate cholesterol plaque attachment. Periodontitis is
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one of the most common chronic bacterial infections.

Overall, it appears that periodontal disease may indeed contribute to the pathogenesis of

cardiovascular disease, although the statistical effect size remains small. In the future, reli-

able markers should be developed to accurately indicate the effect of periodontal disease on

the condition of the arteries. This article focuses on reviewing studies that have looked for

associations between periodontal disease and atherosclerosis-related diseases and dis-

cusses causal and noncausal explanations for these associations.
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LTS BAFFEENIEE o 7.

BIREILIESIE I B 2B ERUCTIE, FEN:
RRLLCx7u7y—IPERETEZ LR
5, WEWOKHEE bEHTIHHIE L, WAL
ZREN TV A%, MR- THEICHEL RIT
LTwaZ e HEEND. B, AR LBk
ALY B OBIRZ 3 2 B2 AR LI R ©
BRVD, B O®RITH KE - RERED
VA7 7728 —ThHbewz k). 22T, @
REDOHEMEICHETATREOD 5 A 7 = XA
DWTHEHT 5.

5-1. ME»H 5 WIGHBEEEYIC L 2 EZEGE

YER

M- IR 25 B B IE % #E 2 3 Chlamydia pneumo-
niae™™, B2 & Y3 % Helicobacter pylori®®,
Human cytomegalovirus™®, Herpes simplex vi-
rus® 7 CVD ISR EW 2 HWEMAEW & LTHEY
LI TW5b. €AY T Haraszthy 513, PCR
B L DRER LW IRENARBEAL DIRE D 44%12
WEARS v PEROME DNADKRB SN &
Lz@mELL bo b EHEICRBINLM
Wi X, Bacteroides forsythus (Bf) : 30% & Por-
phyromonas gingivalis (Pg) : 26%TC & - 7=.
$72, TOMOEERBEEME (Aggrigatibacter
actinomycetemcomitans : Aa, Prevotella inter-
media) bW REIRBILOFREILOF DSBS
NTWV5%9, Stelzel 59 b & b OKERY D
BZHS 5, MEEHEREZHREL T2, Ishihara
BNLIEEIRI AR DY > 7 Vb O Pg, Bf, Aa,
Campylobacter rectus : Cr, Treponema denti-
cola:Td O 5 FEOHREAHREEOMH % RA 2k
#, TOMMERII5.9-23.5%TH Y, Pg, Cr,
Td Tix, 4mm L EOWREAR T v b 254 » Froh
EHLEE 3 r U TOR LT LEEHRD S
HIH DNA 2 S e 3 WD S &
HBELTWE. SHIGEETE, b+ OMIRENR
BALDRERP L EE /2 Pg, Aa PSBH E N7z
HEDDH LY.

Pg BIMEWNBEMIICERL, 34 b2 4 Y0
MCP-1E4A%2FEL C~vr 7 7 — V2 FUOF
HHLEDI, BEFTF TH 5 ICAM-1, VCAM
-1 Z WM RIS S &, R &
B0y —U%, NEMIETICEE, BA
TEDRZRTIEDPHESINTWB®Y, Qi
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L%NE, P RMARBIUONEZN~Y 707 7 —
VEEHEMIRICHE ST A5 Z L AHTE, Kuramitsu
L5YNIPg A, vr7u7 v —VICEEINLEEA
REEY KRS /87 (LDL) OBILICHEYS 7 5%
NADH {#M % LR SEALHEL TS, &5
2, Pg AIM/MRZEE S-S TR E KR T 51
HDdH b L™, fibrous cap % AT HHESID
HBHIEIPREINTVAS.

Deshpande 5% & Dorn 5™%, #EARIE T
W% V7285 T, Pg 27 ¥ OKEIIRR /L
L PONZHREMIBICHEICL DAL, Mg
WIZBRATELZ E2MELZ. Lib"MiE, Bk
ALY AD ApoE / v 7 77 b=
ZCEEEEZ 5 2, BIICHAY Pg & iEH:
L2 Zh, BIREEREIZFRICEML, 2
2, PCRETKRENR, K, LHEICHBwTPg
VARV —LDNAPKRIE SN2 E2HmELTW
5. Lalla b3 ApoE /v 777+ AILE
B EZEG Laeds, P #O#%GTA5Z L
12X o THENA~D Pg OEHE & KE)IREE DK
MALMIRE DR 2 HE L Twb. S 512, Gib-
son 5%, MUERETVEZM > THELZ DD
AR Pg & RE R E FV CHRRENIRTE L
EREEZ B L Twb., HEENER LRI
RIEREZRET H I EPAMOENT WS, BFAEKKE
TIE, AR L, BIRRIE THREMRE R
9 % Toll-like receptor (TLR) 2 % TLR4 A% 4%
OMMTEH/ L, WRBAEIRE SN TV

4 5 6 7 8 9 10

11 12 13 14 15 16

2%, MERBEHRECIIHREZIIEZ 53, TLR
DB AL L OBRFLEDRED R > T
Bholz. $hbb, P OBMEIZL L HRGEE
DRVFA R REEACIE O RN Z BB e 2 R7z5
ZEEEmEL.

. AT B B W IEAH R PE IS X B JERE
4 +# 4 v (IL-1B, IL-6, TNF-o) %
L7 MG S A
Db, MEsSmERENICEBATSEIE

BTE, 20, BIRE(LERBIZED 5 Kt % 75

YN ERH-TWAELEVWIEL T THo T,

L»L, Jain 571, 7HTOHEICKREREL,

MEZEEF LR T LAE) R T, Pg #RRIIEKY

SRR, KEVIREE OB AIREIRBEALIE DT A

RE SN ERE L TV AE2S, WIREIIRELIHZE

H25 Pl snTwihw, 43 Pg TR

EL/7ZApoE /v 7 77 bR AFEBEL AL

g, »5 VI MmEERICHSVWTHPCRETPg

DNA (3 S vas, skE IR LIE O T

PRESNZOZHELL (M3, 4). 2o

M5, MEOBEHEEHLIN S R A IRE{ L

5 —iz

PR BB T DRV HAET SN H 5 2
EAREE NI,

ST ORI G TR LT, BRI RE - I
INTINET 575, OB SN KIEEY A b
H A4 U, wERRRS XU, mENEMBRICEY
T A=V e 52 2 EBERBEERIZL TV A,
$oT, MHADIKIENERT 4 T—F —DWHEED

L&
ApoE™* PglEik

2: i

3: g

4; Lofig
ApoE " FERL YL

5: fFfig

6: fefi

7: Dl
ApoE “JERR

8: ffig

9: fEfE

10: D
ApoE "~ Pgiiie

11: fFhig

12: fEf

13: D

14: X AT 47—
15: RF 4 72y hr—i
16; FH —

3 ! Pg AT7436M16 S ribosomal DNA @ PCR #5#
ApoE / v 7 7% b= AT Pg WM 3 BB W, (O, FFE, M2 5 Pg DNA IFM S vk d o 72,
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i RAE b 25 3=

0.5 1 Apo E*, n=46
Pg kYL : 21
0-4 e TR : 25
XK.
ok : P<0.0001
¥ 3k
[ 1
0.2
0.1
0 5 >
Pg . Pg JEIE Y

X4 KENIROBYIRAE L2

KK /3 EFBkD~ T A2 D KR T,
PERROLND.

Fil AR BIRMALHERE LTY I 7L Lz b 0.

MEAERICEE L Thwa 28 Lk,
771A“Hﬂmﬁ®ﬂwdﬁﬁﬁ&&ﬁCDLPSd
WL ML N BN 2 455559 2 & RS, S
(WEk ~rua77—3, IR km_mML
TV TLRAIWCHALT, Y7 FvEHENIc
(REST L. ZOHKE, 70y
(PGE.), IL-1, IL-12, TNF-o ® & 9 7 % 4E
WA b AL Ol EFEST L, ZRLD5T
ITIFFUVBARr— FEEHEL, ofak
) x> (LTB-4, LTC-4), ha v KF*xH A2
EVolz L) REERRTEERENSE. &5
W, SThooHt A4 bh A4 Ui HEk/~2s o
77 =V OREAEEEM LSS, FoRE, M
W~z 7= MENEABICA S L,
faic h’n” WA Z D ik ie~ & 2L LT

fr ™

lud*'/ IBWT, FEBEBATH S i R
O B AT HET R0 Bk AL AL 720 Cid e &, I
HORIEET A bh A VIREL ER LTS
b, -uU[ THEASNIZRIENY A N A 4 v A8
i o IAE PN B2 AT R B IR A6 A s 25 BB 1N o>
<HIHL77D7 — VL Th AR D
L. Tabb, MENEHMEORES D058 %
JCHE ST, HER, T U oSEko R 2 R X

Pg GBI B VW TIZA— 4 > TV et

TG 754 7B

2R E o 2o D BYIRAEAL S AL

&, RIEMYAL MDA COEAEZTLET LT, ¥
72, Wb~z a0 77— 5| iPGE"("7 I
Vw7 ARXAya7ras 7 —EOELEI RS R,
T T W= AHEKET B RENEA D B
5-3. MW RITOLPS, £ A Nh A v
FORIBU L B2MM s 212k B M
Pt EEH

ek ‘/941’15‘1"}245{-”"*“\ @ DI IS e LThF
Jw& CHEAE NS CRES » 282 (CRP), L
SHEA FAY 87 (SAA), 74 7)) —4
FORMM Y N7 ORERERLTwE, T
Uﬁ@MwJAP&iﬂxim WVt vy —IC
L% 45 ANOBHEOREFHIRI LU, MiFho
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BEEICNA N X7 THDLERELTWAE™., Zh
SOBYEI Y 287 DIREE, KK, PURAEMNR)
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FAA Y OFE, WAROEEIZ X ) TR M
WA 2 FET L, T2, 74 TY ) =A%
747 ide NEERD CD 184 > 7 2771) v L&
ﬁL”,ﬁﬁfﬁiwyym7uNwTHf1m
BBlZFHET S, £2C, BKTIZEKE CRP
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#%p<0.01, unpaired 7 test
6. IL-6 Z A L7z~ 7 Al SAA U EE ORI ZAL
L SAA BRIEEIE, TL-6 1 AM12INR £ THIL Twie.

WEAME C T, LDIRIMAHRE Y A 7 O L7z
feRr LTS hTwa, ZOCRPEICE L
TE, WEFREZCBOTREE LD IEVEL
AMEDNL L DY, 10MOMMIZEE LA
KT A £1.56 mg/L (P <0.00001) D7D D5
EHBEEhTWAEY,
FADOHETI N —T D~ NTHLEE X, <
% A DO MR IL-6 A, i Tofia
FRB7a7 7 A VB XOUR S 287 5%l
L72EZh, ABICEIAL TV SHEETIE SAA
THY, MHPRETH EALTWE I L 2WiEL
T w % (W5, 6, #5). 72, Champagne

(RED) AL LR 2R L, @mAEBL Twre.

5%, ApoE /v 7 7w b=y AHEEHE FIC
BALZLF Yy v N—06Pg &Y€ LZ
%, BIREEALHET OB KL L b2, IMigEHh o
SAA ROBMAZHE L TW5DH. D SAA I, i
HACHED & OMEEMICE Y 77— A~DfF
oAz RETLIENMBERLTVE, &5
\2, D’Aiuto 51, TNF-a A3}l T CRP i
e x FHET B IL-6 O E, UM % i35
T &M T Om ) A mrE L L, BRI A B
535 MELTWA.

X5, Theo2MWly 287 o, G
R gE R D B E D BE & B3 5 Z L A S
T B L RIIRELS, B0 %0 ok 1 s A S 7 & Y
WOBHDHZ EDPHERINTVEY, XoT, W
HMAROMB RGeS, BEE2 Tl r7a 77—
DR MAHEF M A S W 72 SEVE A b A A L8
LR i S A, IR A& A L C PR S
L, 2 s v EAEZIBL T AEFENE
ZHND. ZOAMMY v 7 I ZHEPIER IS
, TRZOMEMAFTHFICEH IR T RVHO
bdHY, SHOMPEEOMENED AT = XL %%
259 Z THEBRE,
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®E5 DIL-6 HABET 2L LRI L 72#ET (2 fold upregulate, p<0.05)

Gene Accession No.  Gene Symbol Gene Name Fold Change*
1 hour
NM_009117 Saal Serum amyloid A 1 6.2
NM_009997 Cyp2a4 Cytochrome P 450, family 2, subfamily a, polypeptide 5 3.7
NM_008218 Hba-al Hemoglobin alpha, adult chain 1 2.4
NM_008220 Hbb-bh1 Hemoglobin Z, beta—like embryonic chain 2.4
AK 002567 Mt2 Metallothionein 2 2.3
AK 011118 Fgb Fibrinogen, B beta polypeptide 2.2
BC 011246 Hpxn Hemopexin 2.0
2 hour
NM_011314 Saa2 Serum amyloid A 2 3.3
NM_009117 Saal Serum amyloid A 1 2.7
NM_011315 Saa3 Serum amyloid A 3 2.0
4 hour
AK 002567 Mt2 Metallothionein 2 54
NM_011314 Saa2 Serum amyloid A 2 4.6
NM_009117 Saal Serum amyloid A 1 4.6
NM_011315 Saa3 Serum amyloid A 3 4.0
NM_013602 Mtl Metallothionein 1 3.2
8 hour
NM_011314 Saa2 Serum amyloid A 2 45
NM_009117 Saal Serum amyloid A 1 3.8
NM_011315 Saa3 Serum amyloid A 3 3.6
12 hour
NM_011314 Saa2 Serum amyloid A 2 4.8
NM_011315 Saa3 Serum amyloid A 3 4.8
NM_009117 Saal Serum amyloid A 1 4.6
AK 011118 Fgb Fibrinogen, B beta polypeptide 2.1

* Fold change mean gene expression among 6 microarrays in each stage.

B a v %7 (heat shock protein :
Hsp) &, T, BIURFAPLACKELT
EEENS, H20HFHV0T7 73—k 2
%, #60Kda D5 &% D Hsp607 7 3V —
BB RIELE, MIBICE 5 TR FLRICRDH
TR, EEMOWTRIZBWTLF0
FEHEBHEBEINDG, ZOF 2%, BEBLT
7 3 BREFI ORISR & RS, REE
DEVEVHIEHE LD, BLEREY Ky o9
7, LPS, RIEEMWTA M4 vid, MBI
D Hspb0RH 2 Wil+5. LarL, ZZTHEE
B3R B M B R Clamydia pneumoniae 7t &
WCEHE LT, MIBHREOP Hsp60hifh 25 4 X
NTVBERIUSHEEIZ X Y, Biab o A s
IZRBLTwae PHsp60 A LTL Z
. ZDX) BHUEHTARKIGARY TS &, g
WEMBOEE, ~7u7y—, THOEE

LRI, TOREEEINLLERY AL M A
AVIZEY) SHIRIEDPERT S & v ) BRERIC
ManZ L HMEShTVE®, £, WEARS
DIMIEFITEE LRV D Pg O Hsp 60514k 4
BHERTwEYE FEFIC, HC Hsp60% ik
T5THREAOEHSLBEMLTWE LW #H
HdHBH. 72, Schett i, EHHEELBEE
DWERL 7 & 5t Hsp 65/608 0k 2 B LT w5,
5-5. BaT4£H
BIRFEELL, S TORBRERLHBICHELS 2
LBIENDHY, HAYWHEIHT AHBOISENEE
HETHWEEESH L. LPSIE, LPSELSY ~
7% 7 (LBP: LPS binding protein) & #% & 72,
MfaRm O CD 141282 5h, W UMIERE LI
FIET 5 TLR4 2 A4 L THIMBIZIERILD > 7 F
VEANDD, 2OCDI4B X O"TLR4 12 &
BEFLRPHELEL, CD UIZOWTIHEEDEE
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