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Abstract

Background: To systematically review the current literature investigating the association be-
tween oral health and acquired brain injury. Methods: A structured search strategy was ap-
plied to PubMed, Embase, Web of Science, and CENTRAL electronic databases until March
2017 by 2 independent reviewers. The preferred reporting items for systematic review and
meta-analysis guidelines were used for systematic review. Results: Even though the objective
was to assess the association between oral health and acquired brain injury, eligible studies
focused solely on different forms of stroke and stroke subtypes. Stroke prediction was asso-
ciated with various factors such as number of teeth, periodontal conditions (even after con-
trolling for confounding factors), clinical attachment loss, antibody levels to Aggregatibacter
actinomycetemcomitans and Prevotella intermedia. The literature showed no consensus on the
possible association between gingivitis and stroke. Patients with stroke generally had poorer
oral hygiene practices and oral health. Dental prophylaxis and professional intervention re-
duced the incidence of stroke. Conclusions: Overall, oral health and stroke were related. Peri-
odontitis and tooth loss were independently associated with stroke. However, prevention and
timely intervention may reduce the risk of stroke. Stroke was the main cerebral lesion studied
in the literature, with almost no publications on other brain lesions.
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Introduction

Acquired brain injury (ABI) is among the most prevalent causes of disability and death
[1]. Stroke is one of the commonest ABI impairments, and the third leading cause of death in
the United States [2]. Epidemiologists and researchers have consistently suggested an asso-
ciation between measures of oral health and various chronic systemic diseases, like patients
with ABI [1, 3, 4], even dating back to 1989 [5]. Neurological conditions such as stroke lead
to physical weakness, lack of coordination and cognitive problems, thereby making it difficult
to maintain good oral hygiene [6]. These diseases, therefore, constitute a considerable chal-
lenge in routine oral care [7-9].

Oral health is defined as “a state of being free from mouth and facial pain, oral and throat
cancer, oral infection and sores, periodontal (gum) disease, tooth decay, tooth loss, and other
diseases and disorders thatlimitan individual’s capacity in biting, chewing, smiling, speaking,
and psychosocial wellbeing” [10]. Globally, untreated caries in permanent teeth is the most
prevalent condition with 35% of the population affected. Intentional or eventual tooth loss is
the end stage for dental and periodontal infections [11]. With poor oral health common in
lower socioeconomic groups as well as incidences of cerebrovascular diseases (CVDs), it is
necessary to assess any potential association between CVDs and oral health. In systemic
diseases, periodontitis is the most common oral condition [3, 12, 13]. Patients with peri-
odontal conditions have a stronger systemic inflammatory response than those without peri-
odontal conditions, thus having a strong association with ischemic stroke [3, 12, 14]. This
association has been explored in epidemiological studies including cross-sectional [15], case-
control [14, 16, 17], and cohort studies [12, 13]; yet, it remains contested as all relevant
confounders have so far not been duly considered [18, 19]. Most studies of systemic diseases
and their association with oral conditions use periodontal measures like history of periodon-
titis, periodontal pocket depth, clinical attachment loss (CAL), various dental indices, and
other parameters like tooth loss and number of remaining teeth. However, many potentially
relevant social, behavioral, and microbiological measures have gone unnoticed or have not
been studied [8, 9, 20].

The chronic nature of periodontitis (as well as some other oral diseases) implies that
patients may already have these conditions before the onset of neurological disorder, such as
stroke [1, 14, 17]. With poor oral hygiene habits in patients with cerebrovascular accidents
(CVAs), oral health may be affected by the presence of already defined systemic disease [21].
Patients with ABI have also been noticed with severe spontaneous jaw muscle activity, which
might have consequences on the maintenance of oral health [22]. Therefore, it is very
important to carefully examine the cause-effect relation, irrespective of the correlation
between systemic diseases and oro-dental conditions. Despite growing consensus that oral
health is an essential component of critical care, oral health apparently remains poorer in
patients with systemic disease than in healthy controls [7, 8].

Acknowledging the growing importance of oral health in patients with ABI, the aim was
to systematically review the current literature on the association between oral health and
ABLI.

Material and Methods
This review followed the Cochrane Handbook for Systematic Reviews of Interventions

[23], and also followed the PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) checklist [24] to systematize data filtering and collection.
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Search Strategy

The PubMed, EMBASE, Web of Science, and CENTRAL bibliographic databases were
searched in early March 2017 for studies assessing the association between oral health and
ABI. Therefore, all articles that investigated the association of oral health with brain injury or
the association of CVDs with oral health were assessed. Specific search strategies were created
by the regional hospital’s librarian with expertise in systematic reviews, together with the
authors. The search strategy was restricted to English language publications using the
combined terms “brain-injury” OR “cerebrovascular disorders” AND “oral hygiene” OR “oral
health” OR “mouth disease.” A text-based search was also included along with the MESH
terms to ensure inclusion of recently published/accepted articles that have not yet been
registered in the MESH database.

Selection Strategy

Studies assessing the association between oral health in patients with brain injury and
CVDs were included. ABI was defined, for this study, as any pathology (traumatic, infectious,
developmental, or others) affecting the brain leading to past or present hospitalization after
birth. However, studies focusing mainly on oral health status such as tooth loss, periodontal
status, caries, and oral health-related quality of life condition without evaluating association
with ABIs were excluded from the study. Those systemic conditions that are not proper afflic-
tions per se, but rather symptoms of other anomalies and neurodegenerative disorder
diseases were also excluded (e.g., apraxia, Parkinson disease, and cerebral palsy).

An additional inclusion criterion was that the study should have a study population in the
age range of 18 years and above. No exclusions were made based on the type of intervention
provided. The remaining articles were imported into a reference management software
(Zotero, Center for History and New Media, George Mason University, Maryland, VA, USA)
[25], and the duplicates were removed. Publications without abstract and those which were
widely out of the scope of the study were eliminated. The remaining studies were sorted on
the basis of their titles, abstracts, and PMID/ISBN. Finally, those studies in which the abstract
fulfilled all the inclusion criteria were selected for full-text reading. In cases where studies
met the eligibility criteria but the information in the abstract was insufficient, full texts of such
articles were also obtained. Further literature search was performed based on the bibliog-
raphy of the selected articles. The quality of evidence of the resulting studies was assessed
using a preformed template [26].

Data Extraction

Two independent researchers (R.S.P. and M.K.) conducted data extraction and validity
assessment of the studies that met the inclusion criteria. Kappa statistics was used to calculate
the agreement between the authors regarding the inclusion of the studies. Any discrepancy
between the researchers on the inclusion/exclusion of a study was discussed until the
consensus was reached. The relevant information in each included study was entered into a
predesigned data extraction form (K.I.). Data extraction included information on the study
design, patient sampling, study location, examiner profession, type of ABI, intervention,
comparison, and the outcome data. A meta-analysis was not performed as the included studies
were heterogeneous in terms of methodology and ways of reporting the results for such
analysis. However, one recent meta-analysis was published specifically looking for associ-
ation between one aspect of oral health (periodontitis) explicitly in patients with ischemic
stroke [27]. The present study attempts to encompass all types of ABIs with various oral
health aspects. Therefore, data are presented in a narrative manner.
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Fig. 1. PRISMA 2009 flow diagram regarding paper selection.

Results

The search generated a total of 11,246 references from four databases: PubMed produced
2,809 papers, Embase produced 7,396 papers, Web of Science produced 983 papers and
Cochrane produced 58 papers. PRISMA 2009 flow diagram [24] regarding the paper selection
is shown in Figure 1. The full texts of 65 papers were obtained for further review. Two articles
with similar authors had presented the same data in differentjournals with a similar objective,
results, and conclusion [1, 14]. Therefore, only one [14] of the articles (higher impact journal/
larger number of readers and citations) was included. On the basis of inclusion and exclusion
criteria, 30 studies were included in this systematic review. Bibliographical search of the
selected studies revealed 4 more studies based on title and abstract. However, on full-text
reading, none of these articles were eligible based on the inclusion criteria. Therefore, a total
of 30 studies [3-5, 12-17, 21, 28-47] were reviewed in this paper (Table 1). The interrater
agreement between the two reviewers was 0.865 (95% CI 0.737-0.992).

Even though the objective of this review was to assess the association of oral health and
ABJ, all the final eligible studies included were conducted on individuals with different forms
of stroke and its subtypes (ischemic, hemorrhagic, lacunar infarction, and CVAs), showing
lacunae of almost no studies in other ABI diseases. The tools that were used for assessing
the presence, degree, and severity of brain injury and CVDs were, majorly: International
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Table 1. Methodological details and main outcomes for the included studies

First author Tools used for Hypothesis-driven  Primary outcomes Study summary
[Ref.], year oral assessment direction of
relationship
between stroke
and oral health
Lafon [28], PI; Gl and percentage of  Stroke — Significant association between hypertension, CRP levels Periodontal disease markers
2014 pockets >5 mm; DMFT oral health >5mg/L, BOP, bone loss, and ischemic stroke such as BOP and bone loss are
index; bone loss independently associated with
ischemic stroke
Kim [29], PPD; oral hygiene; Stroke — Stroke strongly associated with periodontitis (CAL Periodontal inflammation is
2010 caries assessment; oral oral health 26 mm) independently associated with

mucosa evaluation;
frequency of tooth
brushing; number of
annual dental visits

Nonsignificant association between stroke and number
of missing teeth, dental caries, and number of annual
dental visits

hemorrhagic stroke

Grau [30], Clinical teeth and Stroke — Patients had worse dental status, more severe periodon- Recurrent or chronic bron-
1997 periodontium evalu- oral health titis and periapical lesion than control subjects chial infection and poor dental
ation; OPG; modified With social status and established vascular risk factors, condition mainly resulting
TDI index poor dental status was independently associated with from chronic dental infection
cerebrovascular ischemia was associated with increased
risk of cerebrovascular
ischemia
Taguchi [31], PPD; CAL; OPG Oral health — Increased PD tended to be associated with the number of ~ Increased PD tended to be
2013 stroke lacunar infarctions associated with an increased
number of lacunar infarctions,
as detected by MRI
Oluwagbemigun Self-reported measures Oral health —» Participants with 23 or less teeth were at higher risk of Number of teeth has a
[4],2015 (number of teeth) stroke stroke when compared to those with 28 teeth or more nonlinear association with
Stable increased risk between no teeth and 22 teeth stroke, though this association
followed by sharp significant decreased risk up to 32 should be further investigated
teeth
Jimenez [13], PPD; alveolar bone loss; Oral health —» Compared to men with bone loss score <0.5 mm, men A significant association found
2009 plaque (0-3); gingivitis stroke with bone loss score >1.5 had more than 3 times higher between history of periodon-
(0-3) HR of cerebrovascular disease, among confirmed titis as measured by alveolar
ischemic events (n = 27) bone loss and incidence of
cerebrovascular disease,
independent of established
cardiovascular risk factors
This association was stronger
among younger men (<65
years)
Elter [32], AL assessment (+3 mm)  Oral health —» Weak independent association of AL with stroke/TIA The authors make no
2003 stroke Stroke/TIA was prevalent in 13.5% of periodontal inference about causality from
examinees, 15.6% of dentate non examinees, and 22.5% their results
of edentulous persons
Highest quartile of AL and edentulism were associated
with stroke/TIA
Miyatani [33], Number of remaining Stroke — cnm collagen-binding detected in 28.1% subjects and cnm-positive S. mutans
2015 teeth; dental caries; oral health cerebral microbleeds detected in 30.9% increases cerebral micro-

dental restoration;
frequency of tooth
brushing; frozen saliva

Incidence of cerebral microbleeds significantly higher in
carriers of S.mutans positive for the cnm protein
The cerebral microbleed detection rate significantly

bleeds, and is an independent
risk for the development of
cerebrovascular disorders

samples higher in the cnm collagen binding activity
Slowik [34], CAL; periodontal Stroke — Patients with advanced periodontitis or edentulism had Advanced periodontitis or
2010 pocket oral health greater neurological deficit on admission and worse edentulism in patients with
outcome at hospital discharge measured with the mRS ischemic stroke is associated
with greater neurological
deficit on admission
Nader [35], CAL; GI Stroke — Patients had higher loss of attachment than controls Periodontitis is an
2011 oral health Gingivitis was not associated with risk of cerebral independent risk factor for
ischemia cerebral ischemia, especially

More severe periodontitis (CAL 26 mm) detected among
men in patients with cerebral ischemia

in men
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First author Tools used for Hypothesis-driven  Primary outcomes Study summary
[Ref.], year oral assessment direction of
relationship
between stroke
and oral health
You [36], Subject reported tooth Oral health —» Participants with 17-32 missing teeth had higher CRP Tooth loss positively asso-
2009 loss stroke and higher WBC, no difference in albumin, and an OR of ciated with CRP, WBC, and

stroke of 1.28 compared to completely edentulous
participants

Those with 1-16 teeth lost did not differ in CRP and
WBC, had higher albumin, and no increased stroke
prevalence

CRP or WBC did not attenuate associations between
tooth loss and stroke

stroke/TIA

Inflammatory markers CRP
and WBC did not confound
associations between tooth
loss and stroke

Pussinen [37],

Serum IgA and IgG

Oral health —»

No statistically significant difference between mean

Elevated serum IgA-class

2004 antibodies to Aa and Pg stroke antibody level against Aa and Pg between stroke and antibody level to Aa predicted
by multiserotype ELISA nonstroke at baseline stroke
Significant difference between cases free of stroke at Elevated IgA-antibody level to
baseline IGA-seropositive for Aa than their controls (41.3 Pg predicted a recurrent
vs. 29.3%) stroke in subjects with a
Patients with history of stroke at baseline with higher history of stroke at baseline
1gG seropositive for Pg than their controls (79.7 vs.
70.2%)
Ghizoni [38], Pocket probing depth; Stroke — In test and control groups, respectively, 60 and 10% Stroke patients had deeper
2012 CAL;BOP; PI; oral health showed presence of Pg pockets, more severe AL,
subgingival plaque Aa DNA not detected in any groups by conventional or increased BOP, increased PI,
sample for DNA real-time PCR and their pockets harbored
extraction (PCR Greater prevalence of Pg in test group compared to increased levels of Pg
analysis) control group Findings suggest periodontal

Increased PPD and CAL in the ischemic group, while
increased levels of Pg detected in hemorrhagic group
Positive correlation between PPD and prevalence of Pg
only in the ischemic patient group

disease is a risk factor for the
development of cerebral
hemorrhage or infarction

Grau [14],
2004

CAL; GI; PI; DMFT

Stroke —
oral health

Mean CAL was higher, indicating more severe periodon-
titis, in CVD patients than in both control groups

After adjustment for age, sex, number of teeth, and other
co-variables, increasing severity of periodontitis asso-
ciated with increasing risk of cerebral ischemia

Severe periodontitis increased the risk by a factor of 4.3
Periodontitis represented a risk factor in men and
younger subjects but not in women or older individuals
(>60 years)

Severe radiological bone loss and severity of gingivitis
were significantly associated with cerebral ischemia

Periodontal disease signifi-
cantly associated with
cerebral ischemia

Risk is higher for younger men
(<60 years)

Lee [39],
2013

ICD9-CM code 523.0-
523.5

Oral health —»
stroke

Stroke incidence rate increased as age increased

Men had significantly higher stroke incidence than
women

Subjects with intensive treatment or tooth extraction had
higher stroke IR

Subjects without PD treatment had highest stroke inci-
dence among all subjects

After adjustment of age, sex, and comorbidity, the
prophylaxis group and the intensive treatment group had
significantly lower hazard ratio for stroke than non-PD
group (HR, 0.78 and 0.95, respectively)

For the PD without treatment group, the hazard ratio
was significantly higher than the non-PD group (1.15)

PD increases incidence of
ischemic stroke, especially
among the younger population

Soder [40],
2015

PI: number teeth; CAI;
GI

Oral health —»
stroke

GI and CAI were significantly higher in stroke group

No significant differences between groups with or
without stroke regarding age, education, income, dental
plaque index score, or in number of missing teeth

Gl appeared to be principal independent predictor
associated with 2.20 times the odds of stroke

The authors suggest a clear
association of gingival inflam-
mation with stroke

Sen [41],
2013

Periodontal
assessment: HPD
defined as the highest
textile of extent (% of
sites) with attachment
loss of >5 mm; IL-6;
s-ICAM

Stroke —
oral health

38% showed PD and 26% had recurrent vascular events
HPD patients had higher levels of IL-6 and s-ICAM

HPD was associated with recurrent vascular events
before (HR, 2.6) and after adjustment for significant
confounders - age and stroke status (HR, 2.5);
adjustment for possible confounders - age, male, years of
education, and cardioembolic strokes (HR, 2.8); and
adjustment for propensity score that accounted for all
potential measured confounders (HR, 2.8)

There is an independent
association between HPD and
recurrent vascular events in
stroke/TIA patients
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First author Tools used for Hypothesis-driven  Primary outcomes Study summary
[Ref.], year oral assessment direction of
relationship
between stroke
and oral health
Wu [12], No periodontal disease; Oral health —» Fatal and incident events highest for edentulous sample Study suggests that periodon-
2000 mild gingivitis; stroke as compared to those with periodontitis, gingivitis or no titis is significantly associated
periodontitis disease with risk of developing CVA
When age taken into account, periodontitis and and, in particular, non-hemor-
edentulism both higher in sample with CVE rhagic stroke
After adjustment of demographic variables and well-
established risk factors for cardiovascular disease,
periodontitis significantly associated with increased risk
for total CVA and nonhemorrhagic stroke, but not for
hemorrhagic stroke
Morrison [42], Gingivitis; periodon- Oral health —» RRs for fatal CHD and CVD associated with severe Authors conclude that it is
1999 titis; number of teeth stroke gingivitis higher than those for mild gingivitis, which was unclear to what extent the
in turn higher for those without periodontal disease observed association reflects
an underlying genetic predis-
position to both periodontal
disease and CVD, and to what
extent it reflects a causal
relationship
Joshipura [3], Self-reported Oral health —» Men with <24 teeth at baseline at higher risk for stroke Periodontal disease showed a
2003 stroke compared with those with 225 teeth (HR, 1.57), modest association with
controlling for confounders increased risk of ischemic
All categories of tooth loss at elevated risk stroke
Having <24 teeth significantly associated with increased This association was higher
risk of stroke (HR, 1.50) among younger individuals
Men with periodontal disease at baseline had moderately
increased risk of ischemic stroke (HR, 1.33)
Association between baseline number of teeth and
ischemic stroke only slightly higher among people with
periodontal disease compared with those without
Loesche [21], Number of teeth; Oral health —» Stimulated salivary flow significantly reduced in dentate The authors suggest that
1998 denture usage; PPD; AL; stroke and edentulous subjects with CVA compared to subjects something as simple as annual
gingival recessions; PI; without teeth cleanings may be
gingivitis; PBI; brushing Resting saliva higher in subjects with CVA protective in an older, male
and flossing habits; Percentage of teeth with probing depths and attachment population of US veterans
salivary flow loss <4 mm, and 4-6 mm, did not differ between subjects Furthermore, since the design
with and without CVA. 21% of teeth in subjects with CVA of their study was cross-
had attachment loss >6 mm compared to 12% of teeth in sectional, they could not
subjects without generalize the findings to
Prevalence of visible plaque among CVA subjects other populations
significantly higher than subjects without CVA
The subjects with CVA had significantly higher
proportion of bleeding gingivitis
96% of non-CVA subjects reported brushing their teeth
daily, which was significantly higher than the 84% preva-
lence reported by the CVA subjects
Lee [15], CAL and author Oral health —» PHS I (significantly) and PHS II associated with Some evidence of association
2006 developed ‘Periodontal stroke prevalence of stroke history is seen between periodontal
Health Status’ Indices | Dentition status significantly associated with stroke disease and stroke in older
&I history adults
Completely edentulous and partially edentulous subjects It is unclear if periodontal
had greater likelihood of stroke history compared to disease, as measured by the
subjects with teeth in both arches PHS index, is an independent
Subjects with greater proportion (statistically nonsignif- risk factor for stroke or simply
icant) of sites with +2 mm CAL were 51% more likely to arisk marker that reflects the
have history of stroke. PHS I significantly associated with detrimental effects of risk
stroke history factors common to both
PHS II not significantly related to stroke history periodontal disease and stroke
With adjustment for age and tobacco alone, PHS I & II did
not achieve statistical significance
Syrjanen [5], BOP; subgingival Stroke — BOP common among patients than among controls in An association between
1989 calculus, suppuration in oral health both males and females (p < 0.01). Severe dental bacterial infection and

the gingival pockets;
subgingival calculus;
TDI; OPG

infection and stroke had a significant association (p <
0.02)

ischemic cerebrovascular
disease in patients under 50
years of age
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First author
[Ref.], year

Tools used for
oral assessment

Hypothesis-driven
direction of
relationship
between stroke
and oral health

Primary outcomes

Study summary

Hosomi [43],
2012

No oral examination

Stroke —
oral health

Serum hs-CRP levels significantly associated with acute
ischemic stroke

Serum antibody level of Pi significantly higher in stroke
patients than in patients with no stroke

Anti-Pi antibody significantly associated with Bulb/ICA
atherosclerosis after controlling associated factors

Anti-Pg antibody may be
associated with atrial fibril-
lation, and anti-Pi antibody
may be associated with
carotid artery atherosclerosis

Sim [16],
2008

Periodontal probing;
oral hygiene; dental
caries; mucosal evalu-
ation; CAL; oral health
behaviors

Stroke —
oral health

Stroke strongly associated with periodontitis

After controlling for confounders, OR of periodontitis
was 5.7 for ischemic stroke and 2.4 for hemorrhagic
stroke

Periodontal inflammation is
an independent risk factor for
stroke

Association between peri-
odontitis and stroke was very
strong among younger adults

Pradeep [17],
2010

Periodontitis; PI; GI

Stroke —
oral health

After adjusting for age and gender, severe periodontitis
(periodontal pocket depth >4.5) significantly associated
with cerebrovascular accidents

Data from the study supports
the proposed link between
periodontitis and CVDs

Diouf [44], CA; pocket depth; Stroke — Various periodontal parameters significantly associated Periodontal disease is
2015 plaque; PBI; CPITN oral health with stroke; PI, CAL, PPD also associated with stroke associated with stroke in
the African and Senegalese
population
Leira [45], PD; CAL; gingival Stroke — Mild (p = 0.09), moderate (p = 0.09), and severe (p = Oral health in patients
2016 recession; plaque score;  oral health 0.03) chronic periodontitis have positively strong asso- suffering from LI is signifi-
BOP; number of missing ciation with LI. LI group had significantly (p < 0.0001) cantly poorer as compared to
teeth higher recession, CAL, PD, plaque scores, BOP and age gender-matched healthy
missing teeth controls even after controlling
The association remained after adjusting for confounding  for confounding factors
factors like hypertension, DM, smoking, alcohol and
statins
Tonomura [47], Oral saliva and dental Oral health —» Total number of CMBs significantly higher in subjects cnm proteins of S. mutans may
2016 plaque specimen for stroke with cnm-positive S. mutans compared to those without be associated with devel-
cnm-positive S. mutans (p=0.002). The relative ratio for total CMBs with cnm- opment of deep CMBs and ICH
positive S. mutans compared to those without was 1.93 with a mechanistic link to
When number of total or deep CMBs was categorized into  chronic inflammation
0 (none), 1 or 2 (few), and 23 (multiple) groups, there
were significant differences in the positive rate of cnm-
positive S. mutans among the three groups: the group
with multiple CMBs showed significantly greater rate of
cnm-positive S. mutans
cnm-positive S. mutans was associated with hypertensive
ICH before and after adjustment for established risk
factors for ICH, such as age, sex, mean blood pressure,
and creatinine clearance
Del Brutto [46], Number of remaining Oral health = Of the 22 incident strokes, severe edentulism was noted Severe edentulism is a major
2017 teeth stroke in 14 (64%), whereas 215 had severe edentulism out of factor independently

785 participants without stroke (27%) with an odds
ratio of 4.64 (p = 0.002)

predicting incident strokes

Aa, Aggregatibacter actinomycetemcomitans; AL, attachment level; BOP, bleeding on probing, CAL, clinical attachment loss; CAI, calculus index; CHD, coronary
heart disease; CI, class interval; CM, clinical modification; CMB, cerebral microbleeds; CPITN, community periodontal index of treatment needs; CT, computed
tomography; CRP, C-reactive protein; CVA, cerebrovascular accidents; CVE, cerebrovascular events; DM, diabetes mellitus; DMFT, decayed, missing, filled teeth;
DNA, deoxyribonucleic acid; ELISA, enzyme-linked immunosorbent assay; GI, gingival index; HPD, high periodontal disease; HR, hazard ratio; ICA, internal carotid
artery; ICD, international classification of diseases; ICH, intracerebral hemorrhage; IgA, immunoglobulin A; IgG, immunoglobulin G; IL, interleukin; LI, lacunar
infarct; MRI, magnetic resonance imaging; MRA, magnetic resonance angiography; mRS, Modified Rankin Scale; OPG, orthopantomograph; OR, odds ratio; PBI,
papillary bleeding index; Pi, Prevotella intermedia; P1, plaque index; Pg, Porphyromonas gingivalis; PCR, polymerized chain reaction; PHS, periodontal health status;
PPD, periodontal pocket depth; RR, relative risk; S. mutans, Streptococcus mutans; SWI, susceptibility-weighted imaging; TDI, total dental index; TIA, transient
ischemic attack; WBC, white blood cell.
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Classification of Diseases (ICDs), self-reported history, and radiographical imaging. Further,
the oral health and oral hygiene assessment tools used were: CAL, gingival index, plaque
index, bleeding on probing, decayed, missing, filled teeth (DMFT) indices, number of missing
teeth, etc.

Apart from certain register-based studies, most of the studies were conducted in a
hospital setting, with or without controls drawn from the general population. Seventeen
studies were observational studies and 13 studies were case-control studies. The outcomes
and summary of the reviewed studies are presented in Table 1. In addition, the direction of
the association (oral health to stroke or stroke to oral health) of the included studies is also
presented in Table 1. Out of the 30 included studies, 15 studies looked on the association with
a hypothesis that oral health has an effect on stroke, and 15 studies looked at the effect that
stroke has on oral health (Table 1).

Social and Behavioral Aspects

It was found that dental prophylaxis and periodontal treatment reduces the incidence of
ischemic stroke [39]. Kim et al. [29] and Sim et al. [16] found that the patients who had a
stroke brushed their teeth more frequently than their control population as a result of having
guardian assistance. However, they noted that annual dental visits were not related to
presence of stroke. Grau et al. [14] reported that patients with cerebral diseases have more
than one annual dental visit and also toothbrushing frequency similar to the healthy controls.
However, Loesche et al. [21] reported that patients with CVAs have poorer habits of brushing,
flossing, and seeking professional dental cleaning and require help in brushing than those
without stroke.

Clinical Aspects
Various studies evaluated the association (or role) of periodontal condition, number of
teeth absent/present, microbiological, and biomarker factors with stroke.

Tooth Conditions

It has been reported that number of teeth may indicate a risk for stroke [3, 31, 44] with
significantly higher number of affected patients presenting with a lower number of teeth as
compared to healthy participants [4, 12, 21, 36, 38,45] even after adjusting for age and gender
[4, 45]. Grau et al. [14] conducted a study on stroke patients with separate controls drawn
from population and hospital which shows patients had significantly lower number of teeth
compared to the population controls. However, several studies have found no association
between stroke and the number of teeth [13, 29, 33].

Lafon et al. [28] reported that DMFT >20, on adjusting for gender and age, with an odds
ratio (OR) of 4.37 was a significant factor for stroke. However, Kim et al. [29], in a study of
165 stroke patients, found no significance of DMFT and stroke. Soder et al. [40] assessed
dental calculus in 1,676 participants (39 stroke patients) and found significant differences
between the patients with stroke and participants without stroke (p = 0.017). Grau et al. [30]
found using the total dental index (TDI) that poor dental status was associated with cerebro-
vascular condition (OR = 2.6,95% CI 1.04-4.6). However, Syrjanen et al. [ 5] reported that TDI
was nonsignificant in 40 patients with cerebral infarction and their matched controls. Leira
et al [45] found a significantly (p < 0.0001) higher number of missing teeth in patients with
lacunar infarction than the controls. Del Brutto et al. [46] showed that high blood pressure
and severe edentulism are independent risk factors increasing stroke incidence, after
adjusting for confounding factors.
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Gingivitis/Periodontitis

Gingivitis was not consistently reported as a factor associated with stroke. Certain studies
[14, 38, 40, 45] report significantly poorer gingival conditions in affected patients, whereas
other report no association [13, 35, 42].

Various studies report a strong association of periodontal conditions with stroke [12, 14,
17,29, 38,41, 45] even after controlling for confounders [16, 29, 42, 44]. The severity of peri-
odontitis seems to be related to the brain damage condition as well [35]. Sim et al. [16] found
that the association with periodontitis had a dose-response effect (i.e., as the severity of peri-
odontitis increased from none/mild to severe, so did the OR of stroke). Syrjanen et al. [5]
reported significant differences between cases and controls within genders with subgingival
calculus and suppuration in gingival pockets significantly higher in cases than controls. TDI
was nonsignificant. Slowik et al. [34] reported that patients with advanced periodontitis had
a greater neurological deficit on admission and worse outcome on discharge. However, stroke
severity, but not advanced periodontitis or edentulism, had a higher effect on the outcome of
the stroke patients in their study. Another study found a modest association between baseline
periodontal disease history and ischemic stroke [3].

CAL was also significantly poorer in stroke patients [14, 17, 38, 45]. Lee et al. [15], after
adjusting for age and tobacco use, found that completely edentulous and partially edentulous
elderly adults with appreciable CAL were significantly more likely to have a history of stroke
compared to dentate adults without appreciable attachment loss [15]. Elter et al. [32] found
that stroke was weakly associated with attachment loss. This association increased with
every 3 mm increase in attachment loss, even after adjusting for other risk factors. Similar
finding was seen in another study [14]. One study reported no significant difference in
presence or absence of brain damage and CAL [31].

Microbiology and Biomarkers

Pussinen et al. [37] noted an elevated level of serum IgA-class antibody to Aggregati-
bacter actinomycetemcomitans (Aa) predicted stroke. An elevated level of IgA-antibody to
Porphyromonas gingivalis (Pg) predicted a recurrent stroke in subjects with a history of
stroke or coronary heart disease at baseline. They suggest that aggressive forms of periodon-
titis addressed to Aa, usually occurring at young age (<35 years of age), and Pg developing at
adult age are associated with incidence of stroke. Also, Ghizoni et al. [38] showed that the
patient group had an increased number of sites contaminated with Pg and greater prevalence
of periodontal disease with a positive correlation between probing depth and levels of Pg in
ischemic stroke. Hosomi et al. [43] found that serum high-sensitivity C-reactive protein levels
were significantly associated with acute ischemic stroke even after controlling for other
factors. Serum antibody level for Prevotella intermedia was significantly higher in stroke
patients than in patients with no previous history of stroke [43]. Tonomura et al. [47] found
a significant association of cnm-positive Streptococcus mutans with intracerebral hemor-
rhage (ICH) and cerebral microbleeds (CMB) along with a correlation between the collagen
binding activity and number of deep CMBs, postulating a possible mechanistic link between
S. mutans and CMB and ICH.

Discussion
The current systematic review aimed at evaluating the literature on the association
between oral health and ABIs. The first apparent observation after the selection of the studies

was that all the included studies were performed only on stroke population indicating a
lacuna of virtually no studies in other ABIs. ABI, except stroke, has been neglected in this field
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for decades. In addition, all the included studies were either case-control or cohort; thereby,
the resulting level of evidence of this review was at level 3 [48].

Several reviews have been conducted focusing specifically on the relationship between
periodontitis and stroke [26,49-53]. Unlike this review, the previously conducted systematic
reviews (2003-2016) have been: (1) focused on only periodontitis, thereby not fully encom-
passing other oral factors such as the microbiological and behavioral aspects, (2) focusing
only on stroke and not the various other brain injury conditions, and (3) with a combined
cohort of stroke with other systemic diseases like cardiovascular disease and atherosclerosis,
thereby increasing the confounding factors, and causing bias. All reviews [27, 49-51, 53]
exceptone [52] had similar results to our study, showing a moderate association of periodon-
titis to stroke. Khader et al. [52] in their meta-analysis found no strong evidence that peri-
odontal infection increased the risk of stroke. All reviews agree, including this, that the
potential limitations present within the included studies affect the drawing of a concrete
conclusion that a causal relationship exists between oral health and stroke. Though it may
seem that periodontitis is, at the very least, moderately associated and an independent risk
factor for stroke, determining the causal nature between the two calls for more controlled
interventional studies rather than the present observational and case control studies. The
authors support the recommendation of Scannapieco et al. [53] that large-scale multicenter
placebo-controlled RCTs need to be conducted to determine if periodontal-brain injury
relation is “causal” or “casual” and if periodontal treatment effectively reduces mortality from
CVDs as a primary outcome.

While studying the association of stroke with other systemic conditions, it is important to
take into account the various adventitious factors that play arole in the causation or prevention
of either disease. Age, gender, hypertension, diabetes, cardiovascular disease, smoking,
education, income, etc. are some of the common risk factors associated with stroke. The studies
included in this review positively take into account the various confounding factors during
analysis of their data [5, 9-14, 24-26, 29, 31, 32,35-37, 39,41, 51]. This provides a clearer and
stronger picture of the effect that periodontitis has on stroke and vice versa.

Conflicting reports were seen with tooth brushing and flossing habits. While some studies
showed patients fare better in frequency of tooth brushing and flossing [16, 29], others
showed that patients have poorer oral hygiene practices [28]. The level of guardian assistance
in provision of oral hygiene interventions during the stay at the hospital /rehabilitation center
plays a major role in determining the oral hygiene practices of the participants [57]. The level
of importance placed on oral care by the rehabilitation unit’s nursing and ward staff and/or
by the patients’ family, has an effect on the resultant oral hygiene. It has been observed that
oral care has been given a low priority by the caregivers [58-61] with a belief that it does not
provide significant benefits [62], along with a strong dislike among the staff with regard to
providing oral care [61]. This is reinforced by inadequate training for the nursing staff [58]
and use of unfocused care policies [60, 63].

Periodontitis is caused by local infections with periodontal pathogens, which in turn
leads to systemic reactions, such as inflammation and immunological reactions [47]. With an
increase in local infection in the periodontal pockets, a systemic inflammatory response is
triggered leading to the release of inflammatory mediators like CRP [43]. This marker predicts
the occurrence of cerebral infarction later in life. The total number of teeth lost may reflect
the life-long inflammatory state of the patient. Therefore, those patients with a fewer number
of teeth may have an increased risk of having a stroke or other systemic diseases [4]. However,
if tooth loss is due to other factors like caries or trauma, and the loss is affected at the early
stages of life, the patients might not have been affected by periodontal infection for the
remaining period of their lives [5, 42]. In such conditions, an adverse effect of poor nutrition
and altered dietary habits may be an indirect cause of stroke [55].
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Syrjanen et al. [54] first suggested the possibility of association between chronic inflam-
mation (including periodontitis) and stroke. Though several studies have been conducted
since then to examine this relation, there are still conflicting reports in this regard. Many of
the studies included in the present review, ranging from the year 1989 to 2016, showed that
an association exists between periodontitis and stroke, and the risk is higher among younger
men (<65 years) [3, 5, 13, 14, 16, 39]. However, some of the studies also showed that the
apparent weak association found in their results (even after adjusting for confounding
factors) could be due to residual confounding [55].

Various included studies reported an independent association of markers of periodon-
titis with stroke [16, 28-30, 35, 41]. Tooth loss, the end stage of periodontitis, was found to
be a significant risk factor [36, 55]. Although there may be several reasons for tooth loss, e.g.
trauma or intentional tooth extraction performed by the dentist, etc., oral diseases are the
primary cause of tooth loss [56]. The sequelae to tooth loss begin with plaque and calculus
accumulation, loss of attachment of the gingiva to the tooth leading to gingival recession,
gradual loss of the periodontal ligament fibers which “loosen” the teeth from the socket and,
ultimately, tooth loss. It is therefore of utmost importance to take preventive measures or to
consider early intervention, especially in medically compromised patients.

Pg and Aa along with S. mutans [33] are the commonly studied microorganisms that have
been implicated in periodontitis [37, 38]. This review found that patients affected by stroke
had a higher prevalence and increased number of sites affected by the periodontal pathogens
[33, 37, 38]. These microorganisms are invasive to the connective tissue and stimulate the
synthesis of cytokines and other inflammatory mediators [64]. They have also been identified
in atheromatous plaques of CVD patients [65, 66], thereby suggesting a possible role for Pgand
Aain the development of the lesion. A possible role of S. mutans inducing hemorrhagic changes
in perforating arterioles, therefore leading to ICH and CMB has also been proposed [47].

The authors believe that the current literature review brings updated insight on top of
the already published reviews in this field. Unlike previous literature reviews, which mainly
focused on specific oral health variables (such as periodontitis), the current review encom-
passed a broad range of variables including social and behavioral aspects, all clinical and
microbiological aspects, to have a “bird’s eye” view of the potential association. Moreover,
previous literature reviews mainly focused on stroke, whereas the current review’s aim was
to evaluate all the ABI conditions. In addition, multiple scientific databases were searched,
thereby ensuring maximum coverage of the literature. Also, our review includes studies that
have been controlled for confounding factors, thereby reducing the potential for bias.

In conclusion, this review suggests that oral hygiene factors like periodontitis and tooth
loss have an independent association with stroke. More studies, focused on different ABI other
than stroke, are needed. Oral hygiene interventions (assisted or otherwise) should be part of
the patients’ daily routine. Early diagnosis, prevention, and treatment may decrease the
chances of developing chronic low-grade inflammation and therefore reduce the risk of stroke.
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