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Abstract  

 

Purpose of Review: Alzheimer’s disease (AD) is a major subtype of dementia. Recent cohort 

studies have demonstrated that loss of masticatory function, periodontitis, and/or tooth loss 

are risk factors for AD. The present review provides an overview of the existing literature as 

well as recent evidence regarding the relationship between tooth loss and the onset of AD. 

Recent findings: In the dental field, tooth loss is one of the most relevant factors related to 

the prevalence of AD. This is important in a progressively elderly population because tooth 

loss is associated with the risk of mild cognitive impairment (MCI) developing into dementia 

due to a cascade of neurodegeneration caused by damage to periodontal tissues via the 

trigeminal nerve, locus coeruleus (LC), and hippocampus. Additionally, periodontal disease 

and/or the loss of masticatory function are likely to exacerbate factors associated with AD. 

Summary: Tooth loss in the elderly may cause neurodegeneration and act as a trigger for the 

progression from MCI to dementia. Moreover, neurodegeneration due to tooth loss is thought 

to exacerbate the accumulation of AD-specific amyloid-β and phosphorylated tau proteins, 

which worsen the pathological condition of AD. Although further evidence is needed, novel 

strategies for avoiding the progression to AD due to tooth loss in the elderly are required. 
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Introduction 

Mild cognitive impairment (MCI) or dementia is a growing health problem in the aging 

global population. According to Alzheimer’s Disease International, the regional estimates of 

dementia prevalence in people ≥60 years old range from 4.6% in Central Europe to 8.7% in 

North Africa and the Middle East, while all other global regions are 5.6 - 7.6%, and around 

58% of the affected were in low- and middle-income countries [1]. The strongest evidence for 

possible causal associations with dementia was for low education in early life, hypertension in 

midlife, and smoking and diabetes across the life course [2]. 

Alzheimer's disease (AD) is the most common cause of dementia in older adults and 

is one of the most important medical issues in countries where population aging appears 

inevitable. In 2013 the Group of Eight declared that dementia is a global priority issue and its 

treatment should be available by 2025 [3]. Other dementias include Lewy body dementia, 

frontotemporal disorders, and vascular dementia. It is common for people to have 

mixed dementia —a combination of two or more types of dementia. According to National 

Institute on Aging (NIA), dementia is a brain disorder that affects communication and 

performance of daily activities and AD is a form of dementia that specifically affects parts of 

the brain that control thought, memory and language.  

 AD is a neurodegenerative disorder of brain neurons characterized by formation of 

plaques and tangles with yet ill-defined cause and no effective treatment available [4]. 

Plaques were formed by β- other than α-secretase teaming up with γ-secretase in 

digestion/recycle of amyloid precursor protein (APP) giving rise to insoluble amyloid β (Aβ) 

peptides which form clumps or the beta amyloid plaque in the brain extracellular milieu. 

Increased amyloid plaque formation could also resulted from APP precursor protein gene 

mutation or associated with less effective Aβ clearance related to apolipoprotein E ε4. The 
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amyloid plaque can disrupt signaling between neurons, trigger immune response hence 

inflammation promoting further neural damages. Beta amyloid plaque if deposited around 

brain blood vessels can induce cerebral amyloid angiopathy hence hemorrhage and brain 

bleeds. Tangles were form inside the neurons where amyloid plaque somehow activated an 

army of kinases which phosphorylated the microtubule-associated protein tau leading to 

formation of neurofibrillary tangles. The affected microtubule structure was disrupted and 

therefore impairing many cellular processes which eventually leads to apoptosis of the 

affected cell. Hippocampal neurofibrillary tangles are related to dementia severity within 

elderly patients, and amyloid plaque deposition is related to the extent of AD-related 

neuropathological lesion [5]. 

Taking the above together, AD indeed, could qualify as a member of complex human 

diseases. Apparently, a great deal of researches provided detailed information on the 

pathological events related to molecules as mentioned above in association with different 

stages of dementia [6, 7], the cause of AD, however, remained not well appreciated, and 

effective treatment remained lacking [4]. Since there is deficiency in effective AD treatments 

strategy, the targets of many AD studies now focus on the prevention of MCI [3].  

Until the early 2000s, the relationship between dementia and dentistry primarily 

focused on oral hygiene and behavioral management and communication for dental care [8]. 

According to data from this time period, the prevalence of AD was 10–15% in people older 

than 65 years of age and 20% in people older than 80 years of age [8]. Of the diseases that are 

primarily associated with the elderly, heart disease, malignant neoplasm, and cerebrovascular 

disease represented the top causes of mortality in elderly people in the early 2000s [9]. The 

prevalence of dementia in 2000 was not as high as it is now; thus, dentists were more 

interested in managing the treatment of dementia patients who visited dental clinics. Review 
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articles from that time period introduced treatments for people with dementia in special 

facilities for elderly people, suggested management strategies for patients with dementia in 

dental offices, and provided options for the performance of oral care in this population [10-

12].  

Beginning in the early 2000s, very interesting findings regarding dental care in 

patients with dementia were reported. A study in twins that conducted co-twin control 

analyses found that only a history of tooth loss before 35 years of age was a significant risk 

factor for AD, whereas a low education level contributed to the risk of total dementia, and a 

lack of physical exercise was associated with non-Alzheimer’s dementias [13]. These authors 

emphasized that education and physical exercise exhibited stronger associations for other 

dementias than for AD and that tooth loss was a significant risk factor only for AD and not 

for other types of dementia. Because the subjects in that study were younger than 35 years of 

age, tooth loss was not due to aging but rather a lack of oral care. These findings are 

interesting because they established a link between tooth loss and dementia in a cohort of 

twins. Since that time, many cohort studies have been conducted, and oral environmental 

factors related to the onset of dementia have gradually been identified. For example, 

periodontal diseases and number of residual teeth are strongly correlated with the onset of 

dementia.  

  

Cohort studies of the effects of tooth loss on dementia 

Many cohort studies investigating risk factors related to the progression of AD have 

revealed an association between oral health and dementia risk in elderly people. Tooth loss, 

cavities, and periodontal disease appear to be risk factors that contribute to the progression of 

cognitive dysfunction [14], and poor oral health leads to tooth loss at the end stages of various 



 6 

oral diseases, including cavities and periodontal disease. Several large clinical surveys 

conducted in Sweden [15], Italy [16], Germany [17], China [18], and Japan [19, 20] have also 

revealed a relationship between tooth loss and dementia risk. An initial report proposed that 

dementia may be associated with the discontinuation of regular dental checkups which, in 

turn, results in poor oral health [15,16] (Table 1). Later reports focused on the relationships 

between Mini-Mental State Examination (MMSE) scores and the number of remaining teeth 

[17], the progression of cognitive dysfunction from MCI to dementia and the number of lost 

teeth [18], and the risk of all-cause dementia and the number of remaining teeth [20]. This 

change in viewpoint indicates that tooth loss is not due to a lack of oral health care associated 

with the progression of dementia, although this may be partially correct, but rather that tooth 

loss is directly associated with the progression of dementia.  

Subsequently, the issue of how tooth loss interacts with dementia became important. 

Currently, the effects of tooth loss on the progression of dementia are thought to be due to 

chronic inflammation induced by reduced masticatory forces [21, 22], periodontitis [23, 24], 

and neurodegeneration in the central nervous system [25]. 

 

Mastication and dementia 

The relationship between eating/swallowing and dementia in relation to tooth loss is 

an interesting topic for dentistry. There are two perspectives: 1) how dementia influences 

mastication, and 2) how a loss of masticatory function affects the progression of dementia. To 

assess how dementia influences mastication, Miura et al. [26] compared the masticatory 

abilities of aged women suffering from dementia with those of healthy women and found that 

the cognitively impaired population exhibited inferior scores for maximum bite force, 

occlusal contact area, and mastication. Furthermore, a major issue for elderly individuals with 
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impaired cognitive functions is difficulty in retaining and controlling dental health care [27, 

28]. 

Many studies, including animal studies, have been performed to evaluate how a loss of 

masticatory function affects dementia. Experimental studies have shown that removing the 

molars in mice leads to impairments in learning and spatial memory [29-31]. Onozuka et al. 

[32] suggested that disruption of the hypothalamic-pituitary-adrenal axis induces elevated 

plasma corticosterone levels and Ono et al. [33] proposed that impaired mastication due to 

tooth loss induces chronic stress in animals. Several human case studies have focused on the 

effects of mastication on cerebral blood flow (CBF), based on findings that mastication 

increases CBF in young adults [34-36]. It has been shown that both hippocampal activity and 

performance on a memory task increase in aged participants after chewing [37]. Additionally, 

mastication-induced enhancement of prefrontal cortical activity may be associated with better 

performance because over-recruitment of brain areas was observed in older adults with better 

cognition [38]. Although these findings suggest that tooth loss can be expected to reduce CBF 

in the elderly population, no strong evidence has been presented to show that decreased CBF 

is due to tooth loss. Currently, no direct relationships between CBF and changes in occlusion 

or neurodegeneration as seen in AD have been observed. It is possible that the deterioration of 

occlusion associated with tooth loss is indirectly involved in the progression of dementia but 

not directly related to the onset of dementia.  

  

Periodontitis and dementia   

Periodontal disease is the most likely oral health factor to have a relationship with the 

onset of AD due to its association with anaerobic bacteria and viruses. A recent review 

reported that approximately 10% of the global population suffers from severe forms of 
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periodontal disease based on a score of 4 on the Community Periodontal Index of Treatment 

Needs (CPITN) [39]. Periodontal disease can result in tooth loss if untreated. Therefore, it is 

important to evaluate the relationship between periodontal disease and dementia, particularly 

the roles played by pathogenic bacteria, bacterial toxins, and chronic inflammation. The 

prevalence of severe periodontitis increases with age, but peaks at age 40 and remains stable 

thereafter [39]. A human study conducted by Kaye et al. [40] assessed chronic periodontitis 

by probing depths and attachment loss and found that this disease is associated with low 

cognitive scores. Other studies have found no association between the severity of periodontal 

disease and dementia [41-46]. Thus, the relationship between periodontal disease and 

dementia remains unclear, but this may be due to differences in the survey methods used in 

different countries. 

It is also important to consider the systemic effects of periodontal disease-related 

bacteria in the blood circulation when assessing dementia. Strong epidemiological evidence 

indicates that periodontitis imparts an increased risk for future atherosclerotic cardiovascular 

disease [47]. The effects of periodontitis-related bacteria on systemic disease may manifest 

when an infection spreads from the oral cavity to a distant site that is then colonized by those 

specific bacteria, and subsequently, systemic inflammation arises due to an inflammatory 

immune response caused by the oral infection [48]. Pool et al. [49] investigated the 

relationship between dementia and periodontal bacteria and found that the major periodontal 

bacteria species is Porphyromonas gingivalis (Pg), and that its lipopolysaccharide (PgLPS) 

has been detected in the brains of AD patients; this finding has had a strong impact in this 

area of research. Subsequent studies reported that PgLPS induces activation of the 

leptomeninges/choroid plexus, which is formed at the blood-cerebrospinal fluid barrier 

(BCSFB), and results in microglia-mediated neuroinflammation [50, 51]. Recently, Dominy 
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et al. [52] demonstrated that an inhibitor targeting small molecule gingipain may be valuable 

for treating Pg brain colonization and neurodegeneration in AD. These authors reported that 

oral Pg infections in mice result in brain colonization and the increased production of a 

component of amyloid plaques. Furthermore, gingipains are neurotoxic both in vivo and in 

vitro and exert detrimental effects on tau. Taken together, these studies indicate that 

periodontal disease-related bacteria, particularly Pg, influence the progression of dementia.  

However, there still remains two unresolved problems concerning the relationship of 

AD and periodontal disease. One is that the periodontal disease becomes severe at middle age, 

but dementia progresses occur at elder age, and the other is that initial stage of dementia starts 

from a specific place such as the hippocampus, not the entire brain. Thus, it would be possible 

that periodontal disease-related chronic inflammation exacerbates the AD process.  

 

Novel findings on the effects of tooth loss 

Although many cohort studies have observed a relationship between the prevalence of 

AD and tooth loss or the number of residual teeth, no neuropathological evidence supporting 

this relationship has been presented to date. Dementia, including AD, is essentially a 

neurodegenerative disease. The neuropathological findings of AD differ from those of other 

types of dementia; thus, the present review will mainly discuss AD-related 

neurodegeneration. It is generally accepted that the major pathological findings of AD include 

the formation of amyloid plaques via the deposition of Aβ and the formation of 

neurofibrillary tangles via phosphorylated tau. Sperling et al. [4] reported that the deposition 

of Aβ in the central nervous system begins at a young adult age, even as young as 30 years 

old, and then gradually reaches a plateau at approximately 60–70 years of age. Adults of this 

age are not yet associated with the stage of dementia but are associated with MCI or the 



 10 

preclinical stage of dementia. Although Aβ can be considered a type of garbage that is 

emitted from nerves, it will be necessary to determine the original primary function of APP-

containing Aβ. Because the current issue is the type of neurodegeneration that influences the 

progression from MCI to dementia, the influence of tooth loss in this regard will be discussed.  

Initial AD-related neurodegeneration appears to begin in the nucleus basalis of 

Meynert, the entorhinal cortex, and the LC [53], after which it spreads to	most of the brain, 

including the cerebral cortex, basal forebrain, amygdala, and hypothalamus [54]. During tooth 

extraction, the trigeminal nerve is differentiated, thus it is important to investigate which of 

three neural sites may be affected by neurodegeneration after tooth extraction. The most likely 

site is the trigeminal mesencephalic nucleus (Me5) because it is located adjacent to the dorsal 

side of the LC [55]. The nerve endings present in the periodontal ligament that are damaged 

during tooth extraction are nociceptive-free, mechanoreceptive, vascular nerve endings. In 

these types of nerve endings, Ruffini endings act as mechanoreceptors, and it is known that 

the somata of periodontal afferents are located in Me5 [56]. Because the neurodegeneration of 

Me5 neurons results in their loss [57], it can be expected that Me5 neurons affected during 

tooth extraction will die. Subsequently, it is likely that additional negative factors can affect 

LC neurons.  

In preliminary experiments from our research group, the extraction of molars in mice 

resulted in the decrease of LC neurons as well as Me5 neurons. It is also known that tooth loss 

decreases hippocampal neurons [25] and that AD-related neurodegeneration cascades from 

Me5 neurons to the LC to the hippocampus, which could lead to the onset or progression of 

dementia. It is also possible that dental deafferentation may cause brain damage via altered 

cerebral circulation and dysfunction [58]. Despite the evidence presented in the above studies, 

it is necessary to conduct further histopathological and behavioral experiments in appropriate 
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AD mouse models to fully elucidate the relationship between tooth loss and AD. Actually, 

experiments using wild type mice or rat have not found clear data to indicate the effects of 

tooth loss on the progress of dementia [59, 60], and using different type of transgenic AD 

model mice negative effects of tooth loss were found [61]. To investigate the effect of tooth 

loss using an AD model mice, before tooth extraction it is necessary to clarify the 

predementia period of the AD model mice.  

   

 Conclusions 

According to previous cohort studies, the number of teeth may be a more important 

risk factor for AD than periodontal disease, which is closely related to the prevalence of 

dementia. Periodontal disease and masticatory disorders appear to exacerbate dementia rather 

than serve as causative factors, because the age of onset for dementia is relatively late. 

Additionally, the effects of tooth loss on the onset of dementia are due to masticatory 

disorders as well as the cascade of neurodegeneration due to tooth loss (Fig.1).  

Because dementia is generally considered a neurodegenerative disorder, it is 

important to identify where neurodegeneration begins. If the cascade of neurodegeneration 

proposed in the present review is correct, then tooth extraction in the elderly population may 

be a trigger for the progression of dementia, especially in patients with MCI who are at a high 

risk for a shift to dementia. Therefore, to avoid tooth extraction, it will be necessary to focus 

on the prevention of periodontal disease and to consider preventive methods that do not 

promote dementia, even if tooth extraction is needed. Finally, it will be necessary to collect 

further evidence using appropriate animal models of AD and effective experimental protocols 

that can clarify the relationship between tooth loss and dementia. 
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Table 1. Studies investigating the association between tooth loss and dementia. 
Published from 2014 to present only. 
Author, year 
(Reference) 

Population Results 

Fereshtehnejad 
et al,  
(2018), [15] 

58,037 newly 
diagnosed 
individuals from the 
Swedish Dementia 
Registry and the 
Swedish Dental 
Health Register 

Following dementia diagnosis, rate 
of dental care visits significantly declined. 
Individuals with 
mixed dementia, dementia with 
parkinsonism, and those with more 
severe and faster cognitive impairment 
had significantly higher rate of decline 
in dental care utilization. 
Vascular dementia and lower baseline 
Mini-Mental State Examination score 
were significant predictors of faster loss of 
teeth. 

D'Alessandro et 
al., 
(2018), [16] 
 

120 AD patients (60 
institutionalized in a 
public institute and 
60 attended a 
daytime center). 
About 103 subjects 
formed the control 
group. 

In the institutionalized subgroup, 
statistically more moderate and severe 
AD cases were detected and more 
patients were edentulous (p < 0.001). 
Noninstitutionalized patients presented 
DF/T ratio, CPI, and GI significantly lower 
(p ≤ 0.024). 

Okamoto et al., 
(2017), [19] 
 

3,061 community 
residents aged 65 
years or older who 
had a score of 24 or 
more on the Mini-
Mental State 
Examination. 

Multiple logistic regression analysis using 
these items revealed that the odds ratio of 
0–10 remaining teeth for mild memory 
impairment was 1.71 (95% CI 1.05–2.78), 
compared to individuals with 22–32 
remaining teeth. A significant increase 
was found in a trend test to examine the 
increasing odds ratios of 22–32, 11–21, 
and 0–10 remaining teeth. 

Takeuchi et al., 
(2017), [20] 
 

Community-dwelling 
Japanese adults 
without dementia 
aged 60 and older (N 
= 1,566) were 
followed for 5 years 

The risk of all-cause dementia was 1.62 
times as great in subjects with 10 to 19 
teeth, 1.81 times as great in those with 
one to nine teeth, and 1.63 times as great 
in those with no teeth as in those with 20 
teeth or more. An inverse association was 
observed between number of remaining 
teeth and risk of AD (P for trend = .08), 
but no such association was observed 
with risk of VaD (P for trend = .20). 

AD: Alzheimer’s Disease, D: decayed, F: filled, T: remaining natural teeth, CPI: 
community periodontal index, GI: gingival index, VaD: vascular dementia, CI: 
confidence interval. 
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Fig.1 
Schematic to show the effects of oral environments on the progress of dementia. 
Neurodegeneration by tooth loss directly accelerates the progress from mild cognitive 
impairment to dementia, whereas periodontitis and masticatory dysfunction indirectly involve 
in the progress of dementia.   

 

 


