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Abstract: This systematic review and meta-analysis investigate the association between
periodontitis and stroke. This review followed the methods established by the Preferred
Reporting Items for Systematic Review and Meta-Analysis (PRISMA) guidelines. Searches
were conducted in five databases and two sources of grey literature. After the selection of the
articles, a risk of bias evaluation was performed. Three meta-analyzes were performed:
Assessing the overall association between stroke and periodontitis in case—control studies;
Ischemic stroke and periodontitis in case—control studies; The association between stroke and
periodontitis in cohort studies. Heterogeneity was assessed using the I? index and the odds
ratio was also calculated (p < 0.05). The Grading of Recommendations Assessment,
Development and Evaluation (GRADE) was applied to evaluate the level of evidence.
2193 potentially relevant studies were identified, with 10 studies included in qualitative
and quantitative analysis. All the articles were considered with low risk of bias and a low
level of certainty. The results demonstrated a positive association between both disorders and
increased risk for stroke among cohort studies (RR 1.88 [1.55, 2.29], p<0.00001, 12:0%) and
for ischemic stroke events in case—control studies (RR 2.72 [2.00, 3.71], p<0.00001, I*= 4%).
Periodontitis may represent a risk factor for stroke, especially in ischemic events. However,
new studies with a robust design are necessary for a reliable conclusion.

Keywords: central nervous system, cerebrovascular disorders, stroke, periodontitis,
periodontal attachment loss

Introduction

This cerebrovascular damage is characterized by brain vessels occlusion or block-
age (ischemic stroke), as well as blood vessels rupture (hemorrhagic stroke).' Based
on the same mechanism of the ischemic stroke with a different period of occur-
rence, the transient ischemic attack is another type of cerebrovascular accident, with
less than 24 hrs of duration.”> Moreover, other classifications or subtypes of these
changes are described in the literature, such as subarachnoid hemorrhage, cerebral
venous thrombosis, and spinal cord stroke.® Although these events have different
origins and pathogenesis, they all culminate in vascular changes that present
themselves as one of the main death cause in the world.>* In this context, the
presence of inflammatory oral diseases may also act as source of these vascular
changes in a stroke condition.*

Among oral infections, periodontal diseases are considered as a huge variety of
inflammatory conditions that affect the supporting structures of the teeth such as the
gingiva, alveolar bone and periodontal ligament,”® which could result in tooth loss
and contribute to systemic inflammation.® Periodontitis, a type of periodontal
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disease, is defined as a chronic inflammatory disease of
multifactorial origin, being related to plaques (biofilm),®
initiated by gram-negative bacteria that initiate an
immune-inflammatory response of the host.”'* It is char-
acterized by the progressive destruction of the dental
apparatus, causing the loss of the tissue support period-
ontal, with this leading to loss of clinical insertion (CAL)
and alveolar bone loss, which can be evaluated through
radiographic images, besides the presence of periodontal
pockets and gingival bleeding.®

Periodontitis is associated with elevated levels of IL-6,
C-Reactive Protein and TNF alpha in blood flow associated
with systemic inflammation markers.'""'? The current evi-
dence also shows that elevated levels of inflammatory mar-
kers are related to systemic diseases, such as Rheumatoid
Arthritis,"® cardiovascular diseases,'* as well as to severe
neurological deficits as dementia,'> Alzheimer’s Disease.'®

The association between periodontal disease and
stroke has been previously investigated in systematic
reviews.'’'” However, the interaction among different
types of cerebrovascular accidents has not been synthe-
tized in a review capable to present the relevant clinical
evidence. The aim of this systematic review and meta-
analysis was to investigate the association between stroke
and periodontitis in humans, considering the different
types of cerebrovascular events.

Materials And Methods

Protocol And Registration

This systematic review was registered at PROSPERO
under the code CRD42016033183 and performed accord-
ing to PRISMA (Preferred Reporting Items for Systematic
Review and Meta-Analysis) guidelines.zo

Search Strategy, Eligibility Criteria And

Data Extraction

The PECO strategy was followed in this systematic review.
Observational studies in humans (P) exposed (E) and not
exposed to periodontitis (C), in which the primary outcome
was the risk of cerebrovascular accident, including hemor-
rhagic and ischemic attacks (O) (Supplementary material 1,

Supplementary material 2). As an ischemic attack, the

events of transient ischemic attack and ischemic stroke
were considered in the evaluated studies.

Searches were conducted in the following electronic
databases, without language restriction until september
2018: PubMed, Scopus, Web of Science, The Cochrane

Library, LILACS, OpenGrey and Google Scholar. All
publications presented in the databases contained a com-
bination of controlled pre-defined MeSh and free terms
related to cerebrovascular changes and periodontitis
(Supplementary material 3). The terms previously defined

were adapted to the rules of syntax of each bibliographic
database.

After research in databases, all relevant citations were
saved in a bibliographic reference manager (EndNote, x7
version, Thomson Reuters). Duplicated results were consid-
ered only once. After the importation to reference manager,
the duplicates were removed, followed by exclusion of
opinion articles, technical articles, guides and animal stu-
dies. The selection process was performed in two phases.
The first phase includes the evaluation of titles and abstracts
according to inclusion and exclusion criteria. In the phase
two, the articles included in the first phase were evaluated
according to full text by the same criteria. Additional cita-
tions were sought from the analysis of the reference list of
all articles previously selected in phase two. The searches
and selection process were conducted by three examiners
(NCFF, KFBV and APCPSCA) and checked by a third
examiner (RRL), in cases of disagreements.

After the selection, the data extraction was conducted
from the included articles. A table was used to report the
country, year of publication, study design, participant char-
acteristics (source and sample size), age, periodontitis
evaluation, results and statistical analysis.

In case of absence of information that makes data extrac-
tion or risk of bias evaluation impracticable, we attempted to
contact the authors by e-mail. The contact consisted of send-
ing a weekly email, for up to five consecutive weeks.

Quality Assessment Analysis

The papers that fulfilled the selection criteria were
included for qualitative evaluation. The quality assessment
of the included studies was made following a check-list
established by Fowkes and Fulton?' and updated by
Penoni et al** (Supplementary material 4).

Risk Of Bias

After quality assessment evaluation, the studies were ana-
lyzed to determine the risk of bias, according to the pos-

EEINT3

sibility of “biased results,” “serious confounders,” and the
“occurrence of chance”.*'** Three questions were evalu-
ated to determine the value of the study: “Are the results
erroneously biased in a certain direction?” “Are there any

serious confounding or other distorting influences?” and
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“Is it likely that the results occurred by chance?” If these 3
summary questions were answered with “no,” then there
was a high probability that the research presented a low
risk of bias.

Quantitative Synthesis Of The Results
The extracted data were analyzed using RevMan software
(Review Manager v. 5.3, The Cochrane Collaboration;
Copenhagen, Denmark) to assess the relationship between
periodontal disease and stroke.

Three meta-analyses (MAs) were performed:

1. To evaluate the association between periodontitis and
stroke in case—control studies, odds ratio (OR) and
its 95% CI of the association between these two
diseases (periodontitis and stroke) from included
studies were extracted. Adjusted odds ratio was
also used whenever possible; otherwise, crude odds
ratio estimates were considered to measures effect as
a log OR and the standard error of the log OR using

method.

Combined results were presented as a pooled OR.

generic  inverse-variance ~ weighting

2. To evaluate the association between periodontitis and
ischemic stroke in case—control studies, odds ratio (OR)
and its 95% CI of the association between these two
diseases (periodontitis and ischemic stroke) from
included studies were extracted. Adjusted odds ratio
was also used whenever possible; otherwise, crude
odds ratio estimates were considered to measures effect
as a log OR and the standard error of the log OR using
generic inverse-variance weighting method. Combined
results were presented as a pooled OR.

3. To evaluate the association between periodontitis
and stroke in cohort studies, risk ratio (RR) and its
95% CI of the association between these two dis-
eases (periodontitis and stroke) from included stu-
dies were extracted. Adjusted RR was also used
whenever possible; otherwise, crude RR estimates
were considered to measures effect as a log RR and
the standard error of the log RR using generic
inverse-variance weighting method. Combined
results were presented as a pooled RR.

When necessary, the effect estimates were converted to
OR or RR with the help of RevMan software tools.

If some of the necessary information was absent from
any of the included studies, the authors were contacted

(one contact by week, up to five weeks) to provide the
missing data. After contacts, studies that remaining with-
out sufficient data were excluded from the meta-analysis.
Besides that, only studies that did not present methodolo-
gical bias were included. Random effect model was
applied when the studies were not functionally equivalent
in which the objective was to generalize the results from
the meta-analysis.**

Heterogeneity was tested using the I? index and, if the
heterogeneity was substantial or considerable (>50%), a
sensitivity analyses were performed to verify the influence
of each study on the pooled results.*

Level Of Evidence

The assessment of quality of the evidence was determined
for the outcomes meta-analysis using the Grading of
Recommendations ~ Assessment, Development and
Evaluation (GRADE) approach.> Observational studies
start as low evidence, and the quality of, or certainty in,
the body of evidence decreases to very low quality if
serious or very serious issues related to risk of bias,
inconsistency, indirectness, imprecision and publication
bias are present and increase if confounding factors and
if the magnitude of effect is large or very large were
detected. In this way, the quality of the evidence can
range from very low, low, moderate and high.

Results

Study Selection

A total of 2193 articles was identified from the searches of
databases, and 958 were excluded because they are dupli-
cated. All 1235 titles and abstracts retrieved were analyzed
according to the criteria of inclusion and exclusion, with
an exclusion of 1214 studies. The remaining studies
(n= 21) were evaluated by full-text. 11 studies were
excluded in the full-text evaluation due to the absence of

18,2635

control group see supplementary material 5.

A total of ten studies was included and submitted to
quality assessment (Figure 1).

Characteristics Of Included Studies
All the 10 articles included in this review were observa-

3638 Wwhile

tional, 3 presented a prospective cohort design,
7 were case-controlled studies.”®** Only one study did not
report a significant association between periodontitis and
cerebrovascular changes.”” Among the studies, ischemic

damages were the most evaluated, including ischemic
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Figure | Flow diagram of literature searches and selection, according to the PRISMA statement.
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38-40,43

stroke, transient ischemic attack,’® acute cerebral

ischemia*' and lacunar infarct.* Four studies investigated

both hemorrhagic and non-hemorrhagic strokes.*®37-4%44
The Clinical Attachment Loss was the most used method

of assessment for periodontitis identification®->% 424443

(Table 1).

Risk Of Bias

After the quality and risk of bias assessments, it could be
observed that all studies had methodological soundness
with low susceptibility to bias (Table 2).

However, some methodological limitations were
identified among the included studies. Among the
case—control studies included, problems were identified

regarding the sampling method*®**%

and sample size
calculation,3:40-42:45:46 Moreover, four studies did not
provide information regarding the blinding of the out-
come evaluation by the accessors among the included

Studies.36,38,40,44

Quantitative Analysis

Considering the studies included in this systematic review,
Abolfazili et al*' have two control groups and the result
from both control groups were added and considered in

these meta-analyses.

144 137

Dorfer et al™ and Holmlund et al”’ presented OR and
RR values from mild, moderate and severe periodontitis,
respectively, while Sen et al*® presented RR values from
mild and severe periodontitis. In these cases, a pooled OR
and RR were calculated and employed in the first and
second meta-analysis. Pooled RR was also calculated to
Wu et al*® to obtain a pooled result including all stroke
types (RR for cerebrovascular diseases not specified, RR
for hemorrhagic stroke and RR for non-hemorrhagic
stroke).

The results were presented separately for the three MA:

1. Stroke in case—control studies. In the first MA,
seven studies were included.’*** The overall
heterogeneity was considerable (I°=77%). During
sensitivity analysis, the heterogeneity ranges from
70% to 80% and, as no significant heterogeneity
reduction was observed, none study was removed.
The pooled results present data on the direction of
association between periodontitis and stroke.

Individuals with periodontitis had two times higher

chance to suffer stroke (OR 2.31 [1.39, 3.84],

p=0.001, I>= 77%) (Figure 2).

2. Ischemic stroke in case—control studies. In this second
MA five studies were included.*****"“***> The over-
all heterogeneity was considerable (I’=72%). During
sensitivity analysis, the heterogeneity ranges from 4%
to 78% and, in attempt to reduce heterogeneity, Palm
et al study was removed from this analysis. The
pooled results present data on the direction of associa-
tion between periodontitis and ischemic stroke.
Individuals with periodontitis had two times higher
chance to suffer ischemic stroke (OR 2.72 [2.00,
3.71], p<0.00001, I>= 4%) (Figure 3).

3. stroke in cohort studies. In this third MA, three

studies were included®® 8

and presented null het-
erogeneity (I=0%). The pooled results present data
on showed, again, association between periodontitis
and stroke. Individuals with periodontitis had
higher risk to suffer stroke (RR 1.88 [1.55, 2.28],

p<0.00001) (Figure 4).

Assessment Of The Level Of Evidence
(GRADE)

Ten studies were used in the meta-analysis and were eval-
uated for the level of evidence.for the association between
periodontitis and stroke in case—control studies, seven stu-

dies were included,>®-3%:4042-45

although the large effect
(OR> 2), this evidence was classified as low due to serious
problems in “inconsistency” related to considerable overall
heterogeneity. In the present study, it was found that the
association between periodontitis and ischemic stroke in
case—control studies®® ****° the large effect (OR> 2), this
evidence was classified as low due to serious problems in
“imprecision” related to initial and final IC variation greater
than 25%. In the evaluation of the Association between
periodontitis and stroke in cohort studies, three studies
were included.>®*” This evidence presented no serious pro-
blem and was qualified as low. Table 3 shows all the results
found in the GRADE evaluation.

Discussion

This systematic review has gathered scientific evidence
based on the literature showing association between peri-
odontitis and the various types of stroke. The results of the
meta-analysis showed that individuals with periodontitis
had a greater chance, about twice as much of suffering
from some type of stroke, as to have ischemic stroke.
Mixed results were observed between qualitative and
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Odds Ratio Odds Ratio
Study or Subgroup __log[Odds Ratio] __SE_Weight IV, Random, 95% CI IV, Random, 95% CI
Abolfazli et al., 2011 05068 0.3598 14.9% 1.66 [0.82, 3.36) —
Diouf et al, 2015 04574 0.1848 18.9% 1.58[1.10,2.27) -
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Ghizoni et al., 2012 38725 1.065 4.6% 48.06 (5.9, 387.56] _—
Leira etal., 2016 14351 04295 13.3% 4.20[1.81,9.75] —_—
Palm et al, 2014 03711 03763  14.5% 0.69[0.33, 1.44] T
Pradeep et al, 2010 11442 03131 16.0% 3.14[1.70, 5.80] —
Total (95% CI) 100.0% 2.31[1.39, 3.84] -
Heterogeneity: Tau® = 0.32; Chi* = 25.62, df = 6 (P = 0.0003); I = 7% TR pr—

Test for overall effect: Z = 3.24 (P = 0.001) Control Periodontitis

Figure 2 Forest plot to CVA in case—control studies.
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Figure 3 Forest plot to Ischemic stroke in case—control studies.
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Figure 4 Forest plot to CVA in cohort studies.

quantitative analysis of the included studies. While most
of the selected articles described an association between
stroke and periodontitis in qualitative evaluation, this asso-
ciation was only detected among cohort studies and for
ischemic stroke events in case—control studies. Even
though a positive association was detected between both
conditions in case—control studies, these results are ques-
tionable due to the high heterogeneity among the included
studies.

Systematic reviews can summarize clinical questions
by condensing much information on a critical evaluation
of published studies, following a solid-stated method of
development.”**” When it is possible to perform them
from randomized clinical trials, this type of study repre-
sents the best level of evidence available, even though this
could be mutable according to the evaluated question.*’ In
a Systematic review, the performing of a meta-analysis can
provide a quantitative evaluation of the problem investi-
gated, comparing data of each study in a statistical analysis
weighted in heterogeneity of studies evaluation.?*

Besides the results, the quality of the identified articles
in this review pointed absence of significant bias after the
quality assessment evaluation (Table 2). Problems were
observed in the methodological quality of some studies,
mainly in the study sample, quality of measurements and

blinding. In five articles, the sample size was marked as a
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problem due to the absence of a sample size calculation or

lack of representativeness.** ***> The

sampling method
was pointed as problem in four studies.***** The blind-
ing of the outcome was not performed in four of the
included studies.****4%* The quality control was regis-
tered as a major problem in one study®® due to the absence
of clinical assessment.

Even without compromising the major quality of the
studies, these registered pitfalls must be avoided because
they can induce to confounding effects on a trial.*® Due to
its chronic and infectious origin, periodontitis may be asso-
ciated as a source of mediators of inflammation into the
blood circulation, which may contribute to exacerbate sev-
eral diseases. This local inflammatory process may induce a
systemic inflammatory state through mechanisms that
include dissemination of pro-inflammatory cytokine and/or
bacteria from the oral to extra-oral sites.*’ In the present
study, periodontitis was described as an independent risk
factor of stroke. Ischemic or hemorrhagic events were both
described in the selected studies, even though the ischemic
events were more reported/investigated*® *'***> than both
conditions, 6374244

The presence of a wide spectrum inflammatory condi-
tion can increase the risk of a stroke episode in acute and
chronic phases, in which inflammatory markers such as
C-Reactive protein, IL-6 and lipoprotein-associated phos-
pholipase A2 were pointed as indicators of increase of
stroke risk.*'° Some of these factors, such as the IL-6

1251 are also identified as bio-

and the C-Reactive protein
markers of periodontitis and are found on blood flow,
suggesting a possible triggering of aggravation of stroke
process.

Moreover, the presence of external inflammatory fac-
tors can also aggravate subsequent events that happen after
the stroke.”® At this moment, an ischemic penumbral tis-
sue surrounding the infarcted core is formed. A damaged
tissue without electrical communication characterizes the
penumbra area, but with sufficient cellular energy to its
nutrition.>? However, due to this damage, this area is
susceptible to secondary cell death, which occurs hours
and days after the establishment of the primary center of
the lesion.>® A systemic inflammation process was also
associated with changes in microglia. It was suggested that
this process could result on changes of phenotype in this
tissue, resulting on the increase of neuroinflammation and
neurodegeneration.>

The occurrence of cell death on the penumbra area can
be enhanced by several factors, such as oxidative stress,

reperfusion of tissue and microglial activity,”' which
results on increased damage to stroke area, due to second-
ary neuronal death. The activation of these events can be

triggered by a systemic inflammation,’>>’

indicating that
the periodontitis may represent a potential risk to aggra-
vate the stroke condition.

In the present study, the selected articles (Table 3)
focused on present an association between periodontitis
and the incidence of stroke. Seven of the ten articles

were case—control studies,>

only elucidating a static
relationship between the evaluated conditions. Among
the longitudinal studies, two presented periodontitis as a
risk factor for stroke.>*-®

In view of quantifying the systematic review, three
meta-analyses were performed. The results show a positive
association between stroke and the presence of periodonti-
tis, with a risk of 2.31 (95% CI= 1.39-3.84; ’= 77%;
p=0.0003) of suffering from a stroke in the periodontitis
group of patients in case—control studies. However, these
results must be questionable due to the high heterogeneity
detected. The presence of an I? index higher than 70% may
indicate a lack of homogeneity among studies, invalidating
the results presented. The study design (case-control) may
be associated with the phenomena, including their retro-
spective design and the presence of bias related to the
definition and selection of the sample inherent to this type
of study (egger).

When these studies were subgrouped, and only the
case—control studies which reported ischemic events were
considered, a higher risk to present stroke among period-
patients (2.72 (95% Cl= 2-3.71; I>= 4%;
p<0.00001) was detected. Even though these results must
be cautiously evaluated due to the type of study and a low

ontitis

evidence was attributed to them, these results may suggest
an association between ischemic attacks and periodontal
problems.

A previous meta-analysis evaluated the association
among ischemic stroke and periodontitis'® and a similar
RR (RR=2.88) was presented by these authors, suggesting
the association among two conditions. However, different
inclusion criteria for periodontitis and cerebrovascular dis-
ease were adopted in the cited study. In our study, for the
first time, we evaluated the prevalence of different types of
cerebrovascular damages at the same time, comparing a
healthy group and a periodontitis group.

Among the cohort studies, a greater risk of suffer cere-
brovascular diseases (1.88 (95% CI= 1.55-2.28; I’= 0%;
p<0.00001) was detected in periodontitis patients. Two of
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the three evaluated studies included only stroke cases asso-
ciated with mortality,*®>’

investigation of this association in prospective studies.

suggesting the need of further

In our review, we tried to investigate the association of
periodontitis and different types of cerebrovascular acci-
dent. Among the included studies, case-control and cohort

36374244 ovaluated

studies were included and only 4 studies
both conditions. Only one study evaluated the prevalence of
periodontitis and hemorrhagic or non-hemorrhagic stroke
and their association.>® So, we cannot state which condition
is the most associated due to the limitations of the studies.

The suggested association between stroke and period-
ontitis highlights the systemic involvements of the diseases.
Periodontitis has been associated with many conditions
such as cardiovascular diseases, diabetes and obesity, rheu-
matoid arthritis,® which shows the importance to correlate
the identified risk factors and reinforce the needing of a
multidisciplinary work on these conditions.

Due to the different classifications used for periodonti-
tis regarding their severity among studies and the absence
of enough numerical data, an assessment of the association
between stroke risk and periodontitis was not performed.

Even though there is no reliable evidence that the
treatment of periodontitis can reduce the chances of suffer-
ing from a stroke, due to the difficulties to collect and
design a reliable study,”’ the control of infectious diseases
may represent a decrease in other risk factors also related
to stroke.’® Moreover, the control of oral health in post-
stroke patients has shown benefits related to oropharyngeal
dysphagia and oral intake level.’®

Therefore, oral care must be carried out in a preventive
manner, avoiding the appearance of periodontal changes
that may be the target of an increased predisposition to
other diseases, such as stroke. The periodontal treatment
can result in lower levels of oral bacteria and markers of
inflammation, which may influence systemic disorders.>’

In addition, in post-stroke patients, periodontal disease
control may represent a way of trying to control the
aggravation of the condition,® especially in a hospital
environment, where the control of oral health conditions
is critical®' and may result in lower expenses in Public
health at future times.

Despite the presented results, the studies included on
this meta-analysis and systematic review present some
limitations, including some methodological design pro-
blems, such as the lack of blinding and randomization; as
well as the absence of the use of the same method to
evaluate periodontitis. This compromise the establishment

of a solid conclusion about the investigated problem. Most

of the studies presented problems on sample!®-33:39743:62

and blinding process,' 830 32-36:40.42:44

Conclusion

This systematic review and meta-analysis suggest an
increased risk of stroke in patients with periodontitis,
especially in ischemic events. In addition, there is a strong
association between both diseases. However, these results
should be evaluated with caution due to the need for well-
planned prospective studies for a more reliable conclusion,
especially regarding the degree of severity of periodontitis
and stroke, as well as to investigate the relationship of
periodontitis in post-survival cases stroke.
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