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ABSTRACT

according to their design and critically reviewed.

point.

Objective: To review the literature regarding the association of periodontal disease with stroke that
has been gaining interest during the last two decades.

Methods: A search was conducted through MEDLINE and SCOPUS databases for all literature
related to the combination of terms “periodontitis” or “periodontal disease” and “stroke” or
“cerebrovascular diseases”. The selected articles included cross-sectional, case-control and
longitudinal studies, as well as interventional trials published up to August 2014 that were classified

Findings: Periodontal disease appears to be moderately associated with stroke but the nature of
their association is not fully elucidated. The great heterogeneity of the reviewed studies does not
allow but a rough estimate of its significance either as a causal or risk factor for stroke. Large-scale
randomized clinical trials are warranted to determine whether periodontal intervention may
contribute to the primary or secondary prevention of atherosclerotic disease and stroke as its end-

Conclusion: The bulk of evidence from the reviewed studies suggests that periodontal disease
may represent a contributing factor for stroke but further appropriately designed clinical trials,
focusing on the impact of periodontal treatment on stroke are necessary.

Keywords: Stroke; periodontal disease; association, causality; risk factor.

1. INTRODUCTION

Despite recent advances in acute stroke
treatment effective primary stroke prevention by
means of improved control of vascular risk
factors has the greatest potential to reduce
stroke burden [1]. However, up to 25% of all
strokes are not attributable to recognized risk
factors [1,2]. In this context systemic
inflammation, reflected by increased biomarkers
such as C-reactive protein (CRP), is thought to
promote atherogenesis [3]. Oral infections such
as periodontal disease represent potential
sources of systemic infectious and inflammatory
stress that contribute to stroke morbidity and
mortality, thus acquiring significance as a
potential novel risk factor for stroke [4-6].

Periodontal disease (PD) is one of the most
common oral infections, affecting the tooth
supporting tissues; it is divided into periodontitis
(leading to progressive destruction of the
periodontal ligament and alveolar bone with
pocket formation, recession or both) and
gingivitis (affecting the gingivae), which are
clinically distinguished by detectable tooth
attachment loss [7]. Various predominantly
Gram-negative microorganisms described as
“periodontal pathogens” have been implicated in
the initiation and progression of PD by activating
both local and systemic immune and
inflammatory reactions [8,9].

This narrative review aims to summarize the
available cross-sectional, case-control and

longitudinal evidence on the association between
periodontal and cerebrovascular diseases with
special emphasis on the end-point of ischemic
stroke.

2. METHODS

Our literature search through MEDLINE and
SCOPUS databases was based on the

combination of terms  “periodontitis” or
“periodontal  disease” and  “stroke” or
“cerebrovascular diseases”. Last literature

search was conducted on August 31, 2014. We
also searched abstract lists and conference
proceedings of the International Stroke
Conferences and European Stroke Conferences.
Reference lists of all articles that met the criteria
and of relevant review articles were examined to
identify studies that may have been missed by
the database search. Titles, abstracts and,
whenever appropriate, full texts of all identified
studies were screened independently by two
reviewers (OS and GT); disagreements were
resolved by consensus of all contributing
authors. Duplicate publications, case reports and
publications in other than the English language
were excluded from further evaluation. Research
articles that were considered eligible to be
included in this review, were classified according
to their study design to one of the following:
cross-sectional, case-control, longitudinal and
interventional studies. For each study design
articles were placed in chronological order of
publication and the respective data were
summarized in four different tables (Tables 1-4).
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3. RESULTS
3.1 Cross-sectional Studies

Cross-sectional  studies  investigating  the
association of PD-related parameters with stroke
and/or its surrogate markers (subclinical carotid
atherosclerosis or cardiovascular risk measures)
are summarized in chronological order on Table
1[10-24].

Clinical, radiographic or laboratory markers of PD
have been used as exposure variables in cross-
sectional studies. Similarly, different outcomes
such as incident stroke, sonographic signs of

subclinical carotid atherosclerosis or
cardiovascular risk measures have been
investigated (Table 1). Among the

histopathologically validated, easily measurable
signs of carotid atherosclerosis is the intima-
media thickening of the carotid wall that has
received considerable attention as a surrogate
marker of early atherosclerosis with prognostic
significance for stroke development [20,24,25].

Since Friedlander and Lande [26] first reported
carotid calcifications on orthopantomograms,
several studies have investigated the usefulness
of this finding for identifying clinically significant
carotid artery stenosis and its relationship to
history and/or risk of stroke [27-29]. Carotid
calcifications have been correlated with alveolar
bone loss as a marker of severe periodontitis,
determined from the same orthopantomogram
[13,30,31]. Thus, orthopantomogram apart from
evaluating PD severity is also an adjunctive
screening tool for subclinical carotid stenosis
[19,30,31]. Therefore, individuals with carotid
calcifications detected on routine
orthopantomograms, especially if older than 50-
55 years or with vascular risk factors, should be
referred for ultrasound and further cardiovascular
evaluation [26-28,30].

3.2 Case-control Studies

Case-control studies, generating the next level of
evidence for the relationship between clinical,
radiographic or laboratory markers of periodontal
status and stroke or surrogate markers
(subclinical carotid atherosclerosis or
atherosclerosis risk factors) are summarized
chronologically on Table 2 [5,25,32-49].

Studies investigating clinical, laboratory (oral
microbiotic burden) and radiographic markers of
PD in relation to stroke have registered moderate

to strong associations (odds ratios, OR=2.5-48),
depending on the examined stroke subtype
(ischemic, [33,34,42,47,49] hemorrhagic [4] or
combined [39,45]).

Other reports have also investigated the impact
of immunological reactions against periodontal
pathogens on stroke risk by measuring antibody
titers against them and/or their products
[35,36,43,46] Antibodies are considered a
relatively reliable index of systemic exposure to
periodontal pathogens, when compared to
clinical measures of periodontal status [37,50]. In
patients suffering from PD high IgG titers may
reflect a cumulative history of disease activity or
a current response to an active phase of PD,
often non-protective. However, high titers may
also occur in periodontally healthy individuals,
reflecting a functionally protective response
[20,35].

Numerous investigations have confirmed strong
associations between clinical, radiographic and /
or laboratory markers of PD and subclinical
carotid atherosclerosis, identified sonographically
(as carotid intima-media thickening or plaque) or
radiographically (as carotid calcifications on
orthopantomograms) [25,38,44,48]. Moreover,
two studies investigating the relationship
between PD clinical markers and established
atherosclerosis risk factors or inflammatory
markers (CRP, IL-6, TNF-a R1) have also
demonstrated independent associations linking
the prevalence and severity of PD with the extent
of atherosclerosis and inflammation [40].

3.3 Longitudinal Studies

Longitudinal studies investigating the relationship
of PD-related parameters with stroke and
subclinical carotid atherosclerosis as stroke
predictor are summarized in chronological order
on Table 3. PD and its surrogates were
associated with higher risk of incident stroke,
ischemic stroke or hemorrhagic stroke as well as
stroke mortality in the majority of studies [51-64]

The discrepant results between a small number
of studies is partly attributed to the variety of
investigated outcomes (incident or recurrent,
total or ischemic stroke, all-cause or
cerebrovascular disease mortality including fatal
stroke and early or progressive carotid
atherosclerosis). Similarly, various exposure
variables have been examined (number of
missing teeth, alveolar bone loss, self-reported
PD and serum antibodies against periodontal
pathogens).
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3.4 Interventional Trials

Presently, the available evidence demonstrating
the beneficial effects of periodontal intervention
directly on CVD are still limited. Intervention trials
investigating the impact of periodontal treatment
on incident ischemic stroke, inflammatory
biomarkers and / or surrogate markers of
atherosclerosis are summarized chronologically
on Table 4 [4,65-75]. Periodontal treatment (PT)
was associated with a reduction in inflammatory
burden (reduced CRP and improved clinical and
surrogate markers of endothelial function) in the
majority of available non-randomized intervention
studies but limited or no effect on more specific
markers of atherosclerosis such as lipid profiles
and arterial blood pressure, coagulation and
biomarkers of endothelial cell activation.”
Differences in the sample size and type of
evaluated PT may have accounted for potential
discrepant findings among different interventional
studies [4,65-75]. Although the available
evidence to date is consistent with a contributory
role  of periodontitisto  the  atherosclerotic
cardiovascular disease, well-designed
intervention trials regarding the impact of PT on
the prevention of atherosclerosis and stroke as
its endpoint are warranted [76].

4. DISCUSSION

Since periodontal disease (PD) and stroke
appear to have common characteristics,
clarifying the nature of and quantifying their
association is important for public health and has
been the objective of studies with different
designs [76]. Critically appraising their findings
and deducing conclusions is difficult since,
although numerous clinical, radiographic and
laboratory markers or combinations have been

used to define periodontal status, there is no
uniform case definition of PD [77,78]. To further
complicate the matter, a wide variation of
threshold values for these markers has been
applied to identify and grade PD [63,79]. Tooth
loss as a surrogate PD marker remains
controversial; [14,15,17,22,24] though being a
valid marker of long-term cumulative PD for
some populations, it is difficult to grasp
epidemiologically, as it reflects the result of
periodontal treatment, severe PD or both [14].
Alveolar bone loss (ABL) in orthopantomograms
or full-mouth periapical radiographs accurately
reflects the severity of periodontitis, can be
measured blindly and compares favorably with
clinical findings of periodontitis [13,34,80,81].
Since periodontal treatment does not typically
result in bone regeneration, ABL measures better
periodontitis history regardless of treatment,
whereas clinical measurements such as probing
depth reflect current exposure to periodontal
inflammation [82].

Varying prevalence of PD in different populations
complicates the assessment of its association
with stroke [83]. Moreover, differences in the way
observational studies are conducted, i.e. in study
population (size, age groups, ethnicities and
geographical settings) or inclusion criteria can
substantially differentiate the results
[25,33,77,78]. Most observational studies
investigating the relationship of PD with stroke
adjusted for a number of established
confounders. However, since the mechanisms
associating PD with stroke are not fully
elucidated, adjustment for confounders
potentially influenced by PD itself (i.e. age,
socioeconomic status) is also possible (over-
controlling) [14,77,84].

Table 1. Summarized cross-sectional studies, associating PD-related parameters with stroke,
subclinical carotid atherosclerosis or cardiovascular risk measures [10-24]

Reference Population Exposure Outcome Adjusted association
Wu et al. selected BOP, calculus serum total and i) between BOP/calculus
2000 [10] participants of index, pocket HDL cholesterol, index and increased
NHANES Il study depth, AL CRP, plasma CRP
fibrinogen ii) between calculus
index and increased
plasma fibrinogen
Beck et al. 6797 dentate extent of carotid IMT between severe
2001 [11] subjects of dental AL=3mm =1mm periodontitis and IMT
ARIC study, aged (severe =1mm
52-75 periodontitis (OR=1.31,95%CI:1.03-
defined as AL 1.66)

>30%)
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Reference Population Exposure Outcome Adjusted association
Katz et al. 10,590 Israeli CPITN serum total and between CPITN score 4
2002 [12] military service LDL cholesterol  and
men and women hypercholesterolemia in
men
Persson et 1084 subjects, ABL, CC CC, self- i) between PD and CC
al. 2002 [13] aged =65 reported stroke (OR=2.1,95%CI:1.3-3.2)
history, ii) between CC and
confirmed by stroke
medication lists  (OR=4.2,95%CI:1.9-9.1)
Desvarieux 711 participants tooth loss carotid plaque between tooth loss and
et al. 2003 of INVEST study, (number of prevalence carotid artery plaque
[14] aged 57-75 missing teeth) prevalence (46% for
subjects missing <9,
60% for those missing
210 teeth)
Elter et al. 6436 dentate extent of incident i) between the highest
2003 [15] examined, 2979 AL=3mm for stroke/TIAs quartile of AL and
dentate not dentate stroke/TIAs
examined & subjects, (OR=1.3,95%CI:1.02-
1491 edentulous  edentulousness 1.7)
participants of ii) between
dental ARIC edentulousness and
study stroke/TIAs
(OR=1.4,95%Cl:1.5-2)
Furuichi et 1,314 Japanese CPITN CRP, WBC of CPITN score 4 with:
al. 2003 [16] subjects, aged = counts, serum i) CRP (OR=2.39)
40 IgG against P.g., ii) WBC counts
serum IgA (OR=1.24)
against A.a. iii) IgG P.g. (OR=1.54)
iv) IgA A.a. (OR=1.19)
Desvarieux 1710 subjects AL, tooth loss carotid plaque of plaque prevalence
et al. 2004 aged 45-75 prevalence, IMT  with:
[17] i) AL among males (10%
> in highest tertile of AL)
ii) tooth loss among
males (66% for missing
<8 and 75% for missing
=16 teeth)
Joshipura et 468 male self-reported PD CRP, t-PA, LDL- between self-reported
al. 2004 [18] participants of C PD and:
Health i) CRP (30%> among
Professionals’ cases)
Follow-up Study, ii) t-PA (11%> among
aged 47-80 cases)
i) LDL-C (11%> among
cases)
Engebretson 203 participants ABL carotid plaque between ABL and
et al. 2005 of INVEST study, thickness carotid plaque thickness
[19] aged 54-94 (OR=3.64,95%CI:1.37-
9.65)
Beck et al. 4585 participants  1gG antibodies carotid between antibodies to
2005 [20] of ARIC study to periodontal IMT=Z1Tmm C.r. and carotid IMT

pathogens

21mm
(OR=2.3,95%Cl:1.83-
2.84)
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Reference Population Exposure Outcome Adjusted association
Vilkuna- 1107 subjects combined serum  HDL cholesterol  inversely between
Rautiainen (734 from Finland IgA and IgG to combined antibody
et al. 2006 373 from Russia), A.a.and P.g. response to A.a. and
[21] aged 25-55 P.g. and HDL
cholesterol
Syrjala etal. 392 elderly (>75) edentulousness, incident Ml or non-significant
2009 [22] non-smokers with  number of teeth  ischemic stroke
history of Ml or
ischemic stroke
You et al. 22,862 self-reported prevalent stroke, of prevalent stroke with:
2009 [23] participants of tooth loss CRP i) 217 missing teeth
REGARDS study, (OR=1.28,95%Cl:1.09-
aged 245 1.49)
i) CRP
Holmlund & 947 subjects, self-reported carotid plaque between number of
Lind 2012 aged 270 tooth loss prevalence, IMT teeth and carotid plaque
[24] prevalence
(OR=0.89,95%Cl:0.82-
0.98)

(PD = periodontal disease, BOP = bleeding on probing, AL = attachment loss, CPITN = Community Periodontal
Index of Treatment Needs, ABL= alveolar bone loss, CC = carotid calcifications, IMT = intima-media thickness,

TIAs = transient ischemic attacks, MI = myocardial infarction, t-PA = tissue plasminogen activator, OR = odds
ratio, Cl = confidence interval, C.i = Campylobacter rectus)

Table 2. Summarized case-control studies, associating PD-related parameters with stroke,
subclinical carotid atherosclerosis or cardiovascular risk measures [5,25,32-49]

Reference Population Exposure Outcome Adjusted association
Buhlin et 50 cases of severe probing HDL and non-significant serological
al. 2003 periodontitis depth, total differences between cases and
[32] 46 periodontally BOP, Hi cholesterol, controls, indicating association
healthy controls CRP, IL-6, of periodontitis with established
TNF-a R1, atherosclerosis risk factors
antibodies
against
human
HSP60
Grau etal. 303 cerebral ischemia DMFT, Gl, ischemic of cerebral ischemia with:
2004 [33] cases Pl, mean stroke / TIAs i) severe gingivitis (GI>1.2)
300 age- & sex- CAL, ABL (OR=7.27,95%CI:2.94-18) in
matched population men < 60
controls ii) moderate periodontitis
168 hospital controls (4.5<CAL<6mm)
with non-vascular, (OR=2.7,95%Cl:1.4-5.3) in men
non-inflammatory <60
neurological diseases iii) severe periodontitis
(CAL>6mm)
(OR=4.3,95%CI:1.85-10.2) in
men <60
Dorfer et 303 cerebral ischemia Gil, PI, ischemic of cerebral ischemia with:
al. 2004 cases mean CAL, stroke/TIAs i) GI>1.2 (OR=18.3,95%CI:5.8-
[34] 300 age- & sex- ABL 57.26)

matched population
controls

ii) CAL>6mm (OR=
7.38,95%Cl:1.55-15.3)

iii) ABL>5.5mm
(OR=3.6,95%Cl:1.58-8.28)
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Reference Population Exposure Outcome Adjusted association
Johansson 273 stroke cases antibodies total stroke negative association between
etal. 2005 546 age- and sex- to A.a.- (ischemic, antibodies to A.a.-leukotoxin
[35] matched controls leukotoxin hemorrhagic  and stroke in women
or (OR=0.28,95%CI:0.13-0.59)
unclassified)
Pussinen 407 stroke cases IgA & 1gG total stroke of stroke with:
etal. 2007 486 age- and sex- to P.g./ IgA i) IgA to P.g.
[36] matched controls & 1gG to (OR=3.31,95%Cl:1.31-8.4) in
A.a. male non-smokers
i) IgG to P.g.
(OR=2.30,95%CI:1.39-3.78) in
women
Soder & 46 women with PI, GI, carotid IMT, of periodontitis with:
Yakob periodontitis BOP, CAL, cIMA i) increased IMT
2007 [37] 21 periodontally probing (OR=6.05,95%CI:1.34-27.35)
healthy women depth, ii) increased cIMA
number of (OR=5.41,95%CI:1.2-24.43)
teeth, ABL
Cairo etal. 45 cases of severe number of IMT between severe periodontitis
2008 [38] periodontitis (< 40) teeth, 20.82mm and IMT (OR=8.55,95%C]l:2.38-
45 periodontally probing 39.81)
healthy age- and sex- depth, CAL
matched controls
Sim et al. 265 non-fatal stroke CAL, total stroke between periodontitis
2008 [39] cases 214 age- probing (CAL=6mm) and total stroke
matched population depth (OR=4,95%Cl:2.3-7)
controls (Koreans)
Buhlin et 68 cases of probing CRP, plasma association of periodontitis with:
al. 2009 periodontitis depth, fibrinogen, i) CRP (OR=4.0,95%CI:1.4-
[40] 48 periodontally BOP, HI, IL-18, 11.4)
healthy controls tooth HSP60, i) fibrinogen
mobility HSPG65, (OR=8.7,95%Cl:2.6-28.4)
HSP70 iii) IL-18 (OR=6.5,95%Cl:2.2-
19.5)
Friedlander 36 cases with CC CConortho ABL >4mm of CC with MPI and specifically
etal. 2010 36 age- and sex- / grams as part of ABL>4mm
[41] matched controls MPI index (=
(without CC) chronic
dental
infection
marker),
tooth loss
Kim et al. 165 hemorrhagic CAL hemorrhagic  between periodontitis
2010 [5] stroke cases 214 non- stroke (CAL=6mm) and hemorrhagic
stroke controls in stroke (OR=2.5,95%CI:11-5.6)
Korea
Pradeep et 100 ischemic stroke CAL, ischemic between probing depth >4.5mm
al. 2010 cases 100 age- and probing stroke and stroke (OR=8.5,95%CI:1.1-
[42] sex- matched healthy  depth, Gl, 68.2)
controls in India Pl
Tabeta et 66 cerebral infarction  IgG to P.g.  cerebral of cerebral infarction with:
al. 2011 cases infarction i) 2" tertile category of IgG to
[43] 330 age- and sex- P.g. (OR=7.12,95%ClI:1.51-

matched controls in

33.5)
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Reference Population Exposure Outcome Adjusted association
Japan ii) 3" tertile category of IgG to
P.g. (OR=9.03,95%Cl:1.97-
41.5)
Yakob et 88 cases of number of cIMA of increased cIMA with:
al. 2011 periodontitis teeth, BOP, i) periodontitis
[44] 40 controls without probing (OR=4.2,95%Cl:1.2-14.7)
periodontitis depth, CAL, ii) P.g. presence
PI, GI, ABL, (OR=7.63,95%CI:1.7-34.1)
oral i) P.n. presence
microbiotic (OR=4.08,95%CI:1.1-15)
burden
Ghizoniet 20 stroke cases probing total stroke between PD and total stroke
al. 2012 60 healthy controls depth, CAL, (OR=48.06,95%C]l:5.96-387.72)
[45] BOP, PI,
number of
teeth, oral
microbiotic
burden
Hosomiet 132 ischemic stroke IgG to A.a., ischemic i) between IgG to P.g. and atrial
al. 2012 cases P.g., P.i, stroke fibrillation
[46] 77 healthy controls CRP subtypes (OR=4.36,95%CI:1.71-12.1)
ii) between 1gG to P.i. and
bulb/ICA atherosclerosis
(OR=23.6,95%CI:2.65-298.2)
Lépez- 30 cases of chronic BOP, IMT, carotid i) non-significant between
Jornet et periodontitis probing plaque periodontitis and IMT
al. 2012 30 controls without depth, CAL ii) significant between
[25] periodontitis periodontitis severity and carotid
plague presence
Palm etal. 98 ischemic stroke salivary ischemic of ischemic stroke with:
2013 [47] cases levels of stroke severe periodontitis,
100 healthy controls periodontal edentulousness and salivary
pathogens, burden of A.a.
IL-1B,
serum LPS
Pinho etal. 35 cases with carotid  carotid CAL between severe periodontitis
2013 [48] plaque or IMT=1mm plaque or and carotid plaque presence
15 controls without IMT=1mm
carotid plaque or
IMT<1mm
Lafon et al. 48 minor ischemic PI, GI, ischemic of ischemic stroke with :
2014 [49] stroke cases probing stroke i) BOP (OR=1.04,95%CI=1-
47 healthy controls depth, 1.88)
BOP, ABL, ii) ABL>20%
CRP (OR=1.05,95%CI=1.01-1.09)

(HSP = heat shock protein, BOP = bleeding on probing, HI = hygiene index, TIAs = transient ischemic attacks,
OR = odds ratio, Cl = confidence interval, DMFT = decayed, missing or filled teeth, GI = gingival index, Pl =
plaque index, CAL = clinical attachment loss, ABL = alveolar bone loss, IMT = carotid artery intima-media
thickness, cIMA = carotid artery intima-media area = IMT+lumen diameter, CC = carotid calcifications, MPI index
= Mattila pantomography index, i.e. sum of periapical and furcal lesions+pericoronitis sites+carious roots+teeth

with pulpal caries+vertical bony defects >4mm, P.n. = Prevotella nigrescens)

Despite
generation

their

cross-sectional

usefulness  for
studies

hypothesis
cannot

long-term process and PD is chronic in nature;
since both outcome and exposure are measured

determine the temporal relationship of exposure
and outcome.80 Stroke is the end-point of a

simultaneously, neither temporal sequence can
be established nor causal relationship can be
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inferred [19,22,24,80]. It is also a matter of
concern, whether certain PD-related clinical
findings are sequels rather than precursors of
stroke [85].

A substantial aspect of case-control studies is
the selection of controls. The difficulty of
recruiting appropriate controls in sufficient
numbers often compromises the study results.
Furthermore, controls are occasionally matched
to cases on characteristics that influence either

the outcome or the exposure (gender, age,
smoking status) [86]. An inherent limitation of
case-control studies using PD-related clinical
measurements as exposure variables is their
evaluation retrospectively, after the outcome has
occurred [4]. For obvious reasons the dentist
performing the clinical examination cannot be
fully blinded for the patients’ status and this may
lead to an ascertainment bias in the evaluation
[40].

Table 3. Summarized longitudinal studies, associating PD-related parameters with stroke and
early or progressive carotid atherosclerosis [51-64]

Reference Population Follow- Exposure Outcome Adjusted
up association
length
Wu et al 9,962 21 yrs periodontal status  total CVA of periodontitis with:
(2000) [51] participants of categories: (incident, i) incident total CVA
NHANES | and 1) no PD fatal, (OR =1.66, 95%
follow-up study 2) gingivitis ischemic, Cl:1.15-2.39)
3) periodontitis hemorrhagi i) incident non-
4) edentulousness c stroke, hemorrhagic stroke
TIAs) (OR=2.11,95%CI:1.3
-3.42)
Howell et 22,037 male 12.3 yrs self-reported PD  CVD events non-significant
al (2001) participants of including between PD and
[52] Physicians’ stroke stroke
Health Study | (incident or
fatal)
Jansson et 1,393 subjects 26 yrs oral health score  CVD deaths between CVD
al (2001) in Sweden (=sum of various including mortality and
[53] parameters, fatal stroke ~ ABL>10%:
including tooth i) OR=2.7 in subjects
loss and <45 yrs
ABL>10%) i) OR=3.4in
smokers <45 yrs
Joshipura 41,380 male 12 yrs self-reported PD, ischemic of ischemic stroke
et al participants of number of teeth stroke with:
(2003) [54] Professionals’ i) self-reported PD
Follow-up (OR=1.33,95%Cl:1.0
Study 3-1.7)
ii) number of teeth
<24
(OR=1.57,95%CI:1.2
4-1.98)
Ajwani et 364 5yrs number of teeth, CVD of periodontitis with
al (2003) participants probing depth, mortality CVD mortality
[55] (>75) of CPITN including (OR=2.28,95%CI:1.0
Helsinki Ageing fatal stroke  3-5.05)
Study
Pussinen 173 cases of 13 yrs IgG & IlgAto A.a.  incident i) of IgA to A.a. with
et al stroke and 2 and P.g. and incident stroke
(2004) [56] age- and sex- recurrent (OR=1.6,95%Cl:1-
matched stroke 2.6)

controls per

ii) of IgA to P.g. with
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Reference Population Follow- Exposure Outcome Adjusted

up association
length

case recurrent stroke (for
stroke or CHD history
at baseline)
(OR=2.6,95%CI:1-7)

Abnet et 29,584 15 yrs tooth loss all-cause between tooth loss

al. 2005 participants of mortality and:

[57] a including i) all-cause mortality
chemopreventi fatal stroke  (13%>risk) ii) fatal
on trial in China stroke (12%>risk)

compared to median
tooth loss for
subjects of same age

Sdder et 82 PD cases 16 yrs number of teeth,  IMT, cIMA of PD with:

al. 2005 and 31 Gl, PI, probing i) increased cIMA

[58] periodontally depth, AL, ABL (OR=5.2,95%CI:1.73
healthy controls -15.67)

ii) increased IMT
(OR=4.64,95%CI:1.6
4-13.1)

Schillinger 411 7.5 DMFT, SLlI, carotid of carotid stenosis

etal. 2006 participants of months  CPITN stenosis progression with:

[59] ICARAS study progression i) edentulousness

(OR=2.1,95%CI:1.06
-4.16)

i) DMFT
(OR=1.11,95%CI:1.0
1-1.22)

iii) SLI
(OR=1.77,95%CI:1.0
9-2.79)

Tu et al. 12,223 up to 57  tooth loss all-cause & between CVD

2007 [60] students of yrs CVvD mortality and 29
Glasgow mortality missing teeth
Alumni Cohort, including (OR=1.35,95%Cl:1.0
aged <30 fatal stroke  3-1.77)

Choe et al. 867,256 14 yrs tooth loss total stroke  of total stroke with 27

2009 [61] Koreans, (ischemic missing teeth in:
participants of and i) men
the KCPS hemorrhagi (OR=1.3,95%CI:1.2-
study c) 1.4)

ii) women
(OR=1.2,95%ClI:1-
1.3)

Jimenezet 1,137 male 24 yrs ABL, probing ischemic i) of ABL with

al. 2009 participants of depth stroke/TIAs  stroke/TIAs

[62] Veteran Affairs (OR=3.52,95%Cl:1.5
Normative 9-7.81)

Aging Study i) non-significant of
probing depth with
stroke/TIAs

Holmlund 7,674 subjects 12 yrs number of teeth, CVD non-significant

etal. 2010 number of mortality between number of

[63] periodontal including teeth and stroke

pockets, BOP

fatal stroke

mortality
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Reference Population Follow- Exposure Outcome Adjusted
up association
length
Hoke et al. 411 subjects 6.2 yrs DMFT, CPITN, all-cause of all-cause mortality
2011 [64] with SLI mortality with:
asymptomatic including i) edentulousness
carotid fatal stroke = (OR=1.99,95%CI:1.1

atherosclerosis

8-3.02)

i) DMFT
(OR=1.06,95%ClI:1-
1.12)

iii) SLI
(OR=1.43,95%CI:1.0
1-2.03)

iv) non-significant
association of all-
cause mortality with
CPITN

(CVA = cerebrovascular accidents, CVD = cardiovascular disease, Gl = gingival index, Pl = plaque index, ABL =
alveolar bone loss, CHD = coronary heart disease, IMT = intima-media thickness, cIMA = calculated intima-media
area = IMT+lumen diameter, DMFT = decayed, missing or filled teeth, SLI = Silness-Lée index, CPITN =

Community Periodontal Index of Treatment Needs, BOP = bleeding on probing)

Table 4. Summarized intervention trials investigating the impact of periodontal treatment on
incident ischemic stroke, inflammatory biomarkers and surrogate markers of atherosclerosis

[4,65-75]
Reference Population PT type Outcome Follow-up Conclusion
length
Iwamoto et 15 cases of minocyclin CRP, TNF-a locally applied
al. 2003 [65] chronic into pockets minocyclin &
periodontitis & debridement reduces
debridement inflammatory burden
D’Aiuto et 94 cases of standard CRP, IL-6 6 months PT reduces
al. 2004 [66] severe inflammatory burden
generalized and CVD risk
periodontitis
Mercanoglu 28 cases of standard brachial artery periodontitis causes
et al. 2004 chronic FMD ED - PT improves
[67] periodontitis endothelial function
26 periodontally
healthy controls
Seinost et 30 cases of standard & brachial artery 3 months periodontitis causes
al. 2005 [68] severe pharm/cal FMD ED — PT improves
periodontitis endothelial function
31 periodontally and inflammatory
healthy controls burden
Yamazaki et 24 cases of standard CRP, IL-6, 3 months PT non-significantly
al. 2005 [69] moderate to TNF-a reduced
advanced inflammatory burden
periodontitis
21 controls
without
periodontitis
Elter et al. 22 cases of standard brachial artery 1 month PT improves
2006 [70] moderate to FMD, CRP, IL- endothelial function
severe 6, total and and inflammatory
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Reference  Population PT type Outcome Follow-up  Conclusion
length
periodontitis HDL burden
cholesterol
D’Aiuto et 55 cases of intensive IL-1B, TNF-a, 1 month acute PT effects:
al. 2007 [71] severe coagulation & activation of
periodontitis soluble coagulation system,
endothelial moderate ED
markers
Tonetti etal. 120 cases of standard brachial artery 6 months 24 hours after PT:
2007 [72] severe (59 cases) FMD, CRP, IL- inflammation,
periodontitis or intensive 6, coagulation coagulation
+ pharm/cal markers activation and
(61 cases) moderate ED
6 months after PT:
improved endothelial
function
Behle etal. 30 cases of intensive 19 1 month PT non-significantly
2009 [73] severe (including biomarkers, reduced
periodontitis surgical) serum IgG to inflammatory burden
periodontal
pathogens
Offenbacher 303 cases of OHI (152 CRP 6 months PT did not reduce
et al. 2009 severe cases) or CRP
[4] periodontitis intensive
(151 cases)
Piconi etal. 35 cases of standard microbiotic 12 months PT improved
2009 [74] mild to burden, CRP, microbiotic burden,
moderate PD IMT inflammatory
markers, ED and
carotid IMT
Lee et al. 510,762 PD- no incident 10 yrs PT reduces ischemic
2013 [75] cases treatment or ischemic stroke risk
208674 controls  dental stroke
prophylaxis
or intensive

(PT = periodontal treatment, standard = supragingival mechanical scaling and polishing, intensive = scaling and
root planing under local anesthesia, FMD = flow-mediated dilatation, pharm / cal = pharmacological, ED =
endothelial dysfunction, OHI = oral hygiene instructions, IMT = intima-media thickness)

Longitudinal design establishes the temporal
relationship between exposure and outcome and
may corroborate causal associations with proper
adjustment for confounders [79,80]. These
studies represent the second highest form of
evidence available after large-scale randomized
clinical trials, determining the impact of
periodontal treatment on stroke [79] However,
when investigating novel risk factors (i.e. PD for
stroke), the results of longitudinal studies may
not be as uniformly or strongly significant as
those of cross-sectional studies.’

The great heterogeneity of intervention ftrials
suggests that inter-trial differences in study size,
follow-up length, bias risk, presence or absence

of co-morbidities and/or other cardiovascular risk
factors, treatment type and effectiveness play a
significant role [87]. The negativity of their results
requires careful interpretation: if a cardiovascular
outcome is not attenuated through periodontal
treatment, this may not necessarily exclude its
causal association with PD [88].

5. CONCLUSION

In conclusion, the bulk of evidence from reviewed
studies establishes an association between PD
and stroke. Although the strength of the reported
associations is generally moderate, the
consistency of data emerging from
geographically and ethnically diverse populations
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across a variety of exposure and outcome
variables certifies that these findings cannot be
ascribed solely to confounding; therefore, PD is
highlighted as a moderate risk factor for
atherosclerosis. Given the significant morbidity
and mortality attributed to atherosclerosis,
appropriately designed clinical trials are
warranted to determine whether periodontal
intervention may contribute to the primary or
secondary prevention of atherosclerotic disease
and stroke as its end-point.
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