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Background: Periodontitis, a complex inflammatory condition, has been
associated with dietary habits and antioxidants. While the association between
certain dietary patterns and periodontitis has been documented, the bidirectional
relationship remains unclear. This study utilizes Mendelian randomization (MR)
analysis to investigate the bidirectional associations between dietary factors
comprising dietary antioxidants, and periodontitis.

Methods: Employing a two-sample MR approach, this study analyzed genome-
wide association study (GWAS) data on diets and periodontitis from large
databases and published literature. Instrumental variables (IVs) were selected
and filtered based on genetic variants associated with dietary factors and
periodontitis, respectively. Various MR methods, including Inverse Variance
Weighted, MR-Egger, Weighted Median, Weighted Mode, and Simple Mode
were applied to assess the bidirectional associations. Sensitivity analyses were
conducted to validate the robustness of the findings.

Results: Our analysis revealed significant associations between certain dietary
factors and the risk of periodontitis. Specifically, higher intake of filtered coffee,
low-calorie drinks, and other cereals, as well as increased metabolic circulating
levels of gamma-tocopherol, were associated with an elevated risk of
periodontitis. Conversely, consumption of cheese, white rice, chocolate bars,
unsalted peanuts, and higher absolute circulating levels of vitamin C were linked
to areduced risk. Additionally, the study suggests that periodontitis may influence
dietary habits, indicating a bidirectional relationship.

Conclusion: This study provides additional evidence of a bidirectional association
between dietary factors and periodontitis. It highlights the importance of dietary
interventions in the prevention and management of periodontitis. The findings
underscore the need for incorporating dietary counseling into periodontal
disease management protocols and suggest the potential of personalized
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dietary strategies for periodontitis patients. Further research is warranted to explore
the mechanisms underlying these associations and to confirm these findings in

diverse populations.
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1 Introduction

Periodontitis, a multifaceted inflammatory condition, is
precipitated by pathogenic biofilms formed by dental plaque
(Kononen et al, 2019). This ailment not only impinges on
gingival and skeletal integrity but also compromises alveolar bone
health. Manifestations of periodontitis include gingival hemorrhage,
development of periodontal pockets, and progressive loss of tissue
attachment, and these conditions may ultimately culminate in tooth
mobility and subsequent tooth loss (Khajuria et al., 2018).
Numerous studies have delineated a variety of risk factors
associated with periodontitis, such as lifestyle choices, obesity,
metabolic syndrome, and genetic susceptibility (Genco and
Borgnakke, 2013). Additionally, nutritional habits play a pivotal
role in maintaining holistic health, whereas salubrious dietary
patterns are essential for health promotion, and in contrast,
deleterious eating habits are linked to an array of chronic
pathologies (Noratto et al., 2018).

Various diets were found to be associated with periodontitis in
different ways, highlighting the significant impact of nutrition on
oral health. One study has found a latent correlation between diet
and periodontitis, with their interconnection established through
factors beyond diet-dependent inflammatory propensities
(Syrjaldinen et al, 2023). For example, vegetarians, compared to
non-vegetarians, have lower periodontal pocket depth (PPD) and
less gingival bleeding (Staufenbiel et al., 2013). A population cohort
study demonstrated a significant association between higher
DASH (Dietary Approaches to Stop
Hypertension)/Mediterranean diets and a reduced incidence of
2021).
inflammatory dietary patterns such as red meat, processed meat,

adherence to the

periodontal disease (Altun et al, Moreover, pro-
etc. were found to be associated with an increased risk of
periodontitis (Li et al., 2021; Machado et al.,, 2021). Among the
younger population higher intake of added sugars may increase the
risk of periodontitis (Lula et al., 2014). Another study has shown
diets containing fewer healthy plant-based (natural foods) foods
were associated with an increased risk of periodontitis (Li A. et al.,
2023). Research also demonstrated the complicated relationship
between diets and periodontitis that a higher intake of whole
grains is less likely to lead to periodontitis, but not all plant-
based foods are beneficial for periodontal health (Merchant et al.,
2006). From a public health perspective, dietary interventions could
be a promising non-pharmacological strategy for the prevention of
periodontitis (Dommisch et al., 2018). However, further research is
required to assess the extent to which macro and micronutrients can
influence the initiation and progression of periodontitis (Altun et al.,
2021). Additionally, there is limited research on how periodontitis
may affect dietary structure and habits.

Aside from dietary habits, research has found antioxidants are
also associated with periodontitis. Antioxidants are agents that can
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effectively inhibit reactive oxygen species (ROS), and by neutralizing
the damage caused by oxidative stress, antioxidants provide a
therapeutic effect on periodontitis (Sczepanik et al, 2020).
Vitamin E, C, and carotenoids represent some of the most
accessible dietary antioxidants. Some studies have shown that low
serum levels of vitamin C may be considered a risk factor for
periodontitis, suggesting dietary insufficiency potentially increases
the risk of periodontitis onset (Chapple et al., 2007; Gokhale et al.,
2013; Lee et al., 2017; Park et al., 2017; Tada and Miura, 2019;
Munday et al., 2020; Assaf and Rabi, 2022), though some reports
failed to find this significant association between vitamin C and risk
of periodontitis (Ismail et al., 1983; van der Putten et al., 2009). A
randomized control trial (RCT) by Singh et al. indicates that
supplemental vitamin E can improve periodontal healing and
antioxidant defense (Singh et al., 2014). Furthermore, the intake
of carotenoids also assists in periodontal treatment (Dodington
et al, 2015). Although observational studies have provided
evidence linking dietary factors to periodontitis, there are
inherent limitations. One major limitation is that periodontitis
results from long-term progression, whereas observational studies
only capture a snapshot of time and cannot establish a directional
association. Also, understanding the associations in epidemiological
studies is often challenging due to confounding factors. One robust
approach to address these challenges is Mendelian randomization
(MR). This method leverages genetic variants as instruments to infer
the association between lifelong risk factors (exposures) and diseases
(outcomes) (Lawlor et al., 2008). Due to the randomness of meiosis,
MR analysis is unaffected by reverse causality or confounding,
reducing the bias inherent in traditional observational studies. In
this study, we conducted MR analyses to assess the bidirectional
associations between diets and periodontitis, aiming to offer new
insights for preventing periodontitis.

2 Methods
2.1 Study design overview

In this study, we explored the bidirectional association between
dietary factors and periodontitis using a two-sample Mendelian
randomization (MR) approach. The first model examined dietary
factors as exposure and periodontitis as the outcome, whereas the
second model revered the two having periodontitis as the exposure
and dietary habits as the outcome. Both models used filtered single
nucleotide polymorphism (SNP) as instrumental variables IV),
respectively. The detailed research framework is illustrated in
Figure 1. Our study adheres to the STROBE-MR guidelines
(Strengthening the

Reporting of Observational Studies in

Epidemiology using Mendelian Randomization) to ensure

comprehensive and transparent reporting (Skrivankova et al., 2021).
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@ Relevance assumption: |Vs are stongly associated with exposure.
@ Independence assumption: |Vs are independent of confounders.
® Exclusion restriction assumption: 1Vs are not directly related to outcomes.
Forward MR ® ® Reverse MR
et e CELCTo) L $- oo :
: .
1 L]
' '
' '
' '
' '
Instrumental Instrumental
variables 9 variables

SNPs related to dietary
habits and antioxidants

Data sources
« Dietary habits: MRC-IEU (Elsworth et al.)
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FIGURE 1
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Cochran’s Q
MR-PRESSO
MR-Egger intercept
2 Leave-one-out

Study design of the association between dietary factors and periodontitis based on Mendelian randomization (MR) assumptions. MR, Mendelian
randomization; SNP, single-nucleotide polymorphism; IVs, instrumental variables; F, F statistic indicates the strength of the instrument variables; IVW,
inverse-variance weighted; MR-PRESSO, MR pleiotropy residual sum and outlier.

2.2 Data source

In this study, we obtained summary data for over a hundred dietary
habits from the genome-wide association study (GWAS) conducted by
the United Kingdom Biobank, an extensive and comprehensive
prospective study that recruited over 500,000 participants aged
between 40 and 69 years. These participants provided detailed
information about their lifestyle and physical measurements, along
with genetic and phenotypic data (Sudlow et al, 2015). Detailed
information on the collection, cleaning, and analysis of these original
data can be found on the United Kingdom Biobank website (http://
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biobank.ctsu.ox.ac.uk/crystal/label.cgi?id=100052) ~ or  the IEU
OpenGWAS  project  (https://gwas.mrcieu.ac.uk/). Dietary-derived
antioxidants were divided into two sets: authentic absolute levels
measured in blood and their corresponding circulating metabolites
quantified as relative concentrations in plasma or serum, as categorized
by Luo et al. (Luo et al., 2021). For antioxidants measured at absolute
levels, SNPs from five GWAS studies were used to identify alpha-
tocopherol (Major et al, 2011), beta-carotene (Hendrickson et al,
2012), lycopene (D’Adamo et al, 2016), retinol (Mondul et al,
2011), and Vitamin C (Zheng et al, 2021). The SNPs data for
antioxidant metabolites assessed as metabolic products, including
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alpha-tocopherol, gamma-tocopherol, carotene, retinol, and Vitamin C,
were extracted from the IEU OpenGWAS project database (Elsworth
et al,, 2020).

Periodontitis data was sourced from the FinnGen project (FinnGen,
2024). Tt is a large-scale genomics project correlating genetic variants
with health data to elucidate disease mechanisms and susceptibility. The
project has analyzed over 500,000 samples from the Finnish Biobank to
date (Q3 2023), involving multiple institutes such as Finnish research
institutions, biobanks, and international industry partners (Kurki et al,,
2023). Within the FinnGen consortium, chronic periodontitis diagnosis
(encompassing 4784 clinical cases and 272,252 controls of European
ancestry) was classified according to the Finnish version of the
International Classification of Diseases (ICD).

Comprehensive information on the diets and periodontitis
datasets is presented in Supplementary Table S1, with full details
available in the cited original public sites.

2.3 Selection of instrumental variables

The reliability of association inferences in Mendelian randomization
(MR) analyses is primarily contingent upon the appropriate use of
instrumental variables (IVs). IVs are generally genetic variations, among
which single nucleotide polymorphisms (SNPs) are the most commonly
used. SNPs mainly refer to the DNA sequence polymorphism caused by
single nucleotide variation at the genomic level. It is ubiquitous in human
and animal genomes and accounts for more than 90% of all known
polymorphisms in human heritable variation. Therefore, as IVs, SNPs
are widely used in Mendelian randomization. To ensure that the three
fundamental assumptions of IVs—namely relevance, independence, and
exclusion restriction—are met, we meticulously selected SNPs as IVs via
the subsequent steps.

1) We identified SNPs significantly associated with the exposure
(p < 5% 10°°) (in forward model, the SNPs were significantly
associated with dietary habits, dietary antioxidants; in reverse
model, the SNPs
periodontitis). We

were significantly associated ~with

conducted linkage disequilibrium
analysis to ensure their independence, with parameters set
to R” < 0.001 and a clumping distance of 10,000 kb.

2) Subsequently, we harmonized the clumped SNPs data with the
assistance of effect allele frequencies, and palindromic SNPs
were excluded.

3) We then excluded SNPs potentially related to confounding
factors such as smoking status, body mass index, anemia
characteristics, fasting glucose (Wang et al, 2022), and
educational levels (Baumeister et al., 2022), utilizing the
PhenoScanner database (http://www.phenoscanner.medschl.
cam.ac.uk/) as a reference (Kamat et al., 2019).

4) To minimize the risk of weak instrument bias, we calculated
E-statistics (Chen et al., 2023), as an index of IV strength in MR

analysis and SNPs with an F-score less than 10 were excluded.

2.4 MR estimates

In this study, we applied five Mendelian randomization (MR)
methods to investigate the associations between identified exposures
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and outcomes, based on  and SE of the IVs meticulously selected as
described previously.

1) Inverse Variance Weighted (IVW): A primary MR method
that provides an unbiased causal effect estimate by weighting
regression outcomes. IVW is effective in detecting causality
but is susceptible to pleiotropic effects due to its zero intercept
constraint (Burgess et al., 2023).

MR-Egger: This method treats MR with multiple IVs as meta-
analysis (Bowden et al., 2015), removing the zero intercept

2

~

constraint and allowing for average pleiotropic effect
estimation. It accommodates pleiotropic IVs but is sensitive
to weak instrumental variable bias
Thompson, 2017).

Weighted Median: This approach assigns weights to IVs and

(Burgess and

3

~

can provide consistent estimates even if up to 50% of the IVs
are ineffective (Bowden et al., 2016).

Weighted Mode: Combines MR estimates by weighting the
effects of different genetic variants, using the mode of these

'S
=

results to minimize outlier biases (Hartwig et al., 2017).
5

~

Simple Mode: An unweighted approach using empirical
density for effect estimation (Hemani et al., 2018b).

2.5 Sensitivity analysis

Cochran’s Q test was utilized to detect heterogeneity among
individual SNP effects in our sensitivity analyses, with a significance
level of 0.05 (Greco M et al., 2015). The MR-Egger intercept test was
also used to assess the presence of directional pleiotropy by judging
whether the intercept term significantly differs from zero (p < 0.05)
or not (Burgess and Thompson, 2017). Additionally, MR-PRESSO
(MR pleiotropy residual sum and outlier) was utilized to detect the
presence of horizontal pleiotropy (Verbanck et al., 2018), enabling
identifying and excluding outlier SNPs and estimating results after
correction. Finally, the “Leave-one-out” method, which involved
recalculating and visualizing the overall effect by sequentially
omitting each SNP, was applied to examine whether the IVW
estimate is driven by a single SNP, allowing us to mitigate bias
from single genetic variants (Hemani et al., 2018a).

All statistical analyses were performed using R (version 4.3.2).
Using  packages  such  as
“TwoSampleMR”, and “MR-PRESSO”.

“MendelianRandomization”

3 Results
3.1 Characteristics of selected SNPs

In this study, we explored a broad spectrum of dietary factors,
encompassing 111 distinct dietary habits, alongside five absolute and
five metabolic circulating levels of antioxidants, as potential
exposures to assess their influence on periodontitis risk. Utilizing
data from the PhenoScanner website and the GWAS Catalog, we
pinpointed 321 SNPs linked to established periodontitis risk factors,
as detailed in Supplementary Table S2. These SNPs were
subsequently omitted from our effect analysis. After screening,
the number of SNPs for each dietary factor ranged from 1 to
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FIGURE 2
The impact of dietary factors on periodontitis. (A) The ring heatmap shows a summary of the effects of dietary factors on the risk of periodontitis,

displaying all results from five different methods. When p-value > 0.05, red color block indicates risk factors (positive correlation) and blue color block
indicates protective factors (negative correlation). (B) The forest plot shows the effects of dietary antioxidants at absolute circulating levels on the risk of
periodontitis. MR, Mendelian randomization; IVW, inverse-variance weighted; SNP, single-nucleotide polymorphism; f, effect size; SE, standard
error; OR, odds ratio; Cl, confidence interval.
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213. Exhaustive details on these instrumental variables (IVs) are
provided in Supplementary Table S3. The F-statistics for each  absolute circulating levels of antioxidants from published reports
identified SNP exceeded the empirical threshold of 10, ranging  were only used as exposures, we did not assess the impact of
from 16 to 811.86, suggesting that the evaluation results are less

periodontitis on these (Luo et al, 2021; Miao et al., 2022; Li H.
likely to be biased by weak IVs. et al., 2023).

evaluation results being skewed by weak IVs. Because SNPs for

Similarly, periodontitis was investigated as an exposure to
explore its influence on dietary habits and the circulating

metabolic levels of dietary antioxidants (outcome). Due to the 3.2 The impact of dietary factors on
significance level of p < 5 x 107 and the harmonization of effect perlodontltls

SNPs, the number of SNPs serving as conforming IVs of exposure
narrowed down from the original to a range of 7-11 (Supplementary
Table S4). In all reverse MR assessments, the F-statistics for each
ranged from 20.87 to 24.72, indicating a reduced likelihood of

We utilized five different MR methods to analyze the impact of
various dietary factors on the risk of periodontitis, with the
summarized results depicted in Figure 2 and detailed data in
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Supplementary Table S5. Specifically, based on the IVW method, we
identified ten potential association between dietary factors and the
risk of periodontitis. Certain dietary factors, such as the intake of
other cereals (Odds Ratio [OR] = 7.95, 95% Confidence Interval
[CI] = 1.49-42.52, p-value = 0.02), filtered coffee (OR = 1.42, 95%
CI = 1.06-1.89, p-value = 0.02), low-calorie drinks (OR = 1.57, 95%
CI = 1.09-2.27, p-value = 0.02), other drinks (OR = 3.25, 95% CI =
1.15-9.17, p-value = 0.03), and the metabolic circulating levels of
gamma-tocopherol (OR = 2.10, 95% CI = 1.06-4.16, p-value = 0.03),
were found to be associated with an increased risk of periodontitis.
Conversely, the intake of cheese (OR = 0.57, 95% CI = 0.43-0.77,
p-value = 0.0002), white rice (OR = 0.42, 95% CI = 0.20-0.88,
p-value = 0.02), chocolate bars (OR = 0.46, 95% CI = 0.27-0.80,
p-value = 0.005), unsalted peanuts (OR = 0.29, 95% CI = 0.09-0.88,
p-value = 0.03), and the absolute circulating level of vitamin C (OR =
0.66, 95% CI = 0.46-0.94, p-value = 0.02) were associated with a
decreased risk of the disease.

3.3 The impact of periodontitis on dietary
habits and dietary antioxidants

Similarly, we employed five distinct MR methods to assess the
influence of periodontitis on dietary habits and the metabolic levels
of dietary antioxidants. The aggregated results are illustrated in
Figure 3, with exhaustive details provided in Supplementary Table
S6. Specifically, based on the IVW method, we identified four dietary
habits potentially affected by periodontitis. Our findings suggest that
periodontitis is likely associated with an increased intake of peas
(OR =0.99, 95% CI = 0.97-1.00, p-value = 0.04), yogurt (OR = 1.05,
95% CI = 1.01-1.09, p-value = 0.01), and other drinks (OR = 1.02,
95% CI = 1.00-1.03, p-value = 0.01), and conversely, a decreased
consumption of tea (OR = 0.99, 95% CI = 0.97-1.00, p-value = 0.04).

3.4 Sensitivity analysis

In the forward MR analysis about the impact of dietary factors
on periodontitis, VW, and MR-Egger tests did not reveal significant
heterogeneity (Cochran’s Q p-values >0.05) (Supplementary Table
S7). Additionally, no direct or horizontal pleiotropy was detected by
the MR-Egger intercept test (MR Egger p-values >0.05) and the MR-
PRESSO global test (after removing outliers), respectively
(Supplementary Table S7 and Supplementary Table S9).
Moreover, we constructed scatter plots, forest plots, leave-one-out
analysis, and funnel plots to visualize the results of sensitivity
analyses (Supplementary Figures S1-S10), reinforced the findings.
The scatter plots, depicting effect estimates of each SNP calculated
using 5 MR methods and their line fitting, provide an intuitive
understanding of the effects of exposures on outcomes. Forest plots,
visualizing the main results of MR analysis, clearly exhibit the effects
of exposures on outcomes. The leave-one-out analysis indicated no
single SNP strongly influenced the overall effect. Lastly, funnel plots’
symmetry and lack of skewness confirm the absence of significant
bias in the selected SNPs. Similarly, this series of sensitivity analysis
procedures are used for the reverse MR analysis model about the
impact of periodontitis on dietary habits and dietary antioxidants.
Cochran’s Q test did not reveal significant heterogeneity among
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these IVs (Supplementary Table S8). The MR-Egger intercept test
indicated the presence of pleiotropy in two dietary habits’ IVs,
leading to their exclusion, while MR-PRESSO global test did not
detect any pleiotropy (after removing outliers) (Supplementary
Tables S8, S10). Also, scatter plots, forest plots, leave-one-out
analysis, and funnel plots were constructed to visually represent
the results of sensitivity analyses to strengthen these findings
(Supplementary Figures S11-S14).

Combining the results of all MR methods, we observed that
there was no association meeting the criteria of p <
0.05 simultaneously across all 5 MR methods (Figure 2;
Figure 3). Therefore, we utilized data analyzed using the other
four methods to complement the assessment of the effect using
IVW (the gold standard). Since the direction of P estimates from all
the other MR methods in the aforementioned results remained
largely consistent with the IVW results (with no more than two
conflicting outcomes), we ruled out potential interference arising
from different methods.

4 Discussion

Mendelian
analysis to explore the bidirectional

This study employed a
Randomization (MR)
association between diets and periodontitis. This study has found

comprehensive

multiple dietary habits to be associated with periodontitis and
vice versa.

4.1 Impact of dietary factors on periodontitis

The forward MR analyse model, focusing on dietary factors as
exposures, provides intriguing insights into the associations between
specific dietary habits and periodontitis risk. Our analysis revealed
several dietary factors that potentially influence periodontitis risk.
Specifically, the consumption of filtered coffee, low-calorie drinks,
other drinks, other cereals, and the metabolic circulating levels of
gamma-tocopherol were associated with an increased risk of
These about the
mechanisms underlying these associations. Factors such as the

periodontitis. raise  questions potential
bioavailability of certain nutrients, additives in low-calorie drinks,
and the inflammatory impact of specific cereals may contribute to
these outcomes. The findings align with previous research linking
pro-inflammatory dietary patterns to an increased risk of
periodontitis, suggesting the pro-inflammatory potential of
certain dietary choices (Li et al., 2021). Additionally, direct
evidence on the use of Vitamin E (gamma-tocopherol)
supplements for the treatment of periodontitis remains limited.
This study provides evidence at the metabolic level that Vitamin
E might be a risk factor for periodontitis through MR analysis,
offering a reference. Notably, the confidence intervals for ‘other
cereals’ are exceptionally wide. Upon reviewing the original 24-h
dietary recall questionnaire from the primary website (https://
biobank.ndph.ox.ac.uk/ukb/refer.cgi?id=118240&nl=1), we
speculate that this may be due to the broad concept of ‘other’ in
the questionnaire, leading to wider confidence intervals than
typically observed. Conversely, the intake of cheese, white rice,

chocolate bars, unsalted peanuts, and the absolute circulating
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level of vitamin C were associated with a decreased risk of the
disease. The lack of significant heterogeneity or pleiotropy in our
sensitivity analyses strengthens the validity of these associations.
This is in line with the notion that certain foods and antioxidants
possess
periodontal inflammation (Dodington et al, 2015; Altun et al,

anti-inflammatory properties, potentially mitigating
2021). It is worth noting that existing observational studies
primarily focus on overall dietary patterns. Our study emphasizes
analyzing the specific dietary habits and their effect on the risk of
periodontitis. More well-designed and controlled studies are needed
to determine the effectiveness.

4.2 Impact of periodontitis on dietary habits
and antioxidants metabolic levels

Interestingly, the reverse MR analyse model of our study, where
periodontitis is considered the exposure, suggests that periodontitis may
influence dietary choices, a relatively unexplored dimension in
periodontal research. The increased intake of peas, yogurt, and other
drinks among individuals with periodontitis might reflect compensatory
dietary adaptations due to the disease’s impact on oral health and
masticatory function. Conversely, the reduced tea intake observed in
periodontitis patients could be attributed to changes in taste preferences
or avoidance of certain foods that might exacerbate oral discomfort.
However, the potential influence of these dietary changes on periodontal
health remains to be further investigated.

4.3 Sensitivity analysis

The sensitivity analyses conducted in this study strengthen the
findings’ robustness. The absence of significant heterogeneity and
pleiotropy in most analyses suggests that confounding factors or
outliers do not unduly influence the results. The use of multiple MR
methods and thorough sensitivity assessments enhances the
reliability of the relationship inferences drawn from the study.

4.4 Potential implications and interventions

Understanding the bidirectional associations between dietary factors
and periodontitis has important implications for interventions. The
identified dietary patterns associated with increased or decreased risk
offer potential targets for dietary interventions. Incorporating dietary
counseling into periodontal disease management protocols is warranted,
emphasizing the potential benefits of personalized dietary strategies.
Further research is essential to explore the mechanistic links between
specific dietary components and periodontitis and to validate these
findings across diverse populations.

4.5 Limitations and future research

While our study provides valuable insights, there are some
limitations. Despite the robustness of MR, relying on observational
data from GWAS cannot establish a definitive causality due to linkage
disequilibrium or population stratification. The potential for residual
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confounding and the influence of unmeasured factors cannot be
completely excluded. Moreover, the generalizability of our findings
might be limited by the ethnic and demographic characteristics of the
populations in the GWAS datasets used. Future research should aim
to replicate these findings in diverse populations and to validate these
findings through prospective studies or randomized controlled trials.
Furthermore, investigating the underlying mechanisms through
which diet influences periodontal health, and vice versa, would
contribute significantly to the understanding of periodontitis
pathophysiology.

5 Conclusion

In conclusion, our study underscores the bidirectional relationship
between diets and periodontitis, highlighting the potential of dietary
modifications as a non-pharmacological intervention for the prevention
and management of periodontitis. These findings emphasize the
importance of incorporating dietary counseling into periodontal
disease management protocols and warrant further research into
personalized dietary strategies for periodontitis patients.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary Material, further inquiries can be directed
to the corresponding authors.

Ethics statement

Ethical approval was not required for the study involving
humans in accordance with the local legislation and institutional
requirements. Written informed consent to participate in this study
was not required from the participants or the participants’ legal
guardians/next of kin in accordance with the national legislation and
the institutional requirements.

Author contributions

XY: Conceptualization, Methodology, Writing-original draft.
JW: Data curation, Software, Visualization, Writing-review and
editing. HH: Validation,
Conceptualization, Investigation, Writing-review and editing. XZ:
Validation, Writing-review and editing. JS: Resources, Validation,

Writing-review and editing. XF:
Writing-review and editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. The financial
support for this study was provided by grants from the National
Natural Science Foundation of China (Grant Nos. U22A20314), and
the National Key Research and Development Program of China
(Grant No. 2022YFC2504200).

frontiersin.org


https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2024.1398101

Yang et al.

Acknowledgments

We wish to thank the participants and researchers of the
study, the IEU open GWAS project and
United Kingdom Biobank for sharing genetic data. We thank the

FinnGen

inimitable care and support of our parents and friends over
the years.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

References

Altun, E., Walther, C., Borof, K., Petersen, E., Lieske, B., Kasapoudis, D., et al. (2021).
Association between dietary pattern and periodontitis—a cross-sectional study.
Nutrients 13, 4167. doi:10.3390/nu13114167

Assaf, M., and Rabi, H. (2022). Assessment of vitamin C levels in periodontal patients:
a cross-sectional study in Palestine. J. Pharm. Bioallied Sci. 14, $903-5906. doi:10.4103/
jpbs.jpbs_94_22

Baumeister, S. -E., Freuer, D., Baurecht, H., Reckelkamm, S. L., Ehmke, B., Holtfreter,
B., et al. (2022). Understanding the consequences of educational inequalities on
periodontitis: a Mendelian randomization study. J. Clin. Periodontol. 49, 200-209.
doi:10.1111/jepe.13581

Bowden, J., Davey Smith, G., and Burgess, S. (2015). Mendelian randomization with
invalid instruments: effect estimation and bias detection through Egger regression. Int.
J. Epidemiol. 44, 512-525. doi:10.1093/ije/dyv080

Bowden, J., Davey Smith, G., Haycock, P. C., and Burgess, S. (2016). Consistent
estimation in mendelian randomization with some invalid instruments using a weighted
median estimator. Genet. Epidemiol. 40, 304-314. doi:10.1002/gepi.21965

Burgess, S., Davey Smith, G., Davies, N. M., Dudbridge, F., Gill, D., Glymour, M. M.,
et al. (2023). Guidelines for performing Mendelian randomization investigations:
update for summer 2023. Wellcome Open Res. 4, 186. doi:10.12688/
wellcomeopenres.15555.2

Burgess, S., and Thompson, S. G. (2017). Interpreting findings from Mendelian
randomization using the MR-Egger method. Eur. J. Epidemiol. 32, 377-389. doi:10.
1007/510654-017-0255-x

Chapple, I. L. C, Milward, M. R, and Dietrich, T. (2007). The prevalence of
inflammatory periodontitis is negatively associated with serum antioxidant
concentrations. J. Nutr. 137, 657-664. doi:10.1093/jn/137.3.657

Chen, H.,, Peng, L., Wang, Z., He, Y., and Zhang, X. (2023). Exploring the causal
relationship between periodontitis and gut microbiome: Unveiling the oral-gut and
gut-oral axes through bidirectional Mendelian randomization. J. Clin. Periodontol.
doi:10.1111/jcpe.13906

D’Adamo, C. R, D’Urso, A., Ryan, K. A,, Yerges-Armstrong, L. M., Semba, R. D.,
Steinle, N. I, et al. (2016). A common variant in the SETD7 gene predicts serum
lycopene concentrations. Nutrients 8, 82. doi:10.3390/nu8020082

Dodington, D. W, Fritz, P. C,, Sullivan, P. J., and Ward, W. E. (2015). Higher intakes
of fruits and vegetables, B-carotene, vitamin C, a-tocopherol, EPA, and DHA are
positively associated with periodontal healing after nonsurgical periodontal therapy in
nonsmokers but not in smokers. J. Nutr. 145, 2512-2519. d0i:10.3945/jn.115.211524

Dommisch, H., Kuzmanova, D., Jonsson, D., Grant, M., and Chapple, I. (2018). Effect

of micronutrient malnutrition on periodontal disease and periodontal therapy.
Periodontol 78, 129-153. doi:10.1111/prd.12233

Elsworth, B, Lyon, M., Alexander, T, Liu, Y., Matthews, P., Hallett, ], et al. (2020) The MRC
IEU OpenGWAS data infrastructure. 2020.08.10.244293. doi:10.1101/2020.08.10.244293

FinnGen (2024). FinnGen documentation of R10 release. Available at: https://
finngen.gitbook.io/documentation/.

Genco, R. J,, and Borgnakke, W. S. (2013). Risk factors for periodontal disease.
Periodontol 62, 59-94. doi:10.1111/j.1600-0757.2012.00457.x

Gokhale, N. H., Acharya, A. B,, Patil, V. S,, Trivedi, D. J., and Thakur, S. L. (2013). A
short-term evaluation of the relationship between plasma ascorbic acid levels and
periodontal disease in systemically healthy and type 2 diabetes mellitus subjects. J. Diet.
Suppl. 10, 93-104. doi:10.3109/19390211.2013.790332

Frontiers in Genetics

10.3389/fgene.2024.1398101

Publisher’'s note

All claims expressed in this article are solely those of the authors and
do not necessarily represent those of their affiliated organizations, or
those of the publisher, the editors and the reviewers. Any product that
may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fgene.2024.1398101/
full#supplementary-material

Greco M, F. D., Minelli, C,, Sheehan, N. A., and Thompson, J. R. (2015). Detecting
pleiotropy in Mendelian randomisation studies with summary data and a continuous
outcome. Stat. Med. 34, 2926-2940. doi:10.1002/sim.6522

Hartwig, F. P., Davey Smith, G., and Bowden, J. (2017). Robust inference in summary
data Mendelian randomization via the zero modal pleiotropy assumption. Int.
J. Epidemiol. 46, 1985-1998. doi:10.1093/ije/dyx102

Hemani, G., Bowden, J., and Davey Smith, G. (2018a). Evaluating the potential role of
pleiotropy in Mendelian randomization studies. Hum. Mol. Genet. 27, R195-R208.
doi:10.1093/hmg/ddy163

Hemani, G., Zheng, J., Elsworth, B., Wade, K. H., Haberland, V., Baird, D., et al.
(2018b). The MR-Base platform supports systematic causal inference across the human
phenome. eLife 7, €34408. doi:10.7554/eLife.34408

Hendrickson, S. J., Hazra, A., Chen, C., Eliassen, A. H., Kraft, P., Rosner, B. A, et al.
(2012). B-Carotene 15,15-monooxygenase 1 single nucleotide polymorphisms in
relation to plasma carotenoid and retinol concentrations in women of European
descent. Am. J. Clin. Nutr. 96, 1379-1389. doi:10.3945/ajcn.112.034934

Ismail, A. L, Burt, B. A,, and Eklund, S. A. (1983). Relation between ascorbic acid
intake and periodontal disease in the United States. . Am. Dent. Assoc. 107, 927-931.
doi:10.14219/jada.archive.1983.0365

Kamat, M. A, Blackshaw, J. A., Young, R, Surendran, P., Burgess, S., Danesh, J., et al.
(2019). PhenoScanner V2: an expanded tool for searching human genotype-phenotype
associations. Bioinformatics 35, 4851-4853. doi:10.1093/bioinformatics/btz469

Khajuria, D. K., Zahra, S. F.,, and Razdan, R. (2018). Effect of locally administered
novel biodegradable chitosan based risedronate/zinc-hydroxyapatite intra-pocket
dental film on alveolar bone density in rat model of periodontitis. J. Biomater. Sci.
Polym. Ed. 29, 74-91. doi:10.1080/09205063.2017.1400145

Konoénen, E., Gursoy, M., and Gursoy, U. K. (2019). Periodontitis: a multifaceted
disease of tooth-supporting tissues. J. Clin. Med. 8, 1135. doi:10.3390/jcm8081135

Kurki, M. I, Karjalainen, J., Palta, P., Sipild, T. P., Kristiansson, K., Donner, K. M.,
et al. (2023). FinnGen provides genetic insights from a well-phenotyped isolated
population. Nature 613, 508-518. doi:10.1038/s41586-022-05473-8

Lawlor, D. A,, Harbord, R. M,, Sterne, J. A. C,, Timpson, N., and Davey Smith, G.
(2008). Mendelian randomization: using genes as instruments for making causal
inferences in epidemiology. Stat. Med. 27, 1133-1163. doi:10.1002/sim.3034

Lee, J.-H., Shin, M.-S., Kim, E.-J., Ahn, Y.-B., and Kim, H.-D. (2017). The
association of dietary vitamin C intake with periodontitis among Korean adults:

results from KNHANES IV. PLOS ONE 12, €0177074. doi:10.1371/journal.pone.
0177074

Li, A., Chen, Y., Schuller, A. A., Van Der Sluis, L. W. M., and Tjakkes, G. E. (2021).
Dietary inflammatory potential is associated with poor periodontal health: a
population-based study. J. Clin. Periodontol. 48, 907-918. doi:10.1111/jcpe.13472

Li, A., Qiu, B., Goettsch, M., Chen, Y., Ge, S., Xu, S., et al. (2023a). Association
between the quality of plant-based diets and periodontitis in the U.S. general
population. J. Clin. Periodontol. 50, 591-603. doi:10.1111/jcpe.13785

Li, H,, Chen, L., Yuan, C, Yang, H., Ma, Z, and Zuo, J. (2023b). Diet-derived
antioxidants and osteoporosis: a Mendelian randomization study. PLOS ONE 18,
€0293145. doi:10.1371/journal.pone.0293145

Lula, E. C, Ribeiro, C. C,, Hugo, F. N., Alves, C. M., and Silva, A. A. (2014). Added
sugars and periodontal disease in young adults: an analysis of NHANES III data. Am.
J. Clin. Nutr. 100, 1182-1187. doi:10.3945/ajcn.114.089656

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fgene.2024.1398101/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fgene.2024.1398101/full#supplementary-material
https://doi.org/10.3390/nu13114167
https://doi.org/10.4103/jpbs.jpbs_94_22
https://doi.org/10.4103/jpbs.jpbs_94_22
https://doi.org/10.1111/jcpe.13581
https://doi.org/10.1093/ije/dyv080
https://doi.org/10.1002/gepi.21965
https://doi.org/10.12688/wellcomeopenres.15555.2
https://doi.org/10.12688/wellcomeopenres.15555.2
https://doi.org/10.1007/s10654-017-0255-x
https://doi.org/10.1007/s10654-017-0255-x
https://doi.org/10.1093/jn/137.3.657
https://doi.org/10.1111/jcpe.13906
https://doi.org/10.3390/nu8020082
https://doi.org/10.3945/jn.115.211524
https://doi.org/10.1111/prd.12233
https://doi.org/10.1101/2020.08.10.244293
https://finngen.gitbook.io/documentation/
https://finngen.gitbook.io/documentation/
https://doi.org/10.1111/j.1600-0757.2012.00457.x
https://doi.org/10.3109/19390211.2013.790332
https://doi.org/10.1002/sim.6522
https://doi.org/10.1093/ije/dyx102
https://doi.org/10.1093/hmg/ddy163
https://doi.org/10.7554/eLife.34408
https://doi.org/10.3945/ajcn.112.034934
https://doi.org/10.14219/jada.archive.1983.0365
https://doi.org/10.1093/bioinformatics/btz469
https://doi.org/10.1080/09205063.2017.1400145
https://doi.org/10.3390/jcm8081135
https://doi.org/10.1038/s41586-022-05473-8
https://doi.org/10.1002/sim.3034
https://doi.org/10.1371/journal.pone.0177074
https://doi.org/10.1371/journal.pone.0177074
https://doi.org/10.1111/jcpe.13472
https://doi.org/10.1111/jcpe.13785
https://doi.org/10.1371/journal.pone.0293145
https://doi.org/10.3945/ajcn.114.089656
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2024.1398101

Yang et al.

Luo, J., le Cessie, S., van Heemst, D., and Noordam, R. (2021). Diet-derived circulating
antioxidants and risk of coronary heart disease: a mendelian randomization study.
J. Am. Coll. Cardiol. 77, 45-54. doi:10.1016/j.jacc.2020.10.048

Machado, V., Botelho, J., Viana, J., Pereira, P., Lopes, L. B., Proenga, L., et al. (2021).
Association between dietary inflammatory index and periodontitis: a cross-sectional
and mediation analysis. Nutrients 13, 1194. doi:10.3390/nu13041194

Major, J. M., Yu, K., Wheeler, W., Zhang, H., Cornelis, M. C., Wright, M. E., et al.
(2011). Genome-wide association study identifies common variants associated
with circulating vitamin E levels. Hum. Mol. Genet. 20, 3876-3883. d0i:10.1093/
hmg/ddr296

Merchant, A. T., Pitiphat, W., Franz, M., and Joshipura, K. J. (2006). Whole-grain and
fiber intakes and periodontitis risk in men. Am. J. Clin. Nutr. 83, 1395-1400. doi:10.
1093/ajcn/83.6.1395

Miao, R, Li, ., Meng, C,, Li, Y., Tang, H.,, Wang, J., et al. (2022). Diet-derived
circulating antioxidants and risk of stroke: a mendelian randomization study. Oxid.
Med. Cell. Longev. 2022, 6457318. doi:10.1155/2022/6457318

Mondul, A. M., Yu, K., Wheeler, W., Zhang, H., Weinstein, S. J., Major, J. M., et al.
(2011). Genome-wide association study of circulating retinol levels. Hum. Mol. Genet.
20, 4724-4731. doi:10.1093/hmg/ddr387

Munday, M.-R., Rodricks, R,, Fitzpatrick, M., Flood, V. M., and Gunton, J. E. (2020).
A pilot study examining vitamin C levels in periodontal patients. Nutrients 12, 2255.
doi:10.3390/nu12082255

Noratto, G. D., Lage, N. N., Chew, B. P., Mertens-Talcott, S. U., Talcott, S. T,
and Pedrosa, M. L. (2018). Non-anthocyanin phenolics in cherry (Prunus avium
L.) modulate IL-6, liver lipids and expression of PPARS and LXRs in obese
diabetic (db/db) mice. Food Chem. 266, 405-414. d0i:10.1016/j.foodchem.2018.
06.020

Park, J.-A., Lee, J.-H., Lee, H.-],, Jin, B.-H., and Bae, K.-H. (2017). Association of some
vitamins and minerals with periodontitis in a nationally representative sample of Korean
young adults. Biol. Trace Elem. Res. 178, 171-179. doi:10.1007/s12011-016-0914-x

Sczepanik, F. S. C., Grossi, M. L., Casati, M., Goldberg, M., Glogauer, M., Fine, N.,
et al. (2020). Periodontitis is an inflammatory disease of oxidative stress: we should treat
it that way. Periodontol 84, 45-68. doi:10.1111/prd.12342

Singh, N., Chander Narula, S., Kumar Sharma, R., Tewari, S., and Kumar Sehgal, P.
(2014). Vitamin E supplementation, superoxide dismutase status, and outcome of

Frontiers in Genetics

10

10.3389/fgene.2024.1398101

scaling and root planing in patients with chronic periodontitis: a randomized clinical
trial. J. Periodontol. 85, 242-249. doi:10.1902/jop.2013.120727

Skrivankova, V. W., Richmond, R. C., Woolf, B. A. R,, Yarmolinsky, J., Davies, N. M.,
Swanson, S. A, et al. (2021). Strengthening the reporting of observational studies in
epidemiology using mendelian randomization: the STROBE-MR statement. JAMA 326,
1614-1621. doi:10.1001/jama.2021.18236

Staufenbiel, I, Weinspach, K., Forster, G., Geurtsen, W., and Giinay, H. (2013).
Periodontal conditions in vegetarians: a clinical study. Eur. J. Clin. Nutr. 67, 836-840.
doi:10.1038/ejcn.2013.101

Sudlow, C., Gallacher, J., Allen, N., Beral, V., Burton, P., Danesh, J., et al. (2015). UK
biobank: an open access resource for identifying the causes of a wide range of complex
diseases of middle and old age. PLOS Med. 12, €1001779. doi:10.1371/journal.pmed.
1001779

Syrjaldinen, S., Mannistd, S., Kononen, E., Pussinen, P., Giirsoy, M., Suominen, A. L.,
et al. (2023). Dietary inflammatory index in relation to salivary cytokine concentrations
and periodontitis: a cross-sectional analysis. J. Clin. Periodontol. 51, 406-416. doi:10.
1111/jcpe.13917

Tada, A., and Miura, H. (2019). The relationship between vitamin C and periodontal
diseases: a systematic review. Int. J. Environ. Res. Public. Health 16, 2472. doi:10.3390/
ijerph16142472

van der Putten, G.-J., Vanobbergen, J., De Visschere, L., Schols, J., and de Baat, C.
(2009). Association of some specific nutrient deficiencies with periodontal disease in
elderly people: a systematic literature review. Nutrition 25, 717-722. doi:10.1016/j.nut.
2009.01.012

Verbanck, M., Chen, C.-Y., Neale, B., and Do, R. (2018). Detection of widespread
horizontal pleiotropy in causal relationships inferred from Mendelian randomization
between complex traits and diseases. Nat. Genet. 50, 693-698. d0i:10.1038/s41588-018-
0099-7

Wang, Y., Chu, T, Gong, Y., Li, S, Wu, L, Jin, L, et al. (2022). Mendelian
randomization supports the causal role of fasting glucose on periodontitis. Front.
Endocrinol. 13. doi:10.3389/fendo.2022.860274

Zheng, ].-S., Luan, J., Sofianopoulou, E., Imamura, F,, Stewart, I. D., Day, F. R,, et al.
(2021). Plasma vitamin C and type 2 diabetes: genome-wide association study and
mendelian randomization analysis in European populations. Diabetes Care 44, 98-106.
doi:10.2337/dc20-1328

frontiersin.org


https://doi.org/10.1016/j.jacc.2020.10.048
https://doi.org/10.3390/nu13041194
https://doi.org/10.1093/hmg/ddr296
https://doi.org/10.1093/hmg/ddr296
https://doi.org/10.1093/ajcn/83.6.1395
https://doi.org/10.1093/ajcn/83.6.1395
https://doi.org/10.1155/2022/6457318
https://doi.org/10.1093/hmg/ddr387
https://doi.org/10.3390/nu12082255
https://doi.org/10.1016/j.foodchem.2018.06.020
https://doi.org/10.1016/j.foodchem.2018.06.020
https://doi.org/10.1007/s12011-016-0914-x
https://doi.org/10.1111/prd.12342
https://doi.org/10.1902/jop.2013.120727
https://doi.org/10.1001/jama.2021.18236
https://doi.org/10.1038/ejcn.2013.101
https://doi.org/10.1371/journal.pmed.1001779
https://doi.org/10.1371/journal.pmed.1001779
https://doi.org/10.1111/jcpe.13917
https://doi.org/10.1111/jcpe.13917
https://doi.org/10.3390/ijerph16142472
https://doi.org/10.3390/ijerph16142472
https://doi.org/10.1016/j.nut.2009.01.012
https://doi.org/10.1016/j.nut.2009.01.012
https://doi.org/10.1038/s41588-018-0099-7
https://doi.org/10.1038/s41588-018-0099-7
https://doi.org/10.3389/fendo.2022.860274
https://doi.org/10.2337/dc20-1328
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2024.1398101

	The association between diets and periodontitis: a bidirectional two-sample Mendelian randomization study
	1 Introduction
	2 Methods
	2.1 Study design overview
	2.2 Data source
	2.3 Selection of instrumental variables
	2.4 MR estimates
	2.5 Sensitivity analysis

	3 Results
	3.1 Characteristics of selected SNPs
	3.2 The impact of dietary factors on periodontitis
	3.3 The impact of periodontitis on dietary habits and dietary antioxidants
	3.4 Sensitivity analysis

	4 Discussion
	4.1 Impact of dietary factors on periodontitis
	4.2 Impact of periodontitis on dietary habits and antioxidants metabolic levels
	4.3 Sensitivity analysis
	4.4 Potential implications and interventions
	4.5 Limitations and future research

	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


