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ABSTRACT 

Stroke remains one of the major global causes of disability and death, and persistent inflammatory disorders 

can promote atherosclerosis, thereby increasing the likelihood of stroke. This systematic review and meta-

analysis aimed to evaluate the relationship between periodontal diseases—specifically periodontitis and 

gingivitis—and the occurrence of stroke. A comprehensive literature search was carried out in PubMed, Ovid 

EMBASE, Ovid MEDLINE, Web of Science, Cochrane CENTRAL, Science Citation Index, DARE, and 

several clinical trial registries for studies published up to February 2022. Two independent reviewers extracted 

the data, and meta-analysis was performed using Stata version 13. Thirteen studies identified a link between 

stroke and periodontitis, as measured by clinical attachment loss (CAL), while six studies demonstrated an 

association between stroke and gingivitis, assessed using the gingival index (GI). Five of the gingivitis studies 

also examined CAL, resulting in a total of 14 studies being included in the meta-analysis, encompassing 35,937 

participants aged 17 years and older. A significant relationship was observed between both periodontal 

conditions and all stroke subtypes. Specifically, periodontitis showed a significant association with stroke 

across 13 studies (effect size [ES]: 1.32; 95% confidence interval [CI]: 1.04–1.60), and gingivitis demonstrated 

a similar trend across six studies (ES: 1.17; 95% CI: 0.42–1.92). The evidence from this systematic review and 

meta-analysis supports a notable correlation between stroke and periodontal disease across case–control, 

cohort, and cross-sectional designs. However, further large-scale, prospective cohort studies are required to 

confirm these findings and clarify the causal relationship. 
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Introduction 

Stroke remains a leading contributor to global 

disability and stands as the third primary cause of death 

[1]. As noted by The Lancet, “any stroke is a deplorable 

event, but a preventable stroke is a tragedy” [2]. 

Moreover, low-grade chronic inflammation affects 

roughly 15–35% of adults in developed nations [3]. 

Chronic infections, including oral conditions such as 

periodontitis and gingivitis, have been implicated in the 

development of atherosclerosis, which in turn 

heightens the risk of both stroke and coronary heart 

disease (CHD). The oral cavity may act as a continuous 

infectious focus and a microbial reservoir that 

promotes systemic inflammatory activity. Periodontitis 

and gingivitis are persistent inflammatory disorders of 

complex origin, provoking an excessive immune 

response to bacterial agents inhabiting the mouth. 

Original Article 

http://www.tsdp.net/
https://doi.org/10.51847/MfQuyUv0Ja


Yang et al., Relationship Between Periodontal and Gingival Diseases and the Risk of Stroke: A Systematic Review and 

Meta-Analysis 

12 

Research exploring the underlying mechanisms of 

periodontal and gingival inflammation indicates that 

microorganisms can enter the bloodstream through 

disrupted periodontal structures—such as the alveolar 

bone and ligament—during everyday actions like 

chewing or brushing. This translocation may lead to the 

formation of periodontal pockets or gingival recession, 

allowing pathogens to circulate systemically. Evidence 

of oral microorganisms in carotid plaques and 

thrombectomy samples from stroke patients suggests a 

potential biological link [4]. While this association has 

been reported, causation has not been definitively 

proven. Nonetheless, epidemiological investigations—

including cohort, case–control, and cross-sectional 

designs—have consistently demonstrated correlations 

between periodontal inflammation and various forms 

of stroke [5, 6]. Although an earlier systematic review 

and meta-analysis examined the connection between 

stroke and oral diseases [6], it lacked consistent 

diagnostic criteria for periodontitis and gingivitis, and 

clinical confirmation remained limited. Therefore, this 

study sought to explore the relationship between the 

most prevalent chronic inflammatory oral conditions—

periodontitis and gingivitis—and stroke across its 

subtypes. 

Methodology 

This systematic review and meta-analysis were 

performed following the PRISMA 2020 reporting 

standards [7]. 

Search strategy 

A detailed electronic search strategy was implemented 

using PubMed, Ovid EMBASE, Ovid MEDLINE, 

Web of Science, the Cochrane Central Register of 

Controlled Trials (CENTRAL), the Science Citation 

Index, and the Database of Abstracts and Reviews of 

Effects (DARE) to locate studies published up to 

February 2022. Relevant clinical trial registries were 

also examined. All retrieved articles exploring the 

relationship between oral health and stroke were 

screened for eligibility. 

Only English-language publications involving human 

participants were included. Search terms combined the 

following expressions: “stroke” OR “cerebrovascular 

disorders”, (cerebrovascular disorders) AND 

(periodontitis), (cerebrovascular disorders) AND 

(gingivitis), (cerebrovascular accident) AND 

(gingivitis), (clinical attachment loss) AND (brain 

stroke), (periodontitis) AND (brain stroke), and 

(gingival inflammation) AND (stroke). Secondary 

bibliographies were also reviewed, and a manual 

search was performed to ensure comprehensive 

coverage. 

This review was prospectively registered with the 

International Prospective Register of Systematic 

Reviews (PROSPERO) under registration number 

CRD42021237995. 

Selection criteria 

Studies considered for inclusion in this systematic 

review and meta-analysis were required to follow a 

cohort (retrospective or prospective), cross-sectional, 

or case–control design, involve adult human 

participants, and provide clear diagnostic criteria for 

periodontitis—defined through clinical attachment loss 

(CAL)—and for gingivitis—assessed via the gingival 

index (GI). Research was excluded if it did not report 

effect measures such as risk ratios (RRs) or odds ratios 

(ORs), if it was published in a language other than 

English, or if it failed to evaluate the connection 

between periodontal inflammation and any form of 

stroke. When overlapping publications were identified, 

the most recent or the one containing the most 

comprehensive dataset was selected for analysis. 

Operational definitions 

Periodontitis was classified as CAL exceeding 3 mm 

affecting over 30% of the examined sites and was 

quantified either by CAL alone or by a combination of 

CAL and probing depth (PD) [8]. Gingivitis referred to 

gingival inflammation measured using the Löe and 

Silness gingival index (1963). The diagnosis of stroke 

was based on definitive evidence obtained from 

neuroimaging (identifying ischemic or hemorrhagic 

lesions) and/or clinical examination confirming 

neurological impairment. 

Outcomes 

The main objective of this review was to assess the 

relationship between periodontal diseases 

(periodontitis and gingivitis) and different stroke 

categories, including ischemic stroke, hemorrhagic 

stroke, and transient ischemic attacks (TIAs). 

Additional parameters such as tooth loss, bleeding on 

probing (BoP), probing depth (PD), plaque index (PI), 

and gingival recession were analyzed as secondary 

outcomes. 

Data collection 

Data extraction was independently conducted by two 

reviewers (MD and AKP) following a standardized 

protocol. Each included paper was thoroughly 

examined, and relevant data on study characteristics, 

methodology, participant demographics, and measured 

variables were compiled from text, figures, tables, and 



Yang et al., Relationship Between Periodontal and Gingival Diseases and the Risk of Stroke: A Systematic Review and 

Meta-Analysis 

13 

charts. Discrepancies between the reviewers were 

resolved through discussion and consensus among all 

authors. 

 

Quality assessment 

The methodological rigor and potential bias of the 

selected studies were appraised using the Newcastle–

Ottawa Scale, as presented in Tables 1 and 2 [9, 10]. 

 

 

Table 1. Assessment of methodological quality in the included research (case–control studies [5, 11-16]) 

Study 

Selection 
Comparab

ility 
Exposure 

Tot

al  

sco

re 

Is case 

definiti

on 

adequa

te? 

representativ

eness 

of cases 

selectio

n 

of contr

ols 

definiti

on 

of contr

ols 

comparabi

lity 

of cases 

and 

controls 

based on 

the design 

or analysis 

ascertain

ment 

of 

exposure 

no-

respon

se rate 

the same 

method 

of ascertain

ment for 

cases and 

controls 

Hashemipo

ur et al. 
 [5] 

* * * * 0 ** * * 8 

Grau et al. 
 [16] 

* * * * 0 * * * 7 

Pradeep et 

al. [12] 
* 0 0 * 0 * * * 5 

Kim et al. 

[13] 
* * * * * * * * 8 

Diouf et al. 
 [14] 

* * * * * * * * 8 

Leira et al. 

 [15] 
* * * * * * * * 8 

Ghizoni et 

al. 

[16] 

* 0 0 * * * * * 6 

Assessment: 4 stars for selecting participants and measuring exposure; 2 stars for comparability; and 3 stars for assessing the adequacy of the 

outcome and the follow-up. *score 1; no * score 0 (no description). 

 

Table 2. Evaluation of methodological quality for the included cohort and cross-sectional studies [17-24] 

Study 

Selection 
Comparabil

ity 
Exposure 

Tot

al  

scor

e 

representativen

ess of the 

exposed cohort 

selecti

on 

of the 

non-

expose

d 

cohort 

ascertainm

ent 

of exposure 

outcom

e at the 

initiati

on 

of the 

study 

comparabili

ty of the 

cohorts 

based on 

the design 

or analysis 

ascertainm

ent of the 

outcome 

Was 

the 

follow

-up 

long 

enoug

h for 

the 

outco

me to 

occur? 

adequa

cy 

of the 

follow-

up 

cohorts 

Loesche 

et al. 

[17] 

* * * * * * * * 8 

Elter et 

al. [18] 
* * * * * * * * 8 

Lee et 

al. [19] 
* * * * * * * ** 9 



Yang et al., Relationship Between Periodontal and Gingival Diseases and the Risk of Stroke: A Systematic Review and 

Meta-Analysis 

14 

Sen et 

al. [20] 
* * * * * * * * 8 

Sen et 

al. [ 21] 
* * * * * * * * 8 

Beck et 

al.[22] 
* * * * * * * * 8 

Mascari 

et al. 

[23] 

* * ** * * * * * 9 

Söder et 

al. [24] 
* * * * * * * * 8 

Assessment: 4 stars for selecting participants and measuring exposure; 2 stars for comparability; and 3 stars for assessing the adequacy of the 

outcome and the follow-up. *score 1; no * score 0 (no description). 

Statistical analysis 

All statistical procedures were conducted using Stata 

version 13 (StataCorp, College Station, USA). From 

the data extracted across eligible studies, pooled effect 

sizes (ES) along with their 95 percent confidence 

intervals (CIs) were computed to evaluate the 

association between periodontitis or gingivitis and 

different stroke types, including ischemic, 

hemorrhagic, and transient ischemic attacks (TIAs). 

Depending on the study design and the measures 

reported, the pooled analyses incorporated odds ratios 

(ORs), risk ratios (RRs), or hazard ratios (HRs), and the 

combined estimates were expressed as pooled OR, RR, 

or HR values. 

Between-study variability was assessed using the I² 

statistic, where an I² value greater than 50% indicated 

substantial heterogeneity, prompting the use of a 

random-effects model; otherwise, a fixed-effects 

model was applied. Statistical significance was set at a 

p-value of less than 0.05. 

Results 

The database search initially identified 678 records. 

After screening titles, abstracts, and full texts, 36 

studies met the inclusion criteria and were retained for 

final evaluation. The selection process is summarized 

in the PRISMA flow diagram presented in Figure 1. 

 
Figure 1. Study selection process illustrated 

according to the PRISMA 2020 guidelines [7]. 

OR – odds ratio; CAL – clinical attachment loss; 

GI – gingival index 

The meta-analysis encompassed a total of 35,937 

participants, all above 17 years of age. A summary of 

the study characteristics is provided in Tables 3 and 4, 

and the reported secondary dental outcomes are 

detailed in Table 5. 

 

Table 3. General characteristics of the studies included in the systematic review (periodontitis – clinical 

attachment loss (CAL)) 
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Age, sex, smoking status, 
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cholesterol, triglycerides, 

hypertension, atrial 

fibrillation, peripheral 

vascular disease, prior 

stroke, bleeding on probing 

(BoP), gingival 

inflammation (GI), clinical 

attachment loss (CAL) 

A significant 

association exists 

between stroke 

and periodontal 

disease. 
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stroke. 
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attachment loss 
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to be linked with 

stroke or transient 

ischemic attack 

(TIA). 

4
 

G
ra

u
 e

t 
a
l.

 [
1
1
] 

G
er

m
an

y
 

ca
se

–
co

n
tr

o
l 

st
u
d
y

 

1
8
–
7
5
 

1
6
8
 

3
0
0
 

–
 

st
ro

k
e 

C
A

L
 

Age, female sex, school 

education, occupation, 

smoking, alcohol 

consumption, diabetes, 

hyperlipidemia, 

hypertension, atrial 

fibrillation, coronary artery 

disease, peripheral artery 

disease, previous stroke or 

transient ischemic attack, 

family history of stroke, 

dental examination 

Individuals with 

severe 

periodontitis 

(mean CAL = 6 

mm) had a 4.3-

fold greater risk 

of cerebral 

ischemia (95% 
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compared to those 

with mild 

periodontitis 
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no periodontitis. 
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The average CAL 

values were 

significantly 

greater in stroke 

cases than in the 

control group (p < 

0.05), indicating 

that periodontitis 

may be a potential 

risk factor for 

stroke. 
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TIA – transient ischemic attack; CVA – cerebrovascular accident; LI – lacunar infarct; TG – triglycerides; HT – hypertension; AF – atrial 

fibrillation; BoP – bleeding on probing; BMI – body mass index; BP – blood pressure; CHD – coronary heart disease; CAD – coronary artery 

disease, PAD – peripheral artery disease; PI – plaque index; PD – probing depth; DMFT index – decayed, missing and filled teeth (permanent 

teeth); NIHSS – National Institutes of Health Stroke Scale; MRI – magnetic resonance imaging; CT – computed tomography; PBI – papillary 

bleeding index; CPITN – community periodontal index of treatment needs; IHD – ischemic heart disease; FMPS – full-mouth plaque score; 

FMBS – full-mouth bleeding score; TOAST – Trial of Org 10172 in Acute Stroke Treatment; TC – total; HbA1c – glycated hemoglobin; PHS 

– periodontal health status; HPD – high periodontal disease.  

 

Table 4. General Characteristics of Studies Included in the Systematic Review (Gingivitis – Gingival Index 
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Porphyromonas gingivalis was found in 

their pockets. 

Pg – Porphyromonas gingivalis; Aa – Aggregatibacter actinomycetemcomitans; hs-CRP – high-sensitivity C-reactive protein; IL-6 – 

interleukin-6 

Outcome analysis 

An inverse-variance random-effects model was used 

for the meta-analysis. 

Periodontitis and all stroke types 

The analysis revealed a significant association between 

periodontitis and stroke across the included studies 

(ES: 1.32; 95 percent CI: 1.04–1.60). No significant 
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heterogeneity was observed among the studies 

examining the relationship between periodontitis and 

stroke or its subtypes, with a moderate level of 

inconsistency (I² = 30.3 percent) (Figure 2). 

 

 
Figure 2. Forest plots depicting the association between periodontitis and all types of stroke, showing the 

estimated risk as effect size (ES) with 95% confidence intervals (CI); *hazard ratios (HR) were reported 

instead of odds ratios (OR) 

 

Gingivitis and all stroke types 

The analysis indicated a significant association 

between gingivitis and stroke across the reviewed 

studies (ES: 1.17; 95 percent CI: 0.42–1.92). No 

significant heterogeneity was found among the studies 

examining gingivitis and stroke subtypes, with a 

moderate level of inconsistency (I² = 45.9 percent) 

(Figure 3). 

 

 
Figure 3. Forest plots illustrating the relationship between gingivitis and all types of stroke, presenting the 

estimated risk as effect size (ES) with 95% confidence intervals (CI); *hazard ratios (HR) were reported in 

place of odds ratios (OR) 

 

Discussion 

This systematic review examined the potential link 

between various stroke types and periodontal 

conditions, including periodontitis and gingivitis. A 

total of 19 studies were analyzed: 13 investigated the 

relationship between periodontitis and stroke, and 6 

focused on gingivitis and stroke. Overall, the findings 

suggested a significant association for both conditions, 

with pooled effect sizes of ES: 1.32 (95% CI: 1.04–

1.60) for periodontitis and ES: 1.17 (95% CI: 0.42–

1.92) for gingivitis. 
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Among the periodontitis studies, there were 4 cross-

sectional studies, 2 cohort studies, 1 original study, and 

6 case–control studies. All case–control studies 

consistently reported a significant association between 

periodontitis and stroke, while cross-sectional and 

cohort studies also demonstrated links with various 

stroke subtypes. Previous research on periodontitis and 

stroke has shown variable results due to differences in 

how periodontitis was measured, which limits the 

comparability of findings. Notable heterogeneity was 

observed across studies, suggesting that the strength of 

the association may vary depending on study design 

and quality. In this review, periodontitis was primarily 

assessed through clinical attachment loss (CAL), 

which is generally considered a more accurate 

diagnostic indicator than probing depth or alveolar 

bone loss. 

Several included studies had methodological 

limitations affecting the reliability of their findings. 

Misclassification bias was identified in three case–

control studies by Kim et al. [13], Diouf et al. [14], and 

Ghizoni et al. [16] (the latter excluded from meta-

analysis). Such non-differential misclassification tends 

to weaken observed associations, meaning the true 

relationship between periodontal disease and stroke 

may have been underestimated, although 

overestimation remains possible. Selection bias was 

present in the study by Pradeep et al. [12], where the 

control group comprised patients hospitalized for other 

neurological disorders, such as degenerative diseases, 

myasthenia gravis, or Wilson’s disease. Leira et al. [15] 

also showed selection bias and potential inaccuracies 

in patient histories collected via interviews. Additional 

selection bias was noted in the study by Mascari et al. 

[23], and Sen et al. [20] was limited by a small sample 

size, which may have reduced statistical power. 

Six studies investigated the relationship between 

gingival inflammation (GI) and stroke. Among these, 

one was an original study, two were cohort studies, and 

three were case–control studies. Hashemipour et al. [5] 

and Sen et al. [21] reported no significant association 

between gingival inflammation and stroke incidence. 

In contrast, the remaining four studies observed that 

higher levels of gingival inflammation were linked to 

stroke, suggesting that gingivitis may serve as a risk 

factor for various stroke types. 

Secondary outcomes examined included tooth loss, 

bleeding on probing (BoP), probing depth (PD), plaque 

index (PI), and gingival recession. Most studies 

indicated that increased PD and tooth loss were 

independent risk factors for stroke events. Söder et al. 

[24] found significant associations between the 

calculus index (CI), GI, and stroke, while Beck et al. 

[22] reported elevated levels of C-reactive protein 

(CRP) and interleukin-6 (IL-6) in patients with higher 

cardiovascular risk. 

Quality assessment of the cohort studies using the 

Newcastle–Ottawa Scale suggested moderate to good 

evidence. However, some studies lacked information 

on additional stroke risk factors such as body mass 

index (BMI), family history, smoking status, and 

certain co-morbidities like inflammatory diseases [18]. 

Furthermore, data on key risk factors including 

hypertension, diabetes, and dyslipidemia were 

unavailable due to study design limitations. Oral 

microbiome data were also missing from Söder et al. 

[24]. Several studies had small sample sizes [21, 24], 

which could introduce bias and limit the reliability of 

conclusions. 

Gingivitis and periodontitis are chronic inflammatory 

conditions triggered by a pro-inflammatory host 

response to pathogenic bacteria. These microorganisms 

can enter the bloodstream during activities such as 

chewing, tooth brushing, or minor dental procedures, 

causing transient bacteremia. The ensuing endothelial 

activation stimulates the production of pro-

inflammatory cytokines, including IL-6 and 

interferons, which contribute to plaque rupture, platelet 

aggregation, thrombus formation, and 

thromboembolism, ultimately increasing the risk of 

stroke. 

Fernandes Fagundes et al. [6] conducted a systematic 

review and concluded that periodontitis represents a 

significant risk factor for stroke. However, 

inconsistencies in the definition of periodontitis and the 

lack of assessment of gingival inflammation were 

noted [6]. Similarly, Pillai et al. [25] reviewed the 

relationship between oral health and stroke, reporting 

that stroke patients generally exhibited poor oral 

hygiene, but there was insufficient evidence regarding 

the role of gingivitis. Their findings also suggested that 

dental prophylaxis and certain dental procedures may 

help reduce stroke incidence [25]. 

Scannapieco et al. [26] systematically reviewed the 

connections between periodontitis, atherosclerosis, 

cardiovascular disease, and stroke. They highlighted 

that variations in periodontal definitions and diagnostic 

methods complicated the interpretation of results, with 

some studies indicating a moderate association and 

others showing no clear link [26]. 

Larvin et al. [27] reported a modest but elevated risk of 

cardiovascular disease among patients with periodontal 

disease. Their analysis considered a range of 

cardiovascular outcomes, including infarction, 

coronary artery disease (CAD), and stroke, with 
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periodontal status assessed through both self-report and 

clinical confirmation [27]. 

Oral diseases, such as gingivitis and periodontitis, have 

been suggested as contributing factors to increased 

stroke incidence. However, the extent to which oral 

disease influences stroke via inflammatory processes in 

atherogenesis and cerebral ischemia remains uncertain. 

Several long-term studies are ongoing, providing both 

confirmed and preliminary data. Overall, there is 

biological and dental evidence supporting a connection 

between periodontal disease and stroke, emphasizing 

the need for individualized case evaluation [28]. 

One case–control study by Ghizoni et al. [16] was 

initially included in this systematic review but was later 

excluded from the meta-analysis due to an excessively 

wide confidence interval. 

Future directions 

Future research should aim to clarify the relationship 

between periodontitis, gingivitis, and stroke/TIA. 

Prospective cohort studies are recommended, with 

careful attention to the following: 

− Selection: 

• Representativeness of the exposed cohort 

• Selection of the non-exposed cohort 

• Accurate exposure assessment, ideally with two 

dentists evaluating dental status and inter-observer 

agreement exceeding 0.8 

• Confirmation that participants are stroke/TIA-free at 

baseline 

• Inclusion of all established prognostic factors for 

stroke, using validated criteria 

− Comparability: 

• Ensuring comparability between exposed and non-

exposed cohorts through study design or analytical 

methods 

− Outcome: 

• Stroke/TIA diagnosis confirmed via clinical and 

radiological evaluation 

• Long-term follow-up of at least 10 years to establish 

a definitive link between oral conditions and stroke 

• Minimal participant loss during follow-up to 

maintain cohort integrity 

Cases should include individuals with chronic 

periodontitis and gingivitis, excluding those with other 

systemic or inflammatory diseases. Microbiological 

assessment should confirm the role of dental infection 

or inflammation in atherosclerosis and subsequent 

stroke after controlling for all potential confounders. 

Healthy individuals should also be followed to 

determine whether the development of dental infection 

or inflammation precedes stroke or TIA. 

Conclusions 

This systematic review demonstrates a significant 

association between stroke and periodontal disease 

across case–control, cohort, and cross-sectional 

studies. 
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