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A B S T R A C T 

Background and Objective: Periodontal disease is a chronic infection and inflammatory condition of the 

tooth-supporting tissues. Dementia is a degenerative condition of the brain affecting memory and brain 

function. The objective of this review is to evaluate associations between the two conditions.  

 

Introduction 

Periodontal diseases affect one or more of the periodontal tissues that 

have traditionally been divided into two categories: non-destructive 

inflammation of the gingival tissues in a condition known as ‘gingivitis’ 

and destructive inflammation termed ‘periodontitis’ which is 

characterized by progressive breakdown of alveolar bone and, in some 

instances, dental mobility [1]. Periodontal disease, more narrowly 

defined as chronic periodontitis, is characterized by gingival recession 

and/or pocket formation surrounding teeth in response to accumulation 

of predominantly gram-negative bacteria around the tissues. Almost half 

the U.S. population express signs of periodontal disease, the prevalence 

increasing with age to include 70% of people over 65 years [2]. 

Australian findings are comparable to the U.S. population; 44% of those 

aged 55-74 years and 61% of Australians aged 75 years or older exhibit 

Methods: Systematic review with meta-analysis of published articles that involved participants aged ≥45 

years with either periodontal disease or dementia. Electronic database searches of PubMed, Embase, Web 

of Science and Scopus were conducted to source articles that met the inclusion criteria. The Newcastle-

Ottawa Scale was used for quality appraisal. Two random effects meta-analyses were conducted to 

investigate the bi-directional association between periodontitis and dementia. 

Results: Of 1,670 titles and abstracts found, quality assessment was conducted on 23 articles that met the 

inclusion criteria. Eight articles presenting findings on the association between dementia and periodontitis, 

and four studies on the converse association, were subsequently combined into meta-analysis. People with 

periodontal disease are more likely to suffer from dementia (Odds Ratio=1.17, 95% CI=1.02-1.34, P 

heterogeneity=0.33, I2 =13%). Conversely, people with dementia are 69% more likely to have periodontal 

disease (Odds Ratio =1.69, 95% CI=1.23-2.30, P heterogeneity=0.00, I2 =76%). 

Conclusion: A bi-directional association exists between periodontitis and dementia. With the aging 

population increasing, degenerative conditions such as dementia and periodontal disease are becoming more 

common. Family members and healthcare providers need to be aware that the effects of dementia may 

impede adequate oral hygiene, the cornerstone of prevention of periodontitis, and increase the likelihood of 

periodontal disease. 
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evidence of ‘moderate’ or ‘severe’ periodontitis [3]. Dementia is defined 

as a reduction in the capacity of cognitive function with aging relative to 

previous mental ability and includes a set of symptoms such as memory 

loss, difficulty in speaking and writing, and changes in mood. 

Alzheimer’s disease (AD), the most common cause of dementia, is 

characterised by neuronal loss, the presence of senile plaques containing 

β-amyloid (Aβ) protein, and neurofibrillary tangles of hyper-

phosphorylated tau protein [4-6]. Similar to periodontal disease, the 

prevalence of dementia increases from approximately five percent of 

adults aged 65 years to one third of people aged over 85 years [6]. 

 

Periodontal disease is a common source of chronic infection given 

transient bacteremia occurs following oral hygiene procedures and 

mastication [7-10]. In vivo, these have been found to contribute to 

atherosclerosis in animals, with seropositivity to the periodontal 

pathogens Porphoramonas gingivalis and Aggregatibacter 

actinomycetemcomitans being positively associated with the prevalence 

of coronary heart disease among Finnish men [11-13]. A recent 

retrospective investigation involving data from 27,963 Taiwanese 

people aged over 50 years reported that having chronic periodontitis 

increases ones’ risk of developing AD by 70% over 10 years, however, 

this association was partially mediated by co-occurrence of 

cerebrovascular disease [14]. Viable periodontal pathogens have been 

shown to invade atheromatous tissue in culture [15]. Further, evidence 

that periodontal microbes permeate the blood-brain barrier exists as 

bacterial lipopolysaccharides have been detected from post-mortem 

sections of AD sufferers [16]. 

 

A number of studies have recently been published that have examined 

the association between periodontal disease and dementia. The purpose 

of this investigation is to summarize the evidence of association via 

systematic review and meta-analysis, in an effort to provide the most 

contemporary scientific evidence. 

 

Materials and Methods 

 

PICO 

 

Population: Middle to elderly adults defined as being 45 years or older.  

Intervention (exposure): Clinically defined periodontitis based on 

probing pocket depth (PPD), clinical attachment loss (CAL), gingival 

bleeding (or a combination thereof). 

Comparator: Middle to elderly adults aged 45 years or older without 

clinically defined periodontitis.  

Outcome: Dementia including Alzheimer’s disease where the primary 

aetiology is not due to cerebrovascular events or genetic/congenital 

conditions. 

 

Study registration 

 

The protocol for this systematic review has been registered with 

PROSPERO: CRD42018115547 

 

Study designs included in this review 

 

The present review targeted associations between periodontal disease 

and dementia. Therefore, only cross-sectional, case-control and cohort 

studies were included. 

Type of participants 

 

This review focuses on the association between periodontal disease and 

the most common forms of dementia arising from degenerative 

conditioning of the brain. As such, study participants had to be aged 45 

years or older and not had dementia attributed to cerebrovascular events 

or genetic/congenital conditions. 

 

Inclusion criteria 

 

Studies were included if they measured periodontal status via clinical 

oral assessments of PPD, CAL, gingival index (GI), bleeding on probing 

(BOP), modified community periodontal index (MCIP), alveolar bone 

loss (ABL), and/or plaque index (PI). Studies solely defining 

periodontitis based on radiographic evidence, visual-only criteria or 

tooth-loss were excluded. For dementia, studies were included if a 

verified cognitive test was used to ascertain dementia. Such tests 

included the Mini-Mental State Examination (MMSE), Mini-Mental 

State Examination Korean version (MMSE-KC), Wechsler Adult 

Intelligence Scale (WAIS), Spatial Copying Task (SCT), Digit Symbol 

Substitution Test (DSST), defined using the Diagnostic and Statistical 

Manual of Mental Disorders-Fourth Edition (DSM- IV), Word Fluency 

(WF), and the criteria developed by the National Institute of 

Neurological and Communicative Disorders and Stroke and the 

Alzheimer’s Disease and Related Disorders Association (NINCDS-

ADRDA). 

 

Search strategy and sources 

 

Electronic searches for PubMed, Embase, Web of Science and Scopus 

databases were developed with the aid of a university research librarian 

based on the criteria presented in (Supplement Table 3). For each of the 

four databases, searches commenced from their earliest respective 

records to October 20, 2018. Only studies published in English were 

included. Three reviewers (Kapellas, Ju and Wang) screened titles and 

abstracts, all of whom are dental clinicians and experienced in 

epidemiology. Full-texts of studies meeting the review eligibility criteria 

were sourced and the relevant data was extracted as per (Supplement 

Tables 1 and 2). In the event of disagreement, discussion with the 

intention to reach consensus between the three reviewers was performed. 

 

Quality assessments  

 

Each study was evaluated according to the Newcastle-Ottawa Scale 

(NOS) for case-control and cohort studies [17]. A modified version of 

the NOS was used for cross-sectional studies (Supplement Tables 4-6) 

[18]. Qualitative assessment of each scale comprised three main items: 

sample selection, comparability and outcome (exposure). The maximum 

score for cross-sectional studies was 10. Articles that were assigned with 

9-to-10 stars were deemed to be of ‘High’ quality, while scores 7-to-8 

were ascribed as being of ‘Moderate’ quality and scores 6 or lower were 

deemed to be of ‘Low’ quality. The maximum score for both cohort and 

case-control studies was nine. Articles that were assigned with values of 

8-to-9 were classified as ‘High’ quality, while a score of 7 was assigned 

‘Moderate’ quality and ‘Low’ were assigned for studies with 6 or less 

stars. 
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Data Extraction 

 

Data from each study included: 1) author and year of publication, 2) 

country of study, 3) sample size and population of focus, 4) study design, 

5) dementia definition, 6) periodontitis case definition, and 7) main study 

findings. 

 

Statistical analysis 

 

Random effects meta-analysis was used to generate pooled summary 

estimates and forest plots. Odd ratios (ORs) and respective 95% 

confidence intervals (CI) were used to evaluate the association between 

periodontal disease and dementia. Study weights were utilized 

accounting for differences in study design to facilitate population-level 

inferences. The I2 statistic was used to quantify the heterogeneity 

between studies, an I2 > 75% and p>0.05 was considered indicative of 

significant (high) heterogeneity [19, 20]. Analysis was undertaken using 

the MetaXL 5.3 (Epigear International [www.epigear.com]) add-on 

program for Microsoft Excel. This review was prepared in accordance 

with the Preferred Reporting Item for Systematic Reviews and Meta-

analysis (PRISMA) guidelines [21]. 

 

Results 

 

Figure 1 shows the flowchart for the four databases. Some 1,670 titles 

and abstracts were found through the four electronic searches. Following 

screening, removal of duplicates and exclusions, quality assessment was 

conducted on 23 articles meeting the inclusion criteria. Eight articles that 

presented findings on the association between dementia and 

periodontitis, and four studies on the converse association, were 

subsequently combined for meta-analyses. 

Description of included studies 

 

Descriptive summaries of 23 included articles published between 1994 

and 2018, are chronologically presented in (Supplement Tables 1 and 2) 

[14, 22-44]. The studies were conducted in four continents including 

Europe, North America, South America and Asia (Supplement Tables 1 

& 2) [14, 22, 23, 26-35, 38-45]. The number of participants in each study 

ranged from 42 in the study by Ship and Puckett to 27,963 in the study 

by Chen [14, 38]. Six of 20 included studies were cross sectional, six 

were case–control studies while the remaining 11 were cohort studies 

[14, 22-32, 34, 35, 37-44]. Tests for dementia were based on the 

NINCDS-ADRDA for six studies, nine studies used the MMSE test or 

its Korean variant, three used the DSST test, the DSM-III-R or IV test or 

used the ICD-9-CM criteria, one study used the combined DWR and WF 

test, while individual studies used either the SCT test, or WAIS and BDT 

test [14, 22-34, 37, 38, 40-44]. 

 

Association between periodontal disease and dementia 

 

A number of studies reported that people with periodontal disease were 

more likely to also show evidence of cognitive impairment as expressed 

by lower test scores in either the DSST, BDT, MMSE, DWR and/or WF 

[26-29, 33, 34, 37, 43, 44]. In contrast, the study by Syrjälä reported no 

associations between periodontal disease and cognitive decline [41]. 

Four studies were combined into meta-analysis to quantify the 

association between periodontal disease and dementia [14, 26, 31, 42]. 

People with periodontal disease were more likely to suffer from 

dementia (OR=1.17, 95% CI=1.02-1.34, P heterogeneity=0.33, I2 

=13%) (Figure 2) compared to people without periodontal disease. 

 

Figure 1: Flow diagram of the search process 
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Association between dementia and periodontal disease 

 

The majority of studies investigating the association between dementia 

and periodontal disease reported that people with dementia more 

commonly had teeth with deep periodontal pockets, higher levels of loss 

of attachment and greater proportions of periodontal sites with bleeding 

compared to people without dementia [23, 28, 29, 33-35, 37, 39, 40, 44]. 

Eight studies were combined into meta-analysis to quantify the 

association between dementia and periodontal disease [22-24, 33, 34, 36, 

37, 39, 44]. People with dementia were 69% more likely to have 

periodontal disease (OR=1.69, 95% CI=1.23-2.30, P 

heterogeneity=0.00, I2 =76%) (Figure 3) compared to people without 

dementia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Forest plot for the association between dementia and periodontal disease 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Forest plot for the association between periodontal disease and dementia 

 

Discussion  

 

This systematic review reports a positive bidirectional association 

between periodontal disease and dementia. Given the prevalence of 

periodontitis and various dementias such as Alzheimer’s disease 

increase with age, positive associations are expected. The present 

findings concur with other reviews recently published in this field [46-

49]. Poor oral hygiene, periodontal disease and dental morbidity have 

been correlated with the presence and increased severity of dementia 

[40]. Plausibly, dementia may reduce one’s ability to partake in effective 

oral hygiene, leading to the development or progression of periodontal 

disease. In a study associating P. gingivalis IgG seropositivity with 

cognitive impairment using NHANES III data, Noble and colleagues 

speculated that a person with established dementia is more likely to be 

inattentive to oral health maintenance and oral hygiene and thus possess 

a higher microbial burden [50]. Furthermore, Yu and colleagues 

highlighted that cognitive impairment was a significant risk factor for 

the incidence of periodontal disease in non-institutionalized older adults 

[43]. Severe periodontitis is also likely to result in tooth loss, which may 

influence mastication leading to dietary change, potentially affecting 

nutritional intake. A lack of key vitamins and nutrients such as vitamin 

B has been related to cognitive impairment [29]. 

 

Chronic periodontal inflammation and infection contribute to brain 

amyloid accumulation in older age, which is associated with impaired 

cognition [51]. Systemic inflammation has been shown to predict 

dementia prospectively [52-54]. Though the causal relationship between 

periodontal disease and cognitive impairment is not fully understood, 

systemic inflammation may provide some interpretation. People with 

chronic diseases such as periodontitis, diabetes and cardiovascular 

diseases, possess higher levels of systemic markers of inflammation in 

their blood serum, saliva or gingival crevicular fluid [55]. People with 

these chronic conditions may potentially have a heightened systemic 

inflammatory response represented as the release of a large amount of 
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cytokines and soluble mediators such as interleukins and prostaglandins 

which are involved in the activation of tissue and bone destruction 

evident in periodontal disease [53, 56]. 

 

In this systematic review, we report the results of a comprehensive 

undertaking to analyze the literature published through to October 2018 

reporting on the association between periodontal disease and dementia. 

As expected, our meta-analyses provided convincing and reliable 

evidence relevant to periodontal disease and dementia. One strength of 

this review is that adjusted estimates were used in both meta-analyses. 

Secondly, the meta-analysis on the association between periodontitis and 

dementia was composed of four cohort studies. In the absence of 

randomised trials, cohort studies provide the best available evidence. In 

contrast, the meta-analysis of the association between dementia and 

periodontitis consisted of a combination of one cross-sectional, four 

case-control and three cohort studies, which may be interpreted as a 

potential limitation. While the odds estimates were consistent across 

these eight trials, an I2 of 76% is indicative of high heterogeneity across 

studies suggesting the OR of 1.69 (95% CI 1.23-2.30) may be biased 

[19].  

 

A constant challenge when conducting any systematic reviews of 

periodontal disease are the different case definitions used as they can 

influence overall estimates. The cohort study by Iwasaki and colleagues 

(26) included in this review is a prime example. They assessed the 

association between periodontitis and cognitive impairment across both 

the European Workshop in Periodontology (where ‘severe’ periodontitis 

was associated with an adjusted OR 3.58 (95% CI 1.45-8.87)) and the 

Centres for Disease Control and Prevention and American Academy of 

Periodontology definition of ‘severe’ periodontitis where the adjusted 

OR was 2.61 (95% CI 1.08-6.28). In an effort towards pragmatism, the 

odds ratio derived from the CDC-AAP definition was used in the present 

review. Randomised trials to assess for a causal relationship are unlikely 

feasible given the potential challenges in providing comprehensive 

periodontal treatment in a group with dementia. Additionally, the costs 

of designing a trial to treat periodontitis and prospectively assess study 

participants for the incidence of dementia are also likely to be 

prohibitive. Additional longitudinal studies are unlikely to influence 

these associations further. Findings from this review should be used to 

increase the awareness of those charged with the care of people with 

dementia. 

Table 1: Studies on the association between dementia and periodontal disease  

Author/year Country Sample Size Study 

Design 

Dementia 

Definition 

PD 

Definition 

Main finding 

Ship 1994 USA Total N=42 mean 

age 65 years (range 

48-90) 

Alzheimer’s Disease 

N=21 

without Alzheimer’s 

Disease N=21 

C/C NINCDS-ADRDA 

MMSE for severity 

 

PI, GB, PPD, 

LOA 

Oral health parameters including tooth 

surfaces with dental plaque, sites with 

gingival bleeding and calculus were 

significantly worse in the AD group compared 

to control. Non-significant trend for poorer 

gingival health with lower MMSE scores. No 

significant difference in PPD, recession and 

LOA between AD and controls. 

Syrjälä 2007 Finland Total N=2,320 aged 

≥55 years 

MMSE 16-12 

N=1,892 

MMSE 11-10 N=297 

MMSE ≤ 9 N=131 

C/S Shortened MMSE: 

Cognitive 

impairment = ≤11 

≥1 site PPD 

≥4mm 

People with mild-severe cognitive impairment 

had, on average, fewer teeth in total and more 

carious teeth than ‘healthy’ people. There 

were fewer teeth with PPD ≥4mm among 

individuals with cognitive impairment mean 

(SD) 3.7 (4.7) compared to ‘healthy’ people 

4.6 (5.5). 

Yu 2008 Taiwan Total N=803 aged 

≥60 years 

DSST Score <34 Q1 

N=233 

DSST Score 34-45 

Q2 N=193 

DSST Score 46-57 

Q3 N=188 

DSST Score >57 Q4 

N=199 

C/S DSST: No cut-off 

score provided. 

Higher scores 

indicate higher 

cognitive function 

PPD ≥3mm, 

≥10% sites 

CAL ≥4mm, 

≥10% sites 

not on same 

site or tooth 

Periodontal disease was more common in 

people with low DSST scores. Odds of 

periodontal disease with increasing 

(continuous) DSST score 0.69 (95% CI 0.51-

0.94), P=0.02. Compared to Q1: Q2 OR 0.60 

(95% CI 0.34-1.08), Q3 0.54 (95% CI 0.28-

1.07), Q4 0.43 (95% CI 0.18-1.02); P 

trend=0.04. 

Kaye 2010 USA Total N=597 men 

aged 28-70 years 

MMSE: Low N=95, 

Normal N=500 

SCT: Low N=185, 

Normal N=412 

Co MMSE: Cognitive 

impairment = <25; 

SCT:  Cognitive 

impairment = <10 

CPI score ≥ 2 

PPD & 

Recession 

>1mm 

Trend for higher mean PPD ≥4mm among 

men with ‘low’ MMSE & SCT scores 

compared to ‘normal’.  

Progression of PD stratified by median age 

45.5years: 

10-year adjusted HR 1.04 (95% CI 1.01-1.09) 

for PD progression for ‘low’ MMSE score; 

10-year adjusted HR 1.04 (95% CI 1.01-1.06) 

for PD progression for ‘low’ SCT score. 
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Rai 2012                                                          India Total N=107  

Dementia N=20 (age 

range 59-69 years) 

Healthy control 

N=32 (age range 58-

69 years) 

Severe periodontitis 

N=55 (age range 60-

69 years) 

C/C  Dental 

plaque, GI, 

BOP, PPD & 

CAL. 

Adjusted for age: dental plaque, GI, BOP, 

PPD & CAL significantly higher for people 

with dementia and periodontitis compared to 

controls.  

Mean PPD (SD) dementia: 4.81 (0.78), 

‘severe periodontitis’: 2.85 (0.67), ‘healthy’: 

1.89 (0.67). 

Kamer 2012 Denmark Total N=152 (aged 

70 years) 

 

C/S WAIS, 

DST:  Cognitive 

impairment score 

<29 

BDT:  Cognitive 

impairment score 

<32 

MCPI score 

≥3 indicative 

of PPD 

≥4mm 

70% of sample had  MCPI. 

Mean (SD) DST score significantly lower for 

people with MCPI score ≥3: 33.4 (10.5) 

compared to 41.0 (10.7) for those with MCPI 

≤2. 

Mean (SD) BDT score significantly lower for 

people with MCPI score ≥3: 31.2 (7.9) 

compared to 33.0 (6.8) for those with MCPI 

≤2. 

Crude OR for ‘low’ DST score among MCPI 

score ≥3 =5.38 (95% CI 1.97-14.73).  

Crude OR for ‘low ’BDT score among MCPI 

score ≥3 =3.26 (95% CI 1.26-8.38) if lost <10 

teeth, and BDT  OR 0.41 (95% CI 0.84-2.04) 

if lost ≥11 teeth.  

Syrjälä 2012 Finland Total N=354 aged 

≥75 years, mean (SD) 

82.0 (4.9) years 

Without dementia 

N=278 

AD N=49 

Vascular dementia 

N=16 

Other dementia type 

N=11 

C/S DSM-IV: Dementia 

severity defined by 

DSM-III-R 

‘mild’=33, 

‘moderate’=24, 

‘severe’=19 

PPD ≥4mm 49.2% of sample edentulous. 

Mean (SD) teeth of people with AD: 10.9 

(7.0) compared to 15.0 (8.2) for those 

without dementia. 

Adjusted RR of PPD ≥4mm with AD: 1.4 

(95% CI 0.9-2.1), other dementia types 

adjusted RR 2.5 (95% CI 1.5-4.1). 

Crude RR of PPD ≥4mm with ‘mild’ 

dementia: RR 1.4 (1.0–2.0), ‘moderate or 

severe’ dementia: RR 1.5 (1.0–2.1).  

Stewart 2013 USA Total N=1,053 aged 

70-79 years, mean 

(SD) 73.5 (2.8) years 

 

Co 3MS:  Cognitive 

impairment = score 

<80, DSST: 20% 

decline in 5-years 

PPD ≥3mm; 

LOA ≥3mm 

GI (0-3), 

plaque score 

& BOP 

Cognitive decline over 5 years reported in 

ascending order by oral health parameter 

quartile. 

Extent of PPD ≥3mm: Q1 4.8%, Q2 4.1%, Q3 

2.6%, Q4 11.7%. Odds for cognitive decline  

per quartile increase in extent of PPD ≥3mm: 

OR 1.50 (95% CI 1.17–1.92);  

Gingival index score: Q1 2.0, Q2 3.9, Q3 6.1, 

Q4 15.5%.  Odds for cognitive decline per 

quartile increase in GI: OR 2.10 (95% CI 

1.66–2.67);  

Naorungroj 

2013 

USA Total N=5,878 aged 

46-65 years, mean 

(SD) 56.8 (5.7) years 

 

Co DWR, WF, DSST CDC/AAP 

‘severe’ 

definition & 

gingival 

inflammation 

Cognitive decline over 6 years reported. All 

estimates adjusted for age, sex and race. 

Adjusted OR for ‘severe’ periodontitis: 

DWR: OR 1.01 (95% CI 0.94, 1.09); DSST: 

OR 1.08 (95% CI 1.01, 1.17) 

WF: OR 1.00 (95% CI 0.93, 1.07). 

Adjusted OR for ‘extent gingival 

inflammation’: DWR: OR 0.29 (95% CI -

0.47, 1.06); DSST: OR 1.22 (95% CI 0.45, 

1.99), WF: OR 0.66 (95% CI -0.09, 1.41). 

de Souza 

Rolim 2014 

 

Brazil Total N=59 aged 59-

91 years, 

Control group N=30 

mean (SD) 61.2 

(11.2) years 

C/C NINCDS-ADRDA 

criteria equivalent 

to MMSE scores 

18-26 

PI ≥30% 

GBI ≥20% 

PPD >3mm 

& CAL 

>3mm 

Periodontal infections were significantly more 

frequent in patients with dementia than in 

healthy subjects.  

31% of dementia group had gingivitis 

compared to 10% of control group. 
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Dementia group 

N=29 mean (SD) 

75.2 (6.7) years 

27.6% of dementia group had 

‘moderate’/’severe’ periodontitis compared to 

16.7% of control group. 

Martande 

2014 

India 118 subjects: aged 

50-80 years 

Dementia group 

N=58 mean (SD) 

65.2 (7.3) years. 

Control group N=60 

mean (SD) 64.5 (9.4) 

years 

C/S NINCDS-ADRDA 

MMSE scores: 

‘mild’:21-25 N=22, 

‘moderate’: 11-20 

N=18, ‘severe’ ≤10 

N=18 

PI, GI, PPD, 

CAL, REC 

Oral health parameters stratified by MMSE 

scores. 

Mean (SD) GI scores: control 0.64 (0.21), 

‘mild’ 1.15 (0.21), ‘moderate’ 1.68 (0.22), 

‘severe’ 2.31 (0.26). 

Mean (SD) PPD scores: control 2.39 (0.55), 

‘mild’ 3.18 (0.35), ‘moderate’ 3.99 (0.32), 

‘severe’ 5.02 (0.56). 

Gil-Montoya 

2015 

Spain Total N=409 aged 

51-98 years 

Control group N=229 

mean (SD) 78.5 (7.9) 

years. 

Dementia group 

N=180 mean (SD) 

77.0 (7.8) years. 

 

 

C/C DSM-IV, 

NINCDS-ADRDA 

criteria for 

Alzheimer’s 

disease. ‘mild’ 

cognitive 

impairment N=21, 

‘mild/moderate’ 

dementia N=123, 

‘severe’ dementia 

N=36 

PI, BI, PPD, 

AL by % of 

sites with AL 

>3 mm as 

follows: 

0%=Non-

PD, 

‘mild’ PD = 

0-32%, 

‘moderate’ 

PD = 33% - 

66%, 

‘severe’ PD = 

67% to 100% 

People with cognitive impairment/dementia 

had significantly fewer teeth mean (SD) 15.3 

(8.0) compared to controls 17.4 (8.0), 

P=0.008. 

Mean (SD) BI scores: control 50.6% (34.2), 

‘cognitive impairment/dementia’ 63.0 (31.1), 

P=<0.001.  

Mean (SD) PPD scores: control 2.6 (1.5), 

‘cognitive impairment/dementia’ 3.0 (0.7), 

P=<0.001. 

‘Mod/severe’ AL more common among 

‘cognitive impairment/dementia’ group 90% 

versus 75.5% for controls.  

Odds of ‘moderate’ AL 2.58 (95% CI 1.31 - 

5.09), OR ‘severe’ AL 3.04; (95% CI 1.69 - 

5.46). 

Cestari 2016 Brazil Total N=65 aged 56-

92 years. 

AD N=25 mean (SD) 

77.7 (6.0) years 

MCI N=19 mean 

(SD) 73.1 (6.8) 

years. 

Control group N=21 

mean (SD) 75.3 (5.8) 

years 

C/C 

 

NINCDS-ADRDA PI, BI, PPD, 

CAL 

Study compared people with Alzheimer’s 

disease, mild cognitive impairment to 

‘healthy’ controls. No significant difference 

between the three groups in terms of 

periodontitis case: AD 40.0%, MCI 26.3%, 

‘healthy’ 42.8%. 

Mean PPD was also non-significantly 

difference between the three groups mean 

(SD): AD 2.8 (1.7), MCI 3.1 (1.6), ‘healthy’ 

2.6 (3.3). 

Shin 2016 Korea Total N=189 aged 

60-86 years. 

Cognitively impaired 

N=65 mean (SD) 

69.7 (6.4) years 

Cognitively normal 

N=124 mean (SD) 

68.7 (4.9) years. 

C/C MMSE-KC ‘moderate’ 

PD ≥2 

interproximal 

sites with 

RABL ≥4 

mm), 

‘severe’ PD 

≥2 

interproximal 

sites with 

RABL≥6 

mm 

More people with cognitive impairment had 

periodontitis 36.9% compared to those 

cognitively normal 23.4%, P=0.049. 

People with a history of periodontitis were 

more likely to have cognitive impairment: 

adjusted OR: 2.14 (95% CI 1.04-4.41). 

Zenthöfer 

2017 

Germany Total sample N=219 

aged 54-102 years 

Dementia N=136 

mean (SD) 84.6 (8.1) 

years 

Non-dementia N=83 

mean (SD) 80.7 (9.8) 

years 

C/S 

 

MMSE score <20 GBI, CPITN, 

DHI 

‘Moderate’ 

periodontitis: 

codes 1-3 

‘Severe’ 

periodontitis: 

code 4 

42% of sample edentulous. 

Mean (SD) CPITN score significantly higher 

among dementia group 3.1 (0.7) compared to 

non-dementia group 2.7 (0.6), P <0.01. 

Non-significant difference in GBI scores 

between dementia mean (SD) 53.8 (27.6) 

compared to non-dementia 48.8 (28.9). 

‘Severe’ periodontitis was more common: 

OR 2.9 (1.4- 6.3) among people with 

dementia. 

Dementia does not influence GBI OR: 0.5 (-

8.6-12.5). 
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Nilsson 2018 Sweden Total N=704 aged 

60-96 years. 

Cognitive decline 

N=115 

No decline N=589 

Co MMSE ≥3 points 

deterioration over 

six years 

≥4mm bone 

loss at ≥30% 

of tooth sites 

83% of those with cognitive decline aged 

≥72 years. 

59% of people experiencing cognitive 

decline had periodontal bone loss which was 

significantly higher than the 34% without 

cognitive decline P<0.01 

Odds of cognitive decline among those with 

periodontal disease: Adjusted OR 2.0 (95% 

CI 1.2-3.3). 

Abbreviations:  

C/S: cross-sectional, C/C: case-control, Co: cohort, RR: risk ratio, OR: Odds Ratio, HR: hazard ratio, SD: standard deviation, CI: confidence interval. 

ABL: alveolar bone loss, AL: attachment loss, BI: bleeding index, BOP: bleeding on probing, CAL: clinical attachment level, CDC/AAP: Centers for 

Disease Control and Prevention/American Academy of  Periodontology CP: chronic periodontitis, CPITN: community periodontal index of treatment need, 

GBI: gingival bleeding index, GI: gingival index, LOA: loss of attachment, MCIP: modified community periodontal index, PD: periodontal disease, PI: 

plaque index, PPD: probing pocket depth, RABL: radiographic alveolar bone loss. 

3MS: Modified mini mental state examination, WAIS: Wechsler adult intelligence scale, MMSE: mini-mental state examination, SCT: spatial copying task, 

DSST(DHI: denture hygiene index, DST): digit symbol substitution test, BDT: block design test, DSM-IV: diagnostic and statistical manual of mental 

disorders, fourth edition, DSM-III-R: diagnostic and mental Disorders, DWR: delayed words recall, WF: word fluency, Clinical Modification, (NINCDS-

ADRDA): Alzheimer’s disease and related disorders association,  MMSE-KC: mini-mental state examination Korean version, D: Dementia, ND Non-

Dementia, AD: Alzheimer’s Disease, MCI: mild cognitive impairment, ADAS-cog: Alzheimer’s disease assessment scale. 

 

 

Table 2: Studies on the association between periodontal disease and dementia 

Author/year Country Sample Size Study 

Design 

Dementia 

Definition 

PD Definition Main finding 

Tzeng 2016 Taiwan Total N= 8,828 

aged ≥20 years. 

Periodontitis cases 

N=2,207 

Non-periodontitis 

cases N=6,621 

 

Co DSM-IV  ICD-9-CM codes: 

523.4 (chronic 

periodontitis) and 

523.1 (chronic 

gingivitis) 

25 (1.1%) of periodontitis cases developed 

dementia over a 10-year period compared to 

61 (0.9%) on non-periodontitis cases, 

P=0.04. 

Adjusted HR: 2.54 (95% CI 1.55–4.16) 

equivalent to 510.6/100,000 population 

periodontitis cases compared to 

248.9/100,000 population for non-

periodontitis cases. 

Iwasaki 

2016 

Japan Total N=85 mean 

(SD) 79.3 (3.7) 

years. 

Non-severe PD 

N=64 

Severe PD N=21 

Co 

 

MMSE must 

have score ≥24 

at baseline. 

CDC/AAP ‘severe’ 

classification 

Three-year follow-up period. No significant 

difference between mean (SD) MMSE 

scores: Non-severe PD: 27.6 (1.9), severe 

PD: 27.6 (2.1). 

‘Severe’ periodontitis was associated with 

increased risk of MMSE decline over 3 years 

relative to ‘non-severe’ periodontitis: 

Adjusted RR 2.2 (95% CI 1.1-4.5) 

Ide 2016 UK Total N=52 mean 

(SD) 77.7 (8.6) 

years. 

Periodontitis cases 

N=20 mean (SD) 

74.9 (2.0) years. 

Non-periodontitis 

cases N=32 mean 

(SD) 79.4 (1.3) 

years. 

Co 

 

NINCDS-

ADRDA 

(ADAS-COG, 

MMSE) 

CDC/AAP No significant difference in baseline MMSE 

scores between periodontitis mean (SD) 19.5 

(1.0) and non-periodontitis groups 21. (0.9). 

No significant difference in baseline 

between ADAS-COG scores between 

periodontitis mean (SD) 46.8 (2.2) and non-

periodontitis groups 45.7 (2.2). 

 

Study participants followed-up for 6-

months: significant change in ADAS-COG 

score: between group adjusted mean (95% 

CI) 4.9 (1.2 – 8.6). Non-significant change 

in sMMSE score between group mean (95%) 

-1.8 (-3.6-0.04). 
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Chen 2017 Taiwan Total N=27,963 

aged ≥50 years. 

With chronic 

periodontitis 

N=9,291 mean 

(SD) 54.1 (10.5) 

years. 

Without chronic 

periodontitis 

N=18,672 mean 

(SD) 54.2 (10.5) 

years. 

Co AD (ICD-9-

CM code 

331.0) 

Chronic periodontitis 

(ICD-9-CM code 

523.4) 

Study participants followed-up over mean 

12 years. 

1-year risk of Alzheimer’s disease risk 

among people with periodontitis: adjusted 

HR: 1.30 (1.00–1.70). 

10–year risk of Alzheimer’s disease risk 

among people with periodontitis: HR: 1.71 

(1.15–2.53). 

Lee 2017 Taiwan Total N-6,056 aged 

≥65 years. 

With periodontitis 

N=3,028 mean 72.4 

years. 

Without 

periodontitis 

N=3,028 mean 72.4 

years. 

Co AD (ICD-9-

CM codes 

290.0-290.4, 

294.1, 331.0-

331.2) 

Chronic periodontitis 

(ICD-9-CM code 

523.3-5) 

Follow-up period not explicitly stated but is 

~8 years. 

Periodontitis and non-periodontitis 

comparable at baseline except for 

geographical location or residence. 

Adjusted HR for dementia among those with 

periodontitis: 1.16 (95% CI 1.01-1.32). 

Lee 2017 Taiwan Total N=182,747 

with periodontitis 

aged ≥45 years. 

Dental prophylaxis 

N=97,802 

Intensive 

periodontal 

treatment N=5,373 

Tooth extraction(s) 

N=59,898 

No treatment 

N=19,674 

Co AD (ICD-9-

CM codes 

290.0-290.4, 

294.1, 331.0) 

ICD-9-CM code 

523.0-523.5 

10-year follow-up period. 6,133 developed 

dementia, resulting in an IR for dementia of 

0.47%/year. 

Adjusted HRs for dementia based on 

treatment received: intensive treatment: HR 

1.18 (0.97-1.43), extraction: HR 1.10 (1.04-

1.16), no treatment: HR 1.14 (1.04-1.24). 

Iwasaki 

2018 

Japan Total N=179 aged 

≥75 years, mean 

(SD) 80.1 (4.4) 

years. 

CDC/AAP ‘severe’ 

N=49 mean (SD) 

age 79.9 (4.0) 

CDC/AAP ‘non-

severe 

periodontitis’ 

N=130 mean (SD) 

age 80.2 (4.6) 

Co MMSE & 

DSM-IV 

EWP & CDC/AAP 

‘severe’ 

classifications 

5-year follow up period. 

Adjusted OR for MCI based on EWP 

‘severe’ periodontitis definition: 3.58 (95% 

CI 1.45-8.87) compared to ‘non-severe’ 

periodontitis. 

Adjusted OR for MCI based on CDC/AAP 

‘severe’ periodontitis definition: 2.61 (95% 

CI 1.08-6.28) compared to ‘non-severe’ 

periodontitis. 

Abbreviations:  

Co: cohort, RR: risk ratio, OR: Odds Ratio, HR: hazard ratio, IR: incidence ratio, SD: standard deviation, CI: confidence interval. 

CDC/AAP: Centers for Disease Control and Prevention/American Academy of Periodontology, CP: chronic periodontitis, EWP: European Workshop on 

Periodontitis, PD: periodontal disease. 

ADAS-cog: Alzheimer’s disease assessment scale, DSM-IV: diagnostic and statistical manual of mental disorders, fourth edition, ICD-9-CM: International 

Classification of Diseases, 9th Revision, Clinical Modification, MCI: mild cognitive impairment, MMSE: mini-mental state examination, (NINCDS-

ADRDA): Alzheimer’s disease and related disorders association. 

 

Conclusion  

 

An association exists between periodontitis and dementia. Family 

members and healthcare providers need to be aware that the effects of 

dementia may impede adequate oral hygiene and increase the likelihood 

of periodontal disease. 
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