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Endotoxin Levels Are Associated With
High-Density Lipoprotein, Triglycerides,
and Troponin in Patients With Acute
Coronary Syndrome and Angina: Possible
Contributions From Periodontal Sources

David Goteiner,* Ronald G. Craig, Robert Ashmen,* Malvin N. Janal,$ Barnet Eskin,/
and Neal Lehrman*

Background: Recent studies have reported an association between
poor dental health and acute coronary syndrome (ACS). The purpose
of this study was to correlate the presence of periodontitis with serum
endotoxin/lipopolysaccharides (LPS), lipid profiles, troponin, and im-
munoglobulin G (IgG) antibody to Porphyromonas gingivalis in con-
trol patients or patients with ACS or angina at the time of hospital
admission.

Methods: Blood samples from 194 subjects presenting with ACS,
angina, or non-cardiac chest pain were analyzed for endotoxin/LPS
(Limulus amebocyte lysate assay), lipid profile, troponin, and IgG an-
tibody to P. gingivalis. Data were collected from hospital charts and
dental records, and health questionnaire responses.

Results: Subjects with ACS or angina were more likely to have poor
oral care, fewer remaining teeth, and increased alveolar radiographic
bone loss compared to subjects with chest pain. In all subjects, endo-
toxin/LPS and IgG antibody to P. gingivalis tended to increase in as-
sociation with increased radiographic bone loss. Endotoxin/LPS
increased directly with triglyceride and troponin levels (P=0.04 and P=
0.006, respectively) and inversely with high-density lipoprotein (HDL)
levels (P=0.002). IgG antibody to P. gingivalis levels was directly corre-
lated with very low—density lipoprotein (P= 0.03) and triglycerides (P=
0.06) and inversely with low-density lipoprotein (P=0.01).

Conclusions: Results showed more alveolar bone loss in patients with
cardiac disease than in patients without cardiac disease, but there was no
difference between the groups in the serum levels of endotoxin/LPS or
IgG antibody to P. gingivalis. However, there were associations between
endotoxin/LPS and levels of serum triglycerides, troponin, and HDL.
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n array of risk factors
has been associated with
atherosclerotic complica-

tions, such as myocardial in-
farction and stroke. In addition
to the more traditional cardio-
vascular risk factors, which in-
clude elevated total cholesterol,
triglycerides, and low-density li-
poprotein (LDL), decreased high-
density lipoprotein (HDL), and
diabetes, increased systemic in-
flammation has been proposed
as a potential cardiovascular
risk factor.! However, it is not
clear whether increased systemic
inflammation associated with
atherosclerotic complications is
merely a reflection of inflamma-
tion arising from atherosclerosis
itself or is attributable to periph-
eral sources, such as infection.?
In support of the latter possibil-
ity, inflammatory diseases, such
as chronic periodontitis, have been
associated with an increased in-
cidence of atherosclerotic compli-
cations.3® In addition, bacterial
and viral infections have been
associated with atherosclerotic
complications in susceptible
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populations, and subclinical infections have been as-
sociated with acute coronary syndrome (ACS).47-9

Periodontitis is an inflammatory disease resulting
from the infection and interaction of specific subgingi-
val bacterial species with components of the host-im-
mune response in disease-susceptible individuals.!?
In particular, the Gram-negative facultative anaerobic
or anaerobic bacterial species Porphyromonas gin-
givalis, Prevotella intermedia, Tannerella forsythia
(previously T. forsythensis), and Aggregatibacter
actinomycetemcomitans (previously Actinobacillus
actinomycetemcomitans) have been strongly associ-
ated with periodontitis disease status and progres-
sion. In addition, elevated levels of these bacteria
after treatment have been strongly related to disease
recurrence. !9 These bacterial species can invade peri-
odontal epithelium and connective tissues,!!:12 can
invade and persist within endothelial cells in culture,
and were detected and shown to be viable in coronary
endothelium and atherosclerotic plaques.!3-19 In vi-
tro, P. gingivalis in the presence of LDL was shown
to induce macrophages to become foam cells;20 in
vivo, the extent of periodontitis-affected tissue has
been directly associated with LDL activation of mac-
rophages.?! Perhaps most supportive of the potential
for these bacteria to play a role in systemic disease
pathogenesis is the finding that P. gingivalis and A.
actinomycetemcomitans have been recovered in
human atherosclerotic plaques.!?

Gram-negative bacterial components, such as en-
dotoxin/lipopolysaccharides (LPS), are potent acti-
vators of the innate and adaptive immune response.
Endotoxin/LPS is a characteristic glycolipid compo-
nent of the Gram-negative bacterial outer membrane
wallthat can activate inflammatory cells, increase oxi-
dative stress, and modify lipoprotein metabolism.
Once released, endotoxin/LPS is rapidly cleared from
the circulation by serum lipoproteins.22 Lopes-Virella23
proposed a direct link between Gram-negative infec-
tions and atherosclerosis, mediated by LDL and LPS.
He reported that endotoxin/LPS can induce endo-
thelial cell damage with the resulting oxidized LDL
(ox-LDL) becoming immunogenic. The formation of
an immune complex with ox-LDL can promote the re-
lease of proinflammatory cytokines, such as interleu-
kin-1 and tumor necrosis factor-alpha, which can lead
to further endothelial damage, increased vascular per-
meability, and procoagulant activity.?3 In support of
this hypothesis, rats fed a diet enriched with butter or
stearic acid showed a marked predisposition to endo-
toxin-initiated thrombosis.24

In view of the above studies linking peripheral infec-
tion, periodontitis, and altered serum lipid profiles
with ACS, we asked whether endotoxin/LPS levels,
perhaps derived from periodontopathic bacteria, were
also elevated in ACS and angina. The purpose of this

2332

study was to determine whether changes in the serum
levels of endotoxin/LPS, lipid profiles, and immuno-
globulin G (IgG) antibody to P. gingivalis are related
to the patient’s cardiovascular and oral health status.

MATERIALS AND METHODS

Subject Inclusion Criteria and Evaluation

This cross-sectional study protocol was reviewed and
approved by the Institutional Review Boards of the Uni-
versity of Medicine and Dentistry of New Jersey and
Morristown Memorial Hospital. The study began on
May 21, 2001 and was completed on May 20, 2004.

The subjects were randomly recruited when they
entered the Emergency Department of Morristown
Memorial Hospital seeking care for chest pain. To
minimize potential confounding variables, patients
were excluded if they had insulin-dependent diabetes
mellitus, multiple diagnoses, pregnancy, obesity (as
defined by the discharge diagnosis of the attending
physician), a history of chronic antibiotic therapy, an-
tibiotic regimens, or overt infection at the time of ad-
mission.

All medical diagnoses were recorded from the dis-
charge notes made by the attending physician. The
ACS/angina group consisted of 137 subjects, each with
at least six natural teeth, who were admitted and dis-
charged from the Cardiac Care Unit at Morristown Me-
morial Hospital with acute myocardial infarction (AMI),
unstable angina, or angina (International Classification
of Diseases [ICD], Ninth Revision, Clinical Modification
Codes410t0413.9). Because AMl and unstable angina
make up a clinical spectrum, essentially differing only
in the sequelae of cell death, they are often referred
to as ACS. Fifteen edentulous subjects with a diagnosis
of AMI were recruited. Thirty-three subjects whom the
physician believed were not having ACS or angina
and who were dismissed with a diagnosis of chest pain
(ICD 786.5) were also included.

After obtaining written informed consent, the sub-
ject’s medical and dental records were abstracted, and
residual blood taken upon admission to the Emergency
Department was collected. Serum lipid profiles mea-
sured by the clinical laboratory of the hospital at the time
of admission were also recorded. If these data were un-
available, information in their cardiologist’s medical
records (from commercial laboratories) was used if
measured <3 months before the date of admission.

Demographic and health history data were ob-
tained from the subject’s hospital records and the den-
tist of record. In addition, a questionnaire was sent to
the subject regarding oral symptoms, home care reg-
imens, and whether their dentist had ever given them a
diagnosis of periodontitis, “gum disease,” or “pyor-
rhea.” Periapical radiographs sent by their dentist
and taken <1 year prior to admission or those taken
at the Dental Clinic after discharge were examined
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by three periodontists for alveolar bone height as a
measure of past periodontitis. If disagreements oc-
curred in the scoring of a subject, the examiners dis-
cussed the scoring to reach a consensus. The severity
of periodontitis on the radiographs was given the fol-
lowing scores: O (no disease) if there was no loss of al-
veolar bone; 1 (mild disease) if there was <20% loss; 2
(moderate disease) if there was >20% but <50% loss;
and 3 (severe disease) if there was >50% loss.2220

Measurement of Serum Endotoxin/LPS

The residual blood taken at the time of admission to the
Emergency Department was centrifuged, serum sepa-
rated, and stored until assayed. After decomplementing
the samples at 56°C for 15 minutes, serum endotoxin/
LPS levels were measured by the Limulus amebocyte
lysate assay ' using the method described by Novitsky.2”
In brief, 50 pl of each serum sample in duplicate was
added to a sterile microtiter plate containing serial di-
lutions of an endotoxin standard and sterile water as
a negative control. Fifty microliters of reconstituted
chromogenic endotoxin test reagent solution was
added to each well, and the microtiter plate was incu-
bated at 37°C for 35 minutes. Following incubation, 20
pl stop solution (50% acetic acid) was added to each
well, and the optical density of the reaction product
was measured using a microtiter plate reader.*

Measurement of Serum IgG Antibody

to P. gingivalis

Serum was analyzed for IgG antibody against cell-
surface antigens of P. gingivalis using a previously
described enzyme-linked immunosorbent assay
(ELISA).28 Microtiter plates were coated with formal-
ized, whole-cell preparations of P. gingivalis (Ameri-
can Type Culture Collection #33277). A series of
three dilutions of subject sera and a series of five dilu-
tions of standard sera were added to the microtiter
plates in duplicate and incubated in succession with
affinity-purified rabbit anti-human IgG and goat
anti-rabbit IgG heavy and light chain specific alkaline
phosphatase conjugate. End point conversion of en-
zyme substrate was measured by optical absorbance
using a microtiter plate reader.** Sample antibody
activities were related to a standard reference serum
curve to P. gingivalis. The highest standard was as-
signed a value of 100 ELISA units (EU), and a refer-
ence curve relating the log,o EU was constructed for
each plate using a curve-fitting software program. T
Results were reported as the average EU value +
SEM for the up to six serum dilutions that were within
the range of the reference curve.

Data Analysis
Preliminary analysis showed that several variables
were not normally distributed. In the case of Lemulus

amebocyte lysate test (LAL), these values were log;¢
transformed for some analyses, and quartiles were
used for others; in the case of ELISA, data were trans-
formed into a quintile scale. Mean £ SD of the untrans-
formed values are presented, because these provide a
familiar metric. However, when groups were com-
pared or correlations were computed, the transformed
values were used. Data included discrete measures
summarized as proportions and continuous measures
summarized as mean + SD. Differences between
groups for the ELISA measure were evaluated by
means of the Mann-Whitney test. Differences between
groups for log;g LAL were evaluated by analysis of
variance (ANOVA). Non-significant findings were
supplemented by the computation of 12, a measure
of effect size. Associations between continuous and
discrete measures were evaluated using Spearman
correlation coefficients, whereas associations be-
tween two continuous measures were evaluated with
Pearson correlations. Logistic regression analyses
were used to test mediational hypotheses. All analy-
ses were accomplished using statistical software.**
Statistical significance was set at a <0.05.

RESULTS

Clinical Parameters

A complete characterization of the study population
was published previously.2? In summary, no statisti-
cally significant differences were found between the
groups with respect to age, gender, or smoking his-
tory. Subjects with ACS/angina reported a longer me-
dian time between dental visits compared to patients
who registered at the hospital for elective procedures
(6.5 versus 3.0 months, P=0.008). Compared to sub-
jects discharged with a diagnosis of chest pain, sub-
jects with ACS/angina had fewer teeth (22.9 £ 7.3
versus 26.3 + 6.0; P <0.001), manifested more un-
treated dental pathology (50.4% versus 24.2%; P
<0.01), and had a higher prevalence of severe peri-
odontitis as measured by radiographic alveolar bone
loss (38.5% versus 9.1%; P <0.05). For dentate sub-
jects with ACS/angina, the number of teeth present
was inversely related to radiographic bone loss (r =
—0.424; P <0.001). Patients with ACS/angina had
more signs of periodontal disease than those report-
ing only chest pain.

Serum Endotoxin/LPS

Table 1 shows endotoxin/LPS levels as a function of
periodontal attachment loss. ANOVA failed to show
statistical significance (F = 0.93; degrees of freedom =
2,133; P = 0.40) and estimated that only <1.5% of

9 Associates of Cape Cod, Woods Hole, MA.
# Bio Rad Laboratories, La Jolla, CA.

** Bjo Rad Laboratories.

11 Biolinx, Dynatech, Chantilly, VA.

#F SPSS v.14, SPSS, Chicago, IL.
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Table 1.

Endotoxin Levels as a Function of
Radiographic Evidence of Bone Loss

Severity of

Periodontal Endotoxin/LPS
Attachment Loss Subjects (n) (EU/ml; mean + SD)
Mild 44 372 +£ 329
Moderate 62 429 £ 4.30
Severe 30 5.18 £ 623

Table 2.

Endotoxin/LPS Levels as a Function of
Cardiac Status

Endotoxin/LPS
Cardiac Group Subjects (n)  (EU/ml; mean £ SD)
Dentate ACS/angina group 12 4.58 + 432
Subgroups
Dentate with AMI 57 520+ 470
Dentate with angina 10 393 £4.75
Dentate with unstable 45 393 £ 4.89
angina
Dentate with chest pain 33 340 £ 3.02
Edentulous with AMI I5 441 +4.07

Only 112 of the 137 subjects in the ACS/angina group had LAL data.

the variance in log;o LAL was attributable to the var-
iation in attachment loss. Table 2 compares endo-
toxin/LPS levels in patients with ACS and angina,
either dentate or edentulous, to patients discharged
from the Emergency Department with a diagnosis of
non-cardiac chest pain. ANOVA failed to show a sta-
tistical difference among groups (F = 1.19; degrees of
freedom = 4,155; P = 0.32) and estimated that only
~3% of the variance in log;o LAL was attributable to
the grouping factor. Then serum endotoxin/LPS levels
were correlated with serum lipids and troponin. While
there were 183 subjects with troponin data, only 120
alsohad HDL data, and only 105 had LAL data as well.
Significant positive correlations were found between
levels of logo LAL and serum triglycerides and tropo-
nin, and a significant negative correlation was found
between log;o LAL and HDL (Table 3). There was
no apparent statistical relationship between endo-
toxin/LPS and LDL or very low-density lipoprotein
(VLDL). Thus, although endotoxin levels vary with
levels of blood lipids and troponin, they were not re-
lated to signs of cardiac or periodontal disease.
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Table 3.

Pearson Correlation Between Serum
Endotoxin/LPS (log LAL), Lipids,
and Troponin (quartiles) in Subjects
With ACS/Angina

mg/d| r Value With
Serum Lipid (n) (mean * SD) Endotoxin/LPS P Value
Cholesterol (122)  181.7 £455 0.03 NS
Triglycerides (114) 1725 + 101.7 0.19 0.04
HDL (128) 420+ 126 -0.29 0.002
LDL (127) 98.1 £37.6 0.02 NS
VLDL (88) 432 £ 315 0.06 NS
Troponin (105) 27.3 £ 80.7 0.27 0.006

NS = not statistically significant.

Table 4.

Pearson Correlation Between Serum IgG
Antibody to P. gingivalis (quintiles)

and Serum Lipids

Lipid Value
(mg/dl; lgG to

Lipid (n) mean £ SD) P gingivalis (EU) r Value P Value
Cholesterol  179.7 £ 484 1899 £4082 -0.198 NS

(48)
Triglycerides 1958 £ 105.1 1899 £4082 0275 0.06

(46)
HDL (45) 41.6 £ 150 1899 +£4082 -0.114 NS
LDL (41) 9190 £40.83 1899 £4082 -0394 00l
VLDL (39) 5675+420 1899 +£4082 0343 003

NS = not statistically significant.
Forty-eight of the 64 subjects with antibody levels were available for the
lipid analyses.

Serum IgG Antibody to P. gingivalis

Serum from 51 subjects with ACS/angina (25 dentate
with AMI, 18 unstable angina, five angina, and three
edentulous ACS patients) and 13 non-cardiac sub-
jects were available for this analysis. Although the car-
diac group showed higher antibody levels, there was
no statistical difference between the groups (Mann-
Whitney U test = 239; P = 0.12). However, higher
levels of serum IgG antibody to P. gingivalis (Table
4) were associated with higher levels of triglycerides
(r=0.275; P=0.06) and VLDL (r = 0.343; P=0.03)
and lower levels of LDL (r =-0.394; P=0.011).
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Logistic Regression Analyses
Logistic regression analyses were used to identify any
mediation of the association between ACS/angina
status (any cardiac chest pain versus non-cardiac
chest pain) and periodontal disease severity by mea-
sures of blood lipids, troponin (quartiles), and LPS
(LAL quartiles). Table 5 summarizes those analyses.
Analysis 1 included the 120 subjects with troponin
data. Model 1 showed that the odds of being in the car-
diac group were 3.5 times higher for those with mod-
erate or severe attachment loss compared to those
with mild loss (P<0.05). Model 2 showed that the ad-
dition of HDL levels improved the prediction of ACS
status; those with lower levels of HDL were more likely
to be in the ACS group (P <0.05). Because the mag-
nitude of the odds ratio (OR) relating severity of radio-
graphic bone loss or severity of periodontal disease to
ACS status did not change in Model 2, we concluded
that the severity and HDL levels each make an inde-
pendent contribution to ACS status. A corollary of this

Table 5.

Logistic Regression Analyses Predicting ACS/Angina
Status (versus non-cardiac chest pain) as a Function
of Severity of Periodontal Disease (mild versus
moderate and severe), Levels of HDL, and Troponin
Levels (quartiles) or LAL Levels (quartiles)

conclusion is that HDL does not mediate the associa-
tion between ACS status and periodontal disease se-
verity. Other analyses, not detailed here, showed that
other blood lipids did not improve the prediction of
ACS status above the contribution made by HDL. Fi-
nally, Model 3 showed that troponin levels neither pre-
dicted ACS status nor reduced the OR for periodontal
disease severity or HDL,; therefore, it did not mediate
either of those effects.

Analyses 2 and 3 provided data showing that LAL
levels and P. gingivalis antibody levels also did not
mediate the association between ACS status and
periodontal disease severity and HDL levels. (Be-
cause the pattern of missing data included some dif-
ferent subjects, the ORs in the three analyses are
similar but not the same. Also, although OR levels
are similar among the analyses, the levels of signifi-
cance decreased in Analysis 3 because of the smaller
sample.)

To summarize, patients with ACS/angina cardiac
chest pain were significantly more
likely to have more severe periodontal
disease and lower HDL levels than
those with non-cardiac chest pain.
These variables were independent
predictors of ACS status, and the data
did not suggest that troponin, LPS, or
indicators of bacterial infection medi-
ated those effects.

OR (95% confidence limits)

DISCUSSION

The present study was designed to test

peeiel | Fods| 2 Model 3 whether endotoxin/LPS levels were

Analysis | (n = 120) elevated in ACS/angina populations
Severity 348 349 351 correlated with traditional atheroscle-
(103 to 11.79) (099 to 12.31) (099 to 1244)  rotic risk factors, such as altered

HDL 0.95 0.95 serum lipid profiles, and correlated
Troponin (quartie) LBl e G52 E21 8‘;399) with t.he presence of periodon'tal .patk'l-
(046 ‘o 2.06) ogenic bacteria, such as P. gingivalis.

Endotoxin/LPS levels were lowest in

Analysis 2 (n = 101) subjects with non-cardiac chest pain;
Severity 321 322 326 they were not statistically different
(094 to 11.04) (089 to I1.61) (090to 11.83)  from levels in subjects with ACS/

HDL 0.95 0.96 angina (Table 2). In addition, endo-
AL (quarties (091 to0 099) @31 |t029I 0) toxin/LPS le.v‘els were associatefi w‘ith
(0,69 té 241) several traditional atherosclerotic risk

factors. Endotoxin/LPS levels posi-

Analysis 3 (n = 41) tively correlated with serum triglycer-
Severity 30 3.58 349 ides and troponin and negatively
(044 1o 20.44) (045 to 28.21) (04410 27.69)  correlated with serum HDL (Table

HDL 0.95 0.96 3). However, no correlation was found

P gingivalis assay o 1107 st ltc(’)gl o) between endotoxin/LPS and total
(quintiles) (044 10 271) cholesterol, LDL, or VLDL. Together,

Analysis 1 results are based on the sample of 120 subjects with troponin data, whereas those in
Analysis 2 include the 101 subjects with LAL data, and Analysis 3 includes the 41 subjects with

P. gingivalis assay data.

these results suggest that endotoxin/
LPS are not elevated in patients with
cardiac disease but are correlated with
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several serum lipid risk factors for atherosclerotic
complications. In part, these findings support the re-
sults of a recently reported 10-year prospective
study?? from Finland that found elevated endotoxin/
LPS increased the risk for myocardial infarction. In ad-
dition, the study?? found elevated endotoxin/LPS pos-
itively correlated with total cholesterol and elevated
IgG antibody to P. gingivalisand A. actinomycetemco-
mitans and negatively correlated with HDL. Taken to-
gether, the results from the present study and the
prospective Finnish study?2 suggest that an increased
Gram-negative burden leading to elevated endotoxin/
LPS is a risk factor for ACS.

The association between endotoxin/LPS and tri-
glycerides found in the present study adds support
to the results of previous studies. The administration
of LPS by inoculation induced a rapid increase in se-
rum triglycerides in man,23 and elevated fasting tri-
glyceride levels have been strongly associated with
the risk for myocardial infarction, even after control-
ling for HDL.3? Elevated plasma triglycerides and
reduced HDL are key features of the metabolic syn-
drome; the other key features are abdominal obesity,
hypertension, and impaired fasting glucose.3! These
changes are often accompanied by an increase in
small dense LDL-cholesterol. The triad of increased
triglycerides and small dense LDL-cholesterol and re-
duced HDL is known as atherogenic dyslipidemia of
the metabolic syndrome.32-34 Therefore, it would be
interesting to determine whether there is a relation-
ship between the metabolic syndrome and peripheral
blood levels of endotoxin/LPS.

The observations that endotoxin/LPS levels signif-
icantly correlated with triglycerides and inversely cor-
related with HDL support the concept that, in the
absence of the protective effect of HDL, endotoxin/
LPS may play a role in vascular inflammation and in
the acute episode leading to myocardial cell death.
Serum triglyceride levels were reported to increase
during viral and Gram-negative bacterial infections.
The observed changes were related to the level of in-
fection but were independent of the infective agent.3>
This may be a response to endotoxin/LPS, which was
shown to induce a rapid increase in serum triglycer-
ides in man.3°

Additional reports suggest an association between
blood endotoxin/LPS levels and serum lipids. In ham-
sters, endotoxin/LPS increased serum cholesterol
levels by increasing hepatic cholesterol synthesis.!?
Antibodies to Chlamydia-specific endotoxin/LPS
were reported in patients with ACS.” After gentle mas-
tication, endotoxin/LPS levels were significantly
higher in the patients with severe periodontal disease
than in the subjects with mild or moderate periodon-
titis.3” A study38-3° of 10,000 military personnel found
a positive association between periodontal pockets
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and higher cholesterol and LDL cholesterol blood
levels in men, but not women. Another study“® con-
firmed this finding in patients with periodontitis. More-
over, it was shown in animal and human models that
HDL protects against the effects of LPS.4! HDL, a nat-
ural component of plasma, was shown to neutralize
endotoxins in vitro.!® This neutralizing effect was
shown in mice using reconstituted HDL, VLDL, LDL,
and other chylomicrons.*2

The present study also found a correlation between
endotoxin/LPS (Table 3), severity of alveolar bone
loss (Table 5), and troponin levels (Table 3), a mea-
sure of cardiac muscle necrosis. In vivo studies?344
suggested a mechanism for endotoxin/LPS-mediated
elevation of serum troponin. Increased endotoxin/LPS
levels due to infection or sepsis were shown to activate
apoptosis in myocardial tissues via the induction of
proinflammatory acute-phase proteins and cyto-
kines, resulting in contractile dysfunction and sarco-
meric destruction. The increase in peripheral blood
troponin levels clinically reflects these cellular
events.43:44

Although the present study found elevated endo-
toxin/LPS levels in the ACS/angina group, the source
of endotoxin/LPS was not apparent. A limitation of this
study was not determining the species specificity of the
LPS. One of the hypotheses of the present study was
that there would be more periodontopathic bacteria,
in particular P. gingivalis, in periodontitis and, there-
fore, it would contribute to systemic endotoxin/LPS
levels. All subjects with ACS/angina enrolled in the pre-
sent study had radiographic alveolar bone loss, in-
creased numbers of missing teeth, and increased
levels of serum IgG antibody to P. gingivalis. The levels
of serum IgQ antibody to P. gingivalisin this study were
among the highest measured by our laboratory.28

These data suggest that periodontitis was prevalent
in this ACS population. The effect of periodontitis on
atherosclerotic complications in this population may
derive from inflammatory load rather than past peri-
odontal disease activity as represented by the number
of teeth lost.32 However, the lack of correlation be-
tween endotoxin/LPS and serum IgG antibody to P.
gingivalis in the present study was most likely due
to the small number of serum samples available for
serum antibody analysis. We observed a significant
relationship between the levels of IgG antibody to P.
gingivalis and VLDL (P = 0.03) and a trend with tri-
glycerides (P = 0.06). The inverse relationship be-
tween levels of IgG antibody to P. gingivalis and
LDL is puzzling and awaits further investigation. Van
Lenten et al.*> showed that LPS binds to lipoproteins
in direct proportion to their cholesterol content and
that the LDL-LPS complex, once taken by macro-
phages, is not degraded and so may no longer be
available for measurement in routine lipid profiles.
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A study by Bengtsson et al.#6 demonstrated that
oxidative modifications of phosphatidylcholines in
vascular LDL by P. gingivalis could result in aggrega-
tion, degradation, protein inactivation, and cellular
dysfunction. They concluded that P. gingivalis has
the ability to change the protein expression and pro-
liferative capacity of LDL and may represent a crucial
event in periodontitis-associated atherosclerosis.
This study did not look at LDL cholesterol, which does
increase in atherogenic dyslipidemia. In a 10-year
prospective study, Pussinen et al.22 followed 6,051 in-
dividuals, of whom 185 had cardiac events. They were
matched with 320 non-event controls in a case-cohort
design. Elevated endotoxin/LPS and IgG antibody to
P. gingivalis or A. actinomycetemcomitans seemed
to predict cardiovascular events, even after adjusting
for age or gender, but not cholesterol or HDL levels.
Earlier clinical studies from the same group associ-
ated elevated serum IgG antibody levels to A. acti-
nomycetemcomitans*’ or P. gingivalis*® with an
increased incidence of coronary artery disease. Clin-
ical trials on the use of antimicrobials to prevent cor-
onary events had Chlamydophila pneumoniae
(previously Chlamydia pneumoniae) as a target
pathogen, and the results have been mixed.*° In a
long-term pilot study, Paju et al.*° reported that clar-
ithromycin reduced recurrent cardiovascular events
in subjects without periodontitis, whereas it was inef-
fective in subjects with periodontitis. They concluded
that periodontitis may overpower the beneficial ef-
fects of antibiotics.

One of the limitations of the present study is that,
because of the medically compromised status of the
ACS/angina population, periodontal disease status
was assessed by examination of periapical and bite-
wing radiographs (a record of past periodontal dis-
ease activity) and not by clinical examination that
would have included probing depth, attachment loss,
and clinical signs of inflammation, such as bleeding
on probing. The periapical radiographs may not have
indicated the extent of disease as accurately as when
the patients were first evaluated in the hospital. This
limitation should be borne in mind when evaluating
the results of the present study. A trend was observed
between radiographic alveolar bone loss and serum
endotoxin/LPS that failed to attain statistical signifi-
cance (Table 1). One may speculate about whether
clinical indices of periodontal disease status, if they
were available, might have correlated better with the
endotoxin/LPS data. In their study, Valentaviciene
et al.32 concluded that ulceration of the tissue as de-
termined by a higher bleeding index, not clinical at-
tachment loss, determines bacterial permeability
into coronary vessels.

Using regression analysis, patients with ACS/an-
gina were significantly more likely to have more se-

vere periodontal disease and lower HDL levels than
those with non-cardiac chest pain. These variables
were independent predictors of ACS status, and the
data did not suggest that LPS or indicators of bacterial
infection mediated those effects.

CONCLUSIONS

This cross-sectional study found associations be-
tween endotoxin/LPS and serum triglycerides, tropo-
nin, and HDL. Although moderate to severe alveolar
bone loss was prevalent in the ACS population and se-
rum IgG antibody to P. gingivalis was elevated, this
study was not able to show a contribution from these
periodontopathic sources to the systemic levels of se-
rum endotoxin/LPS or to levels of alveolar bone loss in
this population.
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