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Background: Periodontitis has been associated with cardio-
vascular disease. We assess if the recurrence of acute coro-
nary syndrome (ACS) could be predicted by preceding
medical and periodontal conditions.

Methods: A total of 165 consecutive subjects with ACS and
159 medically healthy, matched control subjects were exam-
ined and followed for 3 years. Periodontitis was defined by al-
veolar bone loss. Subgingival microbial samples were studied
by the checkerboard DNA–DNA hybridization method.

Results: The recurrence of ACS was found in 66 of 165
(40.0%) subjects, and a first ACS event was found in seven
of 159 (4.4%) subjects among baseline control subjects. Sub-
jects who later had a second ACS event were older (P <0.001).
Significantly higher serum levels of high-density lipoprotein
(P <0.05), creatinine (P <0.01), and white blood cell (WBC)
counts (P <0.001) were found in subjects with future ACS.
Periodontitis was associated with a first event of ACS (crude
odds ratio [OR]: 10.3:1; 95% confidence interval [CI]: 6.1 to
17.4; P <0.001) and the recurrence of ACS (crude OR: 3.6:1;
95% CI: 2.0 to 6.6; P <0.001). General linear modeling multi-
variate analysis, controlling for age and the prediction of a
future ACS event, identified that WBC counts (F = 20.6;
P <0.001), periodontitis (F = 17.6; P <0.001), and serum cre-
atinine counts (F = 4.5; P <0.05) were explanatory of a future
ACS event.

Conclusions: The results of this study indicate that recur-
rent ACS events are predicted by serum WBC counts, serum
creatinine levels, and a diagnosis of periodontitis. Significantly
higher counts of putative pathogens are found in subjects with
ACS, but these counts do not predict future ACS events. J Pe-
riodontol 2010;81:992-1000.
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C
ardiovascular diseases comprise
a variety of heart and vascular
conditions.1 Over the last 30

years, greater life expectancy and
changes in diet and exercise habits
resulted in a higher prevalence of obe-
sity, elevated levels of blood cholesterol,
hypertension, and diabetes mellitus,
which are all cardiovascular risk fac-
tors.2 Although medical advances have
resulted in an increased survival rate of
patients with acute coronary syndrome
(ACS), the risks for the recurrence of
ACS remain very high.

A large number of surrogate mea-
sures to assess the risks of future cardio-
vascular diseases exists. These include
assessments of carotid intima–media
thickness, flow-mediated dilatation of
the brachial artery, and assessments of
many serum markers (i.e., high-density
lipoprotein [HDL], low-density lipopro-
tein [LDL], fibrinogen, triglycerides, high-
sensitivity C-reactive protein [hsCRP],
hemoglobin A1c [HbA1c], and systolic/di-
astolic blood pressure). However, data on
such measures only partly account for the
occurrence of future cardiovascular dis-
eases.3

A relationship between periodontitis,
a common chronic oral disease in adults,
and cardiovascular diseases was identi-
fied in several studies.4-6 However, this
association is not strong and may be
partly explained by the fact that several
studies assessing this association have
been performed without medically
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confirmed clinical status. Another factor that makes it
difficult to interpret data is the different criteria used
to define periodontitis in studies assessing the rela-
tionship between periodontitis and cardiovascular
diseases.4

Recent dental studies7-12 suggested that compre-
hensive non-surgical periodontal therapy may have
positive effects on the intima-media thickness and
brachial artery flow rate. However, the immediate ef-
fects of periodontal intervention may induce an im-
mediate exaggeration of serum hsCRP and initially
reduce the brachial artery flow rate in subjects without
evidence of cardiovascular disease.12 Limited data
are available on the effects of such surrogate markers
as risk factors for outcomes of periodontal therapy in
subjects with a confirmed preceding history of ACS.

In one recent case-control, longitudinal interven-
tion study,13 the authors concluded that the extent
of severe cardiovascular adverse events in subjects
treated for chronic periodontitis in specialist peri-
odontal clinics or receiving routine dental care in
a general dental practice did not differ. The findings
also suggested that non-surgical periodontal in-
tervention does not increase the risk for adverse car-
diovascular events in subjects with a history of
cardiovascular disease. Thus, non-surgical periodon-
tal therapy in cardiovascular-risk patients is safe and
does not induce serious adverse events.

In a previous case-control study report, we identi-
fied that severe periodontitis, defined by the extent
of alveolar bone loss, was strongly associated with
ACS.14,15 However, current clinical assessments of
periodontal conditions using probing depths (PDs)
and the bleeding index failed to demonstrate a risk as-
sociation with ACS. Similar results were obtained by
others.16-18 Our data15 also suggested that subjects
with ACS have an increased pathogenic bacterial bur-
den in periodontal pockets.

The objective of the present case-control follow-up
study over 3 years is to study if a one-time assessment
of periodontal and medical conditions could predict
a future event of ACS in subjects who had not received
organized periodontal therapy during the time period.

MATERIALS AND METHODS

The Ethical Committee at Lund University, Lund,
Sweden (institutional review board [IRB] #LU556-
00) approved the study. The study was performed
between 2002 and 2007. The participating subjects
signed IRB-approved informed-consent forms. The
original study protocol was described elsewhere.14

Since the previous report,14 we continued to enroll
subjects until 165 consecutively surviving subjects
with ACS and 159 control subjects (matched for
age, gender, smoking, and socioeconomic status)
were enrolled. A total of 287 males and 37 females

were included in the study. Medical study data from
the enrolled and hospital-admitted subjects with a di-
agnosis of ACS were obtained.

All ACS subjects underwent a standard-of-care
cardiovascular examination at the time of hospital ad-
mission. The medical diagnosis of baseline ACS sta-
tus was based on chest pain associated with typical
electrocardiogram (ECG) changes. The initial ECG
was considered diagnostic for myocardial infarction
if there was an ST segment elevation ‡2 mm in a chest
lead or an ST segment elevation ‡1 mm in a limb lead.
ST depression and/or T-wave inversion changes
combined with typical serial pattern of cardiac
markers (i.e., creatinine kinase isoenzyme MB [CK-
MB] and troponin T) according to local laboratory
standards were also considered diagnostic for myo-
cardial infarction. Left bundle block was considered
diagnostic for myocardial infarction if chest pain asso-
ciated with typical serial patterns of cardiac markers
were present. Medical data including an ECG, serum
assessments for troponin T, lipids (cholesterol, HDLs,
and LDLs), hsCRP, white blood cell (WBC) count,
HbA1c, sodium, potassium, and creatinine levels
were collected.

All subjects who were admitted and treated for ACS
received standard-of-care cardiovascular procedures
and medications as deemed appropriate for each sub-
ject. Thus, a variety of interventions, drugs, and re-
calls were used for the purpose of stabilizing the
subjects and to prevent recurrence of ACS. In this pro-
cess, all subjects were compliant. All subjects who
were readmitted to the hospital within the follow-up
period of 3 years underwent the described medical ex-
aminations to confirm the new diagnosis of ACS.

Once the subjects with ACS were released from the
hospital, a calibrated, experienced examiner (Christel
Lindahl, Region Skåne, Specialty Clinic for Period
ontology, and Kristianstad University, Kristianstad,
Sweden) and a supervising periodontist (SR) at the
Dental Clinic of Health Sciences at the University of
Kristianstad performed the dental examinations.

A routine cardiology examination was performed in
all control subjects to rule out a condition of preexist-
ing ACS or a potential risk for a future ACS event. Se-
rum lipids (cholesterol, HDL and LDL, hsCRP, WBC
count, HbA1c, sodium, potassium, and creatinine
levels) were assessed in control subjects. The control
subjects did not undergo the troponin-T assessments
but were otherwise examined to confirm that they did
not have cardiovascular disease.

Routine clinical periodontal assessments were also
performed in all subjects. The examiner (SR) was un-
aware of whether study subjects belonged to the
ACS or control groups. Data on full-mouth PDs, gin-
gival bleeding, oral hygiene, and the number of
remaining teeth were collected. Full-mouth intraoral
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radiographs were taken. Dental radiographs were ana-
lyzed for the extent of alveolar bone loss. Thus,
definitive periodontitis was diagnosed based on the as-
sessment of alveolar bone loss. The extent of alveolar
bone loss was defined as the distance ‡4.0 mm be-
tween interproximal bone levels and the cemento-
enamel junction (CEJ) as described elsewhere.14 In
summary, bone loss in different categories was ex-
pressed as having 10%, 20%, 30%, 40%, or >40% of
measurable sites with distances ‡4.0 mm between
CEJ and bone level. An examiner (GRP) calibrated
as part of another study and unaware of the medical di-
agnosis analyzed the radiographs.14,19 In the previous
publication15 on periodontitis and ACS, we reported
that the extent of alveolar bone loss was a robust
marker of the association between periodontitis and
ACS.

Although the great majority of the cases with ACS
were older men, in our previous report,14 we contin-
ued to enroll consecutive cases with ACS but enrolled
only women (independent of age) and men who were
<60 years of age. We also continued to enroll control
subjects who were chosen to meet the age, gender,
smoking, and socioeconomic conditions of the addi-
tionally enrolled ACS cases.14 Because of the fact that
it is difficult to control for the impact of many differ-
ent confounding factors in cardiovascular diseases,
healthy control subjects, without any medical or sub-
jective symptoms of cardiovascular disease, were in-
cluded as subjects without ACS. The control subjects
were balanced to the subjects with ACS according to
gender, smoking status, and marital and socioeco-
nomic factors to compensate for potential confound-
ers. None of the subjects in either group received
qualified periodontal therapy within the previous 3
years before the baseline examination or during the
following 3-year period.

During the following 3-year period (2003 to 2006),
medical records at the regional primary care hospital
in Kristianstad, Sweden, and at affiliated clinics were
screened to assess if and when study subjects had ex-
perienced an additional ACS event. Similarly, records
were screened to identify control subjects who had been
diagnosed with a first event of ACS. Records of the den-
tal clinic and the regional periodontal specialty clinic
confirmed thatnoneof the subjects had received dental
treatments other than routine dental care performed
in a general dental practice. The original medical
and dental data obtained were used to assess the util-
ity of such information to predict a future ACS event.14

Microbiologic Assessments
The sequence of dental examinations was as follows:
1) full-mouth radiographs were taken from which the
four worst interproximal periodontal sites were identi-
fied, 2) subgingival microbial samples were collected

and pooled from these selected sites, and 3) other
periodontal examination procedures were performed.
The bacterial samples were processed by the check-
erboard DNA–DNA hybridization method15,20-22 and
processed at the Oral Microbiology Laboratory, Uni-
versity of Bern. Subgingival bacterial samples were
harvested with sterile endodontic paper points.

Statistical Methods
The data were analyzed with a statistical program.¶

Independent t (equal variance was not assumed)
and Mann-Whitney U tests were used to assess group
differences. Cochran-Mantel-Haenszel statistics for
estimation of odds ratios (ORs) (crude values were
non-adjusted) were used to assess the risks between
study parameters and ACS. General linear modeling
(GLM) multivariate analysis was performed to assess
explanatory variables related to a new event of ACS.

RESULTS

In the present study, the ages of subjects varied be-
tween 31 and 87 years, and 46% of subjects were
<60 years of age. Among the cohort of 165 subjects
with ACS, 66 (40.0%) subjects were readmitted within
3 years after the first ACS event with a new ACS diag-
nosis. In the control group and within the same time
period, seven of 159 (4.4%) subjects were admitted
to the hospital with a confirmed first event of ACS.
Analysis of the baseline data demonstrated that the
crude OR of being admitted to a hospital with ACS
and having periodontitis (all subjects included in the
analysis), defined by the extent of alveolar bone loss
at 30% of sites, was 10.3:1 (95% confidence interval
[CI]: 6.1 to 17.4; P <0.001). The crude OR to predict
a future event of ACS (all subjects included in the
analysis) was 3.6:1 (95% CI: 2.0 to 6.6; P <0.001).

Analyses of Baseline Medical and Periodontal
Conditions in Association With a Future ACS
Event (test group with a history of ACS but stable
and those with a future ACS event)
Data regarding characteristics of subjects in the ACS
group with either stable conditions or recurrent ACS
are presented in Table 1. Subjects with a recurrent
ACS event were older than stable ACS subjects
(P <0.001). At the time of first admission with a diag-
nosis of ACS, higher serum creatinine values were
identified in those subjects who, within 3 years, had
a new event of ACS (P <0.05; Table 1). The distribu-
tion of serum creatinine values by periodontal diagno-
sis is presented in a boxplot diagram for subjects with
stable ACS or recurrence of ACS in Figure 1. In differ-
ence, serum troponin-T values at the time of the first
ACS admission were higher among those with stable
ACS conditions than in those with recurrent ACS

¶ SPSS 17.0 for MAC, SPSS, Chicago, IL.
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(mean difference: 0.12 ng/ml; SE of the difference:
0.05; 95% CI: 0.02 to 0.23; P <0.01) and at 18 hours
after the first ACS admission (P <0.05). Statistical
analyses failed to demonstrate that CKMB values over
the assessed time points during the first 24 hours after
admission differed between those subjects with stable
or recurrent ACS conditions. Statistical analyses also
failed to demonstrate that serum hsCRP levels differed
by alveolar bone loss status in both subgroups. Fur-
thermore, no correlation was found between the pro-
portion of PDs ‡6 mm, 4 to 5 mm, <4 mm and hsCRP.

At the time of the periodontal examination, signif-
icantly higher subgingival bacterial counts were found
among subjects with ACS than in the control subjects
for 27 of 40 species studied (P <0.001). This included
species such as Tannerella forsythia (previously T.
forsythensis), Treponema denticola, Fusobacterium
nucleatum, Prevotella intermedia, Streptococcus mi-
tis, Streptococcus sanguinis, and Streptococcus angi-
nosus but not Porphyromonas gingivalis. However,
none of the counts of the 40 species differed between

subjects with recurrent ACS and those who were in
remission. The distribution of T. forsythia in subjects
with a baseline diagnosis of ACS or recurrent ACS is
presented in a boxplot diagram in Figure 2.

Analysis by independent t-test (equal variance
was not assumed) failed to identify that neither the
proportion of sites with PDs in the categories (<4
mm, 4 to 5 mm, ‡6 mm) or bacterial counts differed
between those with stable ACS conditions, and those
with a recurrent ACS. Statistical analyses demon-
strated a trend of higher counts of bleeding on prob-
ing among subjects with a recurrence of ACS (P =
0.06). Statistical analyses failed to identify a correla-
tion between serum hsCRP and the percentage
of sites with bleeding on probing in both subgroups.

Crude OR calculations for dichotomous data for se-
rum creatinine levels >100 mmol/l demonstrated that
subjects with creatinine scores >100 mmol/l were at
a significantly higher risk for a recurrence of ACS with
a crude OR of 2.9:1 (95% CI: 1.1 to 7.0; P <005).
Statistical analyses failed to identify a significant

Table 1.

Subject-Characteristic Values of Disease Surrogate Markers in Subjects With Stable
and Recurrent ACS

ACS Significance

Variable Stable Recurrent 95% CI P

Male gender (%) 88.9 86.4 – 0.63 (NS)

Age (years; mean – SD) 59.1 – 8.5 63.7 – 8.8 1.8 to 7.2 <0.001

Smoking (years; mean – SD) 21.8 – 17.8 22.7 – 18.1 -6.8 to 5.0 0.77 (NS)

Creatinine (mmol/l; mean – SD) 76.7 – 16.2 84.0 – 22.1 -13.7 to -0.95 <0.05

Serum hsCRP (mg/l; mean – SD) 17.0 – 31.7 14.4 – 23.5 -6.33 to 12.81 0.66 (NS)

HDL (mg/dl; mean – SD) 1.18 – 0.26 1.23 – 0.37 -0.21 to 0.22 0.37 (NS)

LDL (mg/dl; mean – SD) 2.99 – 1.08 2.94 – 0.99 -0.28 to 0.38 0.76 (NS)

Triglycerides (mg/dl; mean – SD) 1.69 – 0.88 1.86 – 1.18 -0.50 to 0.18 0.35 (NS)

Cholesterol (mg/dl; mean – SD) 4.91 – 1.15 4.98 – 1.01 -0.41 to 0.27 0.70 (NS)

WBC count (·109/l; mean – SD) 8.61 – 2.75 9.04 – 2.92 -1.34 to 0.47 0.35 (NS)

Serum HbA1c (%; mean – SD) 5.25 – 1.47 4.97 – 1.03 -0.24 to 0.79 0.29 (NS)

Blood glucose (%; mean – SD) 6.07 – 3.04 6.41 – 2.52 -1.49 to 0.90 0.56 (NS)

Bone loss at 30% cutoff (periodontitis)
(%; mean – SD)

73.7 – 44.2 76.2 – 44.3 – 0.73 (NS)

BOP (gingivitis) (%; mean – SD) 57.1 – 22.0 50.5 – 21.0 -36.4 to 13.4 0.06

BOP at >20% of sites (%; mean – SD) 95.9 – 20.9 96.7 – 17.6 – 0.76 (NS)

Sites with PD ‡6 mm (%; mean – SD) 3.9 – 5.6 3.3 – 5.1 -1.5 to 2.5 0.81 (NS)

– = not applicable; NS = not statistically significant; BOP = bleeding on probing.
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association between bone-loss score data and the risk
of a recurrence of ACS (crude OR: 1.1; 95% CI: 0.55 to
2.37; P = 0.55). The crude OR for bleeding on probing
and a recurrence of ACS was 1.0:1 (95% CI: 0.37 to
2.79; P = 0.99).

Analyses of Baseline Medical and Periodontal
Conditions in Association With Future ACS
(control group with or without a future ACS
included)
Data regarding characteristics of subjects in the orig-
inal ACS group remaining stable over the following
3 years, and those in the ACS group with a recurrent
ACS event in the following 3 years are presented in
Table 1. Trends of higher serum hsCRP levels (P =
0.06) and a higher proportion of sites with PD ‡6 mm
(P = 0.06) were found among subjects with stable
conditions. Statistical analyses failed to demonstrate
any other differences in variable values between sta-
ble control subjects and those with a first event of
ACS. Within the stable subjects of the control group,
statistical analyses failed to demonstrate differences
in serum hsCRP levels between subjects with or with-
out an evidence of alveolar bone loss. However, sig-
nificantly higher serum creatinine levels were found
in subjects with alveolar bone loss at the 10% and

20% levels (P <0.001) and at the 30% to 50% levels
(P <0.01). Consistent trends of differences among
subjects in the control group who later developed
ACS had more evidence of alveolar bone loss (43%
versus 21% in healthy controls), and higher serum
creatinine values (mean difference: 4.0 mmol/l) were
found.

Analyses of Associations Between Future ACS
and Baseline Medical and Periodontal Conditions
Among Subjects Considered Healthy at Baseline
Who Remained Healthy, and Among Subjects in
this Group Presenting With ACS Within the
Following 3 Years
In these analyses, all subjects with future ACS were
included in the future ACS group (n = 73) and all stable
former ACS and stable control subjects were included
in the new control group (n = 251). Analyses by
independent t tests (equal variance was not assumed)
identified significantly higher counts of HDL (P <0.05),
creatinine (P <0.01), and WBCs (P <0.001) among
subjects with future ACS (Table 2). In addition, analy-
ses by Mann-Whitney U tests demonstrated that the
alveolar bone loss as defined by the 10% to 50%
level was more common among subjects with future
ACS (P <0.001). Analysis by stepwise binary forward

Figure 1.
Distribution of serum creatinine values by periodontal diagnosis for
subjects with stable or recurrent ACS. d = outlier value. The bottom and
top of boxes are 25th and 75th percentiles and the line in the middle of the
box is the 50th percentile. The ends of the whiskers represent one SD
above and below the mean of the data.

Figure 2.
Distribution of T. forsythia counts in subjects with stable or recurrent ACS
by periodontal diagnosis. d = outlier value; * = extreme outlier values.
The bottom and top of boxes are 25th and 75th percentiles and the line in
the middle of the box is the 50th percentile. The ends of the whiskers
represent one SD above and below the mean of the data.
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regression (Wald statistics) identified WBC counts
(b = 0.21; P <0.001) and alveolar bone loss at the
30% cutoff level (b =1.26; P <0.001) as explanatory
variables of a future ACS event.

Periodontitis Defined by Alveolar Bone Loss at
the 30% Cutoff Level and Serum Variables
Baseline subjects with ACS. Statistically higher HDL
values were found among subjects who did not have
a diagnosis of periodontitis by the bone loss definition
(mean difference: 0.14 mg/dl; 95% CI: 0.01 to 0.25;
P <0.05). Subjects with periodontitis were also older
(mean difference: 6.4 years; 95% CI: 3.2 to 9.5;
P <0.001).

Baseline control subjects. Significantly higher se-
rum values were found among subjects with peri-
odontitis defined as having ‡30% of surfaces with
defined bone loss and creatinine values (mean differ-
ence: 6.5 mmol/l; 95% CI: 1.6 to 11.5; P <0.01), LDL
with higher scores among subjects with bone loss
(mean difference: 0.44 mg/dl; 95% CI: 0.02 to 0.85;
P <0.05), and HDL with higher scores (mean dif-

ference: 0.14 mg/dl; 95% CI: 0.01 to 0.27; P <0.05).
Subjects with periodontitis were also older (mean dif-
ference: 5.4 years; 95% CI: 2.4 to 8.3; P <0.001). Sta-
tistical analyses failed to demonstrate that serum
hsCRP in subjects with periodontitis defined by the
various alveolar bone loss cutoff levels differed from
those who did not have periodontitis (mean CRP
scores in both groups: 2.6 ml/l).

All subjects included. Significantly higher serum
values were found in subjects with a diagnosis of peri-
odontitis for hsCRP (mean difference: 7.7mg/l; 95%
CI: 2.2 to 13.1; P <0.001), creatinine (mean differ-
ence: 6.0 mmol/l; 95% CI: 2.2 to 9.8; P <0.001), and
WBCs (mean difference: 1.8 · 109/l; 95% CI: 1.2 to
2.3; P <0.001). Subjects with periodontitis were also
older (mean difference: 4.6 years; 95% CI: 2.7 to
6.5; P <0.001).

Explanatory factors predicting a future ACS
event and independent of previous ACS or not. Anal-
ysis by GLM multivariate analysis, controlling for age
and in the prediction of a future ACS event, identified
that WBC counts (F = 20.6; P <0.001), alveolar bone

Table 2.

Subject-Characteristic Values of Disease Surrogate Markers in Control Subjects With
Stable, Healthy Conditions and Subjects With a First Event of ACS in 3 Years

Status Significance

Variable Healthy ACS in 3 Years 95% CI P

Male gender (%) 89.3 85.6 – 0.75 (NS)

Age (years; mean – SD) 60.1 – 8.8 64.1 – 7.9 -11.3 to 6.6 0.23 (NS)

Smoking (years; mean – SD) 14.9 – 16.1 18.3 – 22.3 -26.7 to 20.0 0.73 (NS)

Creatinine (mmol/l; mean – SD) 76.5 – 14.1 80.6 – 8.7 -12.2 to 4.1 0.29 (NS)

Serum hsCRP (mg/l; mean – SD) 2.7 – 3.7 1.8 – 0.8 -6.33 to 12.81 0.06

HDL (mg/dl; mean – SD) 1.51 – 0.46 1.51 – 0.26 -0.24 to 0.24 0.99 (NS)

LDL (mg/dl; mean – SD) 3.24 – 0.92 3.46 – 1.00 -1.10 to 0.74 0.66 (NS)

Triglycerides (mg/dl; mean – SD) 1.71 – 1.70 1.17 – 0.07 0.03 to 1.04 0.05

Cholesterol (mg/dl; mean – SD) 5.49 – 1.00 5.47 – 1.26 -1.14 to 1.19 0.96 (NS)

WBC count (·109/l; mean – SD) 6.34 – 1.64 6.54 – 0.72 -0.84 to 0.54 0.72 (NS)

Serum HbA1c (%; mean – SD) 4.69 – 1.14 4.87 – 0.87 -0.84 to 0.47 0.55 (NS)

Bone loss at 30% cutoff
(periodontitis) (%; mean – SD)

21.1 – 44.1 42.9 – 53.4 – 0.17 (NS)

BOP (gingivitis) (%; mean – SD) 49.5 – 20.3 59.0 – 23.1 -30.8 to 12.0 0.33 (NS)

BOP at >20% of sites (%; mean – SD) 89.6 – 30.5 100.0 – 0.0 – 0.37 (NS)

Sites with PD ‡6 mm (%; mean – SD) 2.3 – 4.3 0.85 – 1.2 -0.1 to 2.9 0.06

– = not applicable; NS = not statistically significant; BOP = bleeding on probing.
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loss at the 30% cutoff level (F = 17.6; P <0.001), and
serum creatinine counts (F = 4.5, P <0.05) were ex-
planatory of a future ACS event.

DISCUSSION

All subjects in this 3-year follow-up study with a previ-
ous history of ACS received postemergency care con-
sistent with known treatment methods to reduce
future risks of ACS.23 During the first 3-year period,
the medical interventions prevented a recurrence of
ACS in 60% of the cases.

Several studies24-27 reported similar rates of ACS
recurrence. In the present study, the recurrence of
ACS was higher than the rate reported elsewhere13

of serious adverse cardiovascular events in subjects
with periodontitis. This may be explained by differ-
ences in the definitions of ACS and periodontitis,
treatments, and study-population risk factors.

The socioeconomic burden may contribute signif-
icantly to the risk of ACS such that the infectious burden
may be of less importance as an explanatory factor
in cardiovascular disease.28 For this reason, we de-
signed the study so that socioeconomic conditions,
including education and working and living condi-
tions, were matched such that the control subjects
and subjects with ACS presented with similar condi-
tions.

Due to the inclusion criteria used for the control
subjects, we were unable to assess the impact of
smoking, gender, marital status, and socioeconomic
status as risk factors in ACS and periodontitis. Smok-
ing has been considered a risk factor for periodontitis
and confounder for cardiovascular disease.29,30 The
present study failed to demonstrate that smoking
habits had a significant impact on the recurrence of
ACS. This is most likely an effect of the enrollment
strategy used in the present study.

It was proposed that periodontal intervention has
effects on some surrogate measures of cardiovas-
cular disease risk.7-12 For example, data suggest
that immediately after periodontal intervention, an
acute response to non-surgical periodontal de-
bridement and immediate elevation of serum hsCRP
levels may occur.12,31-33 The present study demon-
strated that the serum hsCRP levels at the time
of original hospital admission were higher in sub-
jects with ACS than in control subjects and were
higher in subjects with periodontitis. However, se-
rum hsCRP was not included in our model for future
ACS events. This is most likely explained by the fact
that the medical intervention included therapy to re-
duce the extent of systemic inflammation by pre-
scription of statins.34,35 Because hsCRP, as an
acute-phase reactant, is elevated in individuals with
ACS, an added impact of periodontitis may not be
sufficient to result in a statistical difference by peri-

odontal status. In the systemically healthy control
group, the present data consistently identified that
subjects in the control group with periodontitis
had higher serum WBC counts, serum creatinine
levels, and HDL levels and lower LDL levels than
control subjects with periodontitis. This is in agree-
ment with others4,12,15,31,32,36,37 who identified that
periodontitis is reflected by such serum markers.

A report suggested38 that the infectious burden is a
factor in cardiovascular diseases. Other reports39-42

suggested that bacteria specifically associated with
periodontitis may be associated with cardiovascular
disease. We previously reported that subgingival
levels of T. forsythia and several Streptococci species
were significantly higher in subjects with a diagnosis
of ACS.15 In the present study, analyses of factors
predicting the recurrence of ACS or a new first event
of ACS failed to include all of the bacterial species
studied.

Age is an important factor associated with peri-
odontitis and cardiovascular diseases. Older patients
have many diseases, and many geriatric subjects with
ACS have multiorgan failures.43 Studies44-48 demon-
strated that the prevalence of periodontitis among
older subjects is high. When controlling for age, three
factors (WBC counts, creatinine levels, and peri-
odontitis defined by bone loss) remained as explana-
tory of a future ACS event. Serum creatinine values
are associated with kidney functions and predictive
of serious ACS.49-51 The findings in the present study
are consistent with others52 and suggested a close re-
lationship between systemic inflammatory effects of
periodontal infections, serum creatinine values, and
cardiovascular disease.

Our findings on the relationship between WBC
counts and ACS and periodontitis are consistent with
what we previously reported for a subset of the sub-
jects.53 This relationship between WBC counts and
periodontitis is consistent with a systemic inflamma-
tory impact as the result of periodontitis.54,55 Data
suggest that serum WBC counts are independent pre-
dictors of left-ventricular systolic dysfunction after an
ACS event.56 High WBC counts in middle-aged men
havealsobeenassociatedwithan increased long-term
incidence of hospitalizations as a result of heart fail-
iure.57 Serum creatinine values reflect kidney function
and are linked to serious adverse outcomes in individ-
uals with ACS.58

The fact that the statistical analyses failed to dem-
onstrate differences in values by study parameters be-
tween remaining healthy control subjects and those
who later developed ACS is most likely an effect of
lacking statistical power. The trends of differences in-
dicated that subjects in the control group who later
developed ACS had more evidence of periodontitis
defined by alveolar bone loss at ‡30% of interproximal
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surfaces ‡4.0 mm (43% in baseline healthy controls
but who had an ACS event in 3 years versus 21% in
healthy controls).

CONCLUSIONS

Recurrent ACS was suggested to be predicted by
serum WBC counts, serum creatinine levels, and
a diagnosis of periodontitis. Significantly higher
counts of putative pathogens were found in subjects
with ACS but these do not predict the risk of a future
ACS event.
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dysfunction in patients with chronic periodontitis and
its improvement after initial periodontal therapy.
J Periodontol 2004;75:1694-1700.

10. Montebugnoli L, Servidio D, Miaton RA, et al. Peri-
odontal health improves systemic inflammatory and
haemostatic status in subjects with coronary heart
disease. J Clin Periodontol 2005;32:188-192.

11. Seinost G, Wimmer G, Skerget M, et al. Periodontal
treatment improves endothelial dysfunction in patients
with severe periodontitis. Am Heart J 2005;149:
1050-1054.

12. Tonetti MS, D’Aiuto F, Nibali L, et al. Treatment of
periodontitis and endothelial function. N Engl J Med
2007;356:911-920.

13. Beck JD, Couper DJ, Falkner KL, et al. The Peri-
odontitis and Vascular Events (PAVE) pilot study:
Adverse events. J Periodontol 2008;79:90-96.

14. Persson GR, Ohlsson O, Pettersson T, Renvert S.
Chronic periodontitis, a significant relationship with
acute myocardial infarction. Eur Heart J 2003;24:
2108-2115.

15. Renvert S, Pettersson T, Ohlsson O, Persson GR.
Bacterial profile and burden of periodontal infection
in subjects with a diagnosis of acute coronary syn-
drome. J Periodontol 2006;77:1110-1119.

16. Engebretson SP, Lamster IB, Elkind MS, et al. Radio-
graphic measures of chronic periodontitis and carotid
artery plaque. Stroke 2005;36:561-566.

17. Geismar K, Stoltze K, Sigurd B, Gyntelberg F,
Holmstrup P. Periodontal disease and coronary heart
disease. J Periodontol 2006;77:1547-1554.

18. Rech RL, Nurkin N, da Cruz I, et al. Association
between periodontal disease and acute coronary
syndrome. Arq Bras Cardiol 2007;88:185-190.

19. Persson RE, Hollender LG, Persson GR. Assessment of
alveolar bone levels from intraoral radiographs in
subjects between ages 15 and 94 years seeking dental
care. J Clin Periodontol 1998;25:647-654.

20. Socransky SS, Smith C, Martin L, Paster BJ, Dewhirst
FE, Levin AE. ‘‘Checkerboard’’ DNA-DNA hybridiza-
tion. Biotechniques 1994;17:788-792.

21. Socransky SS, Haffajee AD, Smith C, et al. Use of
checkerboard DNA-DNA hybridization to study com-
plex microbial ecosystems. Oral Microbiol Immunol
2004;19:352-362.

22. Katsoulis J, Lang NP, Persson GR. Proportional distri-
bution of the red complex and its individual pathogens
after sample storage using the checkerboard DNA-
DNA hybridization technique. J Clin Periodontol 2005;
32:628-633.

23. Bassand JP, Hamm CW, Ardissino D, et al. Guidelines
for the diagnosis and treatment of non-ST-segment
elevation acute coronary syndromes: The task force
for the diagnosis and treatment of non-ST-segment
elevation acute coronary syndromes of the European
Society of Cardiology. Eur Heart J 2007;28:1598-
1660.

24. Chew DP, Huynh LT, Liew D, et al. Potential survival
gains in the treatment of myocardial infarction. Heart
2009;95:1844-1850.
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