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ABSTRACT

Objectives: The purpose of this study was to investigate the relationship between periodontal
disease, number of remaining teeth with high-sensitivity C-Reactive protein in Korean adults aged
40 and older. Methods: The study used the Sixth Korea National Health and Nutrition Examination
Survey (KNHANES VI-3), 2015. The study sample consisted of 3,883 aged 40 years or older who had
completed the health survey and the health examination. Logistic regression analyses were performed
to examine the odds ratios of high-sensitivity C-Reactive protein by periodontal disease and number of
remaining teeth, adjusting for demographic characteristics, chronic diseases and oral health behavior-
related variables. Results: When the demographic and chronic diseases were adjusted, the risk of high-
sensitivity C-Reactive protein (hs-CRP) average 1.23 mg/L or higher was 1.36 times higher in patients
with periodontal disease between the ages of 40 and 49, but it was not significant (OR=1.36; 95%
Cl1=0.82-2.23). In addition, in the group of 0~23 remaining teeth aged 40~49 years, the risk of higher
than the average 1.23 mg/L of high-sensitivity C-Reactive protein was 2.03 times higher (OR=2.03;
95% Cl=1.10-3.74), and 1.49 times higher in 60~69 years (OR=1.07; 95% Cl=1.04-2.76). Conclusions:
This study found that periodontal disease and tooth loss in Korean adults aged 40 and older was
significantly associated with high-sensitivity C-reactive protein.
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HAAA = QIZte] 7y F71e} o] 87| I, A5 50 = Qls) RS 80l SV 8
o, o] 2 Qlsh ARR]A] Hl-go] F7HE|aL itk AAIEZ7 |7 ZdAIAIIE] 63%7H HIZHd/d EeHNom-
Communicable Disease) 0.2 AFgFHIIL Barsii on[l], S-2juz} Arde] 2o e tHddeos
AU AFGL ZAINT2] 80.8% S AFA5HH, AFg-R1e] /9] 1071 F 7717} R daoletal HArsiRirh2].

TR A pPddeho 2= x| 5Aeho 2 2|29 Bl X|5aeh 20171 Q= thile A 91 2
AR 1919 B/87 1A thel = A UERst o, <) thel d4o] 5719k o] = IRt AKe) A Hl-go] S7F
SIATH3]. x| 522k Allatatol ofsl A7 AEHESe] Atz Uehhs deho = X2t X3 oz S

Sl s} xlokg AP Sick. olefat Hlob AL A7 |5l e v Mot el dokel S
ol7|to] HAIHFO] O3S Zefeo 2 AT Fuje) A7-0lM X uR HAI M B ) Bl chet
QA7 25| W Sl 53] 2158 e] APTAEE U T 53 2 HA W] e v

Aoz B Ql=d46], 1 7|38 2|50 2 QIsh -2 F7ol AEsIA dlo] 4529 Y =
HES-2 B/dShAl7|H, ol 2 2.07]1, o] & ASAZIThal Fgstal QIeH7].

G113 Tl (Creactive protein; CRP)} Y, A5 A%, TRIRES Sk o] g5l U 49 AU
ol /=)= F7d WA Tl EF oo} A SRk A EZ ARGE| L Jlom, H5A Aok 7 €
AollM 7| S = o) A EAIS TEE 4= e Froleh Al Zo|th8]. SHAIRE CRP= 4R A4S 2
o], A7t ol jell= A/ floll S0l Ao L Hle F2 AF Pl HEE ol
A7t lek. webA vl skl (AHA)2H A EAIATE (CDO)elM = nAleh 45Rhe& S E 4
= = CRES/ Tl (High-sensitivity Creactive protein; hs-CRP)E ARS8 78 15kl ITHI). 2
U= GRS TARE R Ao /R el 9l CRPE 3745t stetalet 3okl & 2wshe 4
A+ Blood lipid levels®] S-ZIAEIE, A=A, Lipoprotein(a) 52t A @ wHde 914E ol5sh=

‘sEo] Holt A& Bskal QIrH1o)
T o] A3 ARl |52kt Blood lipid levels®] 118 w2 i} 29 2|l S/ 2|1 S0
AP om(11,12], a4t CREGAY Tl o] b/ = EalE| glonte2|uat i o)/ 4
AN H] A= m|ERt A oleH13,14].
webA, 2 Ahs U AR T TS Zhs I A SZA A 671(20159) ALEE 0185
40A| o2l /412 thdo= x| ThE X|of 4eof| M 2t GRS Thlite] A2
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TAAFE2] Q1 FALS]EHA] 4] 0 2 Ht Ltol=40~49A], 50~504, 60~69A, 704 o), A& o, 7]t
O] AEAREY =Bl S0k, 4 AR WShE2 2E ool 5F, 1, S oo R BEIeict 1%
T, IS 0 2 B FIIAAL, FAS T = WHORIA AA|gH 7|0 mhat
A0S 40 35, AUDITES 84 0]THA 3w, 84 o) 164 nleHE7H
), 164 oV HILHT)S] Il o 2 EFato] BAsIITH16). RHd A froit e el T, S
Y, Fotelad G S ZABI AL, BHH|TRS thghi|gksts] 7| 5o]] ofet 51elE2] 7|5 B3 0emoVd,
o/d 85cmold-o 2 AEF ARSSIAITH1 7] T el 502 = 2144 3145 (029), 39 ooz B
S, 78 E ARgol e AT, A, A, 5 31E, e, U] ARGl E AL
oo ‘ARSSY, ARgRIEF 0 2 AEFSISICE T 2|53 -RRet tdAke] ZE x|of 4= 3l 2467H5 7|
F0 2 023K, 2471 oY 0 &2 A EFoto] SR ARSI, LR 404 o Ajle] e
CRR/3 Tl i 123 mg/LE o9& L 0~1.22 mg/l), 123 mg/L o) 0 &2 B73liet. =717
YFAL67] 3P E (20158 )= g2 A2z Al1E W 54 AR A2z A% AlLSo) w2t 322
£ FJal] alihs Aol sidsto] ATaelalel sl HolwAlS jial Wsgsigick.
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1. CH&IXIe| QItAfS|StA] E4, ntdEiel A2 S| S X|FEe {7

okl QIARSIEHY B4, R g il s ol whiE x| 8335 <Table 1> k. kLt
o, g, 7IAS, WErE, T, S5, 1Y, T, BRHRE A& 14, 73| 8 F AR of ol ot
2} 2|52k Rl fefgt 2lo]7 A 3iT.

1k L] 40~49A0flA] 2152 gHo0] Q= AYo] 69.9%.2 7 A LR (p<0.001), FA T} 7 [EA S G
oAl x|52%ho] Z¥7t 48.8%, 52.5% % 71 = LFERATHp<0.001). $HH w84ollil= chistal £ ot
oA 21522k ghgol 68.0% 2 7F =] e H (p<0.001), TAT, HIE <, S5 AIdollM 2]
gk Q3o 7P =2 2102 LERITHp<0.001). T3t RH Aol Af= - Hp<0.001), T (p=0.049), &
FHIRHp<0.001)} x| 52 ol B =] Lepgdth ozt s ol 19 243 028), 7]
E njAkgo] |5 gol|A 45.196(p=0.004), 47.6%2 =7 LFERSTHp<0.001).
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Table 1. Periodontal disease according to general characteristics Unit: N(%)
Characteristics Division Normal Peé'liodontal
sease
Age(yrs) 40-49 616(69.9) 252(30.1) <0.001
50-59 551(53.0) 469(47.0)
60-69 477(52.4) 426(47.6)
70+ 398(52.5) 355(47.5)
Gender Male 749(51.2) 768(48.8)  <0.001
Female 1 293(65 1) 734(34.9)
Household income Low 392(47.5) 406(52 5  <0.001
Middle low 468(54.2) 07(45.8)
Middle high 521(616)  339(38.4)
High 650(66.6) 336(33 4)
Education level Elementary school 516(53.0) 461(47.0)  <0.001
Middle school 243(48.9) 236(51.1)
High school 593(58.6) 413(41.4)
University 539(68.0) 260(32.0)
Smoking status Never smoker, Ex-smoker 1,764(61.6)  1,158(38.4)  <0.001
Current smoker 209(43.6) 296(56.4)
Alcohol drinking Low risk 1,314(63.8) 797(36.2)  <0.001
by AUDIT score Intermediate risk 274(53.3) 263(46.7)
High risk 113(42.0) 153(58.0)
Hypertension Normal 1,357(61.9) 864(38.1) <0.001
Hypertension 553(49.7) 541(50.3)
Diabetes mellitus Normal 1,720(59.2)  1,219(40.8)  0.045
Diabetes mellitus 206(52.9) 185(47.1)
Osteoarthritis or Normal 1,551(58.4) 135(41 6) 0.425
Rheumatoid arthritis Osteoarthritis or Rheumatoid arthritis ~ 358(60.6) 244(39.4)
Abdominal obesity Normal 1,365(61.0) 911(39.0) <0.001
Abdominal obesity 675(53.6) 589(46.4)
Brushing frequency 02 929(54.9)  785(45.1)  0.004
>3 1,009(61.7) 642(38.3)
Use of oral care products ~ Not used 886(52.4) 831(47.6)  <0.001
Used 1,087(63.7) 1 454(41 7)

"by chi-square test(taking into account complex sampling design)

2. ChMxte| QitALely £, nrd st = 112

bt B (=
tdAre] QIARRIHA B, v Aghol| whe k= CHRS/E %ﬂﬂ(hsc )% <Tab1e 2>eF itk gkt
o, g, 7} a5 ARER, WgE, 59, AL
Bk Tll(hs-CRP)Fol -§of gt 2kol7F 131
ohate] gk LtolollAl 40~49Mell T C- HPO g T 0~1.22 mg/L7} 82496, 704] o1l 123
mg/L o]Ato] 27.8% = 7H =A ]_,]-E].l}d-]:].(p<0_001) Aol s A, 71 LAE 3 2F ols7| Gk A
chall 1.23 mgl/LL o AdollA 242} 24.396, 28.296, 29.29% 2 71 A eI (p<0.001), BA] SR}, D&t}
%H:Ltﬂ H|gto] C-HESA] ThaRe] 123 mg/L o|Atol| A BT = L}E}‘*E‘Hp@ 001) J7FAZE B4 A
© X7 GRS/ Do) 1.23 mg/L oldellA 24.0%2 frolshAl #7| LR an(p=0.008), T A
of 4= 0~ 2371 = CHESA Tl 1.23 mg/Lold = A] LHERITHp<0.001).
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Table 2. High sensitivity C-reactive protein according to the demographic characteristics of the

subjects Unit: N(%)
Characteristics Division IRl P
0-1.22mg/l. >1.23 mg/L
Agelyrs) 40-49 778(82.4) 171(17.6)  <0.001
50-59 876(79.8) 234(20.2)
60-69 735(75.9) 238(24.1)
70+ 603(72.2) 248(27.8)
Gender Male 1 253(75.7) 452(24.3)  <0.001
Female 1,739(81.6) 439(18.4)
Household income Low 620(71.8) 247(28.2)  <0.001
Middle low 751(77.2) 228(22.8)
Middle high 760(81.2) 190(18.8)
High 836(81.8) 221(18.2)
Education level Elementary school 768(70.8) 315(29.2)  <0.001
Middle school 388(79.0) 116(21.0)
High school 876(80.1) 233(19.9)
University 686(82.5) 154(17.5)
Smoking status Never smoker, Ex-smoker 2,458(80.0) 689(20.0)  <0.001
Current smoker 417(72.5) 169(27.5)
Alcohol drinking Low risk 1,773(79.6) 510(20.4)  0.081
by AUDIT score Intermediate risk 445(78.7) 131(21.3)
High risk 230(73.8) 82(26.2)
Hypertension Normal 1,960(80.9) 510(19.1)  <0.001
Hypertension 839(71.9) 329(28.1)
Diabetes mellitus Normal 2,504(79.4) 713(20.6)  <0.001
Diabetes mellitus 293(69.4) 126(30.6)
Osteoarthritis or Normal 2,258(78.8) 668(21.2)  0.278
Rheumatoid arthritis Osteoarthritis or Rheumatoid arthritis ~ 491(76.5) 155(23.5)
Abdominal obesity Normal 2,048(82.4) 467(17.6)  <0.001
Abdominal obesity 940(71.4) 424(28.6)
Periodontitis Normal 1,526(80.8) 400(19.2)  0.008
Periodontitis 1,057(76.0) 358(24.0)
Number of remaining teeth  0-23 876(71.2) 364(28.8)  <0.001
24+ 1,815(81.6) 449(18.4)

"by chi-square test(taking into account complex sampling design)

o

3. CHARXIS| x|Z=Egtal nZiE C-HhSA Tl AlE[olo| o2t
o]

cIA) A te} TR GRS el RS Rk SRR 220 S 4
_]

i)

o

+ <Table 3>2} 2. X|5222ho] Gz Aot B WSl W] 40~494|2) 2| aekabhe ke GRS/ o
o] I 1.23 mg/L o)4o] E 9J3lo] 173812 RolslA] E4tHp=0.012). 1t L}OI, g, 7AE, 8

[

& 59, 2 18, 9, %7_7%?% 3 Fate| A/ A, HThe HASH Aol = 1.358(p=0.236
A& Sl PR 8 F AR Wi S 37k BAR Aujol = XA x| 222k Q= el
HJ3}) 27 GRS/ THllo] 3B+t 1.23 mg/L o)do] B 13 o] 1.36HH =] EHAAIRE 5A1A] frold2 o
AcHp=0.230).
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Table 3. Association of periodontal disease with hs CRP: multinomial logistic regression analysis

Unadjusted
OR(95% CI)

Adjusted”
OR(95% CI)

Adjusted”
OR(95% CI)

0-1.22 mg/l. >1.23 mg/L.  0-1.22 mg/l. =1.23 mg/l. 0-1.22 mg/L. >1.23 mg/L

Age 4049 1.00 1.73 1.00 1.35 1.00 1.36
(yrs) (1.13-2.64)" (0.82-2.20) (0.82-2.23)

50-59 1.00 1.10 1.00 0.80 1.00 0.84
(0.78-1.54) (0.55-1.45) (0.58-1.21)

60-69 1.00 1.25 1.00 1.04 1.00 1.04
(0.87-1.77) (0.79-1.52) (0.70-1.53)

70+ 1.00 1.06 1.00 0.96 1.00 0.89
(0.73-1.56) (0.62-1.48) (0.57-1.38)

Reference group:No periodontal disease, p<0.05
OR: odds ratio, CI: confidence interval

AdjustedDIGeneral characteristics (Age, Gender, Household income, Education level, Smoking status,
Alchol drinking, Hypertension, Diabetes mellitus, Osteoarthritis or Rheumatoid arthritis, obesity)
Adjusted”: General characteristics+Oral health behavior(Brushing frequency, Use of oral care products)

4. ChAR}O] THE KO 49t TZE C-uhS4d Chit lefo] ity

il
oVdAte] R X|of 4ot ke CRESVY Tl Adelo] by BALS Qlel B3t 22| AH 3]

27 <Table 4>+ 2tk 40~494ol|A] ZEE x]ot 4= 2470 ool wll] 0~237K 2ol GRES/g Tl

e 1.23mg/L ool 2 913do] 2,65 frofshAl 7 UEtSTHp=0.001). T Uel, /g, 7EAS, s

T 2%, 1Y, Iy, 2UEY Y Rofe| g TEY, vlhe 23 At 1874 (p=0.040), A& 314

TR EE AL Wigs F7hR HAgRh AujollA = 2,034 -FolotA| =7 LetkttHp=0.023).
60~-69AI0lIATE ZEE 2ot 4= 2470 ool Wil (0~237K 2ol CGRES EPHU e 123 mg/L oV

9] §1lo] 1784 G2latAl =2k (p=0.000), QI PARBIEHA B4, W ae Tzl el wigs 27t
2 HAGH AT M & 1498] R2l51A] E=THp=0.046).

-

Table 4. Association of the number of remaining teeth with hs CRP: multinomial logjstic regression

analysis
Unadjusted Adjusted” Adjusted”
OR(95% CI) OR(95% CI) OR(95% CI)
0-1.22 mg/l. >1.23 mg/L 0-1.22 mg/L. >1.23 mg/L. 0-1.22 mg/L. >1.23 mg/L
Age 4049 1.00 2.65 1.00 1.87 1.00 2.03
(yrs) (1.53-4.58)" (1.03-3.38)" (1.10-3.74)"
50-59 1.00 1.21 1.00 0.95 1.00 0.93
(0.85-1.77) (0.65-1.43) (0.62-1.44)
60-69 1.00 1.78 1.00 1.47 1.00 1.49
(1.25-2.52)" (0.99-2.15) (1.01-2.20)°
70+ 1.00 1.60 1.00 1.63 1.00 1.07
(1.04-2.48)" (1.02-2.61)" (1.04-2.76)"

Reference group:No periodontal disease, p<0.05, p<0.01

OR: odds ratio, CI: confidence interval

Adjusted”:General characteristics (Age, Gender, Household income, Education level, Smoking status,
Alchol drinking, Hypertension, Diabetes mellitus, Osteoarthritis or Rheumatoid arthritis, obesity)
Adjusted”: General characteristics+Oral health behavior(Brushing frequency, Use of oral care products)
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2 A= 404 o A Q12] x|k, ZHE X|of ek CHES/F Thill ko] Ak
T AT} 40~494ol|A T Lol, g, 7IEAE, wEE, S, 5, LAY, U, S0 B FrkEl A
WA, vvh PGS BAsIgke ull XFdehato] A el Hish CHR3d Tl Bt 1.23
mg/L °)/d2] $I7o] 1.36H] = LFERSAIR SA1A 2 = fofshA] eiekom, ZhE X|ok 4= 02371 7} 2471 o]
A¥ol v]a)] C-HESA] Thill T 1.23 mg/LL o1Ade] 9I&lo] 203812 -2)5HA| LEldth

2Rt gele g ez At R dTollA x| dgte] 9 212 EAollM, R0 S rE, 4
SeEat AgpEo] FoE, FUAL 1Y 5, P FHERIA X|5gte] o] wol= A2
2 UL TR 19 RS Sl A 245, S 8852 AR S ka8 X|Ege] 913o] ot
Al ez HsrH18]. o] S{1919] AadTtol M gt x|kt At ido] Qs A 0= LEkte
1, 0|2t 2|[20]2] Lol vl x| =22k Aol Q= A = e T

0}=2] CDCe AHACIA = A E e Ee 171t ol &5 ok ol 5 IAte e GRS/ Tl
ARS 315, 127715 1 mg/L v A8, 1~3 me/Le S8+, 3 mg/L old& 119
ol Th SHAIRE F YR A1) CRPH o] 1/3~1/2510l| B 2] =the AH21)7F HAls
2utet AlollA] 2 AT 2 285k Zlol| tigh of 2ol A7]= 4L lot. wehbM agte CHESY
123 mg/LE Ao g 287st0] A% A w2 Aol e CGRES/d Bl 1.23 mg/L o/de]
T2 H[ES Holn, Jdoli= F/do] &2 HlES Eof Ao] ordas utE CHEg/d THlex|7}
S7FohH o /g Hths d/dollA e CRES/d Tljo] =7 Uehsthe -2 aeh 23ith22-24]. o=
o] 3715 T Ao Y, Ft Sek e 7] sl 2.lo] o it i dojlA] o] o] Fo
A|7]ol el Aufet b £t 7S} wipEo] W oM gt GRS Bl 1.23
mg/L o’do] =& HlE2 e Loos 512519] +Ax}et -2 AnQict. A5} w72 Tl ARI AL
A aRlom A= 52 AR] A QRlut ko] glom, oj2fgk ARl GAl4 5ol el =
352 lo] & 4 20, o]= A2 FHAA 4 e £70] 5551 Ale = A 97] whiZol2al A
e s AP} a4t GRS/ T4l 123 mg/L ol el 2 HlES Hied, <
AollA] CRP 59] A5 Al &S0l ookl S7 et Atatel Y|si3it23,27]. RPd Aol = 11
o T, A B RHtE| A B, BRu(Tke] fHYo] e GRS/ Tl 1.23 mg/L ool =
S H[E-2 Hol=t 1892 CRPoF 22 5407| W22 2 Al=olo] S dels= frashH, 1284,
tiARSSto] e R/ Tl AR whedo] Qlrhs At A Tel vl ITH27,28].
= OlfiE B2 oA X Fdgto] A
St Axt/do] Qoial Hak7] whZo]oh4,5], R Aol M x|kt CRlg/g Thillite] A7t 13
I=t, Noack's{13]2 2745t it} vl wh 2| 5=28%hS 7 tvdalel M CRiEg/d TlieEo] 571
SH o (p=0.036), X|2<st x|HAlFatolM At x|5+2%h Belwt Porphyromonas  gingivalis,
Prevotella intermedia, Campylobacter recta, and Bacteroides forsythus®] &7} G5/ Tt oF
O] -Fofgh Bedo] AL SHAAL, Bk 194 o)/de] AdQle ldez ARt & o][14]9] Aol &= 2zt
I CREG/Y T 9| HollA A/t Tt A7 AR Rl HA| 2 HlE2 B 0H, frofolA] g3k
21910] f1o] L10H] &2 2102 FA5IQITh & Ao] X|5=dehart A d=tol| Hlsh GRS/ Tl i
T 1.23 mg/L o2 930 B A 40~49MollA] 1.738) 3-2l5HA] a1, 3-2l51A] koLt 50~59Ajof|A]
1.108H, 60~69AfloflA] 1.258H, 704101141 1.06HH & hTh= ZAafeh-fofet Axts it
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Shf R x| F2gho] Aol X|op AT} CHkg/d Tl 0] Ay 7 Btk 3 Qli=t, Wtso]
FATE Aof|A] x| 2Hat Xjoptale] tollA CGRESAS o] 19 (>3 mg/l)2] Prevalence
proportion ratios”} 1102 B 115} 31[29], -9-2]utzt 40~694] A3Q1S td o= st A[30]2 ozt
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