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Abstract
OBJECTIVE: To explore the correlation between periodontal 
health and cognitive impairment in the older population to 
provide the evidence for preventing cognitive impairment from 
the perspective of oral health care in older adults.
METHODS: A comprehensive search was conducted in 
PubMed, Embase, the Cochrane Library, the Web of Science, the 
China National Knowledge Infrastructure, Wanfang Data, the 
China Science and Technology Journal Database, and the China 
Biomedical Literature Database, to include both cross-sectional 
and longitudinal cohort studies on the association between 
periodontal health and cognitive impairment in older adults. 
The search was completed in April 2023. Following quality 
assessment and data organization of the included studies, meta-
analysis was performed using Review Manager 5.4.
RESULTS: Twenty-two studies involving a total of 4,246,608 
patients were included to comprehensively assess periodontal 
health from four dimensions (periodontitis, tooth loss, occlusal 
support, and masticatory ability), with the outcome variable of 
cognitive impairment (including mild cognitive impairment, 
Alzheimer’s disease and all-cause dementia). Meta-analysis 
showed that, compared to those of periodontally healthy older 
adults, the risk of cognitive impairment in older adults with 
poor periodontal health, after adjusting for confounders, was 
significantly greater for those with periodontitis (OR=1.45, 95% 
CI: 1.20-1.76, P<0.001), tooth loss (OR=1.80, 95% CI: 1.50-2.15, 
P<0.001), compromised occlusal support (OR=1.87, 95% CI: 
1.29-2.70, P=0.001), and reduced masticatory ability (OR=1.39, 
95% CI: 1.11-1.75, P=0.005). The risk of cognitive impairment 
was higher in older adults with low-dentition than in those with 
high-dentition. Subgroup analysis revealed older individuals 
with fewer remaining teeth were at a higher risk of developing 
cognitive impairment compared to those with more remaining 
teeth, as shown by the comparison of number of teeth lost 
(7-17 teeth compared to 0-6 teeth) (OR=1.64, 95% CI: 1.13-
2.39, P=0.01), (9-28 teeth compared to 0-8 teeth) (OR=1.13, 95% 
CI: 1.06-1.20, P<0.001), (19-28 teeth compared to 0-18 teeth) 
(OR=2.52, 95% CI: 1.32-4.80, P=0.005), and (28 teeth compared 
to 0-27 teeth) (OR=2.07, 95% CI: 1.54-2.77, P<0.001). In addition, 
tooth loss in older adults led to a significantly increased risk of 
mild cognitive impairment (OR=1.66, 95% CI: 1.43-1.91, P<0.001) 
and all-cause dementia (OR=1.35, 95% CI: 1.11-1.65, P=0.003), 
although the correlation between tooth loss and the risk of 
Alzheimer’s disease was not significant (OR=3.89, 95% CI: 0.68-
22.31, P=0.13).
CONCLUSION: Poor periodontal health, assessed across 
four dimensions (periodontitis, tooth loss, occlusal support, 
and masticatory ability), represents a significant risk factor 

for cognitive impairment in older adults. The more missing 
teeth in older adults, the higher risk of developing cognitive 
impairment, with edentulous individuals particularly 
susceptible to cognitive impairment. While a certain degree 
of increased risk of Alzheimer’s disease was observed, no 
significant association was found between tooth loss and the 
risk of developing Alzheimer’s disease. Enhancing periodontal 
health management and delivering high-quality oral health care 
services to older adults can help prevent cognitive impairment.

Key words: Periodontal health, Alzheimer’s disease, cognitive 
impairment, older adults, meta-analysis. 

Introduction

Population aging is a global trend in the present 
era. According to statistics from the 2022 World 
Health Organization, the number and proportion 

of older people in all countries worldwide are on the rise. 
By 2030, one-sixth of the global population will be older 
than 60 years (1). Toward the middle of this century, the 
population aged 65 years and older is expected to double 
(2). The increase in global life expectancy reflects overall 
improvements in health conditions and highlights the 
growing demand for healthcare services for older people. 
Consequently, healthcare professionals need to identify 
and prevent risk factors associated with the health of 
older persons, providing high-quality healthcare services 
to those in need and ultimately enhancing their quality of 
life.   

Cognitive impairment is a syndrome characterized 
by the core symptom of acquired cognitive function 
impairment, which can lead to a decline in the 
patient’s daily life and work capacity, with or without 
accompanying behavioral abnormalities. Depending 
on its severity, it is classified into mild cognitive 
impairment (MCI) and dementia (3). A nationwide 
cross-sectional study in China reported that the 
prevalence of MCI among people aged 60 years and 
older was approximately one of six, while the overall 
incidence of dementia was approximately one 
sixteenth (4). Alzheimer’s disease (AD) is a progressive 
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neurodegenerative disorder and the most common 
form of dementia. The number of patients with AD in 
China has reached nearly 10 million (4). These increased 
numbers of patients place an enormous burden on 
families, society and the economy. Previous studies have 
shown that up to 40% of dementia risk can be avoided 
by altering modifiable risk factors (5). However, oral 
health is not typically considered among these factors, 
highlighting the need to investigate the potential link 
between oral health and dementia risk.

Periodontal health refers to the good condition of the 
gums, tissues surrounding the teeth, and jawbone in the 
oral cavity, free from inflammation, infection, or other 
diseases (6-8). Oral diseases represent a significant global 
public health issue, with mounting evidence indicating 
that as age increases, poor oral health becomes more 
prevalent. As the oral resistance of older people weakens, 
the susceptibility to periodontal diseases increases (9 ,10). 
The fourth Chinese national oral health epidemiological 
survey showed that periodontal diseases pose a common 
threat to oral health in Chinese residents, particularly 
the population aged 65 to 74 years in China, with only 
approximately one in eleven people maintaining healthy 
periodontal status (11). Failure to promptly address 
early symptoms of periodontal disease can lead to gum 
health issues, tooth loosening or even loss. This not only 
impairs oral mastication function and occlusal support 
but also poses a severe risk to overall health, increasing 
susceptibility to chronic diseases such as cardiovascular 
diseases and dementia (12). 

Given the significant impact of poor periodontal 
health on the overall health of older adults, particularly 
in relation to cognitive function, it is crucial to explore 
the correlation between periodontal health and cognitive 
impairment in the older population. Since many cognitive 
impairments are irreversible, it is necessary to clarify the 
correlation between periodontal health and cognitive 
impairment in older people to intervene in the risk 
factors that cause cognitive impairment, thus delaying or 
preventing its occurrence. This study intends to conduct 
a meta-analysis of cross-sectional and longitudinal 
cohort studies on periodontal health and cognitive 
impairment to investigate whether periodontal health 
is an independent risk factor for cognitive impairment 
in the older population, providing evidence for future 
preventive measures for cognitive impairment in older 
adults from the perspective of oral health care. 

Methods

Databases and search terms

The literature that study on the correlation between 
periodontal health and cognitive impairment in the older 
population was searched in eight databases, PubMed, 
Embase, the Cochrane Library, the Web of Science, the 
China National Knowledge Infrastructure, Wanfang 

Data, the China Science and Technology Journal Database 
and the China Biomedical Literature Database, between 
the establishment of the databases and April 2023. The 
following search terms were used: ‘periodontal health’, 
‘oral condition’, ‘cognition’, ‘cognitive impairment’, 
‘Alzheimer ’s disease’, ‘older adults’, and ‘older 
population’.

Selection and extraction criteria of articles

The inclusion criteria for articles were as follows: 
(1) study types: preferred longitudinal cohort study 
otherwise cross-sectional study, (2) study population: 
individuals aged 60 years or older, (3) studies available: 
odds ratios (OR), hazard ratios (HR), and relative 
risk (RR) associated with cognitive impairment, (4) 
exposure factors: periodontal health-related indicators, 
such as periodontitis, tooth loss, occlusal support, and 
masticatory ability, (5) outcome of the study: at least 
one of following cognitive screening tools were used 
to assess the cognitive status of the study population, 
including mini-mental state examination (MMSE), the 
Korean version of the mini-mental status examination 
(MMSE-KC), the Japanese version of the Montreal 
cognitive assessment (MoCA-J), the modified mini-mental 
state examination (3MS), and the consortium to establish 
a registry for Alzheimer’s disease – neuropsychological 
battery (CERAD-NB). The diagnostic criteria included 
the Petersen criteria, Diagnostic and Statistical Manual 
of Mental Disorders (DSM), International Statistical 
Classification of Diseases and Related Health Problems, 
10th edition (ICD-10), and National Institute on Aging-
Alzheimer’s Association (NIA-AA).

The exclusion criteria for articles were as follows: (1) 
literature with duplicates, incomplete data, or unclear 
outcome effects, (2) literature with flaws in research 
design and poor quality, (3) reviews, letters, conferences, 
case reports, and meta-analyses.

Literature screening and data extraction

The quality of the included studies was independently 
assessed and cross-validated by two other researchers 
using NoteExpress. In cases of disagreement, a third 
researcher was consulted to reach a consensus. Uncertain 
data were defined by contacting the original authors. An 
Excel database was established to draft a research data 
information table according to the needs of the relevant 
studies, extracting research-related information such as 
authors, publication year, region, study methodology, 
basic characteristics of the study population, sample size, 
exposure factors, and outcome indicators.

Assessment of bias risk

The quality of the included studies was independently 
assessed and cross-checked by two researchers. The 
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Newcastle‒Ottawa Quality Rating Scale (Newcastle-
Ottawa, NOS) was used to assess the quality of the 
included studies (13). This scale assessed the quality of 
studies based on three aspects: selection of study groups, 
comparability of groups, and ascertainment of exposure 
and outcomes. Of a possible score of nine, four points 
were included in the selection of study groups, two points 
were included in the comparability of groups, and three 
points were included in the ascertainment of exposure 
and outcomes. Included studies with a score of seven or 
more were considered as researches with high-quality.

Statistical analyses

The meta-analysis was performed using Review 
Manager 5.4. The effect size of each study outcome 
was described by the odds ratios (OR), hazard ratios 
(HR) and 95% confidence intervals (CI). Cochran’s Q 
test and chi-square (I2) test were used to assess the 
statistical heterogeneity between studies. The P value 
less than 0.05 and a value of I2 of 0% to 50% indicated 
statistical heterogeneity between studies, and a random 
effects model was selected. If there was no significant 
heterogeneity between study groups, a fixed effect model 
was chosen. Sensitivity analysis was also conducted to 
explore the sources of heterogeneity, and a funnel plot 
and Begg’s test were used to assess publication bias and 
the overall stability of the study. The P value less than 0.05 
was considered significant.

Results

Literature search

The preliminary search yielded 2028 pieces of related 
literature initially, and up to 2029 studies in total with 
an additional article obtained from other sources. After 
removing 317 duplicates, 1712 relevant articles were 
obtained. After screening the titles and abstracts, 1604 
articles were excluded, resulting in 108 remained articles. 
After the full-text review, 86 articles were excluded, 
leaving a final inclusion of 22 articles (14-35). Figure 1 
shows the flowchart of the selection process.

Characteristics of the included studies

A total of 22 studies were enrolled in this study 
including eight longitudinal cohort and 14 cross-sectional 
studies, with 4,246,608 participants. The 22 included 
studies had quality scores ranging from 6 to 8, indicating 
that they were having medium to high quality, as 
described in Table 1.

Different dimensions of poor periodontal health 
and cognitive impairment in older adults

Poor periodontal health was defined as an abnormality 
in at least one of four dimensions of periodontitis, tooth 
loss, occlusal support, or masticatory ability. Cognitive 
assessment tools and diagnostic criteria were used 
to screen for older adults with cognitive impairment. 
Among the 22 studies, six studies (16-20, 28) reported 
an association between periodontitis and cognitive 
impairment in older people, and the meta-analysis results 
showed that periodontitis had a negative impact on 
cognitive function in older adults (OR=1.45, 95% CI: 1.20-
1.76, P<0.001). Seventeen studies (19-35) investigated the 
link between tooth loss and cognitive impairment in the 
older population, indicating a significantly increased risk 
of cognitive impairment in older adults with tooth loss 
(OR=1.80, 95% CI: 1.50-2.15, P<0.001). Two studies (19, 
33) examined the association between occlusal support 
and cognitive impairment, demonstrating that older 
adults with poor occlusal support were more likely to 
experience cognitive impairment (OR=1.87, 95% CI: 1.29-
2.70, P=0.001). Three studies (15, 23, 29) explored the 
association between masticatory ability and cognitive 
impairment in the older population, suggesting that older 
adults with weak masticatory ability faced a significantly 
increased risk of developing cognitive impairment 
(OR=1.39, 95% CI: 1.11-1.75, P=0.005). Taken together, 
the analyses suggested that periodontitis, tooth loss, 
occlusal support, and masticatory ability all contribute to 
an increased risk of cognitive impairment in older adults 
(Figure 2).

Figure 1. Flow chart of literature screening
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(A) Association between poor periodontal health and cognitive impairment. (B) 
Association between tooth loss and cognitive impairment. (C) Association between 
occlusal support and cognitive impairment. (D) Association between masticatory 
ability and cognitive impairment.

Association of different numbers of teeth lost 
with cognitive impairment

Thirteen studies (19-28) investigated the association 
between specific number of teeth lost and cognitive 
impairment. Based on the reported numbers of tooth 
loss in each study, a further stratified analysis of the 
association between tooth loss and cognitive impairment 
was conducted, and ultimately 10 studies were included 
and divided into four groups (7-17 teeth compared to 
0-6 teeth, 9-28 teeth compared to 0-8 teeth, 19-28 teeth 
compared to 0-18 teeth, and 28 teeth compared to 0-27 
teeth). Two studies (25, 27) reported an association 
between the number of teeth lost (7-17 vs. 0-6) and 
cognitive impairment, highlighting the missing 7-17 
teeth as a risk factor for cognitive impairment (OR=1.64, 
95% CI: 1.13-2.39, P=0.01); five studies (19-23) revealed 
an association between the number of teeth lost (9-28 
vs. 0-8) and cognitive impairment, indicating that the 
missing 9-28 teeth posed a risk for cognitive impairment 
(OR=1.13, 95% CI: 1.06-1.20, P<0.001); two studies (24, 
26) demonstrated a link between the number of teeth 
lost (19-28 vs. 0-18) and cognitive impairment, with 
the missing 19-28 teeth identified as a risk factor for 
cognitive impairment (OR=2.52, 95% CI: 1.32-4.80, 
P=0.005); three studies (20, 22, 28) reported an association 
between the number of teeth lost (28 vs. 0-27) and 
cognitive impairment, revealing that complete tooth loss 

significantly heightened the risk of cognitive impairment 
(OR=2.07, 95% CI: 1.54-2.77, P<0.001). All above results 
showed that older people in the low-dentition group have 
a greater risk of cognitive impairment compared to those 
in the high-dentition group (Figure 3).

Association between tooth loss and mild 
cognitive impairment, Alzheimer’s disease and 
all-cause dementia

Thirteen studies (19, 20, 23, 24, 25, 27-34) reported 
that the tooth loss was considered a risk factor for MCI 
(OR=1.66, 95% CI: 1.43-1.91, P<0.001). Two studies (21, 22) 
indicated that tooth loss increased the risk of developing 
AD (OR=3.89, 95% CI: 0.68-22.31, P=0.13). Additionally, 
two studies (26, 35) found tooth loss to be a risk factor 
for all-cause dementia (OR=1.35, 95% CI: 1.11-1.65, 
P=0.003). The results suggested that tooth loss in older 
adults significantly elevates the risk of MCI and all-cause 
dementia, with a positive but statistically insignificant 
correlation between tooth loss and AD (Figure 4).

(A) Association between tooth loss (7-17 teeth compared to 0-6 teeth) and cognitive 
impairment. (B) Association between tooth loss (9-28 teeth compared to 0-8 
teeth) and cognitive impairment. (C) Association between tooth loss (19-28 teeth 
compared to 0-18 teeth) and cognitive impairment. (D) Association between tooth 
loss (28 teeth compared to 0-27 teeth) and cognitive impairment

Figure 2. Forest plot for association between different 
dimensions of poor periodontal health and cognitive 
impairment in older adults

Figure 3. Forest plots for association between different 
number of teeth lost and cognitive impairment in older 
adults
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(A) Association between tooth loss and mild cognitive impairment. (B) Association 
between tooth loss and Alzheimer’s disease. (C) Association between tooth loss 
and all-cause dementia.

Sensitivity analysis and publication bias 

Sensitivity analysis was performed with STATA 14.0 
to explore the overall impact of each study (Figure 
5A). Excluding in turn any of the studies for merging, 
the results did not change significantly, indicating the 
stability of the meta-analysis findings. A funnel plot 
suggested no small-scale effect on the correlation between 
periodontal health and cognitive impairment in the 
older population (Figure 5B). Since Egger’s test showed 
publication bias in the model (t=7.45, P<0.01), prompting 
the use of the trim and fill method for sensitivity analysis. 
Nine hypothetical unpublished studies were estimated by 
STATA 14.0. After incorporating the hypothetical studies 
in the adjusted model, the pooled analysis remained 
significant (Q=68.80, P<0.01) (Figure 5C, Figure 5D). 

Discussion

A meta-analysis of 22 recent publications showed a 
significant association between cognitive impairment 
and poor periodontal health in the older population. 
Periodontitis, tooth loss, and declines in occlusal support 
and masticatory ability all contributed to an increased risk 
of cognitive impairment in older adults after adjusting for 
confounders such as age and sex. In term to tooth loss, 
the more missing teeth, the higher risk of developing 
cognitive impairment in older adults, with edentulous 
older individuals particularly having a specially increased 
risk of cognitive impairment. Although there was a 
certain degree of increased risk of AD, no significant 
difference was observed between tooth loss and the 
risk of developing AD in older adults. Our research 
emphasizes the importance of enhancing periodontal 
health management and delivering high-quality oral 

health care services to older adults on preventing 
cognitive impairment.

The issue of periodontal health and cognitive 
impairment in older adults has become a focus of 
attention in the current aging society. Bumb (16) and 
Nilsson (18) both conducted longitudinal cohort studies 
on the relationship between periodontitis and cognitive 
impairment. The conclusions of both studies have shown 
that older individuals who developed periodontitis had 
a significantly increased risk of cognitive impairment 
5 to 6 years later. Furthermore, Hatta (19) conducted 
a 3-year follow-up study on the relationship between 
occlusal support and cognitive impairment, finding that 
older individuals who experienced cognitive impairment 
within 3 years (a decline of ≥ 3 points in MoCA scores) 
had poorer bite support. This study confirmed that 
occlusal support is an important indicator of the risk of 
cognitive decline related to periodontal health. However, 
the results regarding the association between tooth loss 
and cognitive impairment in the older population are 
inconsistent (23, 24, 27, 30, 36). Most studies (23, 24, 27) 
have shown that tooth loss increases the risk of cognitive 
impairment in older adults. One of the follow-up studies 
by Saito demonstrated that having multiple missing teeth 
(only 0-9 remaining) significantly increases the risk of 
developing cognitive impairment within four years (24). 
In contrast, after adjusting for confounding factors such 
as age, sex, and education level, Shin (30) and Wu (36) 
found no association between tooth loss and cognitive 
impairment in older adults. Our present study explored 
the correlation not only between periodontitis, but also 
tooth loss, occlusal support, and masticatory ability 
with cognitive impairment. We found that the increased 
number of missing teeth in older adults increased risk 
of MCI and all-cause dementia and a certain degree of 
increased risk in AD, although the association between 
tooth loss and AD was not significant. Specifically, when 
older adults had fewer than 10 remaining teeth, the risk 
of cognitive impairment significantly increased. The risk 
of cognitive impairment in older adults without any 
remaining teeth was at least twice as high as that in those 
with one or more teeth. These findings provide additional 
points of focus for follow-up preventive measures against 
cognitive impairment from the perspective of oral health 
care services.

The correlat ion between periodontal  health 
and cognitive impairment might involve in multiple 
mechanisms. First, oral pathogenic microorganisms 
and their toxic substances that caused periodontitis 
can directly affect the brain through the trigeminal/
olfactory/facial nervous system and the circulatory 
system, or indirectly induce systemic inflammation by 
migrating to the intestines and entering the circulatory 
system, or by disrupting the balance of intestinal 
microbiota through the enteric nervous system or 
indirectly mediating systemic inflammation, leading to 
neuroinflammation mediated by neuroglial cells (37, 38). 

Figure 4. Forest plots for the association between tooth 
loss and mild cognitive impairment, Alzheimer’s disease 
or all-cause dementia in older adults
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Second, periodontitis can contribute to the development 
of cognitive impairment in older adults by increasing 
the occurrence of chronic diseases such as cardiovascular 
disease and diabetes.  Previous studies have shown 
that diabetes, hypertension, hyperlipidemia, and other 
conditions are risk factors for cognitive impairment 
in older adults (4, 39-42). Third, as individuals age, 
physiological degeneration of tissues such as the gums 
and alveolar bone occurs, leading to tooth loss. Oral 
diseases such as periodontitis and dental caries can also 
cause tooth loss by damaging periodontal tissues and 
teeth. Research has shown a dose-response relationship 
between the number of missing teeth and the risk of 
cognitive decline, significantly strengthening the 
connection between tooth loss and cognitive impairment 
(43). Our study revealed that the number of missing teeth 
increased the risk of cognitive impairment in older adults, 
with a significantly higher risk for edentulous individuals 
than for those with partially missing teeth. This provides 
some clues for understanding the dose-response 

relationship. Severe tooth loss is related to chronic 
disease development (such as periodontitis), and long-
term chronic development may lead to complete tooth 
loss, increasing the likelihood of cognitive impairment. 
Currently, there is a lack of research on the details and 
evidence related to the causes and duration of tooth 
loss in the older population. Additionally, tooth loss in 
older adults can severely impact occlusal support (33, 44) 
and chewing, which leading the deficiency of important 
nutritional composition that important for maintaining 
cognitive function, such as vitamins B and C (45-47). 
Research has shown that chewing can have an impact on 
memory-related brain regions, such as the hippocampus 
(48). 

This study has several limitations. First, the 
current study explored the unidirectional impact of 
poor periodontal health on cognition in older adults. 
Research on the reverse effect of cognitive impairment 
on the development of periodontal health is limited. 
Furthermore, there is a notable lack of research on 

Figure 5. Sensitivity analysis and publication bias

(A) Sensitivity analysis. (B) Funnel plot with pseudo 95% confidence limits. (C) Begg’s funnel plot with pseudo 95% confidence limits. (D) Filled funnel plot with pseudo 
95% confidence limits.
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whether deteriorating periodontal health worsens with 
the progression of dementia. Additional longitudinal 
studies are needed to confirm the interaction between 
periodontal health and cognition. Second, only 
observational studies were included in the research, and 
further expansion of the study types is needed. Future 
experimental studies could confirm the association 
between periodontal health and cognitive impairment 
and identify interventions that effectively maintain 
periodontal health and delay the onset of cognitive 
impairment in older adults. 

Conclusion

Based on the available evidence, we conducted a meta-
analysis of the correlation between four dimensions of 
oral health (periodontitis, tooth loss, occlusal support and 
masticatory ability) and the risk of cognitive impairment 
in older adults. Our findings indicated that periodontitis, 
tooth loss, occlusal support and masticatory ability all 
contribute to an increased risk of cognitive impairment in 
older adults. Further analysis of the correlation between 
tooth loss and cognitive impairment revealed that the 
greater the number of missing teeth in older adults, the 
higher the risk of developing cognitive impairment, 
with edentulous older individuals particularly at an 
increased risk of cognitive impairment. However, there 
was no significant association between tooth loss and 
the risk of developing AD in older adults. Tooth loss 
was positively associated with the risk of developing all-
cause dementia and mild cognitive impairment among 
older adults over the age of 60, and additional studies are 
needed to support this conclusion. This study emphasizes 
that maintaining good periodontal health is crucial for 
preventing cognitive impairment of older individuals. 
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