
Acta Odontologica Scandinavica. 2014; 72: 687–693

ORIGINAL ARTICLE

Association between periodontal disease and non-fatal ischemic stroke:
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Abstract
Objective.This study aimed to investigate the association between clinical and radiological markers of periodontal disease and
ischemic stroke and to assess the potential influence of inflammatory response on the observed associations. Methods. A
prospective case-control study including a series of 48 cases with a minor ischemic stroke and 47 controls was conducted at the
University Hospital of Dijon. Vascular risk factors, clinical dental examination (plaque index, gingival index, percentage of
pockets >5 mm, percentage of bleeding on probing (BOP) sites), dental panoramic (bone loss) and biological parameters
(CRP, total cholesterol, HDL, LDL, fasting glucose) were collected. Conditional regression analyses were performed to
identify factors associated with ischemic stroke. Results. The prevalence of hypertension, high CRP and glucose levels and
overall odontological variables was higher in stroke patients. In multivariable analyses, hypertension (OR = 12.56; 95%
CI = 2.29–69.96, p = 0.004), CRP levels >5 mg/L (OR = 18.54; 95% CI = 2.01–171.17, p = 0.010), BOP (OR = 1.049; 95%
CI = 1.012–1.88, p = 0.009) and bone loss >20% (OR = 1.053; 95%CI = 1.017–1.091, p = 0.004) were associated with ischemic
stroke. Among stroke patients, there was a non-significant trend towards higher CRP levels in patients with bone loss >20%
compared with those with bone loss <20% (8.1 ± 1.27 mg/L vs 3.12 ± 3.14mg/L, p = 0.25), whereas other biological parameters
were very similar between the two groups. Conclusion. This case-control study demonstrates that periodontal disease,
especially markers such as BOP and bone loss, is independently associated with ischemic stroke.
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Introduction

Periodontal disease and atherosclerosis are both
common inflammatory diseases that affect up to 90%
of the general population [1]. Epidemiological studies
have pointed out the fact that periodontitis may be
associated with atherosclerosis, making it a recently-
describedpotential risk factorof cardiovasculardiseases
[2–4]. Similarly, results from recent case-control [5,6],
cohort [2,3], longitudinal and cross-sectional studies
[4,7] have established a well-documented link between
periodontitis and the occurrence of ischemic stroke.
However, the exact pathophysiological mechanisms
explaining this association remain unknown. Since
inflammation promotes the occurrence and recurrence

of atherosclerotic diseases [8], it has been suggested
that the inflammatory response observed in patients
with periodontitis may contribute to the increased risk
of ischemic stroke. Inflammation may involve the
lipopolysaccharides (LPS) present in the membranes
of Gram-negative bacteria, such as Aggregatibacter
actinomcetemcomitans and Porphyromonas gingivalis,
leading to bacteremia [9,10], and subsequently an
increase in the systemic inflammatory response as
suggested by the observed increase in blood levels of
C-reactiveprotein (CRP), interleukins (IL-1beta, IL-6)
or TNF-alpha [11,12].
In this case-control study, we aimed to investigate

the association between both clinical and radiological
markers of periodontal disease and ischemic stroke and
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to assess the potential influence of the inflammatory
response on the observed associations.

Methods

Study population

Caseswere prospectively recruited among patientswith
a first-ever ischemic stroke who were admitted to the
stroke unit of the University Hospital of Dijon, France,
a tertiary center for management of stroke patients,
between March 2008 and September 2012. Ischemic
strokewasdefinedaccording to theWorldHealthOrga-
nization criteria as ‘the rapid development of localized
or global signs of brain dysfunction with symptoms
lastingmorethan24hwithoutanyotherapparentcauses
except those of vascular origin’ (ICD 10: I63.0-9). The
ischemic nature was systematically confirmed by brain
imaging and all diagnoses were validated by a neurolo-
gist specialized in the stroke field. To be eligible, parti-
cipants had to have suffered aminor stroke (defined as a
NIHSS score <5) [13] associated with large artery ath-
erosclerosis (definedas thepresenceofanatheromatous
plaque resulting in a significant stenosis of a large artery
supplying the territory involved) and to be independent
1month after the event (modifiedRankinScale score0–
2) [14] so as to be able to undergo the dental examina-
tion. In patients with associated atrial fibrillation, the
large artery atherosclerosis mechanism was considered
only if watershed infarcts were found on brain imaging.
Controls were recruited from the department of

Odontology of the University Hospital of Dijon
among patients referred for oral surgery. Those
with a history of stroke were excluded. They had
no acute infections that required treatment with anti-
biotics. To be eligible, both cases and controls had to
be aged 18–80 years old and to have at least one
premolar or one molar in their mouth and a minimum
of 12 teeth. This threshold was chosen to make the
evaluation of periodontal disease reliable. The exclu-
sion criteria were a history of oral cavity cancer, recent
(<8 days) tooth extraction or scaling, recent cancer
(<5 years), treatment with immunosuppressant
therapy, an infectious syndrome or systemic or organ
inflammation not related to periodontal disease, the
use of antibiotics in the 15 days prior to inclusion,
treatment with corticosteroids or non-steroidal anti-
inflammatory drugs, dementia or psychiatric illness.
A total of 122 participants (64 cases and 58 con-

trols) were screened. After the exclusion of 11 controls
and 16 patients with ischemic stroke because they did
not come to the inclusion visit, we finally included
48 cases and 47 controls.

Ethics

This study was approved by the local ethics commit-
tee (Comité de Protection des Personnes, CPP).

Cases and control participants gave their written
consent to participate in this study.

Data collected

For both cases and control subjects, the following
vascular risk factors were collected: arterial hyperten-
sion (high blood pressure noted in a patient’s medical
history or patients under anti-hypertensive treat-
ment), diabetes mellitus (glucose level ‡7.8 mmol/l
reported in the medical record or patients under
insulin or oral hypoglycemic agents), hypercholester-
olemia (total cholesterol level ‡5.7 mmol/L reported
in the medical history or patients treated with lipid-
lowering therapy), atrial fibrillation, smoking, alcohol
consumption, coronary heart disease, body mass
index (BMI) and familial history of cardiovascular
disease (stroke and myocardial infarction). Educa-
tional level was assessed (0–4 years, 4–8 years and
>8 years), as was regular physical activity.

Dental examination

The periodontium and teeth were examined at
inclusion for controls and 1 month after the ischemic
stroke for cases. Data were collected by two dentists
(A.L. and V.A.) and reported on a case report form.
Concerning the clinical dental data, the degree of oral
inflammation was assessed by the plaque index (PI),
the Löe and Silness gingival index (GI) [15], the
percentage of pockets >5 mm and the percentage of
bleeding on probing sites. The number of teeth (T),
decayed (D), missing (M) and filled (F) were
identified (DMFT index). A dental panoramic was
performed to quantify bone loss in the area of the
most affected molar or premolar. Bone loss was
measured in millimeters, around the root under the
cemento-enamel junction using a radiographic grid.

Biological data

Biological laboratory tests of all participants in the
study were performed by the laboratory of the
University Hospital of Dijon using their routine tech-
nique. The samples were taken at admission for stroke
cases (all within the first 8 h of symptoms) and at
inclusion for controls. The levels of C-reactive
protein, total cholesterol, triglycerides, lipoproteins
(HDL, LDL) and fasting plasma glucose were
collected.

Statistical analysis

Continuous variables were expressed as a mean ± SD
and categorical variables as frequencies. Proportions
and mean values of baseline characteristics were
compared using the Chi-Square Test and T-test,
respectively. Conditional regression analyses were

688 A. Lafon et al.



performed to identify factors associated with ischemic
stroke. Odds ratios (OR) and 95% confidence inter-
vals (95% CI) were calculated. Firstly, adjustment
was made on age and sex. Secondly, multivariable
analyses were performed. After testing the robustness
of different models, the following characteristics were
entered into the final model: BOP, periodontal pocket
>5 mm, radiological bone loss, CRP > 5 mg/L, miss-
ing teeth, DMFT > 20, gingival index, plaque index,
age, gender, school education level, tobacco con-
sumption, alcohol consumption, physical activity,
diabetes, hypercholesterolemia, hypertension, coro-
nary heart disease and a BMI > 25. All covariates
were kept in the final multivariate models. The
2-tailed significance level was set at p < 0.05. All
analyses were performed with SAS Version
9.2 (SAS Institute Inc., Cary, NC).

Results

Table I presents the baseline characteristics of study
participants. Demographic variables and risk factors
in the two groups were similar except for a higher
proportion of patient with hypertension in ischemic
stroke patients (50% vs 17%, p = 0.014). In contrast,
major differences were observed for odontological
variables. The percentage of pockets greater than
5 mm, the bleeding on probing (BOP) index, the
mean GI, the mean PI and the mean DMFT index
score were all higher in cases than in the control
group. Mean bone loss around the most affected
molar or premolar was also greater in cases. Concern-
ing biological parameters, both fasting plasma glucose
and CRP levels were higher in stroke patients than in
controls (Table II).
In multivariable analyses, arterial hypertension

(OR = 12.56; 95% CI = 2.29–69.96, p = 0.004)
and CRP levels >5 mg/L (OR = 18.54; 95%
CI = 2.01–171.17, p = 0.010) were associated with
ischemic stroke (Table III). Concerning odontologi-
cal variables, although an association was found for
each variable in gender- and age-adjusted analyses,
only BOP (OR = 1.049; 95% CI = 1.012–1.88,
p = 0.009) and bone loss (OR = 1.053; 95%
CI = 1.017–1.091, p = 0.004) remained significantly
associated with ischemic stroke in multivariable
models.
To explore the association between bone loss and

ischemic stroke, we compared biological variables
according to bone loss in ischemic stroke patients.
As a result, we found a non-significant trend towards
higher CRP levels in patients with bone loss >20%
than in those with bone loss <20% (8.1 ± 1.27 mg/L vs
3.12 ± 3.14 mg/L, p = 0.25), whereas other biological
parameters were very similar between groups (Table
IV). Similarly, controls with bone loss greater than
20% had higher levels of CRP than did controls

with no or mild bone loss (4.7 ± 7.3 mg/L vs 1.7 ±
1.5 mg/L, p < 0.001).

Discussion

This case-control study demonstrated that periodon-
tal disease, especially markers such as BOP and bone
loss, was independently associated with ischemic
stroke. Our study was justified by the fact that the
quality and characteristics of the previous works on
this topic varied greatly, especially with regard to the
way periodontitis was evaluated, leading to heteroge-
neity in their results. For example, in a study that
included both non-fatal ischemic and hemorrhagic
stroke, no association was found between periodon-
titis, evaluated using a simple questionnaire, and
stroke [16]. In contrast, in a high-quality study that
explored the relationship between ischemic stroke and
periodontal bone loss, a strong positive association
was noted (RR = 3.52; 95% CI = 1.59, 7.81) [3].
In this series of 95 participants, although the asso-

ciations we found were of a low magnitude, these
findings confirm those from previous studies that
focused on this topic [2,3,5,6,17–21]. We observed
that bone loss was the main odontological factor
associated with ischemic stroke in individuals with
no documented infection except oral inflammation.
This result is in agreement with the study of
Dörfer et al. [22], which demonstrated an increased
risk of ischemic stroke in people with bone loss greater
than 5.5 mm. The originality of our study was the
presence of a laboratory test that made it possible to
identify the potential impact of bone loss on CRP
levels and lipid profile. The gingival index was sig-
nificantly higher among stroke patients. This finding
contrasts with previous works [4,7], which found no
such association. The higher gingival index in stroke
patients than in the control group could be explained
by the introduction of anti-platelet therapy in the days
following stroke onset. This treatment could have
artificially increased bleeding on probing and the
gingival index values. In our study, the increase in
the gingival index was logically associated with an
increase in the plaque index. Of note, since we only
included patients with a minor stroke, a deficit in
dental hygiene related to post-stroke motor
impairment cannot explain this finding. On the con-
trary, it certainly reflects the pre-stroke dental status
of patients.
Our results also demonstrated that CRP levels were

greater in stroke patients than in the control group. It
has been established that high CRP levels may
increase the risk of ischemic stroke and acute ischemic
stroke may also be accompanied by an increase in
CRP levels [23,24], but in a delayed manner [25].
In addition, it could be assumed that the high CRP
levels observed in stroke patients could be related to a
rise in inflammatory mediators stimulated by
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Table I. Baseline characteristics of study participants.

Variables Ischemic stroke patients (n = 48) Controls (n = 47) p-value

Demographic variables and risk factors

Age (mean ± SD) 60.2 ± 11.8 56.1 ± 8.8 0.06

Men (n, [%]) 26 (54) 21 (44) 0.47

Duration of education (n, [%])

0–4 years 16 (33) 22 (46)

4–8 years 24 (50) 18 (38)

>8 years 8 (16) 7 (14) 0.39

Tobacco consumption (n, [%])

Non-smoker 17 (35) 18 (38)

Smoker 19 (39) 10 (21)

Former smoker 12 (25) 19 (40) 0.11

Physical activity (n, [%]) 19 (40) 27 (57) 0.14

Alcohol consumption (n, [%])

No 18 (38) 27 (57)

Yes 30 (62.5) 20 (42) 0.81

Arterial hypertension (n, [%]) 24 (50) 8 (17) 0.014

Coronary heart disease (n, [%]) 6 (12.5) 1 (2) 0.12

Atrial fibrillation (n, [%]) 10 (20) 0 (0) 0.006

Peripheral artery disease (n, [%]) 3 (6) 1 (2) 0.62

BMI > 25 (n, [%]) 32 (66) 26 (55) 0.35

Diabetes (n, [%]) 9 (18) 2 (4) 0.058

Hereditary cardiovascular disease (n, [%]) 20 (41) 25 (53) 0.35

Odontological variables

% of Pockets >5 mm (n, [%])

0–5% 19 (42) 30 (65)

>5% 26 (57) 16 (34) 0.04

Bleeding on probing (n, [%])

Present 39 (88) 31 (67)

Not present 5 (1) 15 (32) 0.003

Bone loss

0–19% (n, [%]) 28 (58) 38 (81)

>20% (n, [%]) 20 (41) 9 (19) 0.003

Mean bone loss (mean ± SD) 18.1 ± 9 13.7 ± 6 0.007

Dental mortality

Low, 0–14 (n, [%]) 28 (58) 38 (80)

High, >14 (n, [%]) 20 (41) 20 (41) 0.03

Mean ± SD 13.7 ± 10.4 8.6 ± 6.5 0.005

DMFT

0–19 (n, [%]) 22 (45) 37 (78)

>20 (n, [%]) 26 (54) 10 (21) 0.002

Mean ± SD 18.1 ± 9.2 13.7 ± 6.4 0.007

Periapical infection (n, [%]) 27 (57) 23 (48) 0.5

Gingival Index (mean ± SD) 2.68 ± 0.94 2.17 ± 1.14 0.002

Plaque Index (mean ± SD) 2.63 ± 1.01 2.12 ± 1.27 0.003

AL, Attachment Loss; BMI, Body Mass Index; DMFT, Decayed Missing Filled Teeth.
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periodontogenic bacteria [26]. Therefore, CRP levels
could represent the link between oral inflammation
and the occurrence of ischemic strokes. Consistently
with this hypothesis, it has been shown that treating
periodontitis may reduce the level of CRP [27] and
the occurrence of ischemic stroke [28]. The finding in
our study that CRP levels were higher in ischemic
stroke patients with bone loss >20% than in those with
bone loss <20% strongly supports this hypothesis,
even though differences did not reach the significance
level because of the small sample size. Of note, other
studies showed that bone disease is associated with an
increase in CRP levels [29,30]. In addition, the fact
that CRP levels were higher in both controls and cases
with periodontal disease reinforces this hypothesis.

Although triglyceride levels were higher and HDL
cholesterol levels lower in patients with periodontitis
[31], we failed to demonstrate any significant
association between bone loss and lipid profile in
our stroke patients. It has been suggested that
Aggregatibacter actinomcetemcomitans may decrease
the HDL level, which would increase the risk of
developing atherosclerosis [32]. This supports the
hypothesis according to which the presence of a
biological pro-inflammatory and pro-atherosclerotic
profile may be observed in patients with severe
periodontitis, illustrating the role of oral inflamma-
tion in atherogenesis [33,34]. Again, our study may
have lacked sufficient power to detect such
differences.

Table III. Factors associated with adjusted ischemic strokes (dental and CRP data).

Variables
OR (95% CI)

Gender and age adjusted p-value
OR (95% CI)

Multivariable analyses p-value

BOP 3.77 (1.23–11.52) 0.005 1.05 (1.01–1.09) 0.009

Site > 5 2.57 (1.1–6) 0.005 0.99 (0.92–1.08) 0.95

Bone loss 5.61 (2.1–15) < 0.001 1.05 (1.02–1.09) 0.004

Dental mortality 3.02 (1.2–7.6) 0.050 0.99 (0.87–1.12) 0.89

DMFT > 20 4.37 (1.78–10.7) 0.010 2.13 (0.31–14.5) 0.44

Age 1.57 (0.45–5.22) 0.5 0.96 (0.89–1.04) 0.33

Gender 0.52 (0.12–1.02) 0.7 0.29 (0.06–1.45) 0.13

Hypercholesterolemia 2.07 (0.92–4.64) 0.05 4.12 (0.85–19.9) 0.08

Arterial hypertension 4.81 (1.8–12.5) < 0.001 12.56 (2.29–69.96) 0.004

Coronary heart disease 0.15 (0.02–1.3) 0.05 0.67 (0.17–2.66) 0.57

Tobacco 0.88 (0.38–2) 0.09 0.99 (0.94 –1.04) 0.64

Alcohol 2.25 (0.99–5.12) 0.01 3.61 (0.9–14.44) 0.07

BMI > 25 1.62 (0.71–3.7) 0.02 1.31 (0.35–4.91) 0.69

Physical activity 1.54 (0.65–3.43) 0.44 (0.10–1.95) 0.28

Diabetes 5.12 (1.06–25) 0.005 0.97 (0.06–16.72) 0.98

CRP 5.63 (2.01 –15.7) 0.05 18.54 (2.01–171.17) 0.01

Occupation 1.83 (0.75–4.45) 0.2 1.30 (0.9–4.12) 0.33

OR, Odds Ratios; BOP, Bleeding on Probing; CRP, C-reactive protein; DMFT, Decayed Missing Filled Teeth; Site > 5, pockets greater than
5 mm; BMI, Body Mass Index.

Table II. Biological data of study participants.

Variables Ischemic stroke patients (n = 48) Controls (n = 47) p-value

CRP mg/L (n, [%])

<5 30 (62) 40 (76)

>5 18 (38) 6 (13) 0.01

Mean (± SD) CRP mg/L 6.9 ± 10.8 3.2 ± 5 0.04

Cholesterol mmol/L (mean ± SD) 5.34 ± 1.2 5.15 ± 1.29 0.47

Triglycerides mmol/L (mean ± SD) 1.59 ± 0.69 1.37 ± 0.78 0.18

LDL mmol/L (mean ± SD) 3.2 ± 0.9 3.07 ± 1.1 0.29

HDL mmol/L (mean ± SD) 1.47 ± 0.49 1.50 ± 0.63 0.55

Fasting plasma glucose mmol/L (mean ± SD) 6.15 ± 1.79 5.47 ± 1.14 0.003
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Several limitations of our study must be acknowl-
edged. As described above, the relatively small sample
size limited our conclusions on the association
between both CRP levels and lipid profile, and peri-
odontitis. Control patients were recruited from the
oral surgery clinic, which may explain that they
tended to be younger than stroke patients. Moreover,
the risk of selecting patients whose oral health status is
worse than that of the general population was certainly
not negligible. The fact that, contrary to the results of
previous works [11,19,20], tooth loss was not a sig-
nificant risk factor for ischemic stroke in our study
illustrates this limitation. This could be explained by a
greater number of missing teeth in patients recruited
from an oral surgery unit, who could be considered at
a terminal inflammatory state [1].
To conclude, periodontal disease, assessed both

clinically and radiologically, may increase the risk
of ischemic stroke via an inflammatory reaction. So
as to harmonize the definition of periodontal diseases
in future studies, it would be interesting to develop
more reliable and valid indicators.
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