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Abstract
Aim: Studies have reported on an association between cardiovascular disease (CVD)
and periodontitis. The purpose of this case–control study was to provide an insight into
this association by determining the plasma levels of some risk markers for CVD in
cases with periodontitis.

Materials and Methods: Sixty-eight cases with periodontitis, mean age 53.9 (SD 7.9)
years, and 48 randomly selected healthy controls, mean age 53.1 (SD 7.9) years, were
investigated. Fasting blood plasma was analysed for glucose, lipids, markers systemic
inflammation, cytokines and antibodies against heat shock proteins (Hsp). The
associations between periodontitis and the various substances analysed in plasma were
calculated using a multivariate logistic regression model, which compensated for age,
gender, smoking and body mass index.

Results: The regression analyses revealed a significant association between
periodontitis and high levels of C-reactive protein (CRP) [odds ratio (OR) 4.0,
confidence interval (CI) 1.4–11.4] and fibrinogen (OR 8.7, CI 2.6–28.4), IL-18 (OR
6.5, CI 2.2–19.5), and decreased levels of IL-4 (OR 0.12, CI 0.0–0.5). The study
showed increased levels of antibodies against Hsp65 (OR 2.8, CI 1–7.6) and 70 (OR
2.9, CI 1.1–7.8) and decreased levels of antibodies against Hsp60 (OR 0.3, CI 0.1–0.8).

Conclusions: Periodontitis was associated with increased levels of CRP, glucose,
fibrinogen and IL-18, and with decreased levels of IL-4.
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Periodontitis is a chronic, tissue-
destructive inflammatory state that is
predominantly induced by Gram-nega-
tive bacteria that have colonized the
gingival crevice. The disease degrades
the attachment apparatus of the teeth,
leading to tooth loosening and even-

tually, in its most severe form, to eden-
tulousness. Clinical signs of the disease
are often seen in early middle age.
Periodontitis is a very common disease,
and the National Health and Nutrition
Examination Survey 1999–2000 has
reported a prevalence of 4.2% among
adult Americans (Borrell et al. 2005).

Cross-sectional and longitudinal epi-
demiological studies have shown that
cases with periodontitis are at a signifi-
cantly increased risk of developing car-
diovascular disease (CVD) (Mattila
et al. 1989, DeStefano et al. 1993,
Andriankaja et al. 2007, Bahekar et al.
2007, Nibali et al. 2007a, Cairo et al.
2008). Although data have been ad-
justed for known risk factors such as
smoking, diabetes, high blood pressure
and socioeconomic factors, other con-
founders might still explain or at least

contribute to the apparent association.
Smoking is especially difficult to man-
age in regression models (Hujoel et al.
2002), and life-style factors such as diet
and health awareness are often not
included in the statistical modelling.
Some researchers also claim that the
findings of some epidemiologic studies
of the association between oral and
systemic diseases are spurious and do
not reflect causality (Hujoel et al. 2006).

Levels of risk markers for CVD, such
as glucose and C-reactive protein
(CRP), have been reported to be ele-
vated in patients with periodontitis (see
Loos 2005 for a review). Furthermore,
animal studies have demonstrated a
relatively strong association between
the prevalence of periodontal pathogens
such as Porphyromonas gingivalis, bac-
terial products, periodontitis and the
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incidence of CVD-related events. In
addition, although DNA from oral bac-
teria has been found in atherosclerotic
plaques, the contribution of these bac-
teria to plaque formation remains
unknown. Periodontal pathogens and
their products have also been reported
to trigger the atherosclerotic process in
animal studies (Herzberg & Meyer
1998, Dorn et al. 1999), and yet their
effects in the human system remain
unclear.

The release of host-derived inflam-
matory mediators such as cytokines
from the chronically inflamed perio-
dontal tissues into the circulation might
provide a link between periodontal
disease and CVD, because chronic
infection and inflammation predispose
individuals to the development of CVD
(Espinola-Klein et al. 2002a, b, Desvar-
ieux et al. 2005). Although only slightly
elevated levels of pro-inflammatory
cytokines have been reported in indivi-
duals with periodontitis, the total
inflammatory burden could nevertheless
have a negative impact on the athero-
sclerotic process (Honda et al. 2005).

Altered serological profiles of risk
markers in patients with periodontitis
might result from an invasion of
bacteria and bacterial products from
the periodontal lesion into the blood
stream and the consequential induction
and maintenance of a chronic inflamma-
tory state.

The aim of this study was to deter-
mine whether plasma concentrations
of established risk markers for athero-
sclerosis and antibodies against heat
shock (stress) proteins are elevated in
individuals with severe periodontitis.

Materials and methods

Cases and healthy, non-periodontal

controls

The periodontitis group consisted of 68
subjects, (36 men, 32 women; group
mean age 53.9 years, range 38–73 years)
having a minimum of seven sites exhi-
biting at least 6 mm loss of clinical
attachment. All individuals had been
referred to a specialist clinic in perio-
dontology due to their severe perio-
dontitis and were undergoing treatment
for this condition. All cases had perio-
dontitis gravis et complicata (Nyman &
Lindhe 2003), in which there is a hor-
izontal loss of supporting tissue by 1/3
or more of the root length with bleeding
on probing, furcation involvements of

the multi-rooted teeth and/or angular
bony defects with suppuration. Cases
were excluded from the study if they
had a known history of CVD or took any
medication.

The healthy, non-periodontal (com-
parison) group comprised 48 subjects
(23 men, 25 women; group mean age
53.1 years, range 39–69 years), none
of whom exhibited clinical signs of
periodontitis or extensive gingivitis [no
pathological pockets over 4 mm and
bleeding on probing (BOP)435%].
An additional four subjects were exam-
ined; however, these individuals were
found to have periodontitis and were
thus excluded from the study. The
pockets found in the individuals with-
out periodontitis resulted from localized
gingival oedema or gingival displace-
ment without the concomitant mig-
ration of the epithelium, so-called
pseudo pockets (Nyman & Lindhe
2003).

The subjects in the comparison group
were randomly selected from a list of
inhabitants who were born in the com-
munity of Huddinge, Sweden, between
1935 and 1965 on 1 October 2004. They
were recruited during the same period as
the cases and the controls originate from
the same area as one of the Specialist
clinics in Periodontology, and conse-
quently from the same community as
some of the cases. All controls were
within the same age range as the cases.
For random selection, every third person
on the list was telephoned and if this
individual did not answer, the next one
was selected. The ages of the potential
control subjects were matched with the
cases and the age of the control subject
was known to the person making the
telephone call. All subjects had a Cau-
casian background. During the tele-
phone conversation potential controls
were asked whether they had any known
history of CVD or were on any medica-
tion. Participants were excluded from
the study if they had a known history of
CVD or any other chronic disease. Car-
diovascular health was assessed on the
basis of medical history. None of the
individuals included in this study were
taking statins or any other medication
for CVD.

Thirty-four of the cases and 21 of the
controls were former or current smokers
(13.6 � 6.3 and 16.7 � 8.9 cigarettes/
day, respectively). All former and cur-
rent smokers had a history of smoking
for 10 years or more (mean 27.3 � 11.3
years).

Clinical examination for periodontal

disease

The cases underwent a comprehensive
periodontal examination including
radiographs. The oral health status of
the control group was verified by a
thorough clinical examination. A total
of four dentists with extensive experi-
ence in periodontology undertook all
clinical examinations. Before taking
part in the study, the examiners were
given detailed instructions and informa-
tion with regard to the categorization
of results. The measurements of the
periodontal parameters, gingival prob-
ing, BOP, oral plaque, extent of furca-
tions and mobility, were standardized
between the dentists. Teeth and gingiva
were evaluated, and the pocket depth
was measured using a periodontal probe.
Probing depth is the distance between
the gingival margin and the bottom of
the gingival pocket as measured from
six angles for each tooth. The presence
or absence of dental plaque at the gingi-
val margin along the mesial, buccal,
distal and lingual aspects was deter-
mined and the hygiene index (HI index,
percentage, Love et al. 1975) was cal-
culated. The dental plaque was made
visible by gently moving the tip of the
probe along the gingival margin of four
sides of each tooth. Gingival pockets
that were 4 mm or deeper were consid-
ered to be pathogenic. Gingival inflam-
mation was noted as bleeding on
probing, and data are expressed as the
proportion of sites in the dentition that
were bleeding.

Haematological, blood lipid and

inflammatory indices

After overnight fasting, blood was col-
lected into EDTA Vacutainert tubes
(BD Inc., Franklin Lakes, NJ, USA)
and haematological indices were deter-
mined using a Coulter STKS analyzer
(Coulter Electronics Inc., Hialeah, FL,
USA). Plasma was obtained after centri-
fugation at 1500 g for 10 min. and stored
at � 701C until analysis. Cholesterol and
high-density lipoprotein (HDL) levels
were determined using standard clinical
chemistry procedures using a Hitachi 917
analyzer (Roche AG Diagnostics, Man-
nheim, Germany). The lipid profile was
calculated as the ratio between total
cholesterol and HDL. CRP levels were
determined using a high-sensitivity com-
mercial assay kit (DADE Behring, Deer-
field, IL, USA), and haptoglobin and
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fibrinogen levels were measured using a
BNA nephelometer (Behringwerke AG
Diagnostica, Marburg, Germany).

Interleukin (IL)-1b, IL-4, IL-5, IL-6,
IL-8, IL-10, interferon (IFN)-g and
TNF-a levels were determined by Multi-
plex bead analysis using a Luminex 100
(Luminex Corp., Austin, TX, USA) and
commercial immunoassays (Lincoplex,
High-sensitivity human cytokine panel,
Linco Research Inc., St. Charles, MO,
USA). IL-18 levels were determined
using a commercial immunoassay kit
according to the manufacturers’ recom-
mended protocols (R&D Systems
Europe Ltd., Abingdon, UK).

Levels of circulating immunoglobulin
(Ig)A, IgG and IgM were determined
using standard clinical chemistry
procedures using a Roche Modular Ana-
lytics P analyzer (Roche AG Diagnos-
tics). Glucose levels were measured
similarly.

Levels of circulating antibodies
against the stress proteins human
Hsp60 (kindly provided by Professor
Willem van Eden and Dr. Ruurd van
der Zee, Utrecht University, Utrecht,
the Netherlands), mycobacterial Hsp65
(kindly provided by Professor Anthony
Coates, St. George’s Hospital Medical
School, London, UK) and human
Hsp70 (kindly provided by Professor
Gabriele Multhoff, Technische Univer-
sität München and HelmholtzCenter
Munich, German Research Center for
Environmental Health, Neuherberg,
Germany) were determined as described
previously (Pockley et al. 2000, Buhlin
et al. 2003), except that the isotype

(IgA, IgG) of the anti-heat shock protein
antibodies was determined. Data are
presented as the absorbance values that
were generated by samples diluted 1/
100. All samples were analysed at the
same time and under identical experi-
mental conditions.

Statistical methods

Statistical analyses were performed
using STATISTICA 7.1 software (Statsoft
Inc., Tulsa, OK, USA). The p-values
reported are based on a univariate com-
parison between cases and controls, as
calculated using the Student t-test or the
Mann–Whitney U-test. Confidence
intervals were calculated using Wald’s
method. The w2-test was used to calcu-
late the significance of the dichotomized
variables (HDL and glucose).

Associations between periodontitis
and surrogate markers for the athero-
sclerotic process (CRP, HDL cholesterol
and glucose) were calculated using a
multivariate logistic regression model
that was adjusted for age, gender, body
mass index (BMI) and smoking. These
variables were selected, as they are
known risk factors for CVD. Age and
smoking are also known to be important
risk factors for periodontal disease. The
smoking variable was also tested for
interaction effects with gender, age and
the primary variables (CRP, HDL cho-
lesterol and glucose).

Using CRP as a reference variable, a
power calculation based on data
obtained in a previous study (Buhlin
et al. 2003) showed that a similar study

with 50 participants in each arm would
have 80% power to find a difference of
1 mg. The power of the study was
increased by including 68 cases.

The study was approved by the
Regional Ethics Committee of the Kar-
olinska Institutet, and it was conducted
in accordance with the Helsinki
Declaration. All participants gave their
informed consent. All blood sample
analyses were performed blindly.

Results

Data on patient demographics, smoking
habits and clinical periodontal status are
provided in Table 1. Within the cases
(non-medicated), smokers exhibited a
more serious periodontal status and
had fewer teeth (23.9 versus 24.2) than
their non-smoking counterparts. Cases
with periodontitis tended to have a high-
er BMI compared with the control
subjects (non-medicated), and this dif-
ference was most prominent when
non-smokers in the two groups were
compared (po0.01). In contrast to the
BMI, the waist/hip ratio was similar
among all participants.

A univariate comparison between the
groups showed that HDL cholesterol
levels were lower in cases (po0.05),
and this difference was particularly
evident in the non-smoking group (po
0.01). No difference was seen among
smokers. HDL cholesterol levels were
below 0.9 mmol/l in nine (13%) cases
with periodontitis, but in only one indi-
vidual (2%) in the control group

Table 1. Pertinent characteristics of cases and control subjects (none of whom were on any medication) on the basis of smoking habits

Cases
(n 5 68)

Healthy controls
(n 5 48)

Long-term
smoking cases

(n 5 34)

Long-term smoking
healthy controls

(n 5 21)

Never smoked
cases

(n 5 34)

Never smoked
controls
(n 5 27)

Gender (M/F) 36/32 23/25 14/20 10/11 22/12 13/14
Mean age (years) 53.9 (7.9) 53.1 (7.9) 53.4 (7.4) 52.2 (7.1) 54.5 (8.4) 53.9 (8.1)
Mean no. of teeth 24.2 (4.6)

po0.001
27.6 (2.9) 24.1 (5.1)

po0.001
28.2 (1.7) 24.3 (4.2)

po0.01
27.1 (3.6)

Mean no. of cigarettes/day 13.6 (6.3) 16.7 (8.9)
Smoking duration (years) 31.7 (10.1)

po0.001
20.1 (9.4)

Mean no. of sites over 44 mm 47(17)
po0.001

8 (6) 52 (15)
po0.001

9 (6) 43 (17)
po0.001

7 (5)

Mean depth of pathological
pockets (mm)

5.8 (0.7)
po0.001

3.9 (1.0) 5.7 (0.5)
po0.001

4.2 (0.3) 5.8 (0.8)
po0.001

4.0 (1.3)

Mean bleeding on probing (%) 44 (16)
po0.001

20 (11) 47 (17)
po0.001

24 (11) 42 (14)
po0.001

17 (10)

Mean hygiene (oral plaque) index
(HI) (%)

51 (22)
po0.001

29 (14) 48 (21)
po0.01

32 (14) 54 (23)
po0.001

27 (14)

Statistically significant differences between cases and controls within each category are in bold.
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(p 5 0.03). This difference was also
apparent in the two subgroups (smokers:
12% versus 0%, non-smokers: 14%
versus 4%). Fasting plasma glucose
levels were higher (po0.001) in cases
with periodontitis and this difference
was seen in both smokers and non-
smokers (Table 2). Glucose levels were
above 5.5 mmol in 35% of the cases and
4% of controls (po0.001). The levels of
the acute-phase reactants CRP, fibrino-
gen and haptoglobin were also elevated
(po0.015, po0.001, p 5 0.003, respec-
tively; Table 3), although CRP levels in
the smoking sub-groups were not sig-
nificantly different. The concentration
of the anti-inflammatory cytokine IL-4
was lower in cases (p 5 0.006). This was
also seen in the smoking group, but not
in non-smokers. Levels of the other
two anti-inflammatory cytokines (IL-5,
IL-10) in the two groups were not
different (Table 3). Levels of IL-8
were also lower in cases, whereas levels
of IL-18 were higher. Levels of the pro-
inflammatory cytokines IL-1b and TNF-
a were similar (Table 3).

Lymphocyte and monocyte numbers
in a subgroup of the participants (38
cases, 49 controls) were also deter-
mined. These analyses revealed that
lymphocyte (p 5 0.008) and monocyte
(p 5 0.071) counts were higher in the
patient group (data not shown).

Circulating levels of IgA, IgG and
IgM in cases and controls were similar
(data not shown).

Levels of antibodies against Hsp60
(IgG2) and Hsp65 (IgG1) were lower in
the cases, although this difference was
not apparent in the non-smoking sub-
group. Levels of IgA antibodies against
Hsp65 were elevated, and this was
especially observed in non-smokers
(Table 4).

The regression analyses revealed that
those with the highest glucose (top
third) were significantly more likely to
belong to the periodontitis group, odds
ratio (OR) 11.6 [95% confidence inter-
val (CI) 3.6–36.8]. A similar result was
seen for CRP, OR 4.0 (CI 1.4–11.44)
and for IL-18 (OR 6.5, CI 2.2–19.5). In
contrast, those with lower IL-4 values
were significantly more likely to belong
to the periodontitis group (OR 0.1, CI
0.0–0.5).

Discussion

Although the reported association bet-
ween periodontitis and CVD remains T
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controversial, a mechanistic or a causal
relationship cannot be excluded. This
study has shown an association between
levels of three prominent risk factors for
CVD (HDL cholesterol, hyperglycae-
mia and CRP) and periodontitis. The
observed association between perio-
dontitis and low HDL cholesterol level
(OR 3.22) is important, as the mortality
in individuals with HDL cholesterol
levels below 0.9 mmol/l is higher than
that in individuals with levels over
0.9 mmol/l, regardless of the total cho-
lesterol levels (Goldbourt et al. 1997). In
this study, the HDL cholesterol concen-
tration was 40.9 mmol/l in nine (13%)
of the cases, but only one (2%) of the
individuals in the comparison group.
This finding is in agreement with earlier
studies (Buhlin et al. 2003, Nibali et al.
2007b). However, the observation that
there were no differences in HDL cho-
lesterol in the smoking groups indicates
that periodontal inflammation might
have an impact only on non-smokers.
One explanation for the relationship
between periodontitis and low-HDL
cholesterol levels might be that chronic
inflammation in the periodontium leads
to the release of lipopolysaccharide and
pro-inflammatory cytokines such as IL-
1b and TNF-a, which have the capacity
to influence lipid metabolism (Iacopino
& Cutler 2000).

Fasting glucose levels were 0.5 mmol/l
higher in the patient group, and regres-
sion analysis showed that those with
the highest glucose levels belonged to
the periodontitis group (OR 15.5). The
American Diabetes Association defines
pre-diabetes as fasting plasma glucose
levels above 5.5 mmol/l (100 mg/dl). On
the basis of this definition, significantly
more cases were pre-diabetic (35% ver-
sus 4%). Although diabetes is an estab-
lished risk factor for periodontitis
(Khader et al. 2006), it is not currently
known whether pre-diabetes or impaired
glucose tolerance also increases the risk.
Several studies have also indicated
that periodontitis per se is a risk factor
for diabetes; however, conclusive evi-
dence has yet to appear (Janket et al.
2005). Diagnosed diabetes was an
exclusion criterion, and yet 10 cases
with periodontitis and one control had
a fasting glucose of 6.1 mmol/l or more.
This is in line with a recent study by
Borrell et al. (2007), which showed that
the risk of undiagnosed diabetes
increases with the presence of perio-
dontitis. In line with previous findings
from our group (Buhlin et al. 2003), the

cases also had a tendency to weigh more
in the current study, although the differ-
ence was significant only for non-
smokers.

Increased levels of CRP, fibrinogen
and haptoglobin and the elevated
number of lymphocytes indicated a
more pronounced systemic inflamma-
tion in the patient group. The mean
CRP was 0.9 mg/l higher in cases, and
differences of this magnitude have
been shown to influence the risk for
CVD (Ridker et al. 2002). Higher CRP
levels in cases with periodontitis have
been shown in several earlier studies
(Slade et al. 2000, Noack et al. 2001,
Buhlin et al. 2003). Even though the
elevated levels of CRP are relatively
small, this could still be of clinical
importance, as slightly elevated levels
of CRP can be considered as an
independent risk factor for developing
CVD. This is especially so, given the
chronicity of generalized periodontitis
and the consequential exposure to its
systemic inflammatory consequences
for a prolonged period of time (de
Ferranti & Rifai 2002). Using surrogate
markers for atherosclerosis (e.g. HDL
cholesterol and CRP) also has limita-
tions; however, endpoints for CVD such
as stroke or death are not practical and
feasible in a case–control study such as
this due to time constraints.

In studies involving associations, it is
important to assess confounding and
effect modification factors (Hyman
2006), and it is for this reason that those
with systemic diseases were excluded
from this study. Smoking habit is
another confounding factor that is also
an effect modification factor, and
subjects were therefore divided into
different smoking status groups. A
case–control study such as this has its
weaknesses; this study was not blinded
and the cases originate from four differ-
ent areas, whereas the controls originate
from only one of these. These short-
comings resulted from the practi-
calities of undertaking the study during
ordinary dental care visits. This could
mean that there is some selection bias,
as has been discussed by Lopez et al.
(2007). However, there is always a
possibility that other factors or patterns
could influence the findings, and asso-
ciations between common diseases
should be therefore interpreted with
caution.

Regarding circulating levels of cyto-
kines, the most pronounced difference
between cases and controls related to the

anti-inflammatory cytokines, IL-4, IL-5
and IL-10. These cytokines were sig-
nificantly lower in the patient group.
The clinical implications of these find-
ings are difficult to interpret; however,
an inability to resolve inflammation has
been suggested as being a pathogenic
trait of cases with periodontitis (Johnson
et al. 2004). This proposition is sup-
ported, in part at least, by recent findings
that indicate that circulating levels of
putative anti-inflammatory stress pro-
teins Hsp10 and Bip (also known as
grp78) are significantly lower in indivi-
duals with periodontitis (Shamaei-Tousi
et al. 2007).

Levels of the more archetypical
pro-inflammatory cytokines IL-1b and
TNF-a were not elevated in the patient
group, whereas levels of IL-18 were.
Although some studies have shown an
association between IL-18 and CVD
(Blankenberg et al. 2003, Tiret et al.
2005), a recent study from Germany
failed to show an independent associa-
tion (Koenig et al. 2006). Whether the
alleged association between IL-18 and
CVD is causal or just a reflection of the
vascular disease has not been estab-
lished. There have been no previous
reports on plasma IL-18 levels in perio-
dontitis; however, increased levels of
IL-18 have been shown to be present
in inflamed periodontal tissues (Johnson
& Serio 2005) and in gingival crevicular
fluid from sites showing tissue destruc-
tion (Orozco et al. 2006).

Conclusions

This study shows that cases with perio-
dontitis have aberrant levels of some
serological risk factors for CVD. Glu-
cose, CRP and IL-18 were significantly
higher, and HDL cholesterol signifi-
cantly lower in the cases. These differ-
ences might contribute to the heightened
risk for CVD in cases with periodontitis,
which has been reported in earlier epi-
demiological studies.
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Clinical Relevance

Scientific rationale for study: Studies
have shown an association between
CVD and periodontitis. Individuals
with periodontitis have been investi-
gated to determine whether plasma
concentrations of risk markers for
atherosclerosis are elevated.

Principal findings: The levels of
some inflammation markers together
with glucose were higher in cases,
whereas levels of some anti-inflam-
matory markers were lower. Differ-
ences in the concentrations of HDL
cholesterol were also observed.

Practical implications: Given that
some of the differences found are
indicative of an increased risk for
CVD, these findings may, in part,
support the proposition that there
could be an association between
these diseases.
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