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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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A AAHLOE QI7te] 47 S710k o] 2714 W, BT 502 Qls B §1980) Z718 g
o, ]2 QI A1 Hlgo] Z74el Qe AAEA 1T AAHAIRITS] 63067} HIZIEA) AEHNom-
Communicable Disease) 0.2 Akl sl om[l], Selufet Agelitioi e phyastos
QU3 A A ] 80.8% XI5, A 212 3] 1074 F 77 ek Egoleka B shoick,
F74RRI0) hEEA] SR 2 A FARO R 2] 0] U XIFUEL 20174 ofeh LT AP 4912
9121910 47184 thE-02 A Leton, ool Uil 4so] 5719} ol 2 Qlsk AalA vl go] 27}
ShoicHE. 2|02 Aol ofsh 471 BEHRS o) A2 etk Ago 2 x| e g xFgon 71

Y4 Ik A2 L QB 320 2 Hoh A0 2 W] 4ol 71ET, 350] w2 Fefoln],
79I B2 SHR AT P LMl s HEHE] s 90 2 AU Belsh) QORI Xjob} 2

S| =W X|okS APASHA| Hk. o2igt X|o} a2 227 5ol Faks nld oty el, el =S
of7|sto] ZAlZgke] oleks Zefigho & X o] Atsoli x|5deh} AAlEehro] whed/do| tigh
A7k s e 1 ik £35] ilzz]ml Al d*ﬁ]*‘% ElRce %J—} 22 Aol FFFe m|x|=
7102 HuE|7 Ql=d|46], 11

Hh3-= B/d2tA|7|H, Ftol Rie Aoy ]J—, O] 5 Oh‘lwﬂq_' —H_ﬁé}ﬂ ATH7.

CHEg/d TEl(Creactive protein; CRP)}2 2%
of] A= 24 HES A Chal E&lo|T}, A

ApollA A 7= o S =AIE téﬁa 43l
o], 64|t o]ujoll = 7/ flol 5o Alderdee] Wt e Y2 S Al A
APF Qi kA ol=Ald el (AHA)2E AR S AC-AIE (CDC)eIX = nIAleh dERke-&
= 1= CRESA] Pl (High-sensitivity Creactive protein; hs-CRP)S ARS8 712 Hals}al
74 CHES A THlAAR= A 78S Al2ke] AARH 9lof] Q)= CRPE Z4J5}o] 55kx|F Aot &
AL Blood lipid levels®] ZZIAEIE, AU=A Y] Lipoprotein(a)52CHA &A% 913
sEo] FHolt Z o= B uskal QItHi0).

T Uie] A58 ekl X522kt Blood lipid levels®] a1 = it A = x| ohil A 2]H 50
A7 QoM [11,12], 17 e CREZ/] Tl ko] AT E Hatw|w glote2|ulel Fid oA
I Te] A= m|EE A oleH13,14].
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404 03] 432 %uwixw%h A slo} 4ol T G134 pilel Ak ok
74g B0 2 Sk o AANIS S, R, Tl o] A Eehias BRI 4

Efjolxie] e E’J}iq

EH
=

1, HChA
B g1 IS ZAL A 67] 3P = (2015 QA AR S & J%}g;[t}{ﬁ] A 67] 33 A E= 27,380
He ooz AT ZAL FYZAL HRIFRALR o] FofFitt. o] F 2 A= 404 ol /8Q1 5

o A R 53550 0.2 S SR el F ML el 1 A8
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TAAFE2] Q1 ALS]EHA] E4] 0 2 Ht Lfol= 40~49A], 50~504, 60~69A, 704 o), A& o, 7]t
O] AEAREYE Bl S0k, 34, AR WShE2 2E ool 5F, 11, S oo R BESIeict 1%
T, IS 0 2 B FIA AL, FARS = WHORIA AA|gH 7| mhat
A0S 42 35, AUDITES 84 0]eHA 3w, 84 o3 164 nleHE7H
), 164 oV HILHT)S] Il Lo 2 EFato] BAsIlTH1e). THd A froit e el T, E3
Y, Fotelad G S ZABI AL, B5H|TRS tighi|gksts] 7|5l oft 51elE2] 7|5 B3 0emeld,
o/d 85cmold-o 2 A EF ARSSIITH1 7] T el 502 = 2142 3145 (029), 39 ooz B
1AL, 78 E ARgolR e T, A, A, 5 31E, e, L] ARGl E AL
oo ‘ARSSY, ALRIEF 0 2 AHEFSIRICE T 2|53 -RRet g Ake] ZE x|of 4= 3] 2467H5 7|
F0 2 023K, 2471 oY 0 &2 A EFoto] SR ARSI, LR 404 o Ajle] e
CRRY3 Tl i 123 mg/LE ORI L 0~1.22 mg/l), 123 mg/L o) 0 & B73liet. =117
YFAL67] 3P (20158 = g2 A2z Al1E W 54 AR A2z A2g AlLSo) whet 322
9ol aliohe Aol sfdsto] ATaelalellsle] HolwAlS jiar Wagsigick
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1. ChAxte] QltAtelslE] £, B Risl A R[S0l U= XIF2E /7

bAte] QA A, ahg A rdzird kel a s ol mhe | 588§ = <Table 1> o). Thut
o, /g, 7IAE, WESE, T, 55, LB, T, SR AE S, 7 8 F AR of ol wh
2k x|5dgt - §7o] fofst xfol 7t I3iek

RhLto] 40~4940l|A 2|52 gto] Qe AAde] 69.9%2 7P A| LR O H (p<0.001), 'EAd Tt 7 1EAs G
oflA] xj78%ko] 22t 48.8%, 52.5%= 71 =] LERattHp<0.001). $H wgEoiie tigkn £ ol
oflA] X522 glgo] 68.0%2 7P A LERsk M (p<0.001), TAE Y, BIES, S5 A9Ied=ollA x5
A% gF0) 7P =2 2102 LERTHp<0.001). =3+ THg Aol A= & H(p<0.001), G (p=0.049), &
FH]THP<0.001)2 X| 522 ol 4] B A Vet e s ollae 19 2164 0-23], 388
E njAkgo] x|FAgol|A] 45.196(p=0.004), 47.6%2 A 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) 268(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 £, nhd st = 12

bt B (=
avdAte] QITARRIEFA B4, R Aghol w2 1zt GRS %ﬂ%‘(hsc )% <Tab1e 2>9k i} gkt
o], g, 7FAS ARRRIS, WESE, 59, AL
HhS/d Tl(hs-CRP)4=<E0ll 2]t 2107 313
tidAte] gt Lpolofl A= 40~49A0lM 1= G HPO g chal 0~1.22 mg/L7} 82.4%, 704 o]4tollA] 1.23
mg/L o]’do] 27.8% = 7P =7 LERHTHp<0.001). /ol = ‘2, 7FAS ot 2Z olsiF GREs/3
ol 1.23 mgy/LL o AYollA] Z¥2} 24.396, 28,296, 29.20% & 71 A LRI (p<0.001), BA] SR}, &t}
%H:Ltﬂ H|gto] C-HESA] ThaRe] 123 mg/L o|Atol| A BT =A L}EP/H:HP<0 001) D7FA7FE B4
£ 2|57} GHESA o] 1.23 mg/L oJAfeilA] 24.0% 2 -82l5HA] A LRI (p=0.008), 7HE X
of 4= 0~ 237 = CHESAJ 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 023 876(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. CHAIIe] X|Zstal DZhe c-4H2 A ChuAlElote] ity
o]

thte) 21588t gk G TabgEle] Qlak BALS 9is) MAHER 2XAE Sl7li Zr
= <Table 33 ek, 2157880 Qi At ula51ghe uh 40-49M10) X F AR I GRS B
o] 3 123 mg/L oVgo] B Sidol 1732 F2shl S3iehp=0012). B o], A, 7}45, e
%, B9, 97, TS, Ty, Tekael 9 okl Be, ulehe Re Aol = 1359 (p-023%6
N 34, TRV EE ALG) WSS 3712 DR AN E XTI TR Pl ol
w8 12 CHhgg Hle] B 123 mglL olo] B Sido] L3eH 7 ebdAlet 54 folge gl
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. CHAIRI| HE %[0} 0 IZE C-4HSA Thal Aefo| Ak

il
VdAte] T X|of et ke CRESVY Tl Adelo] by BALS Qlel B3t 22| 2H 3]

Z7He <Table 4>k 2tk 40~49ol|A] ZEE x]ot 4= 2470 ool wll] 0~237K 2ol GRES/g il

e 1.23mg/L oVdol 2 913do] 2,658 frofshAl 2 UErSTHp=0.001). T Uel, /g, 7FEAs, ada

T 2%, 1Y, Iy, 2 Y Rofe g TEY, vlhe B3 At 1874 (p=0.040), A& 315

TR EE AL Wigs SR B AujollA = 2,034 -FolotA| =7 LetsttHp=0.023).
60~-69AI0lIATE ZEE x]ot 4= 2470 o ol] wil (0~237K 2ol CGRES EPHU B 123 mg/L oV

9] 91lo] 17844 G2latAl =2k (p=0.000), Q1A B4, WA Tzl el wigs 27t
2 HAGH Ao M % 1498] R2l51A] =Hp=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 4pek CHES/Y Thill ko] Ak
T AT} 40~494ol|A T Lol, g, 7IEAE, e, S, 55, LY, U, ST B FrkEl A
WA, veh PG ES BAsIgke ull xFdehato] A el Hish CHR3d Tl Bt 1.23
mg/L °)/d2] $I7o] 1.36H] = LA, SA1A 2 = FofslA] eiekom, ZhE X|ok 4= 02371 7} 2471 o]
A¥ol vla)] C-HEgA] Thill T 1.23 mg/LL o1Ade] 913lo] 203812 -2)5HA| LrEldth

2Rl e g ez At R dTollA x| dgte] 9 @12 EAollM, R0 S s, 4
SeEat AgpEo] FohE, T4, 1Y 5, 9t FHERRIA X|5gte] o] wole A2
2 U, TRk 19 A8 Sl A 248, S 852 A S S X|Ege] 913o] ot
Al 02 HAIseH18]. o] S{1919] AadTtol M gt x|kt At ido] Qs A 0= LEkte
1, 0|2 2|[20]2] Lol vl x| =22k Aol Q= A o= e T

0}=2] CDCe AHACHA = A E T Ee 171t ol &5 ok o5 Iate e GRS/ Tl
ARS 315, 127715 1 mg/L v A8, 1~3 me/Le S8+, 3mg/L old& 119
ol Th SHAIRE F Y12 A1) CRPH O] 1/3~1/251ol| B 2] =the AH21)7F HAls
2utt AlollA| 2 AT 2 285k Zlol| tigh of 2ol A7]= 4L let. wehbM agte CHESY
123 mg/LE Ao g 287st0] A% At w2 Aol e CGRES/d Tl 1.23 mg/L o3l
2 H[ES Holn, Jdolis F/do] &2 HlES Hof Ao] oMdas utE CHEg/d THlex|7}
S7FohH of /g Hths H/dollA e CRES/d Tllo] =7 Uehsthe -2 ateh 23ith22-24]. o=
o] 37FE Mg Ao Y, Ft Sek e 7] sl 2.lo] o it i doj|A] o] o] Fo
A|710l el Arfet AT £t 7S} wepEo] W oM e GRS Tl 1.23
mg/L o’do] =& HlE2 WER Loos 512519] +Ax}et -2 AnQict. A5} w2 iR AL
A aRlom A= 52 AR A QRlut ko] glom, oj2fgk ARl gAl4 5ol el =
352 o] & 4 20, o]= A2 SHAA 4 s £70] 5551 Ale = A 987] whiol2al A

o] Y5 d Tl 123 mg/L oldoll w2 HlE-2 B3ttt 3¢

AollA] CRP 59] A5 Al &S0l fololAl S7ethe Atatel Yx|si3it23,27]. RPg Ao = 11
o T, A B RHtE| A B, B u(Te] fHYo] e GRS/ Tl 1.23 mg/L oldellM =
S HIE-2 Hol=t 18E2 CRPoF 22 §407| W22 Al=olo] S dels= frashH, 128,
tiARSSto] e R/ Tl AR whedo] Qlrhs At A Ttel v ITH27,28].

x|FAALe] CRE/] Thill o] T7F AR ofs B2 itollA x| dgto] AlE e
Shl} dgt/do] loar Barw]7] ufo|ch4,5]. BE ol X|dgtat CRIG/d ko) A7} X19YE]
I=t, Noack's{13]2 27435t it} Hlw e wh 2| 5=28%hS 7 tvdalel M Crig/d ThlieEo] 571
SH 2 (p=0.036), x|2st x|HAlFatolM At x|52%h el Porphyromonas  gingivalis,
Prevotella intermedia, Campylobacter recta, and Bacteroides forsythus®] &7} C-F-8-d Tt oF
O] -Fofgh Bedo] ATl SFAAL, Bk 194 o)/de] AdQle thde® ARt & o][14]9] Aol = gk
I CREG/Y T QoA A/t Tt A F AR Rl HA| 2 HIE2 B 0H, frofolA] g3k
21910] 1o L10H] &2 2102 FA5IQITh 2 Ao] X|5=dghart A d=tol| vlsh GRS/ Tl
T 1.23 mg/L o2 3o B A 40~49MollA] 1.738) 3-2l5HA] a1, 5-ol5kA] koLt 50~59Ajol|A]
1.108H, 60~69AfloilA] 1.258H, 70401141 1.06HH & AThe Axfeh-fofet Axts it
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Shf R x| F2gho] Aol X|op AT CHk-g/d Tl 220 Ay 7 Btk 3 Qli=t, wWteo]
FASE AofA] x| 2Hat Xjoptale] rtollA CGRESA o] 19 (>3 mg/l)2] Prevalence
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