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Table 1 Comparison of nMFS characteristics between foreign and Japanese cases
(quote from reference 12, 17, 21 and 30-36)

Foreign cases Domastic cases
General
Sporadic occurrence 100% (22/22) 100% (12/12)
Diagnosis within first week of life 83% (15/18) 83% (10/12)
Death within first year of lite 82%  (18/22) 75% {9/12)
Skeletal
Arachnodactyly 95% (21/22) 100% {12/12)
Joint hypermorbility 81% (13/16) 87% (2/3)
Conlractures 91%  (20/22) 89% (8/9)
Scoliosis 22% {4/18} 50% {1/2)
Pectus deformity 55% (11/20) 60% {(3/5)
Joint dislocation 36% {5/14) 66% {2/3)
Pes planus 100% (7/7) 100% (2/2)
Facial appearance
Distinctive face 100% (12/12) 100% {9/9)
Dolichocephaly 57% (8/14)
Crumpled ears 55% {6/11) 100% (5/5)
Loose skin, cutis laxa 84%  (15/16) 100% (1/1)
Senile appearance 91%  (10/11)  100% {8/8)
Down-slanting palpebral fissures 100% (979) 100% {2/2)
Optic
Ectopia lentis 32% (6/19) 33% {2/6)
Cardiac
Mitral insufficiency 95%  (19/20) 81% (11/12)
Tricuspid insufficiency 100%  (11/11) 50% (6712)
Aottic insufficiency 42% 5712)
Pulmonary insufficiency 25% (3/12)
Aottic root dilatation 100%  (20/20) 100% (12/12)
Aortic dissection 0% {0/5) 8% (1/12)
Cardiomegaly 100%  (11/11) 78% (7/9)
Congestive heart failure 100%  (11/11) 78% (7/9)
Heart munmur 100% {12/12) 83% (5/6)
Respiratory
Pulmonary emphysema 57% {4/7) 67% (8/12)
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Table 2 Difference in neonatal Marfan syndrome, Loeys-Dietz syndrome, congenital contractural
arachynodactyly (Beals syndrome) and classical Marfan syndrome

Gene Cardiovascular involement Inheritance Prognosis
Neonatal Marfan syndrome FBN1 severe from neonate sporadic poor
Loeys-Distz syndroms TGFBR1, TGFBR2 progressive AD varigble
Congenital contractural arachnodactyly FBN2 rare AD good
classical Marfan syndrome FBN1 not severe in childhood  AD (75%) good

AD: autosomal dominant

Table 3-1 12 domestic necnatal Marfan syndrome cases

No Sex  Case/Year “3; atinlidl  prognosis  Genetic analysis ﬁfg‘gg Others
1 M Hibi(1985) 0d 7m  dead - —  sudden death after surgery for catarect
2 F Oshima (1988) 0d 5d dead - -
3 M Morimoto (1993) ad 4m  dead - -
4 M Morimoto (1893)" - 4m 6m alive - -
5§ M Kishiro (1994) 1d 4m  dead - -
6 F Qota(1994) 0d Sm dead - - glaucema
7 F OQota (1894) od 4m dead - T - '
8 F Oota({1994) 4m 3y alive - - scoliosis
9 M Oota(1994)" 4m 10m dead - -
10 F Iwatani (1998} 0d 1y6m alive (N.D.) -
11 F Matsumoto (2001) 1d 3m dead EX26pontmutatin —
12 F Koriyama {2002) Od 15d dead no mutation -
13 F Shinchara {2009) 2d4? 2m alive no mutation - surgery for intestinal atresia
14 M Present Case 0d 27d dead EX27-28lageddetin —
Male 4, Female 8 mean 11.1month 0/12

«, ** same cases, M: male, F: female, N.D.: not described

Table 3-2 Cardiopulmanary characteristics of 12 neonatal Marfan syndrome cases in Japan
Cardiac involverment

N WA PR TR ohes _Coveema  Cause of death Therapy

1 + slight +, {autopsy) sudden death

2 + + Aottic dissection ~ N.D. N.D.

3 + moderate slight +, bilateral Cor pulmaonale

4~ + slight +, bilateral (alive)

5 + severe severe N.D. Congestive heart failure

6 + + + +, bilateral  Respiratory distress

7 0+ + + +, bilateral Cor pulmonale

8 + savere VSD (peri., small) +, bilateral (alive) MVP
g~ + slight +, bilateral Respiratary distress

10 + slight severe N.D. (alive) MVR
11+ + + + + +, (autopsy) N.D. ACEI
12 + severe slight +  severs N.D. Congestive heart failre  ACEI, IMV
13 + + +? N.D. {alive) ACEI
14 + severe severe severe severe +, bilateral Respiratory distress IMV

12/12 5/12 11712 3712 6/12 8/12 MVP: 1, MVR: 1

ACEL 3,IMV: 2

*, ** same cases

AoD: aortic reot dilatation, AR: aortic regurgitation, MR: mitral regurgitation, PR: pulmonary regurgitation, TR: tricuspid
regurgitation, VSD: ventricular septal defect, N.D.: not described, MVP: mitral valvuloplasty, MVR: mitral valve replacement,
ACEL angiotensin converting enzyme inhibiter, IMV: intermittent mandatory veatilation
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Elevated Antibody Titers to Porphyromonas gingivalis as a Possible
Predictor of Ischemic Vascular Disease: Results from the Tokamachi-
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Aim: Limited epidemiological studies have investigated the relationship between ischemic vascular
disease and periodontitis in non-Western populations. We investigated this relationship in a Japanese
cohort by measuring serum titers of antibedies to periodontopathic bacteria.

Methods: As part of the Tokamachi-Nakasato cohort study, we followed up 7021 participants regard-
ing cardiovascular events over 5 years, and observed 99 ischemic vascular events: 66 cerebral infarc-
tions and 33 cases of ischemic heart disease (IHD). For a nested case-control study, we selected 495
sex- and age-matched control subjects. Conditional logistic regression analysis was used to estimate
the odds ratios {OR) and 95% confidence intervals (CI) of ischemic vascular events associated with
antibody titers to Porphyromonas gingivalis FDC381 and SU63. Multivariable medels were adjusted
for traditional cardiovascular risk factors using propensity scores.

Results: The highest tertile category of antibody titers to P gingivalis FDC381 in men was signifi-
cantly associated with an increased risk of cerebral infarction in only the crude model, The 2nd and
3rd tertile categories of antibody titers to P gingivalis SUG3 were significantly associated with an in-
creased risk of cerebral infarction in men (multivariable ORs (95% Cls) were 7.12 (1.51-33.5) and
9.03 (1.97-41.5), respectively). The association was not appreciably modified when we further ad-
justed for scrum high-sensitivity C-reactive protein levels. Antibedy titers to P gingivalis were not
dose-dependently associated with the risk of IHD.

Conclusion: High serum antibody titers to 2 gingivalis SU63 could be a predictor of cerebral infarc-
tion in Japanese men independent of traditional risk factors and inflammation.
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Introduction

Several studies have suggested chronic periodon-
titis as a possible risk factor for ischemic vascular dis-
ease, such as cerebral infarction and ischemic heart
discase (IHD)"¥. Some studies have suggested an as-
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sociation berween elevated antibody titers against
common pathogens, such as Chlamydia pneumoniae
and Helicobacter pylori, and sustained chronic infec-
tions or risk of mortality from coronary heart dis-
ease’®. Hence, a bacterial burden in gingival tissues
that is sufficient to induce systemic inflammation may
modulate atherogenesis and inflammation of vascular
walls” in periodontitis patients'®. Indeed, several
studies have confirmed the relationship between peri-
odontal tissue destruction in periodontitis patients
and serum C-reactive protein (CRP) levels'!-'?,

Porphyromonas gingivalis, a periodontopathic
Gram-negative bacterium, has been extensively ana-
lyzed with regard to its role in the pathogenesis of ath-
erogenesis'*'”. A high frequency of antibody positivi-
ty for P gingivalis SUG3 was observed in patients with
IHD, suggesting an association between the presence
of a particular highly virulent strain and IHD'®. Pre-
vious reports have demonstrated an association be-
tween antibody titers to Aggregatibacter actinomycetem-
comitans and P gingivalis and the incidence of stroke?
and THD'*? in a Western population. A recent nest-
ed case-control study in a larger cohort demonstrated
the influence of systemic exposure to P gingivalis on
the incidence of stroke?”. No studies to date have in-
vestigated the association between ischemic vascular
disease and periodontitis in an Asian population using
a nested case-control model. Differing genetic back-
grounds and lifestyles among populations may affect
the incidence of ischemic vascular disease in patients.
The aim of our research was to investigate the associa-
tion between serum antibody levels to P gingivalis
strains FDC381 and SUG3 and ischemic vascular dis-
ease in a Japanese population using a nested case-con-
trol study.

Materials and Methods

Study subjects and outcome

We designed a nested casc-control study as a part
of the Tokamachi-Nakasato cohort study??. The study
arcas were Tokamachi City and its neighboring village,
Nakasato, Niigata Prefecture, Japan. According to the
census in 2000, the total population of the area was
49,424, including 29,323 people between the ages of
40 and 89 years. The Tokamachi-Nakasato cohort in-
cluded 7,753 inhabitants of the study area, aged 40-89
years, who agreed to participate in the cohort study
and whose baseline dara and serum samples were col-
lected in 1998, They were followed up from 1998 to
2003 regarding the incidence of cardiovascular events.

Baseline data and serum samples were collected
during the official population-based health checkup
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program from June to September 1998, and written
informed consent for participation in the cohort study
was obtained from the participants. They were inter-
viewed by public health nurses to collect baseline in-
formation on cardiovascular diseasc history, diabetes
mellitus, hypertension treatment status, smoking sta-
tus, and alcohol consumption. To evaluate their dia-
betic status, fasting or postprandial plasma glucose
levels were measured and subjects with a fasting level
> 7.0 mmol/L (126 mg/dL), postprandial level 2 11.1
mmol/L (200 mg/dL), and those who declared them-
selves diabetic were considered diaberic. Blood pres-
sure was measured using a manual sphygmomanome-
ter. After measuring rotal and high-density lipoprotein
(HDL) cholesterol levels, serum samples were stored
at =80 until antibody titers against P gingivalis were
measured.

From the 7753 participants in the entire Toka-
machi-Nakasato cohort, 61 subjects aged 85 years or
older were excluded because there were not enough
subjects to obrain sex-matched and age-matched con-
trol subjects for some incident cases of ischemic vascu-
lar events. From the remaining 7692 participants,
7021 were included in the bascline cohort for the
present nested case-control study because they had no
history of IHD and cerebral infarction at baseline.

Diagnosis of cerebral infarction and IHD (acute
coronary syndrome and angiographically proven stable
angina pectoris) was determined by medical chart re-
view. First, we checked information on incident car-
diovascular events in a health checkup survey in 2003.
From participants who declared that they had experi-
enced cardiovascular events and from nonparticipants,
potential candidates for medical chart review were
identified by reviewing either death certificates or the
answers to a mailed 2004 questionnaire survey. A sin-
gle physician reviewed all medical charts. Diagnosis of
cerebral infarction was based on typical clinical fea-
tures and characteristic changes on computed tomog-
raphy and/or magnetic resonance imaging brain scans.
Diagnosis of acute coronary syndrome was based on
chest pain, cardiac enzyme levels, electrocardiograms,
and coronary angiography. Subjects with stable angina
were also included as IHD cases on detection of rele-
vant coronary stenosis by angiography. Although there
were many more cases of clinically diagnosed angina -
pectoris, we selected only the cases described above
because angiographically defined coronary stenosis
warranted that the disease was caused by atherosclero-
sis. Our procedures allowed us to identify the presence
or absence of cardiovascular events during the follow-
up period for 92% of the entire cohort.

During a follow-up period of 35,131 person-
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Table 1, Bascline characteristics of cases and control subjects

Case Conrrol
(n=99) {n=495)
Sex, number of men {96) 58 (58.6) 290 (58.6)
Age (ycars) 69.7x7.7 69.7£7.6
Smoking status
Never 48 (48.5) 270 (54.5)
Former 10(10.1) 104 (21.0)
Current 41 (41.4) 121 (24.4)
Diabetes mellitus 8 (8.1) 35 (7.1)
Treated hypertension 38 (38.4) 112 (22.6)
Systolic blood pressure (nmHg) 138.6%17.7 1343194
Diastolic blood pressure (mmHg) 77.3%11.8 75.4£11.6
Hypertension* 59 (59.6) 210 (42.4)
Serum total cholesterol (mg/dL) 206.9x35.1 199.2%35.8
Serum HDL-cholesterol (mg/dL) 49.7£9.2 54.3%13.6
hs-CRP (logio, ng/mL) 2.9520.44 2,74+ 0.49
Mean loga antibody titets to 2 gingivalis
FDC381 4.18%£0.67 4.04%0.66
SU 63 3.95+0.35 3.89x0.44

Baseline dara of the study subjects were collected in 1998 and the subjects were followed up until

the end of 2003

hs-CRP, high-sensitivity C-reactive protein; HDL, high-densicy lipoprotein
Data are the mean % standard deviation or number (%6)
*Treated or systolic blood pressure of 2 140 mmHg or diastalic blood pressure of 2 90 mmHg

years for the baseline cohort, 99 subjects were con-
firmed to have experienced a first-ever event of cere-
bral infarction (G6 events), acute coronary syndrome
(23 events), or angiographically proven stable angina
pectoris (10 events). None of these ischemic vascular
events were observed in the other 6922 subjects dur-
ing the follow-up period. Five sex- and age-matched
control subjects were selected for each case from these
non-diseased subjects. A total of 495 control subjects
were subsequently enrolled in our study. Baseline
characteristics of cases and control subjects are sum-
marized in Table 1.

The study protocol was reviewed and approved
by the ethics committee of Niigata University School
of Medicine.

Antibody Titers to P, gingivalis and CRP in serum
Antibody titers to P gingivalis lysates were mea-
sured by enzyme-linked immunosorbent assay (ELISA)
and evaluated according to a method described previ-
ously, with some modifications?. For the ELISA as-
say, P gingivalis lysates for FDC381 and SUG3 strains
{Institute of Immunology Co., Lid., Tokyo, Japan)
were used as antigens. The lysates (0.05 pg) were used
to coat 96-well ELISA plates (100 pL/well; 0.5 pg/mL
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in 0.05 M bicarbonate buffer, pH 9.6) and were incu-
bated overnight at 4T. The plates were then washed
with 0.05% Tween-saline, and 100 gL test samples di-
luted with 0.05% Tween-saline containing 4% goat
serum (1:400 to 1:12,800) were added and incubaced
for 1 h at room temperature. After washing 3 rimes
with 0.05% Tween-saline, horseradish peroxidase-con-
jugated goat anti-human IgG (Sigma, Ronkonkoma,
NY) was added and the samples were incubated for 1
h at room temperature. The reaction of peroxidase was
accomplished by the addition of 75 pL/well of 0.04%
H20: and ortho-phenylenediamine (OPD, 1 mg/mL)
in sodium citrate buffer. Color development was
stopped by the addition of 4 M sulphuric acid, and
absorbance was read at a wavelength of 490 nm.
Pooled serum for control subjects was prepared from
systemically and periodontally healthy subjects with
considerably low antibody responses to P gingivalis,
and was used rto titrate the antibody levels into ELISA
units (EU). Serum reactivity of 3200-fold diluted con-
trol serum was determined to be 100 EU. High sensi-
tivity CRP (hs-CRP) was also measured from pooled

serum with a nephelometric assay.
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Statistical analysis

For antibody titers to 2 gingivalis, descriptive sta-
tistics are presented as the mean and standard devia-
tion of logio values. Hs-CRP was also analyzed using
logio values because the distribution was close to log-
normal. Statistical differences in baseline characteris-
tics between cases and control subjects were analyzed
by crude conditional logistic regression analysis. Odds
ratios (OR) and 95% confidence intervals (CI) of con-
tinuous variables were calculated for every +1 SD of
all control subjects.

Antibody titers to P gingivalis were classified into
3 categories based on the tertiles of all study subjects.
Differences in the tertile category distributions be-
tween cases and control subjects were analyzed by the
Mann-Whitney U-test. Conditional logistic regression
analysis was used to estimate the crude and multivari-
able-adjusted odds ratios (ORs) and 95% confidence
intervals (Cls) to develop ischemic vascular events, as-
sociated with tertile categories of antibody titers to 2
gingivalis, wreating the lowest tertile category as a refer-
ence. Multivariable-adjusted ORs were adjusted for
the effects of confounders, such as the current smok-
ing status at baseline (yes/no, only for men), treated
hypertension (present/absent), diabetes mellitus
(present/absent), systolic blood pressure (continuous),
diastolic blood pressure (continuous), serum total cho-
lesterol (continuous), and serum HDL-cholesterol
(continuous) using propensity scores. Smoking status
was not adjusted for women because of the very low
prevalence of current female smokers. A multiple pro-
pensity score method was used in this study to adjust
for the cffects of these confounders?”, because the
number of cases was too small to apply standard mul-
tivariable models; event numbers of less than 5 per in-
dependent variable can lead to major problems in lo-
gistic regression analysis™. Multinomial logistic re-
gression analysis was performed using sex-specific data
from all matched control subjects (n=495) to calcu-
late parameter estimates for calculating propensity
scores. Previously described confounders were entered
as independent variables in a multinomial logistic re-
gression model, wherein a tertile category variable of
antibody titers to P gingivalis was entered as the de-
pendent variable. Using the parameter estimates ob-
tained for the confounders, we estimated the probabil-
ity of each study subject being categorized into each
tertile category of antibody titers to P gingivalis. The
probabilities for the middle and highest tertile catego-
ries were used as propensity scores to be entered as co-
variates in a multivariable-adjusted conditional logistic
regression model instead of confounders themselves.
Hs-CRP level was further adjusted in order to assess

165

the role of inflammation in the association berween
antibody titers to P gingivalis and the risk of ischemic
vascular events by including a covariate (logio values of
hs-CRP level) in every multivariable model.

All statistical analyses were performed using SPSS
13.0 for Windows (SPSS, Inc., Chicago, IL, USA).
Because no statistical procedure of conditional logistic
regression analysis is available in SPSS, we utilized the
COXREG procedure to construct conditional logistic
regression models. For this purpose, a dummy time
variable was created so that cases had a positive value
smaller than thac for control subjects, c.g., a value of
“1” was given for cases whereas a value of “2” was giv-
en for control subjects. This dummy time variable was
moved into the “Time” slot as a dependent variable.
We also created a variable that denotes cach set of cas-
es and matched control subjects, and then moved it
into the “Strara” slot. A status variable for which cases
were given a value of “1” and control subjects were
given “0” was moved into the “Status” slot. A tertile
category variable of antibody titers and the covariartes
were entered as independent variables. A P value of <
0.05 was considered significant.

Results

Comparison of baseline characteristics

In crude analyses, current smoking in men and
hypertension in both sexcs showed significantly posi-
tive associations with cerebral infarction. Higher anri-
body titers to P gingivalis SUG3 was significantly asso-
ciated with an elevated risk of cerebral infarction in
men (Table 2). Traditional risk factors, except current
smoking and hs-CRP as well as antibody titers to P
gingivalis, were not associated with the risk of THD

(Table 3).

Serum antibody titers to P gingivalis FDC 381 and
SUG3

Tertile distributions of titers of antibodies to P2
gingivalis FDC381 and SUG3 are compared in Table 4.
Regarding cerebral infarctions, men tended to have
higher antibody titers to P gingivalis FDC381 and
SUG3 than control subjects (P=0.036 and 0.001, re-
spectively). In women, there were no significant dif-
ferences in antibody-titer distribution between cases of
cercbral infarction and control subjects and berween
IHD cases and control subjects.

Relative odds for ischemic vascular events associ-
ated with antibody titers to P gingivalis FDC381 are
listed in Table 5. In conditional logistic regression
analyses for men, the 3rd tertile categories of antibody
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Table 2. Comparison of risk factors between cases of cerebral infarction and sex- and age-matched control subjects with crude odds

ratios
Case Control OR 95% CI P

Men (n=34) (n=170)
Age (years) 67.9x7.7 67.9x7.6
Smoking status

Never 4(11.8) 39 (22.9) 1.00 (reference)

Former 6(17.6) 56 (32.9) 1.01 (0.27-3.73) 0.993

Current 24 (70.6) 75 (44.1) 3.12 (1.02-9.49) 0.045
Diabetes mellitus 2(5.9) 16 (9.4) 0.60 (0.13-2.74) 0.512
Treated hypertension 10 (29.4) 32(18.8) 1.89 (0.79-4.53) 0.154
Systolic blood pressure (mmHg)* 137.2x16.8 129.3%17.0 1.32 (0.89-1.96) 0.166
Diastolic blood pressure (mmHg)* 79.9%:10.2 74.5%£11.4 1.71 (1.13-2.61) 0.012
Hypertension' 21 (61.8) 60 (35.3) 3.03 {(1.39-6.58) 0.005
Serum total cholesterol (mg/dL)* 178.0%36.6 186.4£33.3 0.76 (0.51-1,14) 0.182
Serum HDL-cholesterol (mg/dL)* 52.6%12.1 525144 1.01 (0.70-1.44) 0.973
hs-CRP (logo, ng/mL)* 2.97£0.60 2.67%0.53 1.59 {1.15-2.20) 0.006
Mean logio antibody titers to P gingivalis

FDC381" 4.2240.43 4.02£0.59 1.48 {0.99-2.22) 0.054

suU 63* 4.09£0.32 3.89x0.45 1.62 {1.10-2.39) 0.015
Women {n=32) (n=160)
Age 71.9%7.2 71.9£7.1
Smoking status Not examined

Never 31 (96.9) 154 (96.3)

Former 13.1) 3(1.9)

Current 0 (0.0) 3(1.9)
Diabetes mellitus 0 (0.0) 5(3.1) Not examined
Treated hypertension 15 (46.9) 40 (25.0) 2,52 (1.17-5.43) 0.018
Systolic blood pressure (mmHg)* 136.3%21.3 131.3£16.8 1.32 (0.89-1.96) . 0166
Diastolic blood pressure (mmHg)* 75.9%14.7 72.6x10.1 1.38 (0.92-2.07) 0.120
Hypertensiont 20 (62.5) 69 (43.1) 2.21 (1.01-4.85) 0.048
Serum rotal cholesterol (mg/dL)* 213.3%233.2 208.4%32.6 1.17 (0.78-1.75) 0.445
Serum HDL-cholesterol (mg/dL)* 53.3+18.1 54.5%13.9 0.92 (0.64-1.33) 0.664
hs-CRP (logw, ng/mL)* 2.74£0.53 2.70%0,54 1.08 (0.77-1.53) 0.644
Mean logio antibody titers to P gingivalis

FDC381* 4.06=0.70 4.0020.69 1.07 (0.77-1.51) 0.679

SU 63°* 3.97£0.55 3.84+0.44 1.31 (0.90-1.90) 0.153

Data are the mean = standard deviation or number (%) as otherwise noted

OR, odds ratio; Cl, confidence interval

*OR of continuous variables were calculated for + 1SD of total control subjects, which are described in Table 1
MTreated or systolic blood pressure of 2 140 mmHg or diastolic blood pressure of 2 90 mmHg

titers were associated with an elevated risk of cerebral
infarction in the crude model (OR 2.88; 95% CI,
1.06-7.85); however, this association was not statisti-
cally significant in the multivariable model (multivari-
able OR for the 3rd vs. 1st category 2.64; 95% CI,
0.94-7.41). For women, no significant association was
observed between antibody titers to P gingivalis
FDC381 and the risk of cerebral infarction.
Significantly elevated risk of IHD was observed
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in the 2nd tertile category antibody titers to P gingiva-
Iis FDC381 (multivariable OR 2.90; 95% CI,
1.04-13.1); however, no dose-dependent association
was observed between antibody titers to P gingivalis
FDC381 and the risk of IHD. The risk of IHD was
not substantially changed when analyzed only for
men: multivariable ORs (95% ClIs) in the 2nd and
3rd tertile categories were 3.98 (1.21-13.1) and 1.78
(0.47-6.63), respectively (not shown in tables).
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Table 3. Comparison of risk factors between cases of ischemic heart discase and sex-matched and age-matched control subjects

with crude odds ratios

Case Control OR 95% ClI P

Men and women (n=33) (n=1G65)
Sex, number of men (%) 24 (72.7) 120 (72.7)
Age (years) 69.7%£7.7 69.7£7.6
Smoking status

Never 13 (39.4) 77 (46.7) 1.00 {reference)

Former 3(9.1) 45(27.3) 0.43 (0.10-1.84) 0.254

Current 17 (51.5) 43 (26.1) 3.15 (1.09-9.11) 0.034
Diabetes mellitus 6(18.2) 14 (8.5) 2.55 (0.85-7.63) 0.094
Treated hypertension 13 (39.4) 40 (24.2) 2.05 (0.93-4.51) 0.076
Systolic blood pressure (mmHg)* 138.6£17.7 134,3%19.4 1.24 (0.86-1.79) 0.250
Diastolic blood pressure (mmHg)* 773118 754%11.6 1.18 (0.82-1.71) 0.375
Hypertension' 18 (54.5) 81 (49.1) 1.23 {0.59-2.56) 0.578
Serum total cholesterol (mg/dL)* 206.9%35.1 199.2+35.8 1.26 (0.86-1.85) 0.243
Serum HDL-cholesterol (mg/dL)* 49.729.2 54.3x13.6 0.66 (0.42-1.03) 0.065
hs-CRP (logto, ng/mL)* 2.95x0.44 2.74+0.49 1.46 (1.02-2.08) 0.038
Mean logo antibody titers to P gingivalis

FDC381* 4.180.67 4.040.66 1.23 (0.86-1.76) 0.260

SU 63* 3.95£0.35 3.89+0.44 1.15 (0.78-1.70) 0.478

Results of sex-specific analyses are not displayed due to small sample size
Data are the mean = standard deviation or number (3%) as otherwise noted

OR, odds ratio; CI, confidence interval

*OR of continuous variables were calculated for + 15D of tatal control subjects, which are described in Table 1
"Treated or systolic blood pressure of 2 140 mmHg or diastolic blood pressure of 2 90 mmHg

For P gingivalis SUG3, a significantly elevated
risk of cerebral infarction was observed only in men in
the 2nd (multivariable OR 7.12; 95% ClI, 1.51-33.5)
and 3rd (multivariable OR 9.03; 95% Cl, 1.97-41.5)
tertile categories (Table 6). No significant association
was observed for IHD. There was also no significant
association for IHD when analyzed only for men:
multivariable ORs (95% Cls) in the 2nd and 3rd ter-
tile categories were 1.84 (0.63-5.41) and 1.00
(0.30-3.40), respectively (not shown in tables).

hs-CRP did not considerably modify the associa-
tion berween antibody titers to P gingivalis of both
strains and the risk of ischemic vascular events,

Discussion

In this study, elevated antibody titers to the peri-
odontopathic bacterium P gingivalis SUG3 in men
were significantly associated with the risk of cerebral
infarction. Because hs-CRP did not considerably
modify the association, periodontitis appears to relace
to cerebral infarction in Japanese men independent of
inflammation. These findings suggest that P gingivalis
SUG3 has specific biological effects or may induce spe-

cific host responses related to cerebral infarction.
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Several studies have demonstrated clonal hetero-
geneity in virulence that induces an immune response
among various P gingivalis strains. Among diverse an-
tigenic substances, fimbriae, filamentous components
on the cell surface, playing an important role in the
colonization and invasion of periodontal tissucs, are
potentially responsible for differences in immunoge-
nicity. P gingivalis is classified into G genotypes based
on the genomic diversity of the fimA gene, which
codes for fimbriae?®, and is detected in 10% of car-
diovascular specimens. Among these, Type IV of the
fimA genotype is most frequently detected (45.0%),
and is possessed by SUG3 strain (30.0%). P, gingiva-
lis is also known to activate blood coagulation factors
by arginine-specific cysteine proteases®, which are
other potential candidates for differences in immuno-
genicity related to cercbral infarction.

In a previous case-control study, we observed
thac the positive rate of antibedy to P gingivalis SU63
was increased in IHD patients'®. In this study, how-
ever, antibody titers to P gingivalis SUG3 had no sig-
nificant association with the risk of IHD. Although
the risk of IHD was strongly associated with antibody
titers to P gingivalis FDC 381 in the 2nd tertile cate-
gory, no association was observed in the 3rd category.



814

Tabeta et al.

Table 4. Comparison of tertile distributions of antibody titers to P gingivalis FDC381 and SUG3 between case and

control groups

Tertile categories of P gingivalis

Average ”
1st 2nd 3rd rank
FDC 381, range 392-6187 6,212-13696 13,746-53,041,276
Cerebral infarction
Men
Case (n=34) 6(17.6) 11(324) 17 (50.0) 120.8 0.036
Control (n =170} 57 (33.5) 56 (32.9) 57 (33.5) 98.8 )
Women .
Case (n=32) 13 (40.6) 7 (21.9) 12 (37.5) 96.9 0.960
Control {n =160) 54 (33.8) 59 (36.9) 47 (29.4) 96.4 ’
Ischemic hearr discase
Men and women
Case (n=33) 6(18.2) 15 {45.5) 12 (36.4) 96.9 0.129
Case {n=165) 62 (37.0) 50 (30.3) 53 (32.1) 1125 )
SU63 (rangc) 325-5,914 5935-10,462 10472-360,948
Cerebral infarction
Men
Case (7 =34) 6(17.6) 11 (32.4) 17 (50.0) 131.0 0.001
Control {(n=170) 57 (33.5) 56 (32.9) 57 (33.5) 96.8 :
Women
Casc (n=32) 12 (37.5) 5 (15.6) 15 (46.9) 103.2 0.427
Control (7 = 160) 57 (35.6), 52 (32.5) 51 (31.9) 95.2 )
Ischemic heart discasc
Men and women
Case (n=33) 10 (30.3) 12 (36.4) 11 (33.3) 98.6 0.605
Case (n=165) 56 (33.9) 61 (37.0) 48 (29.1) 103.9 )

Data are n (% among cascs or control subjects)
*by Mann-Whitney Utest

In contrast to the relationship between cerebral infarc-
tion and SUG3, the risk of IHD was not dose-depend-
ently associated with titers of antibodies to either 2
gingivalis FDC381 or SUG3 strains even when ana-
lyzed only for men. Because we were unable to dem-
onstrate a significant association between the risk of
IHD and traditional risk factors, except for current
smoking and hs-CRP, the number of events would not
have been enough to evaluate the risk of IHD; there-
fore, we cannot reach any conclusion about the anti-
body titers to P gingivalis and the risk of IHD in this
study. A larger cohort or a longer follow-up is needed
to investigate the relationship between IHD and anti-
body titers to P gingivalis in the Japanese population.
In addition, extensive studies investigating the influ-
ence of differences in P gingivalis strains on pathogen-
esis are required to elucidate the relationship berween
periodontitis and ischemic vascular disease.

In the present study, lower antibody titers to 2
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gingivalis FDC381 and SU63 were observed in wom-
en than men, and no association was observed be-
tween antibody titers and ischemic vascular events in
women. Differences in antibody titers to periodonto-
pathic bacteria and risk for stroke by gender have been
observed in previous studies®" #\. This disparity may
be due to differences in bacterial burden or the severi-
ty of periodontitis between genders. Epidemiological
surveys showed a higher prevalence and greater extent
of attachment loss (a clinical characteristic of peri-
odontitis) in males than in females3”. Clinical records
of periodontitis were unavailable for evaluation in this
study; however, the lower antibody titers in women in
our study population may reflect the extent of severity
of periodontitis. Given that the progression and sever-
ity of periodontal disease are determined by the host
inflammatory response and reflected in antibody ricers
to periodontal bacteria, high antibody titers in men
may be indicative of the severity of periodontitis and
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Table S. Relative odds for ischemic vascular events associated with antibody titers to 2 gingivalis FDC381

Tertile categorics of £ gingivalis FDC381

1st (392-6187) 2nd (6212-13,696) 3rd (13,746-53,041,276)
OR OR (95% CI) P OR (96% CI) P
Cerebral infarction
Men
Crude 1.00 {reference) 1.88 (0.65-5.46) 0.247 2.88 (1.06-7.85)  0.039
Multivariable” 1.00 (reference) 1.66 (0.56-4.96) 0.362 2.64 (0.94-7.41) 0.066
+hs-CRP (logto) 1.00 (reference) 1.91 (0.63-5.79) 0.252 2.62 {0.90-7.58) 0.076
Women
Crude 1.00 (reference) 0.47 (0.17-1.30) 0.143 1.07 (0.46-2.50) 0.879
Multivariable 1.00 {refercnce) 0.41 (0.14-1.17) 0.094 1.04 (0.42-2.57) 0.926
+ hs-CRP (logio) 1.00 (reference) 0.41 (0.14-1.17) 0.095 1.07 (0.43-2.69) 0.880
Ischemic heart discase
Men and women
Crude 1.00 (reference) 2.90 (1.08-7.82) 0.035 2.31 (0.81-6.56) 0.116
Multivariable 1.00 (reference) 2,90 (1.04-8.08) 0.042 2.35 (0.81-6.85) 0.117
+hs-CRP (login) 1.00 (reference) 3.00 (1.05-8.56) 0.040 2.27 (0.77-6.65) 0.135

OR, odds ratio calculated by conditional logistic regression analysis: Cl, confidence interval
Multivariable model adjusted for current smoking status (only for men), treated hypertension, diabetes mellitus, systolic
blood pressure, diastolic blood pressure, serum total cholesterol level, and serum HDL-cholesterol level using sex-specific propensity scores

Table 6. Relative odds for ischemic vascular events associated with antibody titers to 2 gingivalis Su63

Tertile categories of P gingivalis SUG3

1st (325-5914) 2nd (5935-10,462) 3rd (10,472-360,948)
OR OR (95% CI) r OR {969 CI) r
Cerebral infarcrion
Men
Crude 1.00 (reference) 7.94 (1.72-36.7) 0.008 9.62 (2.15-43.0) 0.003
Mulrtivariable 1.00 (reference) 7.12 (1.51-33.5) 0.013 9.03 (1.97-41.5) 0.005
+hs-CRP (logto) 1.00 (reference) 8.58 (1.7741.7) 0.008 9.39 (2.00-44.2) 0.005
Women
Crude 1.00 (reference) 0.45 (0.15-1.34) 0.152 1.45 (0.64-3.30) 0.379
Multivariable 1.00 (reference) 0.37 (0.12-1.14) 0.084 1.30 (0.54-3.09) 0.560
+ hs-CRP (logro) 1.00 (reference) 0.37 (0.12-1.14) 0.083 1.32 (0.55-3.17) 0.541
Ischemic heart disease
Men and women
Crude 1.00 (reference) 1.10 (0.44-2.70) 0.843 1.27 (0.51-3.17) 0.611
Multivariable 1.00 (reference) 1.09 (0.43-2.74) 0.856 1.25 (0.49-3.19) 0.633
+ hs-CRP {logo) 1.00 (reference) 1.16 (0.45-2.96) 0.761 1.29 (0.51-3.30) 0.594

OR, odds ratic calculated by conditional logistic regression analysis; Cl, confidence interval
Multivariable modcl adjusted for current smoking status (only for men), treated hypertension, diabetes mellitus, systolic
blood pressure, diastolic blood pressure, scrum total cholesterol level, and serum HDL-cholesterol level using sex-specific propensity scores

may be associated with ischemic vascular disease.

CRP is a candidate protein which may explain
the pathogenetic relationship between THD and peri-
odontitis, because elevated levels of CRP are observed
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in periodontitis patients'?. In our dara, adjustment
for hs-CRP did not considerably modify the associa-
tion berween antibody titers to P gingivalis and the
risk of ischemic vascular events; thercfore, a high anti-
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body titer did not directly reflect high CRP levels in
the cases, suggesting that the measurement of anti-
body levels to P gingivalis may be helpful in risk eval-
uation of ischemic vascular disease.

Recent meta-analysis using 5 cohort studies indi-
cated that both the prevalence and incidence of IHD
are significantly increased in periodontitis paticnts®";
however, current knowledge was mainly derived from
Western populations and ethnicity must be taken into
account for variations. For example, hs-CRP levels, an
important risk factor for IHD, are lower in the Japa-
nese population possibly due to both genetic and life-
style differences’* 3¥; therefore, levels of antibody ti-
ters that may reflect systemic inflammatory responses
could differ in the Japanese population.

The potential limitations of this study are the
small number of cases and the contribution of residual
confounders, such as socioeconomic status, which
were not controlled for in this analysis. However, the
present serologic case-control study nested in the To-
kamachi-Nakasato cohort enabled us to verify the re-
lationship between high titers of IgG antibody to P
gingivalis and ischemic vascular disease in the Japanese
population. In particular, we successfully demonstrat-
ed that high antibody titers to P gingivalis SUG3 are a
strong independent predictor of cerebral infarction in
men. In addition to biomarkers such as interleukin-6
and hs-CRP, an elevated antibody titer to SUG3 could
be a good candidate marker for predicting the furure
risk of cerebral infarction.
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Several studies have suggested chronic periodontitis as a
possible risk factor for atherothrombotic vascular diseases
such as cerebral infarction and ischaemic heart disease
(IHD).*™* Atherosclerosis is an inflammatory disease initiated
by injury to the vascular endothelium?® and is a major cause of
atherothrombotic vascular diseases involving plaque forma-
tion, plaque disruption, and subsequent atherothrombosis.®’
Regarding mechanisms of the relationship between periodon-
titis and atherothrombotic vascular diseases, the bacterial
burden in gingival tissues that induces systemic inflammation
may modulate atherogenesis in periodontitis patients. A
similar association has been observed between infection with
Chlamydia pneumoniae and Helicobacter pylori and atherothrom-
botic vascular disease.®®

C-reactive protein (CRP), a plasma protein synthesised by
the liver, is a sensitive and dynamic systemic marker of
inflammation®® and it was reported to be a predictor of
cardiovascular risk independent of conventional cardiovas-
cular risk factors.*™*? A meta-analysis of 22 prospective
studies confirmed that high CRP levels are associated with the
risk of coronary heart disease (CHD) and ischaemic stroke.™
On the other hand, a recent meta-analysis found that CRP
levels were linearly associated with several conventional risk
factors®®: therefore, the roles of CRP in cardiovascular risk
need to be assessed further by considering the effects of other
modifiers of CRP levels, such as infectious diseases that
sustain alow systemic grade of inflammation. Indeed, several
studies have reported slightly elevated CRP levels in peri-
odontitis patients and patients with other chronic infectious
diseases.’ ‘

Porphyromonas gingivalis, a periodontopathic Gram-negative
bacterium, has been acknowledged as a risk factor of
periodontal disease and extensively analysed with regard to
its role in the pathogenesis of atherogenesis.’®?° The use of
clinical parameters to define periodontal disease has been
criticised to investigate the relationship between two diseases
since they do not represent systemic effects elicited by the
periodontal disease directly. Previous reports have demon-
strated an association between its antibody titre, another
systemic marker of inflammation, and the incidence of stroke*
and IHD?%?? in Western populations. A recent nested case-
control study in a larger cohort successfully investigated the
influence of systemic exposure to P. gingivalis on the incidence
of stroke.?® Taken together, CRP levels and antibody titres to
periodontopathic bacteria are potentially surrogate markers of
periodontitis in the assessment of systemic inflammatory
responses that modulate the progression of atherosclerotic
diseases. The relationship between CRP levels and antibody
titres need to be clarified, since both markers monitor the
systemic inflammatory response to periodontal infection and
may affect each other potentially. However, no reports have
investigated the association between CRP levels and serum
antibody titres in an Asian population to date. Our previous
report demonstrated that a high frequency of antibody
positivity for P. gingivalis SU63 was observed in CHD patients,
suggesting that the presence of a particular strain with high
virulence may be related to the diseases.”*

Therefore, the present study was designed to investigate
whether titres of antibody to two strains of P. gingivalis (FDC381
and SU63) are associated with hs-CRP levels in Japanese

periodontitis patients. Further, the effect of periodontal
therapy on both markers was analysed in the same subjects.

1. Materials and methods
1.1.  Study subjects

Forty-nine patients with moderate to advanced periodontitis
and 40 periodontally healthy control subjects were included in
this study. The institutional review board of Niigata University
Graduate School of Medical and Dental Sciences approved this
study, and written informed consent was obtained from all
patients before inclusion in the study. Current or past smokers
were excluded from the present study, and periodontal tissue
destruction was assessed as described previously.?® Clinical
examination included analysis of the plaque-control record,?®
recording of both probing depth and attachment level, and
assessment of alveolar bone resorption. Probing depth and
attachment level were recorded at six sites around each tooth.
Alveolar bone resorption was measured radiographically on the
proximal surface of each tooth. Intra- and inter-examiner (T.
Nakajima, K. Tabeta, and K. Yamazaki) calibrations were
performed on patients prior to initiating the baseline measure-
ments. None of the patients had a history of periodontal
treatmentand none had taken antibiotics within 3 months prior
to baseline examination. Serum for non-disease controls was
obtained from staff members of the Niigata University Dental
Hospital. None of these subjects showed periodontal pockets,
loss of attachment or alveolar bone resorption.

1.2. Treatment

Initial therapy consisted of mechanical plaque control
together with scaling and root planing under local anaesthe-
sia. The effect of the initial therapy was evaluated and surgical
procedures were applied for treatment of residual periodontal
pockets. Either a modified Widman flap procedure or an
undisplaced flap procedure was selected depending on the
individual requirements. The number of sites requiring
surgical procedures varied from patient to patient. After
completion of surgical procedures, the patients were exam-
ined and followed up either monthly or every 3 months,
depending on individual requirements. Antibacterials (a third-
generation cephalosporin) were usually prescribed for 4 days
after periodontal surgery. Serum samples were taken 3-4
months after completion of active therapy (scaling and root
planing or periodontal surgery).

1.3.  Measurement of hs-CRP

hs-CRP levels were measured by a latex particle-enhanced
immunoassay procedure (SRL, Tokyo, Japan). The lower limit
of the assay was 0.05 mg1~>. Intra- and inter-assay CVs were
less than 10%.

1.4.  P. gingivalis antibody titres

Titres of antibody to P. gingivalis lysates were measured by
enzyme-linked immunosorbent assay (ELISA) and evaluated
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according to the method described previously, with some
modifications.?® P. gingivalis lysates for strains FDC381 and SU63
(Institute of Immunology Co., Ltd., Tokyo, Japan) were used as
antigens for ELISA assay. The lysates (0.05 ng) were coated on
96-well ELISA plates (100 pl/well; 0.5 pg ml™* in 0.05 M bicar-
bonate buffer, pH 9.6) and incubated overnight at 4 °C. The
plates were then washed with 0.05% Tween-saline, and 100 pl of
test sample diluted with 0.05% Tween-saline containing 4% goat
serum (1:400-1:12800) was added and the mixture was
incubated for 1h at room temperature. After washing three
times with 0.05% Tween-saline, horseradish peroxidase-conju-
gated goat anti-human immunoglobulin G (IgG) (Sigma,
Ronkonkoma, NY, USA) was added and the samples incubated
for 1h at room temperature. Peroxidase reaction was accom-
plished by the addition of 75 pl/well 0.04% H,0, and orthophe-
nylenediamine (1 mgml™) in sodium citrate buffer. Colour
development was halted by the addition of 4 M sulphuric acid,
and absorbance wasread ata wavelength of 490 nm. Pooled sera
for controls were prepared from systemically and periodontally
healthy subjects with very low antibody response to P. gingivalis,
and these were used to titrate the antibody levels into ELISA
units. The subjects were then divided into tertiles based on
antibody titre to P. gingivalis lysates.

1.5. Statistical analysis

Statistical differences in baseline characteristics between cases
and controls were analysed by the Student's t-test, Mann-
Whitney U-test and the Spearman’s correlation test. The effect
of periodontal treatment was compared using the paired t-test
for periodontal status and the Wilcoxon signed-rank test for
serum markers. In periodontitis patients, P. gingivalis antibody
titres were classified into three categories according to tertiles
based on the value order of antibody titres from the highest to
the lowest. Associations between tertile categories and peri-
odontal status at baseline were assessed by one-way analysis of
variance by the linear trend post-test. Baseline serum markers
for each tertile were compared by the Kruskal-Wallis test.
Multiple regression analyses were performed to determine
whether there were correlations between hs-CRP levels and
independent variables. These variables were as follows: (1)
categorical data: gender (0: male, 1: female), patients/controls (0:
control, 1: patient), and antibody titres to P. gingivalis strain
FDC381 and SU63 (1:3; tertile groups of EU) and (2) continuous
data: ages, interleukin 6 (IL-6; pgml™"), and tumour necrosis
factor alpha (TNF-o; pgml™® for baseline. In analyses for
patients after treatment, experiences of surgical treatment (1:
yes, 0: no) and internal use of antibacterials (1: yes, 0: no) were
included as variables. Statistical analyses were performed using
standard statistical software (Statview J-4.5 application pro-
gramme; SAS Institute Inc., Cary, NC, USA and SPSS 13.0 for
Windows; SPSS, Inc., Chicago, IL, USA).

2. Results

2.1. Baseline characteristics

Baseline characteristics of cases and controls are listed in
Table 1. At baseline, the condition of the periodontal tissues

significantly improved following scaling and root planing
along with subsequent periodontal surgery. All the procedures
were completed in 6 months for scaling and root planing and
in 12 months for surgical treatment. The percentage of sites
showing probing depths of either >6 mm or 4-6 mm was
significantly lower and the percentage of sites showing
probing depths of <4 mm was significantly higher at reas-
sessment compared with that at baseline. The percentage of
sites showing a clinical attachment level of <4 mm was also
higher at reassessment.

hs-CRP levels in patients before periodontal treatment
were significantly higher compared with those in control
subjects (p < 0.005), and were significantly decreased follow-
ing periodontal treatment (p < 0.005).

Titres of antibody to P. gingivalis strains FDC381 and SU63 in
each group are shown in Table 1. The median antibody titres to
strains FDC381 and SU63 of P. gingivalis in patients before
periodontal treatment were significantly elevated compared
with those of control subjects (p < 0.0001), and they signifi-
cantly decreased after periodontal treatment (p < 0.0001 and
p <0.005, respectively). Significantly positive correlations
were observed between antibody titres to P. gingivalis strains
FDC381 and SU63 in periodontitis patients at both baseline
(r=0.9121, p<0.0001) and reassessment (r=0.8898,
p < 0.0001). No correlation was observed between CRP and
BOP (Bleeding on Probing) at baseline examination (r = 0.1269,
p =0.3899),

2.2.  Serum antibody titres to P. gingivalis and periodontal
disease status

The relationship between antibody response to P. gingivalis
and periodontal disease status was analysed in tertiles defined
by antibody titre in periodontitis patients at baseline. As
shown in Tables 2 and 3, all periodontal parameters were
progressively and significantly increased with higher antibody
titre to strains FDC381 and SU63, respectively (p < 0.05 for
linear trend).

2.3.  P. gingivalis antibody titres and hs-CRP levels

Antibody titres to both strains of P. gingivalis (FDC381 and SU63)
and hs-CRP levels varied widely across periodontitis patients at
baseline. No direct correlation was observed between titres of
antibody to either P. gingivalis strains FDC381 or SU63 and hs-
CRP levels (r=-0.117, p=0.3419; r=-0.06726, p=0.5858,
respectively) (Fig. 1). The relationship between antibody titres
to P. gingivalis and the hs-CRP levels was further analysed using
tertile groups as defined by antibody titre to either strain of P.
gingivalis in periodontitis patients at baseline (Tables 2 and 3).
No significant difference and dose-dependent tendency was
observed amongst tertiles of antibody against P. gingivalis
strains FDC381 and SU63 (p>0.05 for either strain of P.
gingivalis, the Kruskal-Wallis test). Although median hs-CRP
levelsin each group decreased following periodontal treatment,
a statistical difference was found only for the highest tertiles
(p < 0.05 for either strain of P. gingivalis, the Wilcoxon signed-
rank test). These data indicate that hs-CRP levels were
independent of P. gingivalis antibody titres as inflammatory
markers in periodontitis patients.
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Table 1 - Clinical characteristics and serum markers of the study population

We dichotomised hs-CRP levels before periodontal
treatment in patients at a level of 1mgl™?, because a
recent study demonstrated that the cutoff point for hs-CRP
level for high risk of future development of CHD in Japanese
subjects was likely to be >1.0 mg 1% (Table 4). A significant
decrease in hs-CRP levels as a result of periodontal treatment
was found in patients with hs-CRP levels >1mgl™?
(p < 0.005).

Titres of antibody to both strains of P. gingivalis were higher
in patients with hs-CRP levels >1mgl™* than in those with
levels <1 mg1~% however, the difference was not statistically
significant (p > 0.05). After periodontal treatment, antibody
titres in each group were significantly decreased (p < 0.005 for
FDC381, p < 0.05 for SU63).

2.4.  Correlation analyses between hs-CRP and
independent variables

To evaluate the correlation between hs-CRP levels and
antibody titres to P. gingivalis, we performed multivariate
regression analyses for possible variables. Analyses were
performed separately for antibody titres to P. gingivalis strains
FDC381 and SU63 because of colinearity. No correlation was
observed between hs-CRP levels and antibody titres to P.
gingivalis in any of the patients or control subjects. hs-CRP
levels were significantly associated with age and diagnosis of

periodontitis with low partial correlation coefficients in the
models, including antibody titres to P. gingivalis strains FDC381
(p=0.010, coeff. 0.278 for age; p=0.004, coeff. 0.308 for
patients/control, Table 5A) and SU63 (p =0.029, coeff. 0.239
for age; p = 0.001, coeff. 0.357 for patients/control, Table 5B). IL-
6 was a significant variable associated with hs-CRP in the
model thatincluded antibody titre to P. gingivalis strain SU63 as
a variable (p=0.031, Table 5B). A positive tendency of
correlation between IL-6 and hs-CRP was observed in the
model that included antibody titres to P. gingivalis strain
FDC381 as a variable; however, it was not significant (Table
5A). We further analysed the effect of periodontal treatment,
including experiences of periodontal surgery and internal use
of antibacterials. Use of antibacterials was removed from the
final model presented in Table 6 because the number of
patients who received treatment without antibacterials was
very small. No correlation was observed between hs-CRP and
antibody titres to P. gingivalis. Notably, the significant
association of IL-6 with hs-CRP observed at baseline dis-
appeared after treatment in both models that included
antibody titres to P. gingivalis strains FDC381 (Table 5A) and
SU63 (Table 5B). By contrast, a negative association of TNF-a
with hs-CRP was observed in the model that included antibody
titres to P. gingivalis strain FDC381;, however, the partial
correlation coefficient indicated that the association was quite
low (Table 5A).
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Table 2 - Comparison of tertile distributions of clinical characteristics and antibody titre to P. gingivalis strain FDC381 in
periodontitis patients at baseline

3. Discussion

In the present study, no apparent association was found
between antibody levels to P. gingivalis and hs-CRP levels,
although the increase of P. gingivalis antibody titres and hs-CRP
levels in patients was ameliorated by periodontal treatment.
hs-CRP levels and antibody titres to P. gingivalis exhibited a
tendency towards a negative association. Although we could
not find reports of data similar to this observation, we
speculate that high antibody titres may function on suppres-
sing acute phase responses, such as CRP production. The
present study indicates the different roles of antibody titres to
P. gingivalis and hs-CRP levels as inflammatory markers of
periodontitis in the evaluation of host immune response.
Systemic elevations of antibody are frequently observed as
a manifestation of bacterial infection. Antibody titres to
periodontopathic bacteria have been shown to be elevated
in periodontitis patients®®?® and were decreased by periodon-
tal treatment.3%3? Furthermore, IgG antibody titres to selected

periodontal species could serve as surrogate markers of
clinical periodontal status in epidemiological studies.>? Titres
of antibody to periodontopathic bacteria, especially P. gingi-
valis, reflect current and past infection status as being a useful
systemic biomarker for periodontitis in the patients who have
not received periodontal therapy.

Regarding the relationship between periodontitis and
atherothrombotic diseases, previous reports have demon-
strated an association between titres of antibodies to
Aggregatibacter actinomycetemcomitans and P. gingivalis with
the incidence of stroke® and IHD.?*?2 The positive relationship
shown by those data suggests that antibody titres to period-
ontopathic bacteria may directly represent the effect of
systemic inflammation, which may possibly modulate vascu-
lar inflammation in the progression of atherothrombotic
diseases. Our previous report demonstrated that high fre-
quency of antibody positivity for P. gingivalis strain SU63 was
observed in CHD patients but not in periodontitis patients,
suggesting that the presence of a particular strain with high
virulence may be related to the disease.?* It is possible that
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Table 3 - Comparison of tertile distributions of clinical characteristics and antibody titre to P. gingivalis strain SU63 in

periodontitis patients at baseline.

P. gingivalis strain SU63 has specific biological effects that may
induce specific host responses. However, hs-CRP levels were
similar in the tertile analysis of antibodies to P. gingivalis
strains FDC381 and SU63 in the present study. For this study
population, we have no information about antibody titres to
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other P. gingivalis strains. Other strains with high virulence to
the host may be probable candidates for further research in
this area to establish a correlation between antibody titres to
them and CRP in the serum. The finding indicates that a
population who may be at risk for CHD can be predicted by the
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Fig. 1 - Correlations between systemic inflammatory mediators and antibody titre to P. gingivalis in periodontitis patients at
baseline (n = 49). (A) P. gingivalis strain FDG381 versus hs-CRP levels, (B) P. gingivalis strain SU63 versus hs-CRP levels.
Spearman’s correlation testing was performed for statistical analysis.




