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ABSTRACT

Cerebrovascular disease (CVD) is the second most common 
cause of death and contributes to a high morbidity worldwide. 
The major etiology is an atherosclerosis. Many well-known 
risk factors, such as hypertension, dyslipidemia and diabetes, 
are defined as traditional risk factors. Treatment and control 
of traditional risk factors also improve both cardiovascular and 
cerebrovascular outcomes. To date, many studies reported an 
association between stroke and nontraditional risk factors, such 
as infectious diseases or inflammatory process. Periodontal 
disease (PD) is an infection of the gum and other tooth-
supporting structures, with an on going inflammatory process 
and affects a large number of populations worldwide. Current 
evidence demonstrated the local and systemic inflammatory 
effects in periodontitis induced an atherosclerosis. This review 
aims to provide the current knowledge on the association 
between periodontal disease and cerebrovascular disease.
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INTRODUCTION

Cerebrovascular disease (CVD) affects a large number of 
the population and contributes to a high morbidity and 
mortality worldwide. Multiple associated risk factors 
have been reported, and are well-known as ‘traditional 
risk factors’, such as hypertension, diabetes mellitus, 
hyperlipidemia, cigarette smoking and cardiovascular 
disease. However, a significant number of patients 
possess none of the mentioned factors, thereby raising an 
attempt to identify other independent risk factors. Many 
published studies reported that some infectious diseases 

and inflammatory process were related to a higher rate 
of cerebrovascular disease. Periodontal disease is a 
common infectious disease in the global population; it 
is caused by bacterial infection and resulted in an activa-
tion of the host’s inflammatory response.1 The ongoing 
inflammatory process is believed to increase the risk of 
cerebrovascular disease, as it has been proposed in many 
other systemic inflammatory diseases.2-4 This review 
aims to provide the current knowledge on the association 
between periodontal disease and cerebrovascular disease.

CEREBROVASCULAR DISEASE

Cerebrovascular disease is commonly referred to as 
stroke. The World Health Organization (WHO) defines 
stroke as rapidly developing clinical signs of focal (or 
global) disturbances of cerebral function, with symptoms 
lasting 24 hours or longer or leading to death with no 
apparent cause other than of vascular origin. Patients 
with tumors, poisoning or trauma are excluded.5 Gene-
rally, stroke is divided into two categories: ischemia and 
hemorrhage. Ischemic stroke is a brain damage resulted 
from a reduction in cerebral blood supply due to an obs-
truction of blood vessels,6 whereas hemorrhagic stroke 
is caused by intracerebral bleeding.5 In addition, a brief 
episode of neurological dysfunction lasting less than 24 
hours resulting from cerebral ischemia and not associated 
with permanent cerebral infarction is defined as transient 
ischemic attack (TIA).7

The 1990 Global Burden of Disease reported that CVD 
is the second most common cause of death worldwide.5 
According to the WHO report in 2002, 15 million people 
suffered from stroke, 5 million died, and another 5 
million were permanently disabled. In the United States, 
approximately 7,95,000 patients are affected each year. In 
the Caucasian population, approximately 80% of cases are 
ischemic stroke.5 Majority of it is due to an atherosclerosis,8 
either in the intracranial or extracranial arterial system.

PATHOPHYSIOLOGY OF ATHEROSCLEROSIS

Atherosclerosis is a development of fatty streak in the 
vascular wall, which is believed to begin since the child-
hood period.9 It gradually progresses with increasing age, 
so that it is perceived as another chronic inflammatory 
disease.10
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Endothelial dysfunction is an initial step in atheroge-
nesis, resulted from inhibition of nitric oxide (NO) 
production by oxidized low-density lipoprotein (LDL)-
induced caveolin-1 pathway.11 Nitric oxide is an endothe-
lium-derived vasodilator and plays a role in preventing 
LDL oxidization. With a decreased NO level, oxidized 
LDL increases and vasoconstriction occurs, causing pro-
gressive endothelial dysfunction. In addition, hypercho-
lesterolemia also predisposes endothelial dysfunction12 
as studies have shown that statin (cholesterol-lowering 
drug) administration could improve endothelial dysfunc-
tion by increasing NO production via increasing activity 
of endothelial nitric oxide synthase (eNOS).13

Injured endothelial cells express intracellular adhe-
sion molecule-1 (ICAM-1), vascular cell adhesion mole-
cule-1 (VCAM-1) and endothelial leukocyte adhesion 
molecule-1 (ELAM-1). Monocytes and T-lymphocytes 
adhere to these receptors, and migrate into the intimal 
layer.14 Once the inflammatory process is triggered, the 
macrophage scavenger receptors for modified lipopro-
teins (e.g. oxidized LDL) are activated under an influ-
ence of macrophage colony-stimulating factor, stimulate 
macrophages transformation into foam cells.15 Foam 
cells accumulation is characteristic of atherosclerosis 
as it is a major component in the lipid core of athero-
matous plaque.16 Intracellular and extracellular lipids, 
together with lipoproteins (LDL, HDL, VLDL remnant 
and apolipoprotein E) bind with biglycan found in the 
intima.17 Later, smooth muscle cells (which migrate into 
the area) and extracellular matrix accumulation causes 
focal thickening of the intimal layer.18 Collagen secreted 
from smooth muscle cells forms the fibrous cap, simul-
taneously with accumulation of macrophages, foam cells 
and T-lymphocytes in the atheroma core.19,20 Eventually, 
fatty streaks turn into atheromatous plaque, covered with 
a fibrous cap with its core containing lipid, cells and vasa 
vasorum that provide the blood supply.21

Macrophages can be activated by oxidized LDL, stress 
proteins, bacterial endotoxin or apoptotic cells. The acti-
vated macrophages secrete various chemokines and act 
as antigen-presenting cells for activating T-lymphocytes.14 
Activated T-lymphocytes release inflammatory cytokines, 
such as tumor necrosis factor (TNF)-β and γ-interferon 
that can stimulate macrophages activation, endothelial 
cells and smooth muscle cells proliferation.15 γ-interferon 
decreases collagen synthesis, and together with matrix 
metalloproteinases (MMPs), released from the activated 
macrophage, reduced the strength of a fibrous cap. This 
process leads to atherosclerotic plaque rupture, causing 
thrombotic complication of atherosclerosis.22

C-reactive protein (CRP) is an acute phase reactant 
synthesized primarily by the liver, under the influence 

of interleukin (IL)-6 in response to an inflammatory 
process.22,23 Therefore, it is elevated in any conditions 
associated with increased inflammatory response. Cere-
brovascular disease is believed to play a role in athero-
genesis,24 as supported by a large number of studies that 
demonstrated a correlation between a high level of CRP 
and atherosclerotic events. Cerebrovascular disease is 
now widely accepted as a prognostic factor for cardio-
vascular events and CVD.25,26

PERIODONTAL DISEASE

Periodontal disease (PD) is an infection of the gum 
and other tooth-supporting structures. Aggregatibacter 
actinomycetemcomitans and Porphyromonas gingivalis are 
common causative organisms.1 The course of disease is 
usually slow and progressive, with the ongoing inflam-
matory process that leads to connective tissue and bone 
damage. It is a common infectious disease worldwide 
with an estimated prevalence of 47.2% in adult aged 30 
years and older.27 However, the prevalence is higher in 
some groups of population, especially those with diabetes 
mellitus and those with tobacco use. Thus, it is believed 
that PD and systemic diseases share the same common 
risk factors, such as cigarette smoking, excessive alcohol 
consumption, improper diet, stress and poor hygiene.1,28

Patients with PD are often asymptomatic but, in 
advanced cases, patients may present with non-specific 
signs and symptoms, such as gum swelling or bleeding, 
and tooth insecurity or tooth loss. The clinical diagnosis 
requires evaluation by trained examiner which often 
demonstrated evidence of gingival inflammation, loss 
of connective tissue surrounding the teeth (measured 
by probe assessment) and radiography may show bone 
loss in severe cases.29

Presence of bacterial antigen triggers host immunity, 
activating the inflammatory cascade. Lipopolysaccha-
rides (in Gram-negative bacilli) are powerful stimulant 
that cause host cells (neutrophils, T-lymphocytes and 
macrophages) to release chemical mediators, such as 
cytokines, chemokines and CRP. The released MMPs 
activate TNF-α, IL-1 and IL-6 activity, and enhance the 
collagen breakdown process. TNF-α, IL-1 and IL-6 stimu-
late osteoclast activity resulting in bone resorption, and 
TNF-α also inhibits collagen production. The severity of 
PD, as in other chronic inflammatory diseases, depends 
on the balance between the host’s destructive and protec-
tive mechanism.1

Treatment of PD mainly consists of bacteria removal 
and minimizing the risk factors (for prevention of 
recurrence). Antibiotics can be used either in local or 
systemic form. Local treatment with doxycycline results 
in an improved clinical attachment level (a parameter 
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measured by clinical examiner).1 Doxycycline, apart 
from its antimicrobial activity that alters the bacterial 
microenvironment, reduces the inflammatory response 
by inhibiting MMPs activity. Indications for systemic 
antibiotic administration include aggressive periodontitis 
(usually caused by A. actinomycetemcomitans), recurrent 
or refractory disease, or in immunocompromised host. 
Example of this is the use of metronidazole for acute 
ulcerative gingivitis. 

PERIODONTAL DISEASE AND 
CEREBROVASCULAR DISEASE

As previously mentioned, the main cause of stroke 
(especially in ischemic stroke) is atherosclerosis, thus any 
inflammation and infection that promote atherosclerosis 
might be considered as a stroke risk factor. Many recent 
studies have reported a positive association between 
PD and incidence of CVD as well as with other systemic 
diseases, e.g. diabetes mellitus, cardiovascular disease 
and osteoporosis.2-4

Grau et al conducted a case-control study in 303 
patients after acute ischemic stroke or TIA. All subjects 
underwent a complete clinical and radiographic dental 
examination. They found that severe periodontitis in 
younger male patients (< 60 years) is an independent risk 
factor for ischemic stroke.30 The study of 41,380 health 
professionals by Joshipura et al found that a baseline of 
fewer teeth (≤24 teeth) and a history of periodontal dis-
ease were associated with an increased risk of ischemic 
stroke.31 Data from the National Health and Nutrition 
Examination Survey (NHANES) I analysis also showed 
that PD is a risk factor for nonhemorrhagic stroke32 and 
the NHANES III data analysis reported an association 
between cumulative PD that were based on median per-
centage of clinical attachment loss and a history of stroke.33

In this article, we summarized the proposed patho-
genesis for atherosclerosis development following PD, the 
main mechanism responsible for its association with an 
increased CVD prevalence.

Periodontal Disease and Inflammatory Process

Periodontal infection stimulates both local and systemic 
inflammatory responses. Initially, periodontal pathogens 
infect the gum and trigger local immune responses. With 
progression from gingivitis to periodontitis, tooth-sur-
rounding connective tissue is also inflamed. This enables 
bacteria and local inflammatory mediators to enter the 
bloodstream, activating systemic inflammatory process.

An inflammation caused by periodontal disease is 
associated with TNF-α, IL-1, IL-6, CRP, adhesion mole-
cules and MMPs secretion,1,34,35 these repeatedly activate 

an inflammatory response. Moreover, IL-1, IL-6 and 
TNF-α36 cause further endothelial dysfunction, lead-
ing to atherosclerosis associated with atheroma plaque 
rupture.22

Immune-mediated Mechanism

Heat shock proteins (HSPs) are intracellular proteins that 
act as chaperones in preventing apoptosis under stress 
condition.37 Various types of HSP (e.g. HSP47, HSP60, 
HSP70)38 have been found in many cells, including endo-
thelial cells, smooth muscle cells and mononuclear cells. 
With inflammation, HSP migrates from the intracellular 
compartment to the cell membrane for expression. 

In periodontal disease, the cross-reactivity between 
bacterial HSP and host’s HSP60 on endothelial cell was 
reported. This means that antibody targeted at bacte-
rial HSP also bind with endothelial HSP60, resulting in 
endothelial damage. This process later allows the host 
immune response to generate anti-HSP60 antibodies 
(since the immune system recognized HSP60 as a foreign 
antigen) known as autoantibody formation. Endothelial 
cells will be damaged by anti-HSP60 antibodies,39 leading 
to progression of atherosclerosis.40

The Direct Link of Periodontal Pathogens and 
Atherosclerosis

Recently, many studies have reported a successful bacte-
rial DNA extraction from atheromatous plaque obtained 
from various vascular sites. It implies that periodontal 
pathogens had lodged not only in oral cavity but in the 
arterial system also. Fiquero et al detected the DNA of 
periodontal pathogen in atheromatous plaques from 
carotid artery endarterectomy using nested polymerase 
reaction method. The three most common bacterial spe-
cies were P. gingivalis, A. actinomycetemcomitans and Tan-
nerella forsythia.41 Another study showed that Prevotella 
intermedia could also be found in carotid atherosclerotic 
plaques and may associate with nonhemorrhagic stroke.42 
One case-control study suggested that IgA antibody level 
for A. actinomycetemcomitans might predict an occurrence 
of stroke, while IgA level for P. gingivalis may predict a 
recurrence of stroke.43

Another study proved that P. gingivalis invaded and 
infected endothelial cells by demonstrating intracellular 
P. gingivalis fimbriae action (in mediating an adhesion 
between cells by activating the expression of ICAM-1, 
VCAM-1, E- and P-selectins), promoting leukocyte-
endothelial cell interaction.28 In addition, P. gingivalis 
fimbriae can induce inflammatory response cytokines, 
such as TNF-α, IL-6 or IL-8, resulting in alveolar bone 
resorption.44
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Periodontal Disease and Endothelial Dysfunction

Endothelial dysfunction occurs in the early stage of athe-
rosclerosis, before clinical symptoms become apparent. 
Normal endothelial cells have a protective mechanism 
against inflammation, cellular proliferation and throm-
bosis, by the presence of endothelium-derived NO, which 
maintain vascular smooth muscle tone.45 Inflammation 
exerts a procoagulant effect on endothelium and inhibits 
vasodilation. Many studies showed that infection by orga- 
nisms, such as Helicobacter pylori, Chlamydia pneumoniae 
and cytomegalovirus can results in endothelial dysfunc-
tion46 as well as with other risk factors for atherosclerosis.

Hagashi et al studied forearm blood flow in response 
to acetylcholine and sodium nitroprusside in healthy and 
hypertensive subjects with and without periodontitis. The 
study showed that periodontal therapy was associated 
with acetylcholine-induced vasodilation in periodontitis 
patients (either with or without hypertension), and a 
reduction in CRP and IL-6 serum concentration.47 Amar 
et al measured flow-mediated dilation and nitroglycerin-
mediated dilation in the brachial artery in subjects with 
and without advanced periodontitis. Subjects with 
hypercholesterolemia, diabetes mellitus, hypertension 
and history of cigarette smoking were excluded. Subjects 
with advanced periodontitis had lower flow-mediated 
dilatation and higher level of serum hs-CRP, showing 
that advanced periodontitis correlates with endothelial 
dysfunction and systemic inflammation.48 Recently, many 
studies have reported that periodontal treatment resulted 
in an improvement of endothelial dysfunction.47,49

PERIODONTAL TREATMENT AND 
CEREBROVASCULAR DISEASE

Periodontal disease has been shown in many studies to 
correlate with CVD by enhancing atherosclerosis. How-
ever, since these two conditions share some common 
risk factors, it is hard to conclude that they are coexisting 
diseases of whether PD actually increases risk of CVD. 
Clinical trials have been conducted to determine if perio-
dontal treatment can reduce stroke incidence.

Patients with PD usually have CRP level >2.1 mg/l. 
Many studies reported a reduction in CRP or high-
sensitivity CRP in PD patients who received periodontal 
therapy, and a meta-analysis concluded the weight mean 
different of reductions of CRP after therapy of 0.50 mg/l.50 
Other inflammatory chemokines (such as IL, TNF-α, 
fibrinogen, MMPs) have also been studied. One study 
collected IL-1β, MMP-8, IL-8 from gingival crevicular 
fluid in chronic periodontitis subjects51-53 and found that 
the level decreased after short-term surgical treatment, 
especially 4 weeks after scaling and root planning.54 

Another study in patients with type 2 diabetes mellitus 
who had chronic periodontitis reported that nonsurgical 
periodontal treatment was associated with a reduction 
in levels of IL, TNF-α and fibrinogen. Moreover, a study 
showed that periodontal therapy helped to improve 
glycemic control.55

With studies reporting a reduction in arterial blood 
flow in patients with PD, Tonetti et al showed an improve-
ment in flow-mediated dilatation of brachial artery and 
reduced plasma soluble E-selectin in PD patients who 
received intensive therapy.49 Another study also showed 
an improvement of endothelial dysfunction following 
PD treatment.47 A study that measured common carotid 
artery intima media thickness (CCA-IMT) demonstrated 
a regression in CCA-IMT progression with improvement 
in clinical or microbial periodontal status after treat-
ment. The study was determined by probe examination 
and dominant bacteria from subgingival sample after 
adjusting for confounding factors (i.e. age, sex, smoking 
or diabetes mellitus).56

A case-control study by Lee et al categorized 510,762 
patients with PD into three groups: dental prophylaxis, 
intensive PD treatment, or no treatment. Patients who 
received dental prophylaxis had the lowest incidence 
rate of ischemic stroke, while patients with no treat-
ment had the highest. The stroke hazard ratio of dental 
prophylaxis and intensive treatment groups were lower 
than the no-treatment group.57 However, since there 
are only a small number of clinical trials that measured 
clinical CVD events, a systemic review cannot conclude 
that periodontal therapy can decrease cardiovascular 
disease burden, but it concluded that there were both 
improvement in systemic inflammation and endothelial 
dysfunction after receiving PD treatment.58

Hyperlipidemia is a traditional risk factor for cardio-
vascular disease and CVD. Many studies attempted to 
find the association between PD and hyperlipidemia, but 
only a few study are able to demonstrate a correlation 
between these two conditions,59,60 with some studies 
reported that periodontal treatment can decrease serum 
lipid level.61,62 

CONCLUSION

Many studies demonstrate that PD correlates positively 
with CVD, and identify PD as an independent risk factor 
for stroke development. This correlation is best explained 
by an increased atherosclerosis. To date, only a few 
studies are able to report a decreased stroke incidence 
after receiving periodontal treatment and there is not 
enough evidence so a prospective randomized controlled 
trial with intervention should be conducted to provide 
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further information for a standard recommendation for 
periodontal care to prevent stroke. The oral cavity is a 
portal of entry as well as the site of disease for microbial 
infections that affect general health.63
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