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Abstract 
Background: Evidence suggests an association between periodontitis and ischemic stroke due to the elevated pro-
duction of inflammatory markers and damage by infectious agents, which would promote a recurrent prothrombotic 
state. Therefore, the present systematic review and meta-analysis were carried out to determine whether periodon-
titis is a risk factor for ischemic stroke.
Material and Methods: A systematic search was conducted in five databases, including cohort and case-control 
studies published up to April 2024, in which periodontitis was evaluated as a risk factor for ischemic stroke through 
relative risk (RR), hazard ratio (HR) and odds ratio (OR). The Newcastle-Ottawa Scale (NOS) was used to assess 
the risk of bias, and the GRADE system was used to determine the certainty of the evidence.
Results: Of the 1121 studies found, 16 were included in the qualitative analysis, and 10 were meta-analyzed. The 
global synthesis showed that periodontitis was a risk factor for ischemic stroke (OR=2.59, I2=96%), with the same 
result being found for the case-control subgroup (OR=3.44, I²=73%) and the cohort subgroup (OR=2.05, I²=99%). 
Individuals with periodontitis were also found to be more likely to develop lacunar infarcts (OR=5.00, I2=0%).
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Introduction
Periodontitis is a chronic inflammation caused by pa-
thogenic microorganisms present in dental biofilm, and 
leads to the progressive and irreversible destruction of 
the tooth-supporting tissues (1) It has a global prevalen-
ce of between 45% and 90% (1,2), and its most severe 
form affects between 11.2% and 20% of the population 
(2,3).
Strokes involve neurological deficit disorders caused by 
abnormalities in cerebral blood flow (4). They are one 
of the leading causes of death and long-term disability 
(5-7) since they cause sensory-motor, musculoskeletal, 
perceptual, and cognitive sequelae (8) and lead to signi-
ficant consumption of health resources (9). A stroke may 
be ischemic if the damage is characterized by occlusion 
of the cerebral blood vessels or hemorrhagic if it is cau-
sed by their rupture (10).
About 80% to 94% of strokes are ischemic (8,11), and 
their main etiological factor is atherosclerosis of in-
tracranial arteries. However, various risk factors have 
been identified, such as age, sex, hypertension, diabe-
tes mellitus, smoking, severe tooth loss, hyperlipidemia 
and obesity (6,11,12). Furthermore, inflammatory mar-
kers, such as C-reactive protein (CRP) and interleukin 
6 (IL-6), have been associated with the risk of ischemic 
strokes (6).
Evidence would indicate a possible association between 
periodontitis and ischemic stroke. Its main mechanisms 
are indirect damage to vascular function caused by the 
production of elevated levels of inflammatory markers 
(5,10) and direct damage caused by infectious agents, 
such as Porphyromonas gingivalis, involved in the pa-
thogenesis of periodontitis. This would promote a pro-
thrombotic state by causing transient and recurrent bac-
teremia, vascular inflammation, oxidative stress, platelet 
activation, and coagulation factors, affecting the compo-
sition of the thrombus (2,13,14).
Since individual studies might have insufficient power 
to determine a reliable conclusion, the present systema-
tic review and meta-analysis was performed to evaluate 
periodontitis as a risk factor for ischemic stroke.

Material and Methods
-Protocol and registration
The present systematic review was done according to the 
Preferred Reporting Items for Systematic Reviews and 

Conclusions: Periodontitis is a risk factor for ischemic stroke with very low certainty of evidence and high heteroge-
neity. Furthermore, individuals with periodontitis were more likely to develop lacunar infarcts, with moderate certain-
ty of evidence and null heterogeneity.

Key words: Periodontitis, periodontal diseases, ischemic stroke, lacunar infarction, embolic stroke, thrombotic 
stroke.

Metanalyses checklist (PRISMA, 2020) (15). The proto-
col was registered in PROSPERO (CRD42024522139) 
and INPLASY (INPLASY202440053).
-Focused question
The research question was: Is periodontitis a risk fac-
tor for ischemic stroke in adult patients? It was raised 
according to the PECOS search strategy (population/
patients, exposure, comparison, outcomes, and study de-
sign), where P = adults, E = exposure to periodontitis, C 
= absence of periodontitis, O = risk of ischemic stroke, 
and S = cohort and case-control studies. 
-Eligibility criteria and process of selection 
Cohort and case-control studies published up to March 
2024 that evaluated periodontitis as a risk factor for is-
chemic stroke in adult patients (over 18 years of age) 
and calculated the relative risk (RR), hazard ratio (HR), 
and odds ratio (OR) were included. Studies with incom-
plete data were excluded.
-Operational definitions
Case-control and cohort studies were included, in which 
periodontitis was diagnosed by clinical-radiographic 
evaluation and use of periodontal epidemiological indi-
ces. Direct reports and hospital records were also taken 
into account.
-Search strategy
The search was conducted in PubMed/Medline, Web of 
Science, Scopus, Embase, and BVS databases in April 
2024. In addition, manual searches were performed of 
the reference lists of all included studies and previously 
published reviews. The complete search strategy adap-
ted according to the syntax rules of each database is pre-
sented in Supplementary document.
-Data extraction and synthesis
All outcome measures that directly assessed the asso-
ciation between periodontitis and ischemic stroke were 
considered. Two researchers (T.H.S. and R.E.C.) inde-
pendently selected the articles to be analyzed, first by tit-
le and abstract. Then, four researchers performed the fu-
ll-text analysis in pairs (T.H.S. with R.E.C. and A.A.A. 
with O.D.C.H). Data were then independently extracted 
into an Excel spreadsheet (Microsoft® Excel® for Offi-
ce 365). The articles selected and data extracted were 
subsequently reviewed and approved by a fifth expert 
researcher (J.C.A). 
-Risk of bias and certainty of evidence
The Newcastle-Ottawa Scale (NOS) tool was used to 
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analyze the risk of bias. Researchers´ disagreements 
were then resolved. The quality of evidence of the stu-
dies included in the meta-analysis was assessed through 
the GRADE tool, using the GRADEpro GDT software 
(16).
-Statistical analysis
Data from the studies selected for the meta-analysis 
of the association between periodontitis and ischemic 
stroke were evaluated using RevMan software (Review 
Manager v.5.3, The Cochrane Collaboration), conver-
ting effect estimates into ORs. The random effects mo-
del was applied to develop the forest plot, and heteroge-
neity between studies was assessed using the I2 index; 
sensitivity analysis was also performed to verify each 
study’s influence on the pooled results. To assess possi-
ble publication bias, the Egger test was used, confirmed 
by the Peters and Harbord tests, using the Stata 16 sof-
tware (StataCorp LLC, College Station, TX).

Results
-Selection of studies 
As presented in the PRISMA 2020 flowchart (17) (Fig. 
1), 1121 records were retrieved. After removing dupli-
cates and screening by title and abstract, 41 articles re-

Fig. 1: Flow chart for inclusion of the studies evaluating the association between periodontitis and ischemic stroke.

mained for full-text evaluation. Of these, 26 were ex-
cluded: Eight studies were eliminated because they did 
not report results of ischemic stroke, nine were abstract/
posters, two had periodontitis measurements that did 
not correspond to the operational definition, five were 
cross-sectional studies, one compared mild vs severe 
periodontitis, and one was redundantly published. One 
study obtained from the references of previous systema-
tic reviews was added, and finally, the qualitative analy-
sis was performed with 16 studies (Tables 1,2), of which 
10 were chosen for the meta-analysis.
-Characteristics of the studies
Of the 16 studies, 11 were case-control and 5 cohort stu-
dies [2 retrospective cohorts]. The case-control studies 
evaluated a total of 2917 subjects; the smallest number 
had 44 patients [22 cases and 22 controls] (18), and the 
largest number had 771 patients [303 cases and 468 con-
trols] (19), aged between 15 (20) and 80 years of age 
(21,22). Most studies evaluated ischemic stroke in ge-
neral; however, three studies included the analysis of is-
chemic stroke subtypes: transient ischemic attack (TIA) 
(19) and lacunar infarcts (22,23).
In the cohort studies, 1,864,167 subjects were evalua-
ted; the smallest number had 4364 patients (2527 expo-
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sed and 1837 unexposed) (24), and the largest number 
had 1,584,852 patients (792426 exposed and 792426 
unexposed) (25). Of these cohort studies, four evaluated 
patients diagnosed with periodontitis (exposed) versus 
patients without periodontitis (unexposed) (24-27), and 
one study compared patients with periodontitis (expo-
sed) versus patients with gingivitis (unexposed) (28). 
The ages ranged from 18 (26) to 80 (28). The shortest 
follow-up period was 14 years (25,28), and the longest 
was 21 years (27). Of all studies that analyzed ischemic 
stroke, one included the evaluation of the TIA subtype 
(25), and one evaluated lacunar, cardioembolic, and 
thrombotic infarction (24).
The case-control studies analyzed in this review were 
conducted in Germany (19,29), Spain (22,23), Iran 
(20,30), Brazil (21), Cuba (18), France (31), India (32) 
and Korea (33); seven of these studies (20-23,29-31) 
indicated funding and four (18,19,32,33) did not men-
tion it. Concerning conflicts of interest, seven (20-
23,29,31,33) declared no conflict of interest, and four 
(18,19,30,32) did not declare this item. The cohort stu-
dies were conducted in the United States of America 
(24,27), Taiwan (25,28), and Denmark (26); three of 
them (24,26,27) indicated funding and two (25,28) did 
not mention it; while, two (25,28) mentioned that there 
was no conflict of interest, two (26,27) did not mention 
it and, the study by Sen (24) indicated in this section 
that one of its co-authors was an associate editor of the 
American Academy of Neurology. 
-Risk of bias 
Six case-control studies (21-23,30,31,33) presented a 
high risk of bias, and five (18-20,29,32) had a low risk. 
Concerning the cohort studies, all five (24-28) presented 
a low risk of bias (Table 3).
-Meta-analysis of the synthesis
The results are presented in two meta-analyses, accor-
ding to the study design and type of ischemic stroke, 
which included 10 studies and evaluated a total of 
882,606 patients with periodontitis and 889,180 patients 
without periodontitis, considering the OR as a measure 
of the effect. The global synthesis showed that perio-
dontitis was a risk factor for ischemic stroke (OR=2.59 
[95%CI: 1.90; 3.53] and p<0.00001) with considerable 
heterogeneity (I2=96%; p<0.00001).
In the first forest plot (Fig. 2), the subgroup analysis for 
cases and controls showed an OR=3.44 [95%CI: 1.96; 
6.01] and p<0.0001, with considerable heterogeneity 
(I²=73%; p=0.0010); similarly, cohort studies obtained 
an OR=2.05 [95%CI: 1.31; 3.18] and p=0.002, with con-
siderable variability (I²=99%; p<0.00001) These results 
confirmed that periodontitis was a risk factor for ische-
mic stroke for both study designs.
In the second forest plot (Fig. 3), it was also obser-
ved that periodontitis is a risk factor for the ischemic 
stroke subgroup (OR=2.21 [95%CI: 1.58; 3.09] and 

p<0.00001), with considerable heterogeneity (I2=97%; 
p<0.00001). Similarly, individuals with periodontitis 
were more likely to develop the lacunar infarct subtype, 
with moderate OR (OR=5.00 [95%CI: 3.26; 7.67] and 
p<0.00001) and null heterogeneity (I2=0%; p=0.94). 
-Quality of evidence
The quality of evidence of the studies included in the 
second meta-analysis, considering the subgroups “is-
chemic stroke” and “lacunar infarct” as outcomes, was 
presented in a SoF table (Fig. 4). Very low certainty of 
evidence was obtained for periodontitis as a risk factor 
for ischemic stroke and moderate certainty for periodon-
titis as a risk factor for lacunar infarct. 
-Publication bias and sensitivity analysis 
The Egger test detected a potential publication bias of 
the studies considered in the meta-analysis (t=2.72, 
p=0.0261), confirmed by Harbord tests (t=2.45, 
p=0.0397). The sensitivity analysis is shown in Table 4, 
in which heterogeneity ranged from 96% to 77% (OR = 
2.38 to 2.96). Since no significant heterogeneity or effect 
size changes were evident, it was decided not to exclude 
any studies. 

Discussion
Thrombosis due to atherosclerotic plaque causes a con-
siderable proportion of ischemic strokes (34). Despite 
advances in preventive care and treatment, the global 
incidence and morbidity of ischemic stroke continue to 
increase. This is explained, among other factors, by the 
lack of control of vascular risk factors, such as chronic 
infections and inflammatory diseases (2). In this sense, 
we can consider as a strength of this review the fact of 
having studied ischemic stroke, instead of hemorrhagic 
stroke or stroke in general, because it is the most fre-
quent type of stroke (8,11). There is preliminary eviden-
ce that periodontitis increases systemic mediators of in-
flammation that are risk factors for these atherosclerotic 
diseases (12).
This systematic review and meta-analysis showed that 
periodontitis was a risk factor for ischemic stroke, in 
agreement with Leira et al. (35); however, they used RR 
as a measure of effect in the cohort and case-control sub-
groups. 
According to the meta-analysis of the case-control sub-
group, the probability of presenting periodontitis was 
3.44 times higher in patients with ischemic stroke com-
pared with those who did not have it. This coincided 
with the findings of Fagundes et al. (10) and Leira et al. 
(35), who used the OR and RR as a measure of effect, 
respectively. 
Similarly, the cohort subgroup showed that there was a 
higher probability [2.05 times] of developing ischemic 
stroke in the periodontitis group, coinciding with the 
reports of Leira et al. (35) and Lafon et al. (31) who, 
however, used the RR and estimated adjusted risk (ES) 
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Fig. 2: Forest plot for the association between periodontitis and ischemic stroke according to study design.

Fig. 3: Forest plot for the association between periodontitis and ischemic stroke according to type of stroke.

as a measure of effect. Concerning these statistical tests, 
it should be mentioned that RR and OR are often mi-
sused in clinical research. The RR should be restricted 
exclusively to prospective studies such as cohort studies 
and not be used in case-control studies (36,37).

Most of the studies analyzed in this review evaluated 
periodontitis by clinical and/or radiographic diagnosis, 
considered the standard for periodontal diagnosis (38). 
Regarding hospital records, despite having been carried 
out by specialists, could have limitations in the diagno-
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Studies Number of 
studies

Heterogenity Model Meta-analysis
I2(%) p OR CI 95% p

Abolfazli et al. (2011) 9 96 < 0.00001 Random-effects 2.71 1.96-3.75 < 0.00001

Dörfer et al. (2004) 9 96 < 0.00001 Random-effects 2.79 2.00-3.90 < 0.00001

Ghizoni et al. (2012) 9 96 < 0.00001 Random-effects 2.47 1.81-3.37 < 0.00001

Gonzáles et al. (2018) 9 96 < 0.00001 Random-effects 2.53 1.86-3.46 < 0.00001

Lee et al. (2022) 9 77 < 0.0001 Random-effects 2.92 2.15-3.97 < 0.00001

Leira et al. (2016) 9 96 < 0.00001 Random-effects 2.45 1.78-3.38 < 0.00001

Leira et al. (2019) 9 96 < 0.00001 Random-effects 2.38 1.72-3.28 < 0.00001

Lin et al. (2019) 9 92 < 0.00001 Random-effects 2.96 1.80-4.89 < 0.0001

Pradeep et al. (2010) 9 96 < 0.00001 Random-effects 2.54 1.83-3.52 < 0.00001

Wu et al. (2020) 9 96 < 0.00001 Random-effects 2.50 1.79-3.49 < 0.00001

Table 4: Sensitivity analysis.

sis of periodontitis. Case-control and cohort studies are 
observational designs appropriate for evaluating risk 
factors; however, potential confounders could affect the 
association’s increase or decrease in these studies. 
A relevant finding was that periodontitis is a risk fac-
tor for lacunar infarcts with a moderate OR. This is the 
first systematic review to evaluate this association. The 
lacunar infarct is a marker of small vessel disease cau-
sed by occlusion of perforating intracranial arteries and 
accounts for up to 25% of ischemic strokes. Periodonti-
tis, mainly in moderate or severe levels, causes a more 
extensive systemic inflammatory response, thereby pro-
moting dysfunction in the vascular endothelium, with 
high serum levels of IL-6, PTX3, sTWEAK, and Aβ1-40 
associated with a poor prognosis in patients with lacu-
nar, infarcts (39). Only the lacunar infarct subtype was 
considered for this meta-analysis because studies eva-
luated other ischemic stroke subtypes, but the number of 
them was insufficient to be meta-analyzed.
Within the limitations of this meta-analysis, it could be 
mentioned that the studies by Ghizoni et al. (2012) (21) 
and Gonzales et al. (2018) (18) provided much higher 
OR values  than those in the remainder of the studies 
selected possibly due to the small sample sizes, thereby 
generating greater imprecision in their results. In this 
sense, although no significant changes in heterogeneity 
were evident when applying the sensitivity test, we su-
ggest that they should be considered for exclusion from 
future meta-analyses. 
It is also important to mention that the high heteroge-
neity of the studies included in the present meta-analy-
sis could be due to differences in the characteristics of 
the study populations, sample sizes, comparison groups, 
outcomes, and duration of follow-up periods. Therefore, 
the findings of this review suggested the need for future 
studies on this subject, with larger sample sizes and hi-
gher methodological quality, to strengthen the evidence 

on periodontitis as a risk factor for lacunar infarcts. In 
this way, periodontal control of these patients should be 
established in the health services to prevent the develop-
ment of more severe brain lesions. 

Conclusions
Periodontitis is a risk factor for ischemic stroke, with 
very low certainty of evidence and high heterogeneity. 
Furthermore, individuals with periodontitis were found 
to be more likely to develop lacunar infarcts, with mo-
derate certainty of evidence and null heterogeneity. A 
potential publication bias was detected, making it ne-
cessary to conduct future studies on this subject, using 
larger samples and higher methodological quality, parti-
cularly to strengthen the evidence on periodontitis as a 
risk factor for lacunar infarcts.
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