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Abstract
Aim: The aim of this study was to evaluate the association between severe
periodontitis and sub-clinical atherosclerosis in young (440 years) systemically
healthy individuals.

Material and Methods: Ninety systemically healthy subjects, 45 affected by severe
periodontitis (mean age 36.35 � 3.65 years) and 45 controls without a history of
periodontal disease (mean age 33.78 � 3.28 years), were enrolled in this study.
Patients and controls were paired for age, gender, body mass index and smoking
habits. Carotid intima-media thickness (IMT) was bilaterally assessed by
ultrasonography at the level of common carotid artery. Traditional cardiovascular risk
factors for atherosclerosis were also evaluated.

Results: The overall mean carotid IMT was 0.82 � 0.13 mm in the test group and
0.72 � 0.07 mm in the control group ( po0.0001). Stepwise regression analysis
showed that periodontitis ( po0.0001) and regular physical activity ( p 5 0.0009) were
predictor variables of overall mean carotid IMT. When considering an IMTX0.82 mm
as the critical index of increased cardiovascular risk, periodontal patients overcame
this threshold compared with healthy patients by an odds ratio 5 8.55 [confidence
interval 95%: 2.38; 39.81]. No investigated haemostatic variable was associated with
increased carotid IMT.

Conclusion: Severe periodontitis is associated with sub-clinical atherosclerosis in
young systemically healthy patients.
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Periodontal disease is a chronic inflam-
matory destruction of tissue surrounding
the teeth caused by specific anaerobic
pathogens contained in dental plaque
organized on the tooth surface (Sanz &
Quirynen 2005). Over 30% of adults in
United States and Northern Europe have
periodontal disease (Hugoson et al.
1998, Albandar et al. 1999); in 13% of

these individuals, the condition is severe
(Albandar et al. 1999). Two major types
of periodontal disease are recognized:
chronic periodontitis, which has a major
prevalence in adults with a low pattern
of progression, and aggressive perio-
dontitis, a less common type, generally
affecting young patients with rapid
periodontal destruction that may often
result in tooth loss with aesthetic, func-
tional and psychological problems
(American Academy of Periodontology
1999).

In the past decade, significant asso-
ciations between periodontal disease
and the extent and severity of athero-
sclerosis were found, even after adjust-

ment for a variety of potential
confounders (DeStefano et al. 1993,
Mattila et al. 1993, 1995, Beck et al.
1996, Desvarieux et al. 2003, 2005,
Engebretson et al. 2005, D’Aiuto et al.
2007, Persson & Persson in press).
Possible biological mechanisms of inter-
action between periodontitis and cardi-
ovascular disease include the burden of
bacterial pathogens, antigens, bacterial
toxins (Chiu 1999, Haraszthy et al.
2000, Cairo et al. 2004) and the production
of inflammatory mediators (Offen-
bacher et al. 1999). Several experi-
mental studies support this association,
demonstrating the ability of periodontal
pathogens to induce platelet aggregation
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(Herzberg & Weyer 1998), foam-cell
formation (Qi et al. 2003) and the
development of atheroma (Lalla et al.
2003). Other studies have demonstrated
the effectiveness of periodontal therapy
in reducing acute-phase response mar-
kers (D’Aiuto et al. 2004, 2007) and
improving endothelial function (Tonetti
et al. 2007).

Cardiovascular disease and related
events (e.g. stroke and myocardial
infarction) may occur after decades of
silent arterial wall alterations. B-mode
ultrasonography is a non-invasive and
highly reliable tool for assessing the
early stages of atherosclerosis (Touboul
et al. 2004) by measuring the thickness
of the inner layers of the vessel walls
(intima-media thickness – IMT). This
procedure has been extensively applied
in monitoring carotid artery (carotid
IMT) (Touboul et al. 2004, 2007) to
identify the sub-clinical atherosclerosis
condition. Increased carotid IMT is
associated with cardio- and cerebrovas-
cular events (Howard et al. 1993, Burke
et al. 1995, O’Leary et al. 1999). IMT
values ranging from 0.75 to 0.82 mm
were defined as borderline values and
associated with a greater cardiovascular
risk than lower values (Aminbakhsh &
Mancini 1999).

Some studies evaluated carotid IMT
in relation to periodontal disease in the
middle-aged to elderly population (Beck
et al. 2001, Leivadaros et al. 2005,
Soder et al. 2005). A large epidemiolo-
gical study (Atherosclerosis Risk in
Communities) analysed persons of
mean age 62 in the United States and
reported that severe periodontitis was
associated with increases in carotid
IMT (Beck et al. 2001). Up to now, no
data are available concerning the asso-
ciation between severe periodontal dis-
ease and sub-clinical atherosclerosis in
young patients.

The aim of this study was to assess
the association between severe perio-
dontitis and increased carotid IMT in
systemically healthy young (440 years)
patients evaluated for traditional risk
factors for cardiovascular disease.

Material and Methods

Patients

The population consisted of patients
referred to the Department of Perio-
dontology of Florence University for
periodontal evaluation and therapy
from September 2002 to December
2006.

General entry criteria: Caucasian
race, age ranging between 18 and 40
years, body mass index (BMI)427 kg/
m2 and subjects with blood pressure
4130/80 mmHg.

Exclusion criteria: the presence of
systemic disease (e.g. diabetes mellitus
or cardiovascular, kidney, liver or lung
disease), a recent history or the presence
of any other acute or chronic infection,
as assessed on clinical examination and
routine laboratory testing, systemic anti-
biotic treatment within the previous 3
months or any other regular medication,
pregnancy and intense sporting activity.

Periodontal entry criteria: severe
generalized periodontitis with at least
30% of sites with clinical loss of attach-
ment and alveolar bone loss exceeding
1/3 of the root in at least 30% of the
entire dentition.

A single periodontist (F. C.) per-
formed a complete periodontal exami-
nation in each patient, collecting data on
tooth loss, full-mouth plaque score
(FMPS) and full-mouth bleeding score
(FMBS). Probing depth and clinical
attachment level (CAL) were recorded
in six points/tooth. Periodontal disease
was categorized as aggressive or chronic
periodontitis according to the American
Academy of Periodontology (1999).
These periodontal patients comprised
the test group. Healthy individuals with-
out a history of periodontal disease
(CAL 43 mm in each site) referred for
oral hygiene procedures or for treatment
of Miller Class I and II gingival reces-
sions were assigned to the control
group.

All subjects underwent a physical
examination. An extensive medical his-
tory was determined from each patient
by the interview method. The informa-
tion included

� Presence of systemic disease.
� BMI.
� Smoking status, categorized as for-

mer, current or never smoker. When
the patient was a current smoker, the
age of starting and the number of
cigarettes/day were recorded; in
addition, the index Packyear was
calculated (number of cigarette
packs in a day � number of years
of tobacco use).

� Family history of cardiovascular
disease.

� History of oral contraceptive use.
� Physical activity: subjects were

asked to indicate their usual pattern
of physical activity, under the head-

ings of regular walking or cycling,
recreational activity or sporting
activity. Recreational activity inclu-
ded gardening, pleasure walking,
dancing and do-it-yourself jobs.
Sporting activity included gymnas-
tics, running, playing soccer, golf,
tennis, swimming, etc. Subjects
were grouped into three broad cate-
gories based on their total score:
absent or light (i.e. inactive or walk-
ing for 30 min. less than three times
per week), regular (i.e. walking for
30 min. three to five times per week
or sporting exercise once a week)
and intense sporting activity (i.e.
sporting activity at least twice a
week).

� Education level (below high school,
high school and above high school).

To obtain two homogeneous groups,
on the basis of medical history, test and
control patients were paired according to

� Gender.
� Age (using a 5-year threshold of

tolerance).
� BMI (using 1-value as the threshold

of tolerance).
� Smoking habits: test and control

patients were paired for number
of cigarettes/day and exposure to
smoking in years. To be considered
smokers, patients had to be using
tobacco for at least 5 years. Patients
who reported to be smokers for a
lesser time were excluded from the
study.

Patients who fulfilled the entry criteria
but could not be paired were excluded
from the study. Each participant signed
an informed consent in accordance with
the Helsinki Declaration of 1975.

Blood collection and laboratory analysis

Venous blood samples were taken from
each subject at least 2 weeks after
periodontal examination by a single
venipuncture in the antecubital fossa.
Tubes containing blood without an
anticoagulant were centrifuged at room
temperature (2000 � g) for 15 min.
within 1 h of collection and aliquots of
serum samples were stored at � 801C
until samples from all participants were
collected. High-sensitivity C-reactive
protein (hs-CRP) levels were assessed
by a high-sensitivity assay on a BNII
nephelometer (Dade Behring, Marburg,
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Germany) that detects values as low as
0.17 mg/l.

Glucose, triglycerides, high-density
lipoprotein cholesterol (HDL-cholester-
ol), low-density lipoprotein cholesterol
(LDL-cholesterol) and total serum cho-
lesterol and haemoglobin A1C% were
quantified by commercial enzymatic
tests performed by standardized bio-
chemical testing.

Measurements of carotid IMT

Carotid IMT was bilaterally assessed at
the common carotid artery in each test
and control patient in the supine posi-
tion. A single experienced physician (S.
C.) blinded with respect to periodontal
conditions used an ATL HDI 3500
instrument applying a standardized pro-
tocol (Touboul et al. 2000). The carotid
arteries were visualized with longitudi-
nal and transverse scans to detect the
possible presence of significant focal
atherosclerotic lesions, defined as a
localized protrusion exceeding 1.5 mm
within the vascular lumen (Touboul
et al. 2004). Carotid IMT was measured
with an orthogonal incidence of the
ultrasonic beam to the axial course of
the artery, on a 10 mm segment of the
far wall of the common carotid artery
(longitudinal projection) avoiding
non-linear segments, using a dedicated
software (M’Ath, Metris, France). The
real-time measurement of carotid IMT
represented the mean of 10 measures on
each side. The average of both right and
left IMT was considered for all subse-
quent computations.

Data management and statistical analysis

All the calculations were performed
using JMP version 5.1 and SAS-STAT
9.1. All statistical analyses were planned
before enrolment of the patients.

Sample size calculation was per-
formed assuming a clinically significant
difference for carotid IMT of 0.09 mm.
Using this mean difference with
a5 0.05, s5 0.14 mm (McQuillan
et al. 1999) and a power of 80%, the
sample size resulted in 39 individuals
for each group.

Descriptive statistics included calcu-
lation of mean and standard deviations
for quantitative variables. Qualitative
variables were expressed as frequency
and percentage.

For bivariate analysis of test versus
control group, the p-value was calcu-
lated using Student’s t-test for quantita-

tive variables while the Fisher exact test
was used for binominal variables. The
pairing variables used (gender, age,
BMI, smoking status) were analysed to
ascertain possible differences between
the test and control groups.

A bivariate analysis was also per-
formed considering the binary IMT as
the outcome variable. Because carotid
IMT values ranging from 0.75 to
0.82 mm were defined as borderline
values and associated with a greater
cardiovascular risk than lower values
(Aminbakhsh & Mancini 1999), 0.82 mm
was considered to be the threshold
value. Odds ratios (OR) and confidence
intervals were calculated with exact
conditional logistic regression (Mehta
et al. 1992).

A multivariate analysis (backward
stepwise linear regression with
p 5 0.10 to enter and p 5 0.05 to leave)
was performed considering the mean
IMT as the outcome variable. Predictor
variables were periodontitis, gender,
age, education level, pack-year, a family
history of cardiovascular disease, BMI,
systolic blood pressure, diastolic blood
pressure, physical activity, glucose, leu-
cocytes, triglycerides, HDL-cholesterol,
LDL-cholesterol, total serum cholesterol,
hs-CRP and haemoglobin A1C% levels.
A sensitivity analysis was also per-
formed considering mean IMT as the
outcome variable and other variables as
predictors (full model).

A backward stepwise logistic regres-
sion (with p 5 0.10 to enter and p 5 0.05
to leave) was performed considering the
binary IMT as the outcome variable
(threshold value 5 0.82 mm). In the
model, OR and confidence intervals
were calculated with exact conditional
logistic regression (Mehta et al. 1992).
An approximate confidence interval
95% was used for probability of
IMTX0.82 (p) in the final model of
the backward logistic regression (Ryan
1997).

Results

A total of 67 systemically healthy
patients with severe periodontitis were
consecutively selected. After pairing
with comparable controls, 45 perio-
dontal patients were included in the
test group. The remaining 22 patients
were excluded due to the lack of com-
parable controls (20 patients) or due to
the fact that they were smokers for o5
years (two patients). Finally, the test

group consisted of 45 systemically
healthy individuals aged 440 years
showing a mean age of 36.35 � 3.65
years [range 25.9–40.0] affected by
severe periodontitis; 21 were female
(47%) and 19 patients were current
smokers (42%). No former smoker was
enrolled. The mean tooth loss due to
periodontal disease was 2.3 � 2.3.
Twenty-four (53%) patients showed
aggressive periodontitis, while 21 (47%)
showed chronic periodontitis. The mean
loss of attachment was 4.70 � 0.72 mm.
Patients showed a mean of 72.6 � 23.8
pockets of X4 mm and a mean of
21.6 � 9.0 pockets of X6 mm.

A total of 85 potential controls with-
out a history of periodontal disease were
screened: 45 of them were used as
comparable controls for the test group.
Then, the control group consisted of 45
systemically healthy individuals aged
440 years showing a mean age of
33.78 � 3.28 years [26.8–39.8]; 21
were female (47%) and 19 were current
smokers (42%). The mean tooth loss due
to caries or endodontic problems was
0.3 � 0.5, while the mean loss of attach-
ment was 2.24 � 0.12 mm (Table 1).

A statistically significant difference
between the two groups was found
for tooth loss (o0.0001), FMPS
(o0.0001) and FMBS (o0.0001). Perio-
dontal patients had lower educational
levels than the control group
(o0.0001) (Table 1).

The mean carotid IMT was
0.82 � 0.13 mm in the test group [0.61–
1.16] and 0.72 � 0.07 mm in the control
group [0.59–0.94]. This difference was
statistically significant (po0.0001).
The left carotid IMT was higher in the
test group (0.81 � 0.13 mm) than in
the control group (0.72 � 0.08 mm)
( po0.0001); similarly, the right carotid
IMT was higher in the test group
(0.82 � 0.15 mm) than in the control
group (0.73 � 0.09 mm) (p 5 0.0006).
In the test group, 20 patients (44%)
showed carotid IMTX0.82 mm while in
the control group four patients (9%)
showed carotid IMT (Table 1). When
comparing aggressive (0.81 � 0.14 mm)
versus chronic (0.82 � 0.11 mm) perio-
dontitis, no significant difference was
found in terms of mean IMT values
( p 5 0.7693).

Periodontal patients showed higher
levels of hs-CRP ( p 5 0.0002), total
serum cholesterol ( p 5 0.0465) and
LDL-cholesterol ( p 5 0.0203). No
statistically significant differences
between the test and control groups

Severe periodontitis and sub-clinical atherosclerosis 467

r 2008 The Authors
Journal compilation r 2008 Blackwell Munksgaard



were detected for other haemostatic
variables (Table 2).

Bivariate analysis showed that perio-
dontal disease (OR 8.01), age, education
level, regular physical activity and dia-
stolic blood pressure were associated
with binary IMT (threshold value 5
0.82 mm) (Table 3).

The variables retained in the model
after the backward stepwise linear re-
gression were periodontal disease and
physical activity. Severe periodontal
disease ( po0.0001) was a predictor
variable for increased IMT. Moreover,
regular physical activity was associated
with a lower carotid IMT (Table 4).

Sensitivity analysis (full model) per-
formed considering mean IMT as the
outcome variable and other variables as
predictors confirmed that only perio-
dontal disease directly and regular phy-
sical activity inversely were associated
with carotid IMT (Table 5).

When considering an IMT of 0.82 mm
as the critical index of increased cardio-
vascular risk, periodontal patients over-
came this threshold compared with
healthy patients by an OR 5 8.55 (step-
wise logistic regression). In addition,
diastolic blood pressure was found to
be associated (OR 5 2.14) with the risk
of exceeding the critical value (Table 6).

Figure 1 graphically represents the
results of Table 6, showing the prob-
ability to have carotid IMTX0.82 mm
considering diastolic blood pressure
values of the test and control patients.

Discussion

A growing body of literature shows that
local and/or systemic infection may
contribute to the development of ather-
osclerosis in association with lipid
unbalance, haemodynamic stress and
immune reactions at the vascular wall
(Ross 1999). Periodontal disease was
found to be associated with the severity
and progression of atherosclerosis (DeS-
tefano et al. 1993, Mattila et al. 1993,
1995, Beck et al. 1996, Desvarieux et al.
2003, 2005, Engebretson et al. 2005,
D’Aiuto et al. 2007) due to the presence
of a microbial burden (Chiu 1999,
Haraszthy et al. 2000, Cairo et al.
2004) and the production of inflamma-
tory mediators (D’Aiuto et al. 2004,
2007). The association between perio-
dontal disease and increased carotid
IMT has been described only in the
middle-aged to elderly population with
chronic/adult periodontitis (Beck et al.
2001, Leivadaros et al. 2005, Soder
et al. 2005). Although IMT increase in
the elderly might have been caused by
periodontitis, this finding cannot rule
out the well-known influence of ageing
on both IMT thickening (Howard et al.
1993) and the prevalence of periodontal
disease (Hugoson et al. 1998, Albandar
et al. 1999). On the other hand, young
patients might have been affected by a
severe form of periodontitis that results
in extensive destruction of periodontal
attachment and bone with precocious
tooth loss. This condition may be due
to genetics, impaired host response and
microbiological patterns (American
Academy of Periodontology 1999).

The results of this study showed that
an association between severe perio-
dontal disease and sub-clinical athero-
sclerosis does exist in young
systemically healthy patients; stepwise
regression analysis showed that severe
periodontal disease is a predictor vari-
able of increased mean IMT ( po0.0001).
Although the 45 patients enrolled in the
test group may be regarded as a limited
sample size when compared with other
surveys dealing with middle-aged to
elderly periodontal patients (Beck et al.
2001), one should take into account that
severe forms of periodontitis affect only

Table 2. Laboratory variables in test and control groups

Variable Test group, N 5 45 Control group, N 5 45 p-value

Hs-CRP (mg/l) 2.54 � 2.59 0.95 � 0.93 0.0002
Glucose (g/l) 0.83 � 0.09 0.82 � 0.11 0.7729
Leucocytes (n) 6.52 � 1.98 6.14 � 1.30 0.2847
Triglycerides (mg/dl) 132.20 � 146.29 88.22 � 46.75 0.0580
Total serum cholesterol (mg/dl) 201.22 � 36.04 186.36 � 33.75 0.0465
HDL-cholesterol (mg/dl) 53.07 � 11.10 55.07 � 16.06 0.6316
LDL-cholesterol (mg/dl) 134.64 � 57.64 112.47 � 25.23 0.0203
Haemoglobin A1C% 5.49 � 0.46 5.35 � 0.29 0.0892

Hs-CRP, high-sensitivity C-reactive protein; HDL-cholesterol, high-density lipoprotein-cholesterol;

LDL-cholesterol, low-density lipoprotein cholesterol.

Table 1. Descriptive statistics and details of matching criteria for test and control group

Variables Test group,
N 5 45

Control group,
N 5 45

p-value

Gender (females) 21 (47%) 21 (47%) –
Age (years) 36.35 � 3.65 33.78 � 3.28 0.0007
Smoking habits (yes) 19 (42%) 19 (42%) –
Number cigarettes/day 5.3 � 6.9 5.3 � 6.9 –
Smoking habits 45 years 18 (40%) 18 (40%) –
Packyear 4.1 � 5.6 3.7 � 4.9 0.6682
Aggressive periodontitis 24 (53%) 0 (0%) –
Mean CAL (mm) 4.70 � 0.72 2.24 � 0.12 –
Mean PD (mm) 4.32 � 0.68 2.15 � 0.12 –
Tooth loss 2.3 � 2.3 0.3 � 0.5 o0.0001
FMPS (%) 50.0 � 20.4 23.0 � 9.6 o0.0001
FMBS (%) 47.0 � 16.4 18.0 � 8.6 o0.0001
Number of sites with CAL X4 mm 96.9 � 27.5 0.4 � 0.6 –
Number of sites with PD X4 mm 72.6 � 23.8 0.0 � 0.0 –
RT IMT (mm) 0.82 � 0.15 0.73 � 0.09 0.0006
LT IMT (mm) 0.81 � 0.13 0.72 � 0.08 o0.0001
IMT mean (mm) 0.82 � 0.13 0.72 � 0.07 o0.0001
IMT (X0.82) 20 (44%) 4 (9%) 0.0002
Family history of cardiovascular disease 19 (42%) 4 (9%) 0.0005
Regular physical activity 15 (33%) 18 (40%) 0.6621
History of oral contraceptive (females) 11 (52%) 9 (43%) 0.7579
Systolic blood pressure (mmHg) 120.3 � 7.4 119.8 � 4.4 0.6665
Diastolic blood pressure (mmHg) 70.1 � 5.7 70.1 � 4.1 1.000
BMI (kg/m2) 22.4 � 2.0 22.5 � 2.1 0.9551
Educational level (higher than high school) 8 (18%) 28 (62%) o0.0001

Mean CAL, mean clinical attachment level; Mean PD, mean probing depth; FMPS, full-mouth

plaque score; FMBS, full-mouth bleeding score; RT IMT, right carotid intima-media thickness; LT

IMT, left carotid intima-media thickness.
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1–3% of Europeans in an age range
similar to the one considered in this study
(Hugoson et al. 1998). In addition, perio-
dontal patients showed severe tooth loss,
generalized loss of attachment and perio-
dontal pockets and extensive gingival
inflammation, with aesthetic, functional
and psychological problems. When com-
pared with the healthy individuals with-
out signs of periodontitis, the periodontal
patients overcame the carotid IMTX0.82,
assumed as the critical index of in-
creased cardiovascular risk (Aminbakhsh
& Mancini 1999), by an OR 5 8.55.

An association between LDL, HDL,
total cholesterol levels and atherosclero-
sis risk has been generally recognized
(Sharrett et al. 1995, Crouse et al. 1996).
In this study, higher levels of LDL and
total serum cholesterol were detected in
periodontal patients than in control sub-
jects: these findings are in accordance
with those obtained in clinical studies
showing higher lipid levels associated
with Porphyromonas gingivalis infec-
tion in periodontal patients (Cutler et al.
1999a, b). However, no association was
found between these variables and car-
otid IMT. This might have been due to
the exclusion of patients with a high BMI.

CRP, a strong predictor of the risk of
myocardial infarction and stroke (Rid-
ker et al. 1997), was higher in the test
group (p 5 0.0002), confirming that
periodontal disease is associated with
acute-phase response and changes of
CRP serum levels (D’Aiuto et al. 2004).
In the present study, no association was
found between CRP and carotid IMT.
This finding is in accordance with a
recent longitudinal study (Lorenz et al.
2007) showing that CRP is not an inde-
pendent causal factor for the initiation
and progression of early atherosclerotic
changes of the carotid arteries, and pos-
sible associations may be explained by
confounding factors such as age, gender
and cardiovascular risk factors.

This study shows that periodontal
patients frequently have a lower educa-
tion level, a surrogate marker of socio-
economic position, than healthy
individuals ( po0.0001). This finding
confirms the possible influence of edu-
cation level on the prevalence of perio-
dontal disease (Klinge & Norlund
2005). Furthermore, lower socioeco-
nomic groups have a greater cardiovas-
cular risk than higher socioeconomic
groups (Cox et al. 2006) even if no
association between education level
and sub-clinical atherosclerosis was
observed in this study.

Table 4. Final model of the stepwise linear regression using the overall mean IMT as outcome
variable (R2 5 0.28)

Term Estimate Standard error p-value 95% confidence
intervals

Intercept 0.75 0.02 o0.0001 0.72 0.78
Periodontal disease 0.09 0.02 o0.0001 0.05 0.13
Regular physical activity � 0.07 0.02 0.0009 � 0.12 � 0.03

IMT, intima-media thickness.

Table 5. Full model for linear regression with all 18 variables as sensitivity analysis (R2 5 0.39)

Term Estimate Standard error Prob4|t|

Intercept 0.38 0.30 0.2131
Periodontal disease 0.09 0.03 0.0063
Gender � 0.01 0.04 0.7123
Age 0.004 0.004 0.3138
Packyear 0.002 0.002 0.4844
Educational level (higher than high school) 0.01 0.03 0.7616
Familiarity for CHD 0.01 0.03 0.5985
Regular physical activity � 0.05 0.03 0.0360
Systolic blood pressure (mmHg) 0.001 0.003 0.7414
Diastolic blood pressure (mmHg) 0.003 0.003 0.3357
BMI (kg/m2) 0.01 0.01 0.5138
Hs-CRP (mg/l) � 0.01 0.01 0.3489
Glucose (g/l) � 0.13 0.12 0.2540
Leucocytes (n) � 0.01 0.01 0.4632
Triglycerides (mg/dl) 0.00003 0.00017 0.8734
Total serum cholesterol (mg/dl) 0.0001 0.0006 0.8364
HDL-cholesterol (mg/dl) 0.0002 0.0011 0.8313
LDL-cholesterol (mg/dl) 0.0002 0.0006 0.7245
Haemoglobin A1C% � 0.03 0.03 0.4062

BMI, body mass index; hs-CRP, high-sensitivity C-reactive protein; HDL-cholesterol, high-density

lipoprotein-cholesterol; LDL-cholesterol, low-density lipoprotein cholesterol.

Table 3. Bivariate analysis considering the binomial IMT as the outcome variable (threshold
value 5 0.82 mm)

Variables Odds ratio Lower
CI 95%

Upper
CI 95%

p-value

Periodontal diseasen 8.01 2.32 35.96 0.0002
Gender (females)n 1.05 0.37 2.99 1.0000
Agew 1.25 1.07 1.48 0.0035
Packyearw 1.04 0.95 1.13 0.3702
Educational leveln (higher than high school) 0.30 0.08 0.96 0.0420
Familiarity for CHDn 2.21 0.70 6.83 0.1994
Regular physical activityn 0.26 0.06 0.89 0.0287
Systolic blood pressure (mmHg)z 1.42 0.90 2.36 0.1448
Diastolic blood pressure (mmHg)z 2.11 1.16 4.12 0.0114
BMI (kg/m2)w 1.12 0.89 1.42 0.3172
Hs-CRP (mg/l)w 1.19 0.96 1.48 0.1051
Glucose (g/l)w 0.18 0.01 21.77 0.4834
Leucocytes (n)w 0.83 0.60 1.13 0.2611
Triglycerides (mg/dl)w 1.00 1.00 1.01 0.2338
Total serum cholesterol (mg/dl)w 1.00 0.99 1.02 0.5270
HDL-cholesterol (mg/dl)w 0.99 0.96 1.03 0.8281
LDL-cholesterol (mg/dl)w 1.00 0.99 1.01 0.5104
Haemoglobin A1C%w 0.81 0.24 2.75 0.7564

nBinary variable (yes/no).
wOdds ratio was calculated for each 1 U of increase.
zOdds ratio was calculated for each 5 mmHg of increase.

BMI, body mass index; hs-CRP, high-sensitivity C-reactive protein; HDL-cholesterol, high-density

lipoprotein-cholesterol; LDL-cholesterol, low-density lipoprotein cholesterol; IMT, intima-media

thickness.
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Regular physical activity was found
to be related to lower carotid IMT
values: patients engaged in physical
activity on a regular basis (at least
once a week) had IMT readings lower
than sedentary patients. This observa-
tion supports previous findings demon-
strating that regular physical activity
may be associated with the attenuation
of age-related endothelial dysfunction
by restoring nitric oxide (Galetta et al.
2006) and preventing oxidative stress
(DeSouza et al. 2000).

It has been recognized that smoking
habit is a risk factor for both periodontal
disease and atherosclerosis (Hujoel et al.
2002). In this research, no association
was detected between smoking habits
and sub-clinical atherosclerosis, prob-
ably due to the fact that the study design
considered a similar number of cigar-
ettes per day and a minimum of at least
5 years of smoking-exposure when pair-
ing test and control subjects.

The limitations of this study may be
related to differences in age between the
test and control groups: test patients
resulted older than control patients by
approximately 2.5 years. Even if a mini-

mal age-related increase (� 0.02 mm/
year) in carotid IMT was reported
(Howard et al. 1993), the difference
between test and control groups is only
partially explained in this study by age
difference. Moreover, age was included
in the stepwise regression model and in
the sensitivity analysis as a possible
predictor variable but it was not selected
in the final models.

In conclusion, this study shows that
severe periodontitis is associated with
sub-clinical atherosclerosis not only in
the elderly population (Beck et al. 2001)
but also in young systemically
healthy individuals, thus supporting
the hypothesis that periodontal infection
may be related to atheroma development.
Periodontal disease may predict a systemic
atherosclerosis condition decades before
the occurrence of clinical cardiovascular
events.

References

Albandar, J. M., Brunelle, J. A. & Kingman, A.

(1999) Destructive periodontal disease in

adults 30 years of age and older in the United

States, 1988–1994. Journal of Perio-

dontology 70, 13–29.

American Academy of Periodontology. (1999)

Consensus report on chronic periodontitis.

Annals of Periodontology 4, 38.

Aminbakhsh, A. & Mancini, G. B. (1999)

Carotid intima-media thickness measure-

ments: what defines an abnormality? A sys-

tematic review. Clinical Investigation in

Medicine 22, 149–157.

Beck, J. D., E1ter, J. R., Heiss, G., Couper, D.,

Mauriello, S. M. & Offenbacher, S. (2001)

Relationship of periodontal disease to carotid

artery intima-media wall thickness. Arterio-

sclerosis, Thrombosis, and Vascular Biology

21, 1816–1822.

Beck, J., Garcia, R., Heiss, G., Vokonas, P. S. &

Offenbacher, S. (1996) Periodontal disease

and cardiovascular disease. Journal of Perio-

dontology 67, 1123–1137.

Burke, G. L., Evans, G. W., Riley, W. A.,

Sharrett, A. R., Howard, G., Barnes, R. W.,

Rosamond, W., Crow, R. S., Rautaharju, P.

M. & Heiss, G. (1995) Arterial wall thickness

is associated with prevalent cardiovascular

disease in middle-aged adults. The Athero-

sclerosis Risk in Communities (ARIC) Study.

Stroke 26, 386–391.

Cairo, F., Gaeta, C., Dorigo, W., Oggioni, M.

R., Pratesi, C., Pini Prato, G. P. & Pozzi, G.

(2004) Periodontal pathogens in atheroma-

tous plaques. A controlled clinical and

laboratory trial. Journal of Periodontal

Research 39, 442–446.

Chiu, B. (1999) Multiple infections in carotid

atherosclerotic plaques. American Health

Journal 138, s534–s536.

Cox, A. M., McKevitt, C., Rudd, A. G. &

Wolfe, C. D. (2006) Socioeconomic status

and stroke. Lancet Neurology 5, 181–188.

Crouse, J. R., Goldbourt, U., Evans, G., Pinsky,

J., Sharrett, A. R., Sorlie, P., Riley, W. &

Heiss, G. (1996) Risk factors and segment-

specific carotid arterial enlargement in the

Atherosclerosis Risk in Communities (ARIC)

cohort. Stroke 27, 69–75.

Cutler, C. W., Machen, R. L., Jotwani, R. &

Iacopino, A. M. (1999a) Heightened gingival

inflammation and attachment loss in type 2

diabetics with hyperlipidemia. Journal of

Periodontology 70, 1313–1321.

Cutler, C. W., Shinedling, E. A., Nunn, M.,

Jotwani, R., Kim, B. O., Nares, S. & Iacopino,

A. M. (1999b) Association between perio-

dontitis and hyperlipidemia: cause or effect?

Journal of Periodontology 70, 1429–1434.

D’Aiuto, F., Parkar, M., Andreou, G., Suvan, J.,

Brett, P. M., Ready, D. & Tonetti, M. S.

(2004) Periodontitis and systemic inflamma-

tion: control of the local infection is asso-

ciated with a reduction in serum

inflammatory markers. Journal of Dental

Research 83, 156–160.

D’Aiuto, F., Parkar, M. & Tonetti, M. S. (2007)

Acute effects of periodontal therapy on bio-

markers of vascular health. Journal of Clin-

ical Periodontology 34, 124–129.

DeSouza, C. A., Shapiro, L. F., Clevenger, C.

M., Dinenno, F. A., Monahan, K. D., Tanaka,

H. & Seals, D. R. (2000) Regular aerobic

Table 6. Final model of the stepwise logistic regression using IMT X0.82 cut-off value as
outcome variable

Term Estimate Odds ratio 95% CI Odds ratios p-value

Periodontal disease 2.15 8.55 2.38 39.81 0.0002
Diastolic blood pressure 0.15 2.14n 1.16n 4.34n 0.0114

nOdds ratio and confidence intervals (CI) for odds ratios were considered every 5 mmHg.

IMT, intima-media thickness.

1

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0

Diastolic Blood Pressure

P
ro

ba
bi

lit
y 

of
 IM

T
Z

 0
.8

2

50 55 60 65 70 75 80

Fig. 1. Graph representing the probability to show carotid intima-media thickness
(IMT)X0.82 mm considering diastolic blood pressure values of the test and control groups.
The green continuous line represents the probability for the control group while the red
continuous line represents the likelihood for the test group. Punctuated lines show the
corresponding 95% confidence intervals.

470 Cairo et al.

r 2008 The Authors
Journal compilation r 2008 Blackwell Munksgaard



exercise prevents and restores age-related

declines in endothelium-dependent vasodila-

tion in healthy men. Circulation 102, 351–

357.

DeStefano, F., Anda, R., Kahn, H. S., William-

son, D. F. & Russell, C. M. (1993) Dental

disease and risk of coronary heart disease and

mortality. British Medical Journal 306, 688–

691.

Desvarieux, M., Demmer, R. T., Rundek, T.,

Boden-Albala, B., Jacobs, D. R. Jr., Papapa-

nou, P. N. & Sacco, R. L. (2003) Relationship

between periodontal disease, tooth loss, and

carotid artery plaque: the Oral Infections and

Vascular Disease Epidemiology Study

(INVEST). Stroke 34, 2120–2125.

Desvarieux, M., Demmer, R. T., Rundek, T.,

Boden-Albala, B., Jacobs, D. R. Jr., Sacco, R.

L. & Papapanou, P. N. (2005) Periodontal

microbiota and carotid intima-media thick-

ness: the Oral Infections and Vascular Dis-

ease Epidemiology Study (INVEST).

Circulation 111, 576–582.

Engebretson, S. P., Lamster, I. B., Elkind, M. S.,

Rundek, T., Serman, N. J., Demmer, R. T.,

Sacco, R. L., Papapanou, P. N. & Desvarieux,

M. (2005) Radiographic measures of chronic

periodontitis and carotid artery plaque. Stroke

36, 561–566.

Galetta, F., Franzoni, F., Plantinga, Y., Ghiado-

ni, L., Rossi, M., Prattichizzo, F., Carpi, A.,

Taddei, S. & Santoro, G. (2006) Ambulatory

blood pressure monitoring and endothelium-

dependent vasodilatation in the elderly ath-

letes. Biomedicine and Pharmacotherapy 60,

443–447.

Haraszthy, V. I., Zambon, J. J., Trevisan, M.,

Zeid, M. & Genco, R. J. (2000) Identification

of periodontal pathogens in atheromatous

plaques. Journal of Periodontology 71,

1554–1560.

Herzberg, M. & Weyer, M. W. (1998) Dental

plaque, platelets and cardiovascular disease.

Annals of Periodontology 3, 151–160.

Howard, G., Sharrett, M. D., Heiss, G., Evans,

G. W., Chambless, L. E., Riley, W. A. &

Burke, G. L. (1993) Carotid artery intimal-

medial thickness distribution in general popu-

lations as evaluated by B-mode ultrasound.

Stroke 24, 1297–1304.

Hugoson, A., Norderyd, O., Slotte, C. & Thor-

stensson, H. (1998) Distribution of perio-

dontal disease in a Swedish adult population

1973, 1983 and 1993. Journal of Clinical

Periodontology 25, 542–548.

Hujoel, P. P., Drangsholt, M., Spiekerman, C. &

DeRouen, T. A. (2002) Periodontitis-sys-

temic disease associations in the presence of

smoking – causal or coincidental? Perio-

dontology 2000 30, 51–60.

Klinge, B. & Norlund, A. (2005) A socio-

economic perspective on periodontal dis-

eases: a systematic review. Journal of Clin-

ical Periodontology 32 (Suppl. 6), 314–325.

Lalla, E., Lamster, I. B., Hofmann, M. A.,

Bucciarelli, L., Jerud, A. P., Tucker, S., Lu,

Y., Papapanou, P. N. & Schmidt, A. M.

(2003) Oral infection with a periodontal

pathogen accelerates early atherosclerosis in

apolipoprotein E-null mice. Arteriosclerosis,

Thrombosis, and Vascular Biology 23, 1405–

1411.

Leivadaros, E., van der Velden, U., Bizzarro, S.,

ten Heggeler, T. M., Gerdes, V. E., Hoek, F.

J., Nagy, T. O., Scholma, J., Bakker, S. J.,

Gans, R. O., ten Cate, H. & Loos, B. (2005) A

pilot study into measurements of markers of

atherosclerosis in periodontitis. Journal of

Periodontology 76, 121–128.

Lorenz, M. W., Karbstein, P., Markus, H. S. &

Sitzer, M. (2007) High-sensitivity C-reactive

protein is not associated with carotid intima-

media progression: the carotid atherosclerosis

progression study. Stroke 38, 1774–1779.

Mattila, K. J., Valle, M. S., Nieminen, M. S.,

Valtonen, V. V. & Hietaniemi, K. L. (1993)

Dental infections and coronary atherosclero-

sis. Atherosclerosis 103, 205–211.

Mattila, K. J., Valtonen, V. V., Nieminen, M. S.

& Huttunen, J. K. (1995) Dental infection and

the risk of new coronary events: prospective

study of patients with documented coronary

hearth disease. Clinical Infectious Diseases

20, 588–592.

McQuillan, B. M., Beilby, J. P., Nidorf, M.,

Thompson, P. L. & Hung, J. (1999) Hyper-

homocysteinemia but not the C677T muta-

tion of methylenetetrahydrofolate reductase

is an independent risk determinant of carotid

wall thickening. The Perth Carotid Ultra-

sound Disease Assessment Study (CUDAS).

Circulation 99, 2383–2388.

Mehta, C. R., Patel, N. & Senchaudhuri, P.

(1992) Exact stratified linear rank tests for

ordered categorical and binary data. Journal

of Computational and Graphical Statistics 1,

21–40.

Offenbacher, S., Madianos, P. N., Champagne,

C. M., Southerland, J. H., Paquette, D. W.,

Williams, R. C., Slade, G. & Beck, J. D. (1999)

Periodontitis-atherosclerosis syndrome: an

expanded model of pathogenesis. Journal of

Periodontal Research 34, 346–352.

O’Leary, D. H., Polak, J. F., Kronmal, R. A.,

Manolio, T. A., Burke, G. L. & Wolfson, S.

K. Jr. (1999) Carotid-artery intima and media

thickness as a risk factor for myocardial

infarction and stroke in older adults. Cardio-

vascular Health Study Collaborative

Research Group. New England Journal of

Medicine 340, 14–22.

Persson, R. G. & Persson, R.. Cardiovascular

disease and periodontitis. An update on the

associations and risk. Journal of Clinical

Periodontology, in press.

Qi, M., Miyakawa, H. & Kuramitsu, H. K.

(2003) Porphyromonas gingivalis induces

murine macrophage foam cell formation.

Microbial Pathogenesis 35, 259–267.

Ridker, P. M., Cushman, M., Stampfer, M. J.,

Tracy, R. P. & Hennekens, C. H. (1997) Inflam-

mation, aspirin, and the risk of cardiovascular

disease in apparently healthy men. New Eng-

land Journal of Medicine 336, 973–979.

Ross, R. (1999) Atherosclerosis – an inflamma-

tory disease. New England Journal of Medi-

cine 340, 115–126.

Ryan, T. P. (1997) Modern Regression Meth-

ods, pp. 273–275. New York: John Wiley &

sons.

Sanz, M. & Quirynen, M.European Workshop

in Periodontology Group A. (2005)

Advances in the aetiology of periodontitis.

Group A: consensus report of the 5th

European Workshop in Periodontology. Jour-

nal of Clinical Periodontology 32 (Suppl. 6),

54–56.

Sharrett, A. R., Chambless, L. E., Heiss, G.,

Paton, C. C. & Patsch, W. (1995) Association

of postprandial triglyceride and retinyl pal-

mitate responses with asymptomatic carotid

artery atherosclerosis in middle-aged men

and women? The Atherosclerosis Risk in

Communities (ARIC) Study. Arteriosclero-

sis, Thrombosis, and Vascular Biology 15,

2122–2129.

Soder, P. O., Soder, B., Nowak, J. & Jogestrand,

T. (2005) Early carotid atherosclerosis in

subjects with periodontal diseases. Stroke

36, 1195–1200.

Tonetti, M. S., D’Aiuto, F., Nibali, L., Donald,

A., Storry, C., Parkar, M., Suvan, J., Hingor-

ani, A. D., Vallance, P. & Deanfield, J. (2007)

Treatment of periodontitis and endothelial

function. New England Journal of Medicine

356, 911–920.

Touboul, P. J., Elbaz, A., Koller, C., Lucas, C.,

Adrai, V., Chedru, F. & Amarenco, P. (2000)

Common carotid artery intima-media

thickness and brain infarction: the Etude du

Profil Genetique de l’Infarctus Cerebral

(GENIC) case–control study. The GENIC

Investigators. Circulation 102, 313–318.

Touboul, P. J., Hennerici, M. G., Meairs, S.,

Adams, H., Amarenco, P., Bornestein, N.,

Csiba, L., Desvarieux, M., Ebrahim, S., Fatar,

M., Hernandez Hernandez, R., Jaff, M., Kow-

nator, S., Prati, P., Rundek, T., Sitzer, M.,

Schminke, U., Tardif, J. C., Taylor, A., Vicaut,

E., Woo, K. S., Zannad, F. & Zureik, M.

(2007) Mannheim carotid intima-media

thickness consensus (2004–2006). An

update on behalf of the advisory board of the

3rd and 4th watching the risk symposium,

13th and 15th European stroke conferences,

Mannheim, Germany, 2004 and Brussels,

Belgium, 2006. Cerebrovascular Diseases

23, 75–80.

Touboul, P. J., Hennerici, M. G., Meairs, S.,

Adams, H., Amarenco, P., Desvarieux, M.,

Ebrahim, S., Fatar, M., Hernandez Hernan-

dez, R., Kownator, S., Prati, P., Rundek, T.,

Taylor, A., Bornstein, N., Csiba, L., Vicaut,

E., Woo, K. S. & Zannad, F. (2004) Advisory

Board of the 3rd Watching the Risk Sympo-

sium 2004, 13th European Stroke Confer-

ence. Mannheim intima-media thickness

consensus. Cerebrovascular Diseases 18,

346–349.

Address:

Francesco Cairo

Department of Periodontology

School of Dentistry

University of Florence

via del Ponte di Mezzo 46

50100 Florence

Italy

E-mail: cairofrancesco@virgilio.it

Severe periodontitis and sub-clinical atherosclerosis 471

r 2008 The Authors
Journal compilation r 2008 Blackwell Munksgaard



Clinical Relevance

Scientific rationale for the study: Infor-
mation on the association between
periodontitis and cardiovascular dis-
ease in systemically healthy young
periodontal patients is not available.

Principal findings: Severe perio-
dontitis is associated with increased
carotid IMT in young systemically
healthy patients.
Practical implications: Periodontal
disease may be a strong predictor of

cardiovascular disease decades
before the occurrence of clinical car-
diovascular events.
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