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Prevotella nigrescens and
Porphyromonas gingivalis
are associated with signs
of carotid atherosclerosis

In subjects with and without
periodontitis

Yakob M, Séder B, Meurman JH, Jogestrand T, Nowak J, Sider P.-O. Prevotel-
la nigrescens and Porphyromonas gingivalis are associated with signs of carotid
atherosclerosis in subjects with and without periodontitis. J Periodont Res 2011; 46:
749-755. © 2011 John Wiley & Sons A/S

Background and Objective: Oral microorganisms may be involved in the devel-
opment of cardiovascular diseases, and Porphyromonas gingivalis is one of the
periodontal microorganisms that has been found in carotid atheroma. The aim of
this work was to study subgingival microorganisms and early carotid lesions in
subjects with and without periodontitis.

Material and Methods: Eighty-eight subjects with periodontitis and 40 subjects
without periodontitis underwent dental examinations in 2003. The presence of the
periodontal microorganisms Aggregatibacter actinomycetemcomitans, Porphyro-
monas gingivalis, Prevotella intermedia, Prevotella nigrescens and Tannerella for-
sythia was analyzed from subgingival plaque using PCR amplification. The
common carotid artery was scanned using ultrasound and the calculated intima-
media area (cIMA) was measured. The association between periodontitis, the
cIMA value and the presence of periodontal microorganisms, together with several
confounders, was studied in a multiple logistic regression model.

Results: Smoking [odds ratio (OR) = 5.64; p = 0.001), level of education

(OR = 5.02; p < 0.05) and the presence of P. gingivalis (OR = 6.50; p < 0.05)
were associated with periodontitis. Explanatory factors for the increased cIMA
were periodontitis (OR = 4.22; p < 0.05), hypertension (OR = 4.81; p < 0.05),
high body mass index (OR = 5.78; p < 0.01), male gender (OR = 3.30; p < 0.05)
and poor socioeconomic status (OR = 4.34; p < 0.05). P. nigrescens (OR 4.08;
p < 0.05) and P. gingivalis (OR 7.63; p < 0.01) also appeared as explanatory
variables associated with increased cIMA values.

Conclusion: This cross-sectional study showed that P. nigrescens and P. gingivalis
were significantly associated with increased cIMA values.
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titis, may act as risk factors for the
development of cardiovascular diseases
(CVD) (1-6). A recently published

The results of several studies published
during the last two decades have shown
that oral diseases, especially periodon-

review concluded that periodontitis
may indeed contribute to the systemic
inflammatory burden and pathogenic
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processes that lead to atherosclerosis
in otherwise healthy individuals (7).
However, a direct causal relationship
has not been established between peri-
odontitis and atherosclerotic CVD (8).
Longitudinal studies have shown that
oral pathogens may be involved in the
development of CVD such as coronary
thrombosis, stroke (9—11) and bacte-
rial endocarditis (12). Aggregatibacter
actinomycetemcomitans, Porphyromonas
gingivalis and Prevotella intermedia
have been identified, using PCR
amplification, in carotid atheromas
(13). Both A. actinomycetemcomitans
and P. gingivalis can invade epithelial
cells and induce mechanisms that are
detrimental to host cells (14). A sys-
temic antibody response to infections
with periodontal microorganisms has
been shown, for example by the direct
relationship between the serum levels of
IgG to P. gingivalis and subgingival
colonization with P. gingivalis (15).
Periodontitis is characterized by
infection and inflammation in the
periodontal tissue, leading to destruc-
tion of the bone surrounding the teeth
and, ultimately, to tooth loss (16). The
bacterial biofilm on the teeth triggers
an immune-inflammatory response in
the adjacent host tissues and can initi-
ate periodontitis (17,18). Periodontal
pathogens are necessary, but not suffi-
cient, in the pathogenesis of the disease
(19,20). The complexity of variations in
the composition and virulence of the
oral microbiota that contribute to
periodontitis has not been explored in
detail (21,22). Nevertheless,
negative anaerobes, such as P. gingi-
valis, are well-established periodontal
pathogens (23,24). Tannerella forsythia
and Treponema denticola also belong to
the group of microorganisms catego-
rized as periodontal pathogens. This
concept is based on the association of
these microorganisms with severe
forms of periodontitis, as defined by
Socransky et al. (21). The bacterial
flora of a healthy oral cavity has not
been defined; however, the microbiota
in the healthy oral cavity is different
from that found in connection with oral
and dental diseases in that many species
particularly linked with periodontitis,
such as P. gingivalis and T. forsythia,
are not detected in healthy sites (25).

gram-

With this background, we hypothe-
sized that the presence of certain sub-
gingival microorganisms is associated
with atherosclerosis. Hence, the aim of
this study was to investigate subgingi-
val microorganisms and early carotid
lesions in subjects with and without
periodontitis.

Material and methods

Study participants

The baseline cohort was selected in 1985
using the registry file of all inhabitants
of the Stockholm metropolitan area
(Sweden) and consisted of 3273 indi-
viduals 30-40 years of age and born on
the 20th of any month between 1945 and
1954. All selected individuals were
informed about the purpose of the study
and were offered a dental examination.
In total, 1676 individuals agreed to
participate and underwent an initial
dental examination (26). This initial
dental screening revealed that 256 per-
sons suffered from periodontal disease.
Subjects with three teeth (excluding
third molars) with a pocket depth of
> 5 mm, as well as gingival bleeding on
probing were diagnosed as having peri-
odontal disease. After at least 16 years,
150 age- and gender-matched subjects
were randomly selected from the cohort
using a computer program, and 64 wo-
men and 64 men were recalled and
re-examined in the present study in 2003.
The study profile is shown in Fig. 1.
All subjects fulfilled the following
inclusion criteria: no systemic disease,
no systemic or local antibiotic therapy
during the 6 mo prior to the clinical
examination and no periodontal treat-
ment during the last 3 mo. The data
analyzed in this report also included
subjects from earlier studies (3.4,27).
The study was approved by the Ethics
Committee of the Karolinska University
Hospital at Huddinge. All subjects gave
their informed consent to participate.

Examination and analyses

The subjects answered a questionnaire
concerning health problems, medica-
tion, dental visits, tobacco use, marital
status, socioeconomic data, education
and occurrence of stroke or coronary

artery disease in siblings or parents
before the age of 65.

In all subjects the following clinical
oral health parameters were recorded in
2003: the number of remaining teeth
(28), oral hygiene status (using the
dental plaque index) (29), gingival
inflammation (using the gingival index)
(30) on six surfaces and bleeding on
probing. Periodontal pocket depth
and attachment level were determined
using a periodontal probe (Hu-Friedy
PCPUNC 15; Hu-Friedy, Chicago, IL,
USA) and the measurements made at six
sites of each tooth were rounded up to
the nearest millimeter. Wisdom teeth
were excluded as described in a previous
publication (28). Dental examinations
were performed by one of the authors
(B.S.). For calibration, 10 patients were
examined by the examiner, who
recorded pocket depths and attachment
levels. The patients were examined on
two occasions and two sets of mean
values were obtained for each patient.

Radiographs

A full-mouth set of 14 Kodak Ekta-
speed periapical radiographs was
obtained from each patient in 2003
(Ekta Speed Eastman Kodak, Roche-
ster, NY, USA). An Eggen film-holder
(DAB, Stockholm, Sweden) and an
Oralix Roentgen apparatus (65 kVp/
7.5 mA) (Gendex Dental System,
Milano, Italy) equipped with a cone of
rectangular section were used, permit-
ting a modified parallel long-cone tech-
nique, with a focus-film distance of
approximately 30 cm. At each measur-
able interproximal surface, except on
third molars, the alveolar bone height
was determined as a percentage of the
root length from the radiographs mag-
nified x5, using a computerized mea-
suring system described earlier (3). The
radiographs were evaluated by one of
the authors (P.-O.S), blinded to the re-
sults of the clinical dental examination.

Analyses of periodontal
microorganisms

In 2003, subgingival plaque samples
were collected from four test sites on
each subject, the second premolar in
each quadrant. The samples were
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Assessed for eligibility
(n=105798)

v

Randomized subjects
(n=3273)

Did not participate
(n=1597)

'

Clinical oral examination
(n=1676)

v

v

Periodontal disease
(n=286)

No periodontal disease
(n=1390)

Selected by a Selected by a
2003 computer program computer program
(n=100) (n=50)
150 subjects with and without
periodontitis were age- and
gender balanced
A A
Analyzed (n = 64 women) Analyzed (n = 64 men)
(n = 44 with periodontitis) (n = 44 with periodontitis)
(n =20 without periodontitis) (n =20 without periodontitis)
Excluded (n =11 women) Excluded (n =11 men)
Lost to follow up (n = 6) Lost to follow up (n=4)
v Did not match in age- or gender (n = 5) Aggressive periodontitis (n = 2)
Did not match in age- or gender (n = 5)

Fig. 1. Flow chart showing the selection of participants in 1985 to re-examination in 2003.

collected with a sterile curette into
Eppendorf tubes (Eppendorf Nordic,
Copenhagen, Denmark) containing
100 uL of phosphate-buffered saline
(pH 7.4). The samples were then fro-
zen to —70°C until required for sub-
sequent analyses. The PCR was used
to detect microorganisms in a non-
quantitative manner (i.e. present or not
present). Specific primers were designed
to hybridize to various regions of
165 ribosomal RNA (rRNA) genes.
A. actinomycetemcomitans, P. gingiva-
lis, P. intermedia, Prevotella nigrescens
and T. forsythia were analyzed and
expressed as a percentage if present in at
least one site. The detection limit of the
PCR method used was 5-10 cells. The
sensitivity and specificity of the PCR
method used are described in the origi-
nal publications of the method (31,32).

Assays of biochemical markers in
plasma

At the time of the oral examination in
2003, blood pressure was measured and

12-lead electrocardiography was used
to record the electrocardiogram. Blood
samples were taken after 12 h of over-
night fasting to analyze plasma total
cholesterol. The analyses were made
using routine methods at the Labora-
tory of Clinical Chemistry at Karo-
linska University Hospital, Huddinge,
Sweden.

Carotid B-mode ultrasound

Carotid ultrasound was performed in
2003. Carotid arteries were examined
bilaterally using a duplex scanner
(Aspen; Acuson, Mountain View, CA,
USA) using a 7-MHz linear-array
transducer. All recordings were made
by the same trained sonographer with
the subjects in a supine position, and
with the head turned slightly away
from the sonographer. The scans were
videotaped for subsequent analyses by
a computer system with automated
tracing of the echo interfaces (33).
Measurements of distances between
the wall echoes within a 10-mm-long

section of the common carotid artery
(CCA) were made in late diastole
defined by a simultaneous electrocar-
diographic recording. The far wall of
the CCA, 0.5-1.0 cm proximal to the
proximal delimitation of the carotid
bulb, was used to measure the intima-
media thickness (IMT) and the lumen
diameter. The IMT was defined as the
distance between the leading edge of
the lumen-intima echo and the leading
edge of the media-adventitia echo. The
lumen diameter was defined as the
distance between the leading edge of
the intima-lumen echo of the near wall
and the leading edge of the lumen-
intima echo of the far wall. The mean
values of the IMT and the lumen
diameter within each 10-mm-long sec-
tion were calculated unless the pres-
ence of plaques was observed in the
region of interest, in which case the
measurements of the IMT were aban-
doned. Carotid plaque was defined as a
localized IMT of > 1 mm and at least
a 100% increase in thickness compared
with adjacent wall segments. In order
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to compensate for the stretching effect
of arterial distension (secondary to
increased arterial pressure) on the wall
thickness, the cross-sectional intima-
media area (cIMA) (34) was calculated
using the formula: 3.14 [(lumen diam-
eter/2 + intima-media thickness)® -
(lumen diameter/2)?]. The differences
between repeated measurements of
IMT and the lumen diameter, using the
automated analysis system, were 3.2%
and 0.6% (coefficient of variation),
respectively (with an IMT of 0.48-
1.04 mm and a lumen diameter of
4.34-7.91 mm).

Statistical analyses

The final analyses included 88 patients
with periodontitis and 40 subjects
without periodontitis. The standard
deviation (SD) of a single observation,
as derived from the two repeated clin-
ical examinations, was 0.05. The intra-
examiner reproducibility was tested
using the intraclass correlation coeffi-
cient (ICC); the ICC for periodontal
pocket depth was 0.849 and the ICC
for attachment level was 0.849 (PASW
Statistics Inc., Chicago, IL, USA). In
addition, the intra-examiner reproduc-
ibility was also tested by double-blind
re-analysis of all the radiographs of
five participants 6 mo after the first

analysis. The intra-examiner repro-
ducibility was tested using the ICC,
and the ICC value was 0.967.

The Student’s unpaired r-test and
analysis of variance were used for data
analysis. The chi-square test with Fish-
er’s exact p-value was used to determine
the differences between categorical
data. Multiple logistic regression anal-
yses were used to compare cIMA values
while simultaneously controlling for
several potential confounding variables.
In the multiple logistic regression anal-
ysis models we included confounding
variables such as age, sex, education,
smoking habits (calculated in pack-
years) and periodontitis. The smoking
habits were divided into smokers
(subjects who had ever smoked) and
nonsmokers (subjects who had never
smoked). The model with these
confounding variables was correlated
with cIMA. A backwards elimina-
tion method was used to control for
multicollinearity (correlation between
confounding variables). The model
summary was determined according to
Cox & Snell R* and Nagelkerke R>.
Differences between data sets with a
probability of < 0.05 were regarded as
significant. All p-values are two-tailed,
and confidence intervals were calculated
at the 95% level. All statistical analyses
were performed using the SPSS® soft-

Table 1. Demographic data and atherosclerosis risk factors of control subjects and patients

Controls Patients

(n = 40) (n = 88) Pt
Age (years) 534 + 28 547 £ 2.7 NS
Education (higher education in %) 92.5 58 < 0.001
Smoking 12.5 40.9 < 0.01
Body mass index (kg/m?) 23.7 = 3.0 253 + 4.5 < 0.05
Plasma cholesterol (mmol/L) 55+ 0.85 59 + 0.94 < 0.05
Hypertension® 17.1 27.5 NS
Periodontal pocket depth (mm) 1.9 £ 0.3 2.8 £ 0.6 < 0.001
Loss of attachment (mm) 1.9 £ 0.6 3.6 = 1.1 < 0.001
Gingival index 0.2 £ 0.6 1.5. £ 1.0 < 0.001
Bleeding on probing (%) 14.0 £ 16.7 39.0 + 25.8 < 0.001
Aggregatibacter 3.0 16.1 NS

actinomycemtemcomitans

Porphyromonas gingivalis 7.3 27.6 < 0.01
Prevotella intermedia 9.7 41.4 0.02
Prevotella nigrescens 63.4 70.1 NS
Tannerella forsythia 19.5 52.9 < 0.001

Data are given as a percentage or as mean =+ standard deviation.
“Fisher’s exact test or the Student’s #-test for unpaired samples was used, as appropriate.
®Systolic pressure < 140 mmHg, diastolic pressure >90 mmHg or ongoing therapy.

NS, not significant.

ware package, version 16.1 (SPSS Inc.,
Chicago, IL, USA).

Results

In total, 128 subjects participated and
underwent a clinical re-examination in
2003. Eighty-eight subjects [44 women,
mean age = SD = 54.7 £ 2.9 years;
and 44 men, mean age + SD =
54.7 + 2.4 years] had periodontitis in
2003 while 40 subjects (20 women,
mean age £ SD = 53.5 + 2.7 years;
and 20 men, mean age + SD = 534
+ 3.0 years) were clinically examined
and were documented not to have
periodontitis (control group) (Fig. 1).

Demographic data and atheroscle-
rosis risk factors of control subjects and
patients are given in Table 1. The per-
centage of individuals with higher edu-
cation was greater among controls than
among subjects with periodontitis.
Smoking habits were also significantly
different between patients and controls.
There were significantly more smokers
in the patient group than in the controls.
Patients also had a higher body mass
index (BMI) and higher levels of plasma
cholesterol than controls. Significant
differences observed between
patients and controls in all clinical oral
health parameters. When comparing
the presence and types of periodontal
microorganisms in control subjects and
patients, a significant difference was
found in the frequency of being infected
with certain microorganisms. Patients
were more often infected with P. gingi-
valis, P. intermedia and T. forsythia
(Table 1).

Multiple logistic regression analyses
of the relationship between periodonti-
tis as the dependent variable and several
independent variables were carried out.
Smoking and education were the
explanatory variables for periodontitis.
Furthermore, the occurrence of P. gin-
givalis was associated with a 6.50-fold
increased odds for periodontitis. The
results are given in Table 2.

Multiple logistic regression analyses
for the increased cIMA showed that
periodontitis, hypertension, BMI, male
gender and poor socioeconomic status
were explanatory variables. Also,
P. nigrescens (p = 0.0034) and P. gin-
givalis (p = 0.008) were explanatory

were
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Table 2. Multiple logistic regression analysis of the relationship between periodontitis as the
dependent variable and several independent variables®

95%
Dependent Explanatory Odds confidence
variable variable p ratio interval
Periodontitis Smoking pack-year 1.73 0.001 5.64 1.98-16.12
Porphyromonas 1.87 0.017 6.50 1.40-30.21
gingivalis
Education 1.61 0.023 5.02 1.25-20.25

“Periodontitis, age, gender, heredity for atherosclerotic diseases, calculated intima-media
area (cIMA), body mass index (BMI), hypertension, dental visits, smoking, education,

income,

Aggregatibacter actinomycetemcomitans,

Porphyromonas gingivalis, — Prevotella

intermedia, Prevotella nigrescens and Tannerella forsythia. Cox & Snell R* = 0.351; Nage-

lkerke R> = 0.491.

variables associated with increased
cIMA values. The results are given in
Table 3.

Discussion

The results of the present study con-
firmed the hypothesis by showing that
two species of subgingival micro-
organisms are associated with an
increased cIMA. Being infected with
P. gingivalis increased the odds of
higher cIMA values by more than
seven-fold and being infected with
P. nigrescens increased the odds of
higher cIMA values by more than
four-fold. Desvarieux et al. reported a
positive, independent, relationship
between carotid IMT and cumulative
periodontal bacterial burden. How-
ever, in that study P. nigrescens was
not measured (35). High BMI is a well-
known risk factor for atherosclerosis
(36,37). This is in agreement with the

result of the present study, in which we
found that a high BMI increased the
risk for a high cIMA by more than
five-fold. Corresponding results were
found by Pussinen et al., who found
that systemic exposure to P. gingivalis
might predispose to incident stroke,
demonstrating the assumption that
oral pathogens may indeed contribute
to atherogenesis (38). The mechanism
of atherogenesis can be explained by
the findings of Qi e al. (39), who
concluded that P. gingivalis cells or
their vesicles, released from periodon-
tal lesions into the circulation, might
affect the arterial wall by virulence
compounds (such as lipopolysaccha-
rides) and initiate or promote foam cell
formation in macrophages, thus con-
tributing to the growth of atheroma.
The effect of P. gingivalis on endothe-
lial cells might play an important role,
and could be another explanation of
atherogenesis because the up-regula-

Table 3. Multiple logistic regression analysis of the relationship between the calculated
intima-media area (cIMA, sin, dx/2) as a dependent variable and several independent

variables®
95%
Dependent Explanatory Odds confidence
variable variable § P ratio interval
cIMA Periodontitis 1.44 0.024 4.22 1.20-14.70
Hypertension 1.57 0.029 4.81 1.17-19.70
BMI 1.75 0.004 5.78 1.75-19.05
P. nigrescens 1.41 0.034 4.08 1.11-15.00
Gender (male) 1.20 0.035 3.30 1.08-10.04
Socioeconomic data 1.47 0.037 4.34 1.09-17.30
P. gingivalis 2.03 0.008 7.63 1.70-34.13

“Periodontitis, age, gender, heredity for atherosclerotic diseases, body mass index (BMI),
total cholesterol, hypertension, dental visits, smoking, Aggregatibacter actinomycetenmcomi-
tans, Porphyromonas gingivalis, Prevotella intermedia, Prevotella nigrescens and Tannerel-

la forsythia. Cox & Snell R> = 0.335; Nagelkerke R?

0.453.
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tion of immunological mediators might
also be a factor here (40). In vitro
studies have shown that P. gingivalis
invades consecutive epithelial cell
layers and multiplies intracellularly
(41). In our study, P. nigrescens also
showed a significant association with
increased cIMA. To our knowledge,
this study is the first investigation
where P. nigrescens has been associ-
ated with an increase in the cIMA. This
microorganism, however, is not
regarded as virulent as P. gingivalis
or T. forsythia but nevertheless belongs
to the periodontal microbiota of
concern.

The present study also addressed the
issue of periodontitis as a future risk
for coronary heart disease. Our results
identified periodontitis as an explana-
tory variable of increased cIMA val-
ues. This finding is in agreement with
recently published investigations dem-
onstrating that periodontitis is indeed
associated with the future development
of atherosclerosis (5,42-44). Periodon-
titis may thus indicate risk for future
CVD complications (3,27), and,
according to our findings, that risk
may be even higher when P. gingivalis
or P. nigrescens is present.

Regarding the reliability of our
results, we emphasize that the subjects
with and without periodontitis were
chosen using a computer program to
avoid selection bias. A single, experi-
enced dental examiner (B.S.) per-
formed all dental examinations in
2003, whereas dental radiographs were
evaluated by one of the other authors
(P.-0.S.), the latter being blinded to
the results of the clinical examination.
The carotid ultrasound was performed
and evaluated by the same experienced
and blinded sonographer. Hence, the
methodological bias was minimized.
Furthermore, it can be emphasized
that the B-mode-derived carotid cIMA
is a well-established variable reflecting
early atherosclerosis and its value has
been well documented in studies on
atherosclerosis at early stages of the
disease, and in assessing various vas-
cular risk factors (45-48).

One limitation of the present study
was the cross-sectional data. Another
main limitation of the study was
the qualitative PCR method used.
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Nevertheless, PCR is a sensitive meth-
od for detecting microorganisms in the
gingival crevicular fluid, and it is also a
faster, easier and more specific tech-
nique than conventional culture. In our
laboratory, real-time quantitive PCR
was not available at the time of the
present analyses. However, the vali-
dated method has been successfully
used in a number of earlier studies. The
present hypothesis was based on the
absence or presence of certain strains
of microorganisms in the gingival
pocket samples and on their associa-
tion with the study parameters
recorded. The samples used for the
detection of microorganisms were
taken from one test site in each quad-
rant, which is a further limitation of
the study. However, four samples were
taken from each subject. Thus, our
results provide information on the
presence of microorganisms in different
quadrants of the mouth. Nevertheless,
further studies in this area are needed
to explain the link between the multi-
causal diseases periodontitis and ath-
erosclerosis. It also needs to be
investigated if and what role the peri-
odontal microorganisms may have in
the pathogenesis of atherosclerosis.

Conclusion

This cross-sectional study showed
that the periodontal microorganisms
P. nigrescens and P. gingivalis were
significantly associated with increased
cIMA.

Acknowledgements

Supported by grants from the Swedish
Heart-Lung Foundation, the AFA
Insurance, Sweden, Philips Oral Health-
care Inc., Karolinska Institutet, Stock-
holm, Sweden, The Medical Society
of Finland, Helsinki, and by grant
TI020Y0003 by the Helsinki Central
Hospital, Finland.

References

1. Mattila KJ, Pussinen PJ, Paju S. Dental
infections and cardiovascular diseases: a
review. J Periodontol 2005;76:2085-2088.

2. Meurman JH, Sanz M, Janket SJ. Oral
health, atherosclerosis, and cardiovascular

disease. Crit Rev Oral Biol Med
2004;15:403-413.

Soder PO, Soder B, Nowak J, Jogestrand
T. Early carotid atherosclerosis in subjects
with  periodontal  diseases.  Stroke

2005;36:1195-1200.

. Soder B, Jin LJ, Klinge B, Soder PO.

Periodontitis and premature death: a
16-year longitudinal study in a Swedish
urban population. J Periodontal Res

2007:42:361-366.

. Desvarieux M, Demmer RT, Rundek T

et al. Relationship between periodontal
disease, tooth loss, and carotid artery
plaque: the Oral Infections and Vascular
Disease Epidemiology Study (INVEST).
Stroke 2003;34:2120-2125.

. Mattila KJ. Viral and bacterial infections

in patients with acute myocardial infarc-
tion. J Intern Med 1989;225:293-296.

. Tonetti MS. Periodontitis and risk for

atherosclerosis: an update on intervention
trials. J Clin Periodontol 2009;36:15-19.

. Friedewald VE, Kornman KS, Beck JD

et al. The American Journal of Cardiology
and Journal of Periodontology editors’
consensus: periodontitis and atheroscle-
rotic cardiovascular disease. J Periodontol
2009;80:1021-1032.

. DeStefano F, Anda RF, Kahn HS, Wil-

liamson DF, Russell CM. Dental disease
and risk of coronary heart disease and
mortality. BMJ 1993;306:688-691.

Beck J, Garcia R, Heiss G, Vokonas PS,
Offenbacher S. Periodontal disease and
cardiovascular disease. J Periodontol 1996;
67:1123-1137.

Wu TJ, Trevisan M, Genco RJ, Dorn JP,
Falkner KL, Sempos CT. Periodontal
disease and risk of cerebrovascular disease
— The First National Health and Nutrition
Examination Survey and its follow-up
study. Arch Intern Med 2000;160:2749—
2755.

. Berbari EF, Cockerill FR, Steckelberg

JM. Infective endocarditis due to unusual
or fastidious microorganisms. Mayo Clin
Proc 1997;72:532-542.

. Haraszthy VI, Zambon JJ, Trevisan M,

Zeid M, Genco RIJ. Identification of
periodontal pathogens in atheromatous
plaques. J Periodontol 2000;71:1554-1560.

. Meyer DH, Mintz KP, FivesTaylor PM.

Models of invasion of enteric and peri-
odontal pathogens into epithelial cells: a
comparative analysis. Crit Rev Oral Biol
Med 1997,8:389-409.

. Kojima T, Yano K, Ishikawa I. Rela-

tionship between serum antibody levels
and subgingival colonization of Por-
phyromonas  gingivalis in patients with
various types of periodontitis. J Period-
ontol 1997,68:618—625.

. Pihlstrom BL, Michalowicz BS, Johnson

NW. Periodontal diseases. Lancet 2005;
366:1809-1820.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

. Page RC, Offenbacher S, Schroeder HE,

Seymour GJ, Kornman KS. Advances in
the pathogenesis of periodontitis: sum-
mary of developments, clinical implica-
tions and future directions. Periodontol
2000 1997;14:216-248.

. Socransky SS, Smith C, Haffajee AD.

Subgingival microbial profiles in refrac-
tory periodontal disease. J Clin Periodon-
tol 2002;29:260-268.

. Haffajee AD, Socransky SS. Microbiology

of periodontal diseases: introduction.
Periodontol 2000 2005;38:9—12.

Socransky SS, Haffajee AD. Periodontal
microbial ecology. Periodontol 2000 2005;
38:135-187.

Socransky SS, Haffajee AD, Cugini MA,
Smith C, Kent RL Jr. Microbial com-
plexes in subgingival plaque. J Clin Peri-
odontol 1998;25:134—144.

Tribble GD, Lamont RJ. Bacterial inva-
sion of epithelial cells and spreading in
periodontal tissue. Periodontol 2000 2010;
52:68-83.

Griffen AL, Becker MR, Lyons SR,
Moeschberger ML, Leys EJ. Prevalence of
Porphyromonas gingivalis and periodontal
health status. J Clin Microbiol 1998;36:
3239-3242.

Socransky SS, Haffajee AD, Smith C,
Dibart S. Relation of counts of microbial
species to clinical status at the sampled
site. J Clin Periodontol 1991;18:766-775.
Aas JA, Paster BJ, Stokes LN, Olsen I,
Dewhirst FE. Defining the normal bacte-
rial flora of the oral cavity. J Clin Micro-
biol 2005;43:5721-5732.

Soder PO, Jin LJ, Soder B, Wikner S.
Periodontal status in an urban adult
population in Sweden. Commun Dent Oral
Epidemiol 1994;22:106-111.

Soder B, Yakob M, Nowak J, Jogestrand
T. Risk for the development of athero-
sclerosis in women with a high amount
[corrected] of dental plaque and severe
gingival inflammation. Int J Dent Hyg
2007;5:133-138.

World Health Organization. Oral Health
Surveys: Basic Methods, 1° edition. Gen-
eva: WHO, 1971.

Silness J, Loee H. Periodontal disease in
pregnancy. II. Correlation between oral
hygiene and periodontal condtion. Acta
Odontol Scand 1964;22:121-135.

Loe H, Silness J. Periodontal disease in
pregnancy. I. Prevalence and severity.
Acta Odontol Scand 1963;21:533-551.
Wabhlfors J, Meurman JH, Vaisanen P
et al. Simultaneous detection of Actino-
bacillus actinomycetemcomitans and Por-
phyromonas gingivalis by a rapid PCR
method. J Dent Res 1995;74:1796—
1801.

Meurman JH, Wahlfors J, Korhonen A
et al. Identification of Bacteroides forsy-
thus in subgingival dental plaque with the



33.

34.

35.

36.

37.

aid of a rapid PCR method. J Dent Res
1997,76:1376-1380.

Wendelhag I, Liang Q, Gustavsson T,
Wikstrand J. A new automated comput-
erized analyzing system simplifies readings
and reduces the variability in ultrasound
measurement of intima-media thickness.
Stroke 1997;28:2195-2200.

Lemne C, Jogestrand T, de Faire U.
Carotid intima-media thickness and pla-
que in borderline hypertension. Stroke
1995;26:34-39.

Desvarieux M, Demmer RT, Rundek T
et al. Periodontal microbiota and carotid
intima-media thickness: the Oral Infec-
tions and Vascular Disease Epidemiology
Study (INVEST). Circulation 2005;111:
576-582.

McGill HC, McMahan CA, Herderick EE
et al. Obesity accelerates the progression
of coronary atherosclerosis in young men.
Circulation 2002;105:2712-2718.

Yan LL, Daviglus ML, Liu K e al.
Midlife body mass index and hospitaliza-
tion and mortality in older age. JAMA
2006;295:190-198.

38.

39.

40.

41.

42.

Periodontal microorganisms and atherosclerosis

Pussinen PJ, Alfthan G, Jousilahti P, Paju
S, Tuomilehto J. Systemic exposure to
Porphyromonas  gingivalis predicts inci-
dent stroke. Atheroscler 2007;193:222—
228.

Qi MS, Miyakawa H, Kuramitsu HK.
Porphyromonas gingivalis induces murine
macrophage foam cell formation. Microb
Pathog 2003;35:259-267.

Nassar H, Chou HH, Khlgatian M, Gib-
son FC, Van Dyke TE, Genco CA. Role
for fimbriae and lysine-specific cysteine
proteinase gingipain K in expression of
interleukin-8 and monocyte chemoattrac-
tant protein in Porphyromonas gingivalis-
infected endothelial cells. Infect Immun
2002;70:268-276.

Papapanou PN, Sandros J, Lindberg K,
Duncan MJ, Niederman R, Nannmark U.
Porphyromonas gingivalis may multiply
and advance within stratified human
junctional epithelium in-vitro. J Peri-
odontal Res 1994;29:374-375.

Grau AJ, Becher H, Ziegler CM et al.
Periodontal disease as a risk factor for
ischemic stroke. Stroke 2004;35:496-501.

43.

44.

45.

46.

47.

48.

755

Cairo F, Castellani S, Gori AM et al.
Severe periodontitis in young adults is
associated with sub-clinical atherosclero-
sis. J Clin Periodontol 2008:35:465-472.
Demmer RT, Desvarieux M. Periodontal
infections and cardiovascular disease —
The heart of the matter. J Am Dent Assoc
2006;137:14S-20S.

Hodis HN, Mack WJ, LaBree L et al. The
role of carotid arterial intima-media
thickness in predicting clinical coronary
events. Ann Intern Med 1998;128:262-269.
Nowak J, Nilsson T, Sylven C, Jogestrand
T. Potential of carotid ultrasonography in
the diagnosis of coronary artery disease: a
comparison with exercise test and variance
ECG. Stroke 1998;29:439-446.

Salonen JT, Salonen R. Ultrasound
B-mode imaging in observational studies
of atherosclerotic progression. Circulation
1993;87:1156-65.

Salonen JT, Seppanen K, Rauramaa R,
Salonen R. Risk factors for carotid ath-
erosclerosis: the Kuopio Ischaemic Heart
Disease Risk Factor Study. Ann Med
1989;21:227-229.



This document is a scanned copy of a printed document. No warranty is given about the accuracy of the copy.
Users should refer to the original published version of the material.



