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Background: Epidemiological studies have provided evidence suggesting an
association between Alzheimer's disease (AD) and various oral manifestations.
However, conflicting conclusions have been drawn, and whether a causal
association truly exists remains unclear.

Methods: In order to investigate the potential causal association between
AD and prevalent oral diseases, we conducted a bi-directional two-sample
Mendelian randomization analysis based on summary statistics from genome-
wide association studies of AD (N = 63,926), as well as mouth ulcer (N = 461,103),
oral cavity cancer (N =4,151), and periodontal disease (N = 527,652).

Results: We identified that one standard increase in the risk of AD was causally
associated with a reduced risk of oral cavity cancer (OR=0.76, 95% Cl: 0.63—-
0.92, p =3.73x1073). In the opposite direction, oral conditions were not causally
associated with risk of AD.

Conclusion: The present findings contributed to a better understanding of the
correlation between AD and oral conditions, specifically oral cavity cancer. These
results also identified new avenues for exploring the underlying mechanisms of
oral cavity cancer.

KEYWORDS

Alzheimer’s disease, oral conditions, oral cavity cancer, Mendelian randomization,
causation analysis

Introduction

The world’s older population is continuing to grow at an unprecedented rate. Around 8.5%
of people worldwide are aged 65 and over nowadays, and this percentage is projected to nearly
double over the next three decades. Oral health has been a neglected dimension of global
health in the aging population (1). For example, oral cavity cancer is of particular concern for
older adults, with around 70% diagnosed between the ages of 46 and 75years old (2). The
prevalence of periodontal disease increased gradually with age (3), and is highest in those aged
60years and older (4). Mouth ulcers affect individuals of all ages, but are more common in
older adults (5). Oral diseases and conditions that are associated with aging concomitantly
result in an increased need for preventive, restorative, and periodontal dental care.
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Alzheimer’s disease (AD) is the most common manifestation of
elderly dementia, characterized by extracellular f-amyloid peptide,
hyperphosphorylated tau protein, and neuronal or synaptic loss. Close
correlation has been identified between AD and common oral
conditions (6, 7). For example, compared to older people who are
cognitively intact, older people who develop dementia are at increased
risk of establishing oral health problems, such as periodontitis and
ulcers (8). Among those aged 65years and over, AD incidence and
mortality were consistently associated with periodontal disease (9), and
previous study has shown that older people with periodontal disease
may have an increased risk of AD (10). Meanwhile, inverse association
has been identified between AD and various types of cancer, suggesting
potential shared inverse etiological mechanisms (11). A previous
longitudinal population-based cohort study identified that patients
with oral cavity cancer were in higher risk of developing AD (HR=1.74,
95% CI: 1.27-2.83) (12), though negative result has also been reported
(13). The precise mechanism and aetiology of oral manifestations in
AD is not clear. One hypothesis is the chronic infection and system
inflammation (14). In oral diseases, the exacerbated host inflammatory
response is associated with greater amount of tissue damage, while
inflammation plays a key role in the pathophysiology of AD. Another
mechanism that has been suggested to underlie association between
poor oral health and AD is diet and nutrition. Chewing deficiency
among the elderly affects quality of diet and nutrient intake by leading
to reliance on mashed food, carbohydrate, and confectioneries, as well
as fewer fruits and vegetables, which might be risk factor of AD (15).
In addition, AD patients have greater impairment of oral health
because of their progressive cognitive impairment, which would affect
their oral hygiene habits. Poor oral hygiene, difficulty in wearing
dentures, and the inability to self-care such as carrying out oral hygiene
procedures are the probable causes of impaired oral health in AD (6).
These multiple lines of evidence suggested important correlation
between AD and oral health, yet the complex interplay between AD
and oral conditions complicates the analysis. Observational studies face
the inherent challenge of accounting for confounding biases without
the benefit of randomization, making it difficult to establish causation.
Therefore, the question of whether AD plays a causal role in these oral
manifestations remains largely unknown.

In this context, we aimed to explore the causal association between
AD and prevalent oral diseases with two-sample Mendelian
randomization (MR) analysis, which is a statistical method increasingly
utilized to establish causal relationship between an exposure and a
specific outcome. This method relies on leveraging single nucleotide
polymorphisms (SNPs) as instrumental variables to strengthen the
validity of causal inference (16, 17). By employing genetic variants as
instrumental variables, MR offers a means to mitigate bias resulting
from unobserved confounding between the exposure and outcome
variables. In the current study, we investigated the causal relationship
between AD and prevalent oral diseases, specifically mouth ulcers,
periodontal disease, and oral cavity cancer, and identified that AD was
associated with a decreased risk of oral cavity cancer.

Abbreviations: AD, Alzheimer's disease; SNP, Single nucleotide polymorphism; LD,
Linkage disequilibrium; IVW, Inverse variance weighted; GWAS, Genome-wide

association study; MR, Mendelian randomization.
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Methods
GWAS summary datasets

The GWAS summary datasets utilized in the current study were
provided in Supplementary Table S1. We obtained summary statistics
of AD from a previous genome-wide association study (GWAS)
among 21,982 cases and 41,944 controls of European ancestry (18). To
select instrumental variables, we identified SNPs that met the genome-
wide significance threshold (p <5x107®) and exhibited low linkage
disequilibrium (r* <0.001) with other SNPs within a clumping
distance of 10,000kb as exposure for each trait. We analyzed three oral
diseases as outcomes, including mouth ulcer (N =461,103) (19),
periodontal disease (N =527,652) (20), and oral cavity cancer
(N=4,151) (21), based on available summary statistics from previous
GWAS. The effects were harmonized to ensure that the effect estimates
in both the exposure and outcome GWAS corresponded to the same
allele for each SNP.

Two-sample Mendelian randomization
analysis

Conducting MR analysis requires three fundamental assumptions:
(A) relevance assumption: the instrumental variables used are
associated with the exposure of interest; (B) independence assumption:
the instrumental variables are independent of any confounding factors
that may influence the association between the exposure and the
outcome; and (C) exclusion-restriction assumption: the instrumental
variables are conditionally independent of the outcome, given the
exposure and the confounding factors. These assumptions serve as
prerequisites for valid causal inference in MR analyses.

In our study, a two-sample MR analysis was conducted using the
random effects inverse variance weighted (IVW) method. This
approach allowed us to assess the causal effect of AD on the risk of oral
diseases. Bonferroni-corrected thresholds (0.05/3=0.017) were
adopted to account for multiple testing. Additionally, to validate the
significant findings, we employed the weighted median and weighted
mode methods as alternative approaches. These two methods were
used as supplementary analyses to confirm the robustness and
consistency of the results.

In the second stage, we investigated whether oral conditions,
acting as a potential risk factor, could causally influence the risk of
AD. We conducted MR analysis to assess the causal role of oral
conditions in AD with the same workflow. SNPs meeting the genome-
wide significance threshold (p <5x107%) and having low linkage
disequilibrium (r* <0.001) with other SNPs within a clumping
distance of 10,000 kb were chosen as exposure for each oral disease,
while summary statistics of AD were used as the outcome. Given that
no loci were significant (p<5 x107%) for oral cavity cancer and
periodontal disease, a more relaxed significance threshold
(p<1x107°) was used.

In order to assess the potential violation of MR assumptions in the
analysis, we conducted several sensitivity analyses to evaluate the
robustness of our results and to account for any potential biases or
violations of the MR assumptions. To assess the strength of the effect
of each SNP on the exposure traits, we calculated the F-statistic. SNPs
with an F-statistic below 10 were considered as weak instruments and
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subsequently excluded from the analysis. It is important to address the
issue of pleiotropy, where the selected SNPs may have effects on
multiple traits. To identify and mitigate the influence of horizontal
pleiotropy outliers, we employed MR-PRESSO, a statistical method
specifically designed for detecting and correcting for such outliers.
The identified outliers were removed from the analysis to minimize
the impact of horizontal pleiotropy on the results. Cochrans Q
statistic, which is derived from the IVW estimate, should follow a y*
distribution with degrees of freedom equal to the number of SNPs
minus 1. In order to assess heterogeneity in the MR estimates,
we conducted Cochran’s Q test, which allowed us to examine if there
was significant variation across the instrumental variables in
estimating the causal effect. Additionally, we employed MR-Egger
regression, which is a weighted linear regression model that
incorporates the SNP-outcome effects and SNP-exposure effects,
allowing for the estimation of the intercept. The intercept in MR-Egger
regression provides an estimate of the average pleiotropic bias, which
can indicate the presence of potential pleiotropy in the analysis. The
statistical power was calculated at http://cnsgenomics.com/shiny/
mRnd/. The R package TwoSampleMR 0.5.6 was used for the
statistical analyses.

Results

Using the two-sample MR approach, we investigated the potential
role of AD in the risk of three common oral diseases. Results showed
that one standard deviation increase in genetically determined higher
risk of AD was significantly associated with a reduced risk of oral
cavity cancer (OR=0.76, 95% CI: 0.63-0.92, p=3.73 x 107°) (Figure 1).
Such association was further verified by the weighted median
(OR=0.75, 95% CI: 0.59-0.96, p=0.023) and weighted mode
(OR=0.75, 95% CI: 0.58-0.97, p=0.042) methods (Figure 2). The

10.3389/fneur.2024.1391625

funnel plot demonstrated a visually symmetrical distribution,
indicating the absence of significant directional pleiotropy that could
influence the estimates (Figure 2). In contrast, our analysis did not
reveal a significant association between AD and the risk of mouth
ulcers or periodontal disease. In the opposite direction, we did not
find any significant associations suggesting that oral conditions act as
risk factors for AD (Figure 1; Supplementary Figures S2-S5).

Furthermore, we performed a number of sensitivity analyses
to validate the causal association between AD and the oral
diseases. The Cochran’s Q test indicated no significant
heterogeneity among the instrumental variables, suggesting
consistent estimates of the causal association between AD and the
oral diseases (Table 1; Supplementary Table S2). The F statistics of
all the instrumental variables were above 10 (ranging from 19 to
962), indicating that the selected instruments were sufficiently
strong to provide reliable estimates. Furthermore, the MR-Egger
regression analysis did not provide evidence of horizontal
pleiotropy, as the intercept was not significantly deviated from
zero. Moreover, the MR-PRESSO analysis did not detect any
potential instrumental outliers, indicating that the instrumental
variables used in the analysis were not influenced by pleiotropic
effects. Overall, these results enhanced the validity and reliability
of the MR analysis results.

Discussion

Previous clinical and epidemiological studies have indicated a
close relationship between AD and various oral diseases. However, the
conclusions drawn from these studies have been inconsistent.
Moreover, unmeasured confounding factors in clinical studies can
introduce biases that are difficult to account for. In light of these
challenges, we conducted a study utilizing the MR approach to
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FIGURE 1
Forest plot showing results from the Mendelian randomization analysis. Results from the Mendelian randomization (MR) analysis to evaluate causal role
of (A) Alzheimer's disease in three oral conditions, and (B) three oral conditions in Alzheimer's disease. Estimates are per 1 standard deviation (SD)
increase in the trait. Bold p-value denotes significant association (p <0.017).
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FIGURE 2
Mendelian randomization analysis results for Alzheimer's disease on risk of oral cavity cancer. (A) Scatter plot of genetic associations with Alzheimer's
disease (horizontal lines) against genetic associations with oral cavity cancer (vertical lines). Error bars for genetic associations are 95% confidence
intervals. The slopes of each line in the scatter plot represent the causal association for each method. (B) Funnel plot of single-SNP effect estimates
and corresponding inverse standard errors. (C) Forest plot of the association of individual SNPs with Alzheimer's disease and oral cavity cancer,
together with pooled estimates. (D) Forest plot of the results of the leave-one-out sensitivity analysis, where each SNP in the instrument was iteratively
removed from the instrumental variables.

TABLE 1 Heterogeneity and horizontal pleiotropy analyses of Alzheimer's disease in three oral conditions.

Oral conditions Heterogeneity Horizontal pleiotropy MR-PRESSO
IVWQ  IVWQdf  IVWp  Egger intercept SE p-value

Mouth ulcers 26.07 17 0.07 —1.00 x 107 3.74x 107 0.79 0.11

Oral cavity cancer 19.07 16 0.26 3.81x 107 2.67 x 1072 0.89 0.28

Periodontal disease 13.70 16 0.62 —1.38 x 1072 8.22x107° 0.12 0.64

IVW, inverse variance weighted; Q, Cochran’s Q test estimate; df, Cochran’s Q test degrees of freedom; SE, standard error.

examine the causal role of AD in the risk of three oral diseases. Cancer and AD are common diseases in the aging population.
Additionally, we investigated the reverse relationship between these ~ Previous epidemiological studies have identified an inverse association
oral diseases and AD. Our analysis revealed a significant association =~ between AD and various types of cancer, suggesting potential shared
between AD and a decreased risk of oral cavity cancer. These findings  inverse etiological mechanisms (11, 22). However, conflicting results
contribute to a better understanding of the involvement of AD in oral ~ have also been reported (23). In the current study, we identified that
diseases and provide insights that can aid in the investigation of the ~ AD was associated with a decreased risk of oral cavity cancer using the
pathogenesis of oral cavity cancer. MR approach. Though the precise aetiology of reduced risk of oral
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cavity cancer in AD remains unclear, the biological mechanisms
involved in both diseases have been proposed, such as sustaining
proliferative signaling, cell death, and grow suppressors (24).
Additionally, processes related to cell growth and survival, as well as
the production of specific molecules including the anti-stress response
protein vimentin and the enzyme carbonic anhydrase, are all
upregulated in cancer, while these processes and proteins are
downregulated in AD (25). Another study found that the proteins p53
and PIN1 were implicated in both cancer and Alzheimer’s biomarkers
(26). These accumulating evidence pointed towards potential shared
pathogenesis between AD and oral cavity cancer. In the opposite
direction, we did not identify association between oral cavity cancer
and AD, suggesting oral cavity cancer might not causally influence the
risk of AD from the genetic perspective. In contrast, one previous
epidemiological study has identified higher risk of AD in patients with
oral cavity cancer (12). However, the increased risk might be due to
treatment for the cancer. A majority of patients with oral cavity cancer
will receive radiation therapy, while radiation-related brain damage
will be caused as the treatment site is adjacent to the brain when
radiation therapy is administered. Consistently, one previous cohort
study showed that patients with nasopharyngeal cancer treated with
radiation therapy were more likely to develop dementia than normal
controls (27). Nevertheless, the sample size of the GWAS on oral
cavity cancer used in the current study was small, with no significant
variants identified. The suggestively significant variants used as
instrumental variables might limit the statistical power. Therefore,
replication studies with larger sample sizes were still needed.
Meanwhile, more in-depth studies are required to gain a
comprehensive understanding of the role of AD in the development
and progression of oral cavity cancer. Further investigations can
explore the underlying mechanisms, such as common molecular
pathways or genetic factors that may contribute to the
observed association.

Periodontitis is a prevalent chronic inflammatory disease affecting
the teeth-supporting tissues, ultimately leading to tooth-loss if not
treated. Periodontitis is linked to several systemic conditions with
underlying pathophysiological features related to chronic
inflammation or altered immune system function such as rheumatoid
arthritis and diabetes mellitus. There is also increasing evidence that
inflammation plays a key role in the pathophysiology of AD (28).
From the epidemiological perspective, one previous study found that
periodontitis was associated with cognitive impairment among 2,355
participants aged 60 years or over (29). However, it is important to
note that the limited statistical power of our study may have influenced
the results. Given this limitation, further replication of our findings is
warranted to draw more definitive conclusions regarding the
association between AD and periodontal disease.

Previous study has shown that patients with AD had poorer oral
health than the general population (7). Cognitive impairment in
patients with AD may contribute to the worsening of oral hygiene thus
aggravating oral infections (30). Meanwhile, AD could cause frequent
dehydration, which leads to dry mouth from low saliva production.
This puts patients with AD at higher risk of tooth decay, gum disease,
and tooth loss if not treated properly. In the current study, we did not
identify a causal association between AD and the risk of mouth ulcer.
However, it is important to acknowledge that the proportion of
variance explained by the instrumental variables used in our study for
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the exposures was relatively small (Supplementary Table S3). This
limited the statistical power to detect associations with moderate effect
sizes. Therefore, it is important for future research to consider larger
sample sizes or the inclusion of additional instrumental variables to
enhance the power and detect potential associations with greater
precision. In addition, the study results primarily derive from cohorts
of European individuals, necessitating caution in generalizing these
findings to other ethnic populations. Future research endeavors should
prioritize the inclusion of diverse ancestral cohorts to validate and
extend the observed associations.

In conclusion, our study revealed a significant association between
AD and a decreased risk of oral cavity cancer. These findings
contribute to a better understanding of the relationship between AD
and oral conditions. By shedding light on the connection between AD
and oral cavity cancer, our findings offer valuable insights that can
inform further research and clinical practices.
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