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Abstract

Objective: This study explores the possible connection between periodontitis and

gut microbiota in East Asians, a relationship that has been largely unexplored

until now.

Methods: Using publicly available genome‐wide association study (GWAS) data, we

performed Mendelian randomization (MR). We analyzed GWAS summary statistics

to assess if gut microbiota could causally influence periodontitis risk. We applied

methods such as MR‐Egger, weighted median, inverse variance weighting, and

simple MR, and conducted sensitivity analyses to confirm our findings.

Results: Utilizing the Inverse‐Variance Weighted approach, we identified potential

causal relationships between 17 host‐genetically influenced gut microbiota char-

acteristics and periodontitis, including Granulicatella adiacens, Bilophila wadsworthia,

and Thermosinus. Specifically, G. adiacens was linked to an increased risk of peri-

odontitis (odds ratios [OR] 1.07, 95% confidence interval [CI] 1.02−1.15, p = 0.0004),

while B. wadsworthia was linked to a decreased likelihood of tooth loss (OR 0.98,

95% CI 0.96−0.99, p = 0.0005). No evidence of pleiotropy or heterogeneity was

observed across sensitivity analyses.

Conclusion: This study reveals a causal relationship between specific microorgan-

isms and periodontitis in the Asian population, shedding light on the influence of gut

microbiota on periodontitis.
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1 | INTRODUCTION

Periodontitis (PD) is a long‐term inflammatory condition that affects

the tissues surrounding and supporting the teeth, marked by the

breakdown of the periodontal ligament, loss of alveolar bone, and the

formation of periodontal pockets, ultimately leading to tooth mobility

and, in severe cases, tooth loss. The development of periodontitis

results from the complex interplay between pathogenic bacteria and

the body's immune response, with various risk factors such as

inadequate oral hygiene, smoking, and genetic predisposition con-

tributing to its onset.1,2 Current evidence suggests that periodontitis

ranks as the sixth most prevalent disease worldwide.3 In this respect,

by 2019, it was estimated that between 20% and 50% of the global

population would be affected by periodontal disease, making it
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the second most widespread oral disorder worldwide.4 Besides,

periodontitis contributes to a loss of approximately 7.09 million

Disability‐Adjusted Life Years, equating to 1 year of overall health.5

Additionally, individuals with multiple missing teeth may appear

older, experience reduced chewing function, and encounter difficul-

ties with pronunciation.6 Furthermore, an increasing amount of evi-

dence demonstrated a connection between periodontitis and sys-

temic diseases. Numerous studies have established links between

periodontal inflammation and different disorders such as Cardiac

disorders,7 metabolic disorders,8 pulmonary conditions,9 and

unfavorable pregnancy outcomes.10 Therefore, gaining a compre-

hensive understanding of the factors that either promote or mitigate

periodontitis is of utmost importance. Recent research has suggested

that the link between gut microbiota and periodontitis may be

attributed to a two‐way communication pathway known as the “gut‐

oral‐axis,” which exists between the gastrointestinal tract and the oral

environment.11,12 This axis involves bidirectional communication

between the gut and oral microbiota. Mechanisms include the

transfer of oral bacteria to the gut and the impact of gut microbiota

on the oral microbiota through immune responses and systemic

inflammation. Oral pathogens and their byproducts can also migrate

to other parts of the body, including the gut, influencing immune

responses and systemic inflammation. During gut dysbiosis, micro-

biota may affect the oral microbiota and contribute to oral

diseases.13–15 However, the current understanding of this axis

remains limited, warranting further research on specific microbial

species, metabolites, their role in diseases, and potential therapeutic

interventions.

The existing literature suggests a connection between peri-

odontitis and the gut microbiota.16–18 Studies have indicated that

changes in the oral microbiota, particularly microbial dysbiosis, can

play a role in the onset and progression of periodontitis.19 Oral

pathogens can enter the bloodstream through gum tissues, poten-

tially impacting the composition and function of the gut microbiota.

However, it is worth noting that the authors of these studies did not

explicitly emphasize the significant role of oral microbial dysbiosis in

the etiology of periodontitis. Indeed, an exploration of the interplay

between oral and gut microbiota would provide further insights into

the disease's pathogenesis. Additionally, a comprehensive under-

standing of the host response and other contributing factors would

enhance our comprehension of the development and progression of

periodontitis.

Mendelian randomization (MR) offers a method to explore

potential causal connection between exposures and outcomes using

instrumental variables (IVs). Previous MR studies have identified

connections between gut microbiota and various disorders.20–23

Nevertheless, these MR analyses did not specifically examine the

causal link between gut microbiota and periodontitis. Therefore, this

study sought to examine potential link between gut microbiota and

the risk of periodontitis in the East Asian population. We employed

MR, utilizing genome‐wide association study (GWAS) data sets from

a previous investigation.24

2 | MATERIALS AND METHODS

2.1 | Design of the study

Figure 1 presents a comprehensive synopsis of the study design. To

investigate the relationship between periodontitis and gut microbiota

influenced by host genetics, a two‐sample MR approach was em-

ployed. single nucleotide polymorphisms (SNPs) for each MR study

instrument were selected according to these criteria: (i) the associa-

tion assumption, indicating SNPs were linked to exposure levels; (ii)

the independence assumption, asserting SNPs are unassociated with

confounders of both exposure and outcome; and (iii) the exclusion

restriction assumption, stating SNPs influence outcomes exclusively

through exposure.

F IGURE 1 Illustrates the study design of the current MR investigation on the connections between gut microbiota and periodontitis.
MR, Mendelian randomization.
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2.2 | Summary statistics from genome‐wide
association studies

The exposure data were derived from summary statistics of the

microbiota GWAS from recently conducted research. The GWAS

data included 2002 Chinese individuals with 1539 fecal sam-

ples.24 Using an MGIEasy kit, feces were collected, and stool

DNA was extracted according to the MetaHIT technique. Ac-

cording to recent studies, relevant SNPs were identified with a p

Value below 1 × 10−5.25–28

Compiling the summary data for periodontitis was based on

the most recent meta‐analysis of GWAS carried out by the BBJ

collaboration. This study comprised 9560 cases and 169,166

controls.29 In the revised International Classification of Diseases

(ICD‐10) code, cases of periodontitis were identified as K05.30

and K05.31.

2.3 | Identifying IVs

First, to validate the initial MR hypothesis, exposure‐related SNPs

needed to meet a genome‐wide significance threshold of p < 1×105.

To confirm the independence of the SNPs,30 we evaluated linkage

disequilibrium by assessing r2 values greater than 0.001 and clump

distance exceeding 10,000 kb. To evaluate IV strength, the F statistic

and the percentage of variation explained were calculated for each

microbial taxa and imputed.

2.4 | Statistical analysis

In our study, we utilized four MR approaches to evaluate the

correlation between gut microbiota and periodontitis. The find-

ings from the IVs were regressed using the inverse variance

weighting (IVW) approach for the primary analysis.31 Further-

more, the MR‐Egger technique and weighted median were

incorporated. To assess individual variability, Cochran's Q sta-

tistic for IVW and the MR‐Egger approach were employed.32 Our

findings predominantly relied on the IVW method, irrespective of

heterogeneity. The MR‐Egger intercept test evaluated the pres-

ence of pleiotropy in SNPs.33 To test the reliability of the find-

ings, a sensitivity analysis was performed.34 The odds ratios (OR)

for all MR estimates are displayed with 95% confidence intervals

(CIs). To determine the robustness or fragility of IVs, we em-

ployed the following formula to calculate the F‐statistic.35

R β F R N R= 2 × EAF × (1‐EAF) × , = ( ‐2)/(1‐ ).2 2 2 2

Where, N indicates the total number of exposure GWAS

samples and the SNP impact size on exposure. Statistical analyses

were implemented using the TwoSampleMR R package36

(version 0.5.6).

3 | RESULTS

3.1 | Overview

All IVs related to the human gut microbiota exhibited F‐statistics

ranging from 21.43 to 36.45, exceeding the cutoff of >10, sug-

gesting a minimal likelihood of weak instrument bias. Additional

details can be found in Supporting Information S1: Table 1, which

presents results regarding the associations between 500 bacterial

traits and the risk of periodontitis. Notably, we identified the

presence of 17 distinct types of gut bacteria (as detailed in

Table 1 and Figure 2) were linked to susceptibility to

periodontitis.

3.2 | The causal effect of gut microbes on
periodontitis

The IVW method unveiled 17 different gut microorganisms that

were linked to periodontitis, including s_Granulicatella_adiacens,

s_Bilophila_wadsworthia, g_Thermosinus, g_Granulicatella, s_

Bifidobacterium_angulatum, s_Streptococcus_constellatus, g_Ther-

moanaerobacter, MF0095_propionate_production_III, MF0050_

threonine_degradation_II, s_Bacteroides_uniformis, MF0003_pec-

tin_degradation_I, MF0082_putrescine_degradation, g_Cronobacter,

g_Leuconostoc, s_Prevotella_salivae, o_Campylobacterales, and

s_Escherichia_albertii. Detailed results are presented in Table 1

and Figure 2. Out of these gut microbiomes, six exhibited a

negative correlation with the risk of periodontitis, while 11

demonstrated a positive correlation. Notably, 15 gut microbiota

stayed significant after FDR adjustment.

As illustrated in Figure 2, our research unveiled a correlation

between a higher susceptibility to periodontitis and the presence

of s_Granulicatella_adiacens, g_Thermosinus, g_Granulicatella, and

s_Bifidobacterium_angulatum, resulting in an increased risk (OR).

Specifically, the OR was 1.07, with a 95% CI of 1.02−1.11 and a

p Value of 0.0004 for s_Granulicatella_adiacens; OR of 1.04, 95%

CI: 1.01−1.07, p = 0.0007 for g_Thermosinus; OR of 1.06, 95% CI:

1.02−1.10, p = 0.0007 for g_Granulicatella; and OR of 1.04, 95%

CI: 1.01−1.08, p = 0.0008 for s_Bifidobacterium_angulatum. In

contrast, s_Bilophila_wadsworthia was linked to a lower chance of

developing periodontitis (OR: 0.98, 95% CI: 0.96−0.99,

p = 0.0005).

P‐values from the Cochran Q approach were above 0.05,

suggesting no heterogeneity (Supporting Information S1:

Table 2). In sensitivity analyses, MR‐Egger produced consistent

findings (Figure 3). Moreover, MR‐Egger regression revealed little

to no evidence of directional pleiotropy in these microbial genera,

with intercept p‐values of 0.517 for s_Granulicatella_adiacens,

0.628 for s_Bilophila_wadsworthia, 0.875 for g_Thermosinus, 0.427

for g_Granulicatella, and 0.578 for s_Bifidobacterium_angulatum

(Supporting Information S1: Table 3).
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3.3 | Multivariable MR analysis

To investigate the potential impact of horizontal pleiotropy on our find-

ings, we conducted a multivariable MR analysis adjusting for BMI. Except

for s_Bilophila_wadsworthia, no pleiotropic effects were identified after

controlling for BMI (as shown in Figure 4). In models adjusted for BMI, the

multivariate MR approach revealed a significant association between gut

microbiota and periodontitis, consistent with the univariate analysis.

Notably, the calculated causal effect for s_Granulicatella_adiacens on

periodontitis was 1.08 (95% CI 1.01−1.21, P value for multivariable

mendelian randomization (Pmvmr) = 0.032). Comparable findings were

detected for g_Thermosinus on periodontitis (OR=1.02, 95% CI

1.01−1.08, Pmvmr = 0.047), g_Granulicatella (OR=1.04, 95% CI

1.01−1.09, Pmvmr = 0.025), and s_Bifidobacterium_angulatum (OR=1.03,

95% CI 1.01−1.12, Pmvmr =0.046). These findings indicate that BMI did

not exert pleiotropic effects on the composition of gut microbial taxa or

the development of periodontitis.

4 | DISCUSSION

Our research primarily aimed to examine the causal relationship

between gut microbiota and periodontitis using a two‐sample MR

approach. Our findings provide compelling evidence supporting a

F IGURE 2 The impact of specific gut microbial genera on periodontitis was determined to be statistically significant (p < 0.05).

F IGURE 3 The risks of periodontitis are depicted in a forest plot showing the connections between genetically determined gut microbial genera.

XIA ET AL. | 5 of 8



genetically predicted association between gut microbiota and peri-

odontitis among individuals in the East Asian population. Specifically,

we observed that several bacteria, including Granulicatella adiacens,

Thermosinus, Granulicatella, and Bifidobacterium angulatum, were

linked to an increased risk of periodontitis (OR 1.07, 95% CI

1.02−1.11, p = 0.0004 for G. adiacens; OR 1.04, 95% CI 1.01−1.07,

p = 0.0007 for Thermosinus; OR 1.06, 95% CI 1.02−1.10, p = 0.0007

for Granulicatella; and OR 1.04, 95% CI 1.01−1.08, p = 0.0008 for B.

angulatum), while Bilophila wadsworthia was linked to a reduced risk

of periodontitis (OR 0.98, 95% CI 0.96‐0.99, p = 0.0005 for B.

wadsworthia). These findings were consistent across sensitivity

analyses. It is worth noting that previous studies have reported as-

sociations between G. adiacens and inflammation37 and cancer

risk.38,39 Additionally, B. wadsworthia has been linked to inflamma-

tion, intestinal barrier dysfunction, and dysregulation of bile acid

metabolism, which can contribute to glucose dysmetabolism and

hepatic steatosis.40 The presence of these bacteria in the gut mi-

crobiota and their potential impact on periodontitis underscore the

complex relationship between oral and systemic health.41

It is now understood that the gut microbiome, composed of

various microbial communities from our environment, plays a crucial

role in our physical and mental development, as well as overall well‐

being.42,43 It is involved in immune and metabolic functions and can

influence conditions affecting the central nervous system, including

movement, neurodegenerative, behavioral, neuroimmune‐mediated

disorders, and strokes.44 A recent epidemiological study has revealed

a link between gut microbiota and periodontitis. In comparison to

mice with germ‐free microbiota, animals colonized with commensal

gut microbiota exhibit reduced trabecular shape and experience

greater loss of alveolar bone.45,46 This underscores the bidirectional

regulation between gut and oral pathologies. It is widely acknowl-

edged that gut physiology or disease can be influenced by the

transmission of oral infections to the gut through both the alimentary

canal and hematogenous routes.47 The correlation between the oral

microbiome and gastrointestinal disorders suggests that oral inflam-

mation significantly impacts gut health. However, the precise mech-

anisms by which the gut microbiota within the “gut‐oral” axis exerts

control over dental health remain unclear.

MR analysis represents an effective approach to exploring cau-

sality between exposure and outcome while accounting for potential

confounding factors. The MR analysis employed in our study offers

several distinct advantages, providing hitherto undocumented evi-

dence on the cause‐and‐effect relationship between gut microbiota

and periodontitis, thereby providing a theoretical foundation for

future investigations into the regulatory mechanisms of specific

bacterial strains on periodontal disease. Moreover, as it relies on

readily available extensive GWAS summary statistics, MR analysis

offers a cost‐effective way to extract reliable genetic information.

Nevertheless, our study does come with certain drawbacks. The

statistical power of MR analysis is inherently constrained due to the

limited number of genetic loci identified in gut microbiota GWAS,

largely attributable to the small sample size. Furthermore, conducting

MR analysis solely based on a single independent variable may yield

less robust results, potentially complicating the interpretation of our

findings.

Conclusively, our MR study established a causal link between the

gut microbiome and periodontitis in East Asians. This finding paves

the way for innovative therapies that target the microbiome, un-

derscoring its critical role in the interaction between oral and sys-

temic health. By focusing on microbiome‐based strategies, our

research highlights its potential as a key target for personalized

prevention and treatment.
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