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Assessing the association
between tea intake and risk

of dental caries and periodontitis:
a two-sample Mendelian
randomization study
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Tea is an indispensable beverage in people’s daily life. However, the relationship between tea

intake and dental caries and periodontitis is controversial. We extracted datasets for tea intake and
oral diseases from genome-wide association studies (GWASs) conducted by the UK Biobank and

the Gene Lifestyle Interactions in Dental Endpoints consortium. We selected 38 single-nucleotide
polymorphisms (SNPs) significantly associated with tea intake as instrumental variables (1Vs)
(P<5.0x1078). Mendelian randomization (MR) was performed to investigate the potential causality
between tea intake and caries and periodontitis. Multivariable Mendelian randomization (MVMR)
analyses were utilized to estimate causal effects of tea intake on risk of caries and periodontitis after
adjusting for smoking, body mass index (BMI), and socioeconomic factors. The results showed that
higher tea intake was suggestively associated with fewer natural teeth (B=-0.203; 95% Cl=0.680

to 0.980; P=0.029) and higher risk of periodontitis (OR=1.622; 95% Cl=1.194 to 2.205; P=0.002).
After Bonferroni correction, the causality of tea intake on periodontitis remained significant. The
significance of periodontitis disappeared after adjusting for the socioeconomic factors in MVMR
(OR=1.603; 95% Cl=0.964 to 2.666; P=0.069). Tea intake had no association with risk of caries.
Statistical insignificance of the heterogeneity test and pleiotropy test supported the validity of the MR
study. Our results provide insight into the potential relationship between tea intake and oral diseases
from a dietary lifestyle perspective, which may help prevent oral diseases.

Oral conditions affect 3.9 billion population worldwide, with dental caries, periodontitis, and tooth loss being the
most common issues'. Dental caries is defined as chronic destruction of dental hard tissues produced by bacterial
fermentation. Carious teeth are often characterized by demineralization and cavities®. Periodontitis is a chronic
inflammatory disease caused by bacteria and spirochetes in the periodontal tissues®. The diagnosis of periodon-
titis is determined by the presence and severity of periodontal pockets, loss of clinical attachment, alveolar bone
loss, or a combination of these factors®™. It is one major reason for oral malodor and teeth loosening®”. In the
advanced stage of caries and periodontitis, tooth loss frequently occurs®’. These outcomes affect not only esthet-
ics, but also the functions to mastication and social development'’. More importantly, these issues are closely
connected with some systemic diseases''. For example, periodontitis is an independent risk factor for coronary
heart disease!>!°. Periodontitis is also associated with an increasing cancer mortality'%. Diabetes, rheumatoid
arthritis and some other chronic diseases are also closely related to periodontitis'. As for the aetiology of the oral
diseases, various aspects are involved. The risk factors include unhealthy lifestyles, psychological distress, oral
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microbiome and even genetics'®'”. Among them, dietary habits are intimately associated with oral diseases®'s.
However, the association between beverages and oral diseases remains to be explored.

As one of the most consumed beverages globally, the potential effect of tea on oral diseases is still debatable.
On the one hand, tea is beneficial to prevent oral diseases. As several studies manifested, dysregulation of oral
microbiome would cause dental caries and periodontitis'**. Epigallocatechin-3-gallate (EGCG), as a functional
ingredient of tea, can widely inhibit the pathogenic bacteria of dental caries (Streptococcus mutans, Actinomyces
oris) and periodontitis (Porphyromonas gingivalis, Actinobacillus actinomycetemcomitans, Actinomyces israelii,
Fusobacterium nucleatum, etc.)?'. Tea increases fluoride consumption which helps prevent dental caries?. In
addition, a randomized clinical trial revealed that patients with periodontitis after scaling and root planning
had lower probing depth and bleeding index after given 6-week green tea intake?’. On the other hand, tea was
regarded as a risk factor for caries because of the erosive effect on enamel®’. A cross-sectional survey showed that
one or more cups tea intake might be harmful to periodontitis?>. High doses of caffeine in tea could accelerate
bone loss and exacerbate the progression of periodontitis?>?”. Until now, there remains controversy as to the
causality of tea intake on oral diseases. Recognition of the causal link may advance the prevention and treatment
for oral diseases.

Mendelian randomization (MR) is an application of genetic variation to infer whether phenotypic traits or
exposures affect diseases or health-related outcomes. It is generally independent of confounders or the pro-
cesses of disease?. Two-sample MR can explore causality between independent databases and save cost at the
same time®. Therefore, two-sample MR enables more thorough understandings of the causal effect between
exposure and outcome. Genetics plays important roles in tea intake and the causes of oral diseases. It has been
demonstrated that genetic variables of tea intake are associated with a higher predicted perceived intensity
of propylthiouracil and quinine®. People prefer bitterness and floral scents are more likely to drink tea®!. In
addition, variation in genetics could influence the status of oral health®?. Therefore, MR analysis allows more
comprehensive insights into the causality of tea intake on oral diseases.

Here, we performed a two-sample MR study to explore the relationship between tea intake and risk of dental
caries and periodontitis based on relevant genome-wide association studies (GWASs). Further understanding of
potential relationships between tea intake and dental caries and periodontitis is expected to provide new insights
into the prevention of dental caries and periodontitis.

Materials and methods
Study design
The single-nucleotide polymorphisms (SNPs) as tea intake instrumental variables (IVs) and datasets for oral dis-
eases were selected from two different GWASs***. The present two-sample MR study design was based on three
essential assumptions (Fig. 1). Also, the Strengthening the Reporting of Observational Studies in Epidemiology
Using Mendelian Randomization statement was followed by this study (Table S1). Additionally, smoking®® and
body mass index (BMI)*® are detrimental factors for the risk of dental caries and periodontitis. We performed
multivariable Mendelian randomization (MVMR) analyses to further estimate the casual effect of tea intake on
the risk of caries and periodontitis after adjusting for smoking, BMI and socioeconomic factors including years
of schooling and average total household income before tax.

The present study was based on the publicly available GWAS data and ethics consent had been obtained in
the original studies®*?’.

\ [0) Relevance assumption: SNPs are associated with tea intake

@ ® Independence assumption: SNPs are not associated with confounders
*‘ 16) Exclusion restriction: SNPs only affect DFSS, DMFS, N teeth and
| periodontitis via tea intake
1
/

Figure 1. The illustrative diagram of this two-sample Mendelian randomization analysis. Note: DFSS, Decayed,
Missing and Filled tooth Surfaces per available tooth surface; DMFS, Decayed, Missing and Filled tooth
Surfaces; N teeth, Natural teeth remaining in the mouth.
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GWAS data of tea intake

UK Biobank (UKB) is a large prospective study aims to investigate the role of genetics, environment and lifestyle
in the causes of leading diseases. Data comes from 500,000 volunteers aged 40-69 in the United Kingdom®”. We
selected SNPs associated with tea intake from UKB which included 447,485 European participants (ID: ukb-
b-6066). A touchscreen questionnaire was used to define how many cups of tea (black tea and green tea) the
participants drank per day, and units of measurement were cups/day. As for quality control, participants were
asked to confirm again if the answer >20. And participants whose answer was less than 0 or more than 99 cups
of tea each day were excluded?®.

GWAS data of caries and periodontitis

The datasets of caries and periodontitis were obtained from the published research, which was conducted by the
Gene Lifestyle Interactions in Dental Endpoints (GLIDE) consortium?®. In the studies of GLIDE, only European
ancestry individuals were retained. The traits covered DMFS (Decayed, Missing and Filled tooth Surfaces) and
DEFSS (Decayed, Missing and Filled tooth Surfaces per available tooth surface) as the experience of caries, as well
as N teeth (number of natural teeth) and the presence of periodontitis. Participants with no teeth were excluded
from the analysis in GLIDE. See more details of information of exposure and outcome datasets in Table S2. In
order to perform MVMR analyses, summary data on smoking and BMI were obtained from the GWASs in UKB
(ID: ukb-b-223) and the Genetic Investigation of Anthropometric Traits consortium (ID: jieu-a-835), data on
socioeconomic factors contained years of schooling (ID: ieu-a-1239) and average total household income before
tax (ID: ukb-b-7408).

Instrumental variable selection

Follow the steps below, IVs were extracted from UKB. SNPs associated with routine tea intake were identified
at the genome-wide significance level (P<5x 107%). To select independent SNPs as IVs, a strict clumping proce-
dure was performed, setting the linkage disequilibrium (LD) coefficient 1? to be less than 0.001 in a 10,000-kb
window referring to the European 1000G panel®. Then we used the PhenoScanner tool to check whether any
of the selected SNPs were associated with potential confounders, such as intake of sugar, sweeteners or milk,
smoking, diabetes, BMI and socioeconomic factors. SNPs with a minor allele frequency less than 0.01 should
be excluded to avoid the statistical bias from the original GWAS due to the low confidence. Finally, the R* and
F statistic were also calculated. F greater than 10 means that the study would be influenced by limited bias from
weak instruments®.

Statistical analysis

The inverse-variance-weighted (IVW) analysis was considered as a fundamental approach with pooled Wald
ratios*!. Other approaches including weighted median, MR Egger, simple median, MR PRESSO and MR RAPS
were also exploited to compensate for the loss of testing horizontal pleiotropic effects from IVs to oral diseases.
(1) Weighted median: The weighted median analysis can provide consistent causal estimates, providing that
more than half of weight derives from valid SNPs*%; (2) MR Egger: The method allows free evaluation of the
intercept (not set to zero) as an indicator of average pleiotropic bias and gives a consistent estimate when all
genetic variants are invalid IVs*; (3) Simple median: This is also a valid approach to analyze the sensitivity of
IVs*; (4) MR PRESSO: It can identify possible outliers and provide causal estimates after removal of outlying
IVs*; (5) MR RAPS: MR RAPS can overcome the bias of weak IVs and the effects of systematic and idiosyncratic
pleiotropy for robustness**. When dealing with multiple outcomes, the Bonferroni method was utilized to adjust
the significance thresholds. P-value that lower than the adjusted threshold indicated statistical significance. Fur-
thermore, P-value less than 0.05 but no less than the Bonferroni-adjusted significance level would be considered
to be suggestively significant.

In order to complete the sensitivity analysis, the Cochran’s Q value and I? were used to assess the heterogene-
ity between various SNP estimates*. Scatter plots, funnel plots and leave-one-out analysis were also executed
to estimate causality and heterogeneity*”*. P-value of MR Egger intercept is a judgement index of pleiotropy.
The indicate pleiotropy was set as P-value < 0.05. Next, MR PRESSO was applied to find outliers and estimate
the casual effects without outliers, if any.

Finally, we performed a multivariable two-sample MR analysis between tea intake and dental caries and
periodontitis after adjustment for smoking, BMI and socioeconomic factors (years of schooling and average
total household income before tax). The statistical power was calculated via an online calculator named mRnd
(https://shiny.cnsgenomics.com/mRnd/). All data were analyzed by R (Version 3.1.5), combined with R packages
“TwoSampleMR”, “mr.raps., “MR-PRESSO”.

Ethical approval and consent to participate

Ethical approval had been obtained in all original studies. The OpenGWAS Database is a publicly available
dataset, and GWAS of oral diseases complied with all relevant ethical regulations, including the Declaration of
Helsinki, and ethical approval for data collection and analysis was obtained by each study from local boards. All
participants provided their written informed consent in the original studies.

Results

We identified 41 SNPs associated with routine tea intake at the genome-wide significance level (P<5x 107%).
Because of the possible link to smoking and type II diabetes, we excluded rs1453548 and rs9937354 among
the selected SNPs. In addition, rs149805207 with a minor allele frequency of <0.01 was also excluded to avoid
potential statistical bias from the original GWAS since the low confidence. In total, 38 SNPs were recognized
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as eligible IV for the present two-sample MR study (Table S3). The F statistic for each IV was above 10, and R?
value summed up to 3.5%.

At a significance threshold of 0.05, our results showed that tea intake frequency was negatively associated with
N teeth (f=-0.203; 95% CI=0.680 to 0.980; P=0.029) and positively associated with the presence of periodon-
titis (odds ratio (OR) =1.622; 95% CI=1.194 to 2.205; P=0.002). Moreover, tea intake had no association with
DEFSS or DMES based on the fixed-effect IVW model. MR PRESSO found no outliers in each outcome dataset.
The associations remained consistent in supplementary methods based on most statistical models, indicating
the robustness of the results. The associations of tea intake with N teeth remained directionally consistent across
weighted median, simple median and MR RAPS methods, albeit with wider CIs. Both the associations with N
teeth and periodontitis were lower with wider 95% Cls in MR Egger method (Figs. 2 and 3). Following Bonfer-
roni correction (P=0.05/4=0.0125 [for the 4 exposure-outcome pairs]), the association between tea intake and
periodontitis remained statistically significant. However, the association between tea intake and N teeth was not
significant at a Bonferroni-adjusted threshold.

As for sensitivity analysis, there was no sufficient evidence of heterogeneity among all the analyses as the
P-values for Cochran’s Q and I* manifested (Table 1). The P-value for MR Egger intercept was higher than
0.05 in each group, which demonstrated no significant horizontal pleiotropy in this study (Table 1). No

Outcomes and Methods  SNPs OR (95% CI) P-value
DFSS
IVW (fe) 38 —— 0.942 (0.793, 1.118) 0.492
IVW (mre) 38 —e— 0.942 (0.794, 1.117) 0.491
Weighted median 38 —— 1.040 (0.798, 1.355) 0.771
MR Egger 38 —_—— 0.887 (0.590, 1.333) 0.568
Simple median 38 —_— 1.196 (0.908, 1.577) 0.203
MR PRESSO 38 —e— 0.942 (0.794, 1.117) 0.495
MR RAPS 38 —e— 0.960 (0.800, 1.151) 0.657
DMFS
IVW (fe) 38 —— 0.991 (0.835, 1.175) 0.914
IVW (mre) 38 —e 0.991 (0.830, 1.182) 0.917
Weighted median 38 —a— 0.972 (0.766, 1.233) 0.813
MR Egger 38 S am— 1.022 (0.671, 1.558) 0.919
Simple median 38 —— 0.977 (0.753, 1.268) 0.861
MR PRESSO 38 —— 0.991 (0.830, 1.182) 0.917
MR RAPS 38 —— 0.995 (0.832, 1.189) 0.956
N teeth
IVW (fe) 38 —— 0.816 (0.680, 0.980) 0.029
IVW (mre) 38 —— 0.816 (0.687, 0.971) 0.022
Weighted median 38 —— 0.800 (0.603, 1.062) 0.122
MR Egger 38 —_— 1.022 (0.668, 1.565) 0.919
Simple median 38 —— 0.814 (0.612, 1.084) 0.159
MR PRESSO 38 —— 0.816 (0.687, 0.971) 0.028
MR RAPS 38 —— 0.830 (0.686, 1.004) 0.055
Periodontitis
IVW (fe) 38 —_—y 1.622 (1.194, 2.205) 0.002
IVW (mre) 38 1.622 (1.188, 2.215) 0.002
Weighted median 38 1.670 (1.063, 2.624) 0.026
MR Egger 38 1.501 (0.715, 3.149) 0.290
Simple median 38 1.792 (1.109, 2.897) 0.017
MR PRESSO 38 1.622 (1.188, 2.215) 0.004
MR RAPS 38 1.644 (1.183, 2.283) 0.003

Figure 2. Estimates of tea intake on the risk of caries and periodontitis. Note: DFSS, Decayed, Missing and
Filled tooth Surfaces per available tooth surface; DMFS, Decayed, Missing and Filled tooth Surfaces; N teeth,
Natural teeth remaining in the mouth; OR, Odds ratio; CI, Confidence interval; IVW, inverse-variance weighted;
IVW (fe), fixed effects inverse-variance weighted; IVW (mre), multiplicative random effect inverse-variance
weighted; MR-PRESSO, MR-pleiotropy residual sum and outlier; MR-RAPS, MR-robust adjusted profile score.
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Figure 3. Scatter plot of the MR estimates for the association of tea intake with risk of caries (A, B) and
periodontitis (C, D). Each point in the scatter plot represents an SNP. The effect of one SNP on tea intake is
showed on the horizontal axis, and the effect of the same SNP on oral diseases is on the vertical axis. The vertical
and horizontal lines around each point show the 95% confidence interval (CI) for each SNP. The slope of the
colorful solid line in the plot is the Mendelian randomization (MR) estimates via different methods. Note: DESS,
Decayed, Missing and Filled tooth Surfaces per available tooth surface; DMFS, Decayed, Missing and Filled
tooth Surfaces; N teeth, Natural teeth remaining in the mouth; MR-PRESSO, MR-pleiotropy residual sum and
outlier; MR-RAPS, MR-robust adjusted profile score.

Outcomes Heterogeneity Pleiotropy
P-value for Cochran’s Q | Cochran’s Q statistic | I* (%) | P-value for MR-Egger intercept
DESS 0.479 36.784 0 0.753
DMES 0.366 39.328 6 0.873
N teeth 0.636 33.461 0 0.259
Periodontitis 0.417 38.159 3 0.822

Table 1. Results of potential pleiotropy and heterogeneity assessments after excluded pleiotropic SNP on
associations between tea intake and risk of caries and periodontitis. DFSS, Decayed, Missing and Filled tooth
Surfaces per available tooth surface; DMFS, Decayed, Missing and Filled tooth Surfaces; N teeth, Natural teeth
remaining in the mouth.

substantial difference appeared in the estimated causal effect when repeating the analysis without individual
SNP (Figs. S1-54). Also, the funnel plots were roughly symmetric (Figs. S5-S8). Multivariable MR indicated
that tea intake was a potential harmful factor for natural teeth in mouth (f=- 0.220; 95% CI=0.664 to 0.970;
P=0.023) and periodontitis (OR =1.453; 95% CI=1.060 to 1.991; P=0.020), independently of BMI and smoking
(Table 2). The association between tea intake and natural teeth in mouth (f=- 0.309; 95% CI=0.541 to 0.996;

Outcomes Beta SE OR (95% CI) P-value
DEFESS —-0.034 0.097 0.967 (0.799, 1.171) 0.730
DMES 0.016 0.089 1.013 (0.839, 1.224) 0.890
N teeth -0.220 0.097 0.802 (0.664, 0.970) 0.023
Periodontitis 0.373 0.161 1.453 (1.060, 1.991) 0.020

Table 2. Estimates of tea intake on the risk of caries and periodontitis after adjusting for smoking and BMI.
DESS, Decayed, Missing and Filled tooth Surfaces per available tooth surface; DMFES, Decayed, Missing

and Filled tooth Surfaces; N teeth, Natural teeth remaining in the mouth; Beta, estimate of the effect of the
association; SE, standard error; OR, Odds ratio; CI, Confidence interval.
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P=0.047) persisted after adjusting for years of schooling and average total household income before tax. The
causal association of tea intake on periodontitis (OR=1.603; 95% CI=0.964 to 2.666; P=0.069) was, however,
attenuated after adjusting for the two socioeconomic factors, indicating that causality might be partly mediated
by socioeconomic factors (Table 3).

The study had strong power (100%, over 80%) to detect the causal effect of tea consumption on OR for peri-
odontitis. The power of  for DFSS, DMFS and N teeth cannot be calculated due to the lack of fgs.

Discussion

Tea is popularly consumed worldwide, next to water®. Dental caries and periodontitis are chronic diseases
without self-limit, they have been recognized as a common public health challenge®. However, the relationship
between tea intake and dental caries and periodontitis continues to be controversial. We performed a two-sample
MR study to explore the causal associations of tea intake with dental caries and periodontitis based on various
GWASs. We found that incremental tea intake may reduce remaining natural teeth in mouth and augment the
risk of periodontitis.

The most novel finding in our study is the positive correlation between tea intake and presence of periodon-
titis. Some potential mechanisms are presumed. So far, there is no direct evidence that tea causes periodontitis.
However, some cross-sectional studies have shown a strong association between caffeine and periodontitis®2.
As we known, caffeine is a rich constituent in tea®®. An animal experiment found that caffeine can accelerated
alveolar bone loss in modeled periodontitis rats®. In addition, the hot tea may deteriorate the pathogenicity of
smoking toward periodontitis®®. Tea consumption might also indirectly cause periodontitis by inducing systemic
diseases. For instance, green tea drinking was associated with an increased risk of type II diabetes in Chinese
adults®. In general, further research regarding the causal relationship between tea intake and periodontitis is
still needed.

Our study also illustrated that tea intake appeared to be not conducive to retain natural teeth in mouth. This
could be a complement to the forementioned results, because untreated or abortively treated periodontitis always
leads to tooth loss®>*®. Nonetheless, opposite result was found in a cross-section survey in the effect of tea on
tooth loss. The survey from Japan showed that drink more than one cup green tea per day could decrease the
possibility of tooth loss™. The difference may come from types of tea®. Green tea contains more catechins (such
as EGCQG) playing antibiotic functions, comparing to black tea®. During the fermentation process of black tea,
catechins level decreased gradually and caffeine concentrated double dry weight after a 85% fermentation®. The
exposure population used in this study was Europeans, who prefer black tea, whereas Asians prefer green tea
in comparison. This might be one of the reasons for the differences among the studies, which did not affect the
validity of our study.

Our result showed that there was no significant evidence to support a relationship between tea intake and
caries, which was consistent with a previous meta-analysis®. In spite of some green tea extract, especially EGCG
was indicated benefit to caries prevention®, and fluoride in tea could protect teeth theoretically®?, tea has erosive
effect on enamel definitely. Even with buffering effects of saliva, the black tea pH of 4.8 might result in the dem-
ineralization of enamel (the threshold is the pH of 5.5)*. In this MR analysis, the effect of tea intake on dental
caries was invalid, possibly due to the dual effect of tea consumption.

Some strengths should be identified in our study. Using MR analysis can reduce some confounders and avoid
reverse causality compared with traditional cross-section studies. The population of exposure and outcome data-
sets are both European, which can reduce the ethnic differences affecting the polymorphism of genes. Moreover,
our study assessed the heterogeneity via Cochran’s Q, with scatter plots, funnel plots and leave-one-out analysis
as complement. MR Egger and MR PRESSO were utilized to test the horizontal pleiotropy. Multivariable MR
also help to estimate the causal effect of tea intake on risk of caries and periodontitis, after adjusting for smok-
ing, BMI and socioeconomic factors. Whereas, some limitations exist in this study. Firstly, the research objects
used in our study were all Europeans, which may limit the extrapolation of research results. Secondly, no clear
coefficient of association between tea intake and caries or remaining teeth in mouth has been published in any
observational study, so it is currently difficult to evaluate the power of first three estimates. Thirdly, due to the
lack of data what resulted in tooth loss, we could not assess whether the association between genetically predicted
tea intake and tooth loss differs among various reasons, such as caries, periodontitis and even trauma. Finally,
more explicit mechanisms on how tea intake acts on caries and periodontitis should be studied in the future.

Outcomes Beta SE OR (95% CI) P-value
DESS -0.296 0.159 0.744 (0.545, 1.016) 0.063
DMES —-0.106 0.163 0.899 (0.653, 1.238) 0.515
N teeth -0.309 0.155 0.734 (0.541, 0.996) 0.047
Periodontitis 0.472 0.260 1.603 (0.964, 2.666) 0.069

Table 3. Estimates of tea intake on the risk of caries and periodontitis after adjusting for years of schooling
and average total household income before tax. DESS, Decayed, Missing and Filled tooth Surfaces per available
tooth surface; DMFS, Decayed, Missing and Filled tooth Surfaces; N teeth, Natural teeth remaining in the
mouth; Beta, estimate of the effect of the association; SE, standard error; OR, Odds ratio; CI, Confidence
interval.
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Conclusions

Collectively, our study manifested that frequent tea consumption may increase risk of periodontitis through
genetic evidence. We suggest tea intake as a novel target in the prevention of periodontitis and tooth loss. Mean-
while, we will further explore relevant mechanisms in the future.

Data availability

Data on tea intake (ID: ukb-b-6066), BMI (ID: ukb-b-223), smoking (ID: ieu-a-835), years of schooling (ID: ieu-
a-1239) and average total household income before tax (ID: ukb-b-7408) are available in the IEU open GWAS
project, (https://gwas.mrcieu.ac.uk/). Data on oral diseases including caries, tooth loss and periodontitis are
included in this published article (Genome-wide analysis of dental caries and periodontitis combining clinical
and self-reported data, doi: https://doi.org/10.1038/s41467-019-10630-1) and its supplementary information
files (https://data.bris.ac.uk/data/dataset/2j2rqgzedxlq020qbb4vmycnc2). The datasets used during the current
study are available from the corresponding author on reasonable request.

Received: 8 November 2023; Accepted: 17 February 2024
Published online: 27 February 2024

References

1. Marcenes, W. et al. Global burden of oral conditions in 1990-2010: A systematic analysis. J. Dent. Res. 92, 592-597. https://doi.
0rg/10.1177/0022034513490168 (2013).

2. Selwitz, R. H., Ismail, A. I. & Pitts, N. B. Dental caries. Lancet 369, 51-59. https://doi.org/10.1016/s0140-6736(07)60031-2 (2007).

3. Page, R. C. & Eke, P. L. Case definitions for use in population-based surveillance of periodontitis. J. Periodontol. 78, 1387-1399.
https://doi.org/10.1902/jop.2007.060264 (2007).

4. Yu, B. & Wang, C. Y. Osteoporosis and periodontal diseases—An update on their association and mechanistic links. Periodontology
2000(89), 99-113. https://doi.org/10.1111/prd.12422 (2022).

5. Savage, A., Eaton, K. A., Moles, D. R. & Needleman, I. A systematic review of definitions of periodontitis and methods that have
been used to identify this disease. J. Clin. Periodontol. 36, 458-467. https://doi.org/10.1111/j.1600-051X.2009.01408.x (2009).

6. Morita, M. & Wang, H. L. Association between oral malodor and adult periodontitis: A review. J. Clin. Periodontol. 28, 813-819.
https://doi.org/10.1034/j.1600-051x.2001.028009813.x (2001).

7. Borgnakke, W. S., Genco, R. J., Eke, P. I. & Taylor, G. W. In Diabetes in America (eds C. C. Cowie et al.) (National Institute of
Diabetes and Digestive and Kidney Diseases (US), 2018).

8. Kinane, D. E, Stathopoulou, P. G. & Papapanou, P. N. Periodontal diseases. Nat. Rev. Dis. Primers 3, 17038. https://doi.org/10.
1038/nrdp.2017.38 (2017).

9. Miiller, A. & Hussein, K. Meta-analysis of teeth from European populations before and after the 18th century reveals a shift towards
increased prevalence of caries and tooth loss. Arch. Oral. Biol. 73, 7-15. https://doi.org/10.1016/j.archoralbio.2016.08.018 (2017).

10. Mathur, V. P. & Dhillon, J. K. Dental caries: A disease which needs attention. Indian J. Pediatr. 85, 202-206. https://doi.org/10.
1007/s12098-017-2381-6 (2018).

11. Peng, X. et al. Oral microbiota in human systematic diseases. Int. J. Oral. Sci. 14, 14. https://doi.org/10.1038/s41368-022-00163-7
(2022).

12. Humphrey, L. L., Fu, R, Buckley, D. I, Freeman, M. & Helfand, M. Periodontal disease and coronary heart disease incidence: A
systematic review and meta-analysis. J. Gen. Int. Med. 23, 2079-2086. https://doi.org/10.1007/s11606-008-0787-6 (2008).

13. Sanz, M. et al. Periodontitis and cardiovascular diseases: Consensus report. J. Clin. Periodontol. 47, 268-288. https://doi.org/10.
1111/jcpe.13189 (2020).

14. Nwizu, N., Wactawski-Wende, J. & Genco, R. J. Periodontal disease and cancer: Epidemiologic studies and possible mechanisms.
Periodontology 2000(83), 213-233. https://doi.org/10.1111/prd.12329 (2020).

15. Kaur, K. et al. A cross-sectional study of bitter-taste receptor genotypes, oral health, and markers of oral inflammation. Oral 1,
122-138. https://doi.org/10.3390/0ral1020013 (2021).

16. Kaur, K. et al. Micronutrients and bioactive compounds in oral inflammatory diseases. J. Nutr. Intermed. Metab. 18, 100105. https://
doi.org/10.1016/j.jnim.2019.100105 (2019).

17. Ye, H. L. et al. Alterations of oral and gut viromes in hypertension and/or periodontitis. mSystems https://doi.org/10.1128/msyst
ems.01169-23 (2023).

18. Hujoel, P. P. & Lingstrom, P. Nutrition, dental caries and periodontal disease: A narrative review. J. Clin. Periodontol. 44(Suppl 18),
§79-s84. https://doi.org/10.1111/jcpe.12672 (2017).

19. Alyousef, Y. M. et al. Oral microbiota analyses of paediatric Saudi population reveals signatures of dental caries. BMC Oral. Health
23, 935. https://doi.org/10.1186/s12903-023-03448-3 (2023).

20. Nie, Q. et al. Multi-function screening of probiotics to improve oral health and evaluating their efficacy in a rat periodontitis model.
Front. Cell Infect. Microbiol. 13, 1261189. https://doi.org/10.3389/fcimb.2023.1261189 (2023).

21. Kong, C., Zhang, H., Li, L. & Liu, Z. Effects of green tea extract epigallocatechin-3-gallate (EGCG) on oral disease-associated
microbes: A review. J. Oral Microbiol. 14, 2131117. https://doi.org/10.1080/20002297.2022.2131117 (2022).

22. Gardner, E. ], Ruxton, C. H. & Leeds, A. R. Black tea-helpful or harmful? A review of the evidence. Eur. J. Clin. Nutr. 61, 3-18.
https://doi.org/10.1038/sj.ejcn.1602489 (2007).

23. Taleghani, F, Rezvani, G., Birjandi, M. & Valizadeh, M. Impact of green tea intake on clinical improvement in chronic periodontitis:
A randomized clinical trial. J. Stomatol. Oral Maxillofac. Surg. 119, 365-368. https://doi.org/10.1016/j.jormas.2018.04.010 (2018).

24. Brunton, P. A. & Hussain, A. The erosive effect of herbal tea on dental enamel. J. Dent. 29, 517-520. https://doi.org/10.1016/s0300-
5712(01)00044-6 (2001).

25. Han, K., Hwang, E. & Park, J. B. Excessive consumption of green tea as a risk factor for periodontal disease among Korean adults.
Nutrients https://doi.org/10.3390/nu8070408 (2016).

26. Bezerra, J. P, da Silva, L. R,, de Alvarenga Lemos, V. A., Duarte, P. M. & Bastos, M. F. Administration of high doses of caffeine
increases alveolar bone loss in ligature-induced periodontitis in rats. J. Periodontol. 79, 2356-2360. https://doi.org/10.1902/jop.
2008.080204 (2008).

27. Dal-Fabbro, R. et al. Excessive caffeine intake increases bone resorption associated with periapical periodontitis in rats. Int. Endod.
J. 54, 1861-1870. https://doi.org/10.1111/iej.13578 (2021).

28. Davey Smith, G. & Hemani, G. Mendelian randomization: Genetic anchors for causal inference in epidemiological studies. Hum.
Mol. Genet. 23, R89-98. https://doi.org/10.1093/hmg/ddu328 (2014).

29. Pierce, B. L. & Burgess, S. Efficient design for Mendelian randomization studies: Subsample and 2-sample instrumental variable
estimators. Am. J. Epidemiol. 178, 1177-1184. https://doi.org/10.1093/aje/kwt084 (2013).

Scientific Reports |

(2024) 14:4728 | https://doi.org/10.1038/s41598-024-54860-w nature portfolio


https://gwas.mrcieu.ac.uk/
https://doi.org/10.1038/s41467-019-10630-1
https://data.bris.ac.uk/data/dataset/2j2rqgzedxlq02oqbb4vmycnc2
https://doi.org/10.1177/0022034513490168
https://doi.org/10.1177/0022034513490168
https://doi.org/10.1016/s0140-6736(07)60031-2
https://doi.org/10.1902/jop.2007.060264
https://doi.org/10.1111/prd.12422
https://doi.org/10.1111/j.1600-051X.2009.01408.x
https://doi.org/10.1034/j.1600-051x.2001.028009813.x
https://doi.org/10.1038/nrdp.2017.38
https://doi.org/10.1038/nrdp.2017.38
https://doi.org/10.1016/j.archoralbio.2016.08.018
https://doi.org/10.1007/s12098-017-2381-6
https://doi.org/10.1007/s12098-017-2381-6
https://doi.org/10.1038/s41368-022-00163-7
https://doi.org/10.1007/s11606-008-0787-6
https://doi.org/10.1111/jcpe.13189
https://doi.org/10.1111/jcpe.13189
https://doi.org/10.1111/prd.12329
https://doi.org/10.3390/oral1020013
https://doi.org/10.1016/j.jnim.2019.100105
https://doi.org/10.1016/j.jnim.2019.100105
https://doi.org/10.1128/msystems.01169-23
https://doi.org/10.1128/msystems.01169-23
https://doi.org/10.1111/jcpe.12672
https://doi.org/10.1186/s12903-023-03448-3
https://doi.org/10.3389/fcimb.2023.1261189
https://doi.org/10.1080/20002297.2022.2131117
https://doi.org/10.1038/sj.ejcn.1602489
https://doi.org/10.1016/j.jormas.2018.04.010
https://doi.org/10.1016/s0300-5712(01)00044-6
https://doi.org/10.1016/s0300-5712(01)00044-6
https://doi.org/10.3390/nu8070408
https://doi.org/10.1902/jop.2008.080204
https://doi.org/10.1902/jop.2008.080204
https://doi.org/10.1111/iej.13578
https://doi.org/10.1093/hmg/ddu328
https://doi.org/10.1093/aje/kwt084

www.nature.com/scientificreports/

31.

32.

33.

34.

35.

36.

37.

38.

39.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

. Ong, J. S. et al. Understanding the role of bitter taste perception in coffee, tea and alcohol consumption through Mendelian ran-
domization. Sci. Rep. 8, 16414. https://doi.org/10.1038/s41598-018-34713-z (2018).

Gao, N. et al. Causal relationship between tea intake and cardiovascular diseases: A Mendelian randomization study. Front. Nutr.
9, 938201. https://doi.org/10.3389/fnut.2022.938201 (2022).

Morelli, T., Agler, C. S. & Divaris, K. Genomics of periodontal disease and tooth morbidity. Periodontol 2000(82), 143-156. https://
doi.org/10.1111/prd.12320 (2020).

Elsworth, B. L., Lyon, M. S., Alexander, T., Liu, Y. & Hemani, G. The MRC IEU OpenGWAS data infrastructure. Cold Spring Harbor
Laboratory (2020).

Shungin, D. et al. Genome-wide analysis of dental caries and periodontitis combining clinical and self-reported data. Nat. Com-
mun. 10, 2773. https://doi.org/10.1038/s41467-019-10630-1 (2019).

Jiang, X., Jiang, X., Wang, Y. & Huang, R. Correlation between tobacco smoking and dental caries: A systematic review and meta-
analysis. Tob. Induc. Dis. 17, 34. https://doi.org/10.18332/tid/106117 (2019).

Kim, C. M. et al. Obesity and periodontitis: A systematic review and updated meta-analysis. Front. Endocrinol. (Lausanne) 13,
999455, https://doi.org/10.3389/fend0.2022.999455 (2022).

Peakman, T. C. & Elliott, P. The UK Biobank sample handling and storage validation studies. Int. J. Epidemiol. 37(Suppl 1), i2-6.
https://doi.org/10.1093/ije/dyn019 (2008).

Jin, C., Tu, S., Sun, S., Zhang, Z. & Wang, X. Noncausal effects between tea intake and migraine risk: A Mendelian randomization
study. Sci. Rep. 13, 12898. https://doi.org/10.1038/s41598-023-40171-z (2023).

Auton, A. et al. A global reference for human genetic variation. Nature 526, 68-74. https://doi.org/10.1038/nature15393 (2015).
. Burgess, S. & Thompson, S. G. Avoiding bias from weak instruments in Mendelian randomization studies. Int. J. Epidemiol. 40,
755-764. https://doi.org/10.1093/ije/dyr036 (2011).

Burgess, S., Butterworth, A. & Thompson, S. G. Mendelian randomization analysis with multiple genetic variants using summarized
data. Genet Epidemiol. 37, 658-665. https://doi.org/10.1002/gepi.21758 (2013).

Bowden, J., Davey Smith, G., Haycock, P. C. & Burgess, S. Consistent estimation in Mendelian randomization with some invalid
instruments using a weighted median estimator. Genet. Epidemiol. 40, 304-314. https://doi.org/10.1002/gepi.21965 (2016).
Bowden, J., Davey Smith, G. & Burgess, S. Mendelian randomization with invalid instruments: Effect estimation and bias detection
through Egger regression. Int. J. Epidemiol. 44, 512-525. https://doi.org/10.1093/ije/dyv080 (2015).

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

Zhao, Q., Chen, Y., Wang, J. & Small, D. S. Powerful three-sample genome-wide design and robust statistical inference in summary-
data Mendelian randomization. Int. J. Epidemiol. 48, 1478-1492. https://doi.org/10.1093/ije/dyz142 (2019).

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

Qin, Q. et al. Systemic lupus erythematosus is causally associated with hypothyroidism, but not hyperthyroidism: A Mendelian
randomization study. Front. Immunol. 14, 1125415. https://doi.org/10.3389/fimmu.2023.1125415 (2023).

Wu, E, Huang, Y., Hu, J. & Shao, Z. Mendelian randomization study of inflammatory bowel disease and bone mineral density.
BMC Med. 18, 312. https://doi.org/10.1186/s12916-020-01778-5 (2020).

Khan, N. & Mukhtar, H. Tea polyphenols for health promotion. Life Sci. 81, 519-533. https://doi.org/10.1016/j.1fs.2007.06.011
(2007).

Kassebaum, N. J. et al. Global burden of untreated caries: A systematic review and metaregression. J. Dent. Res. 94, 650-658. https://
doi.org/10.1177/0022034515573272 (2015).

Han, K., Hwang, E. & Park, ]. B. Association between Consumption of Coffee and the Prevalence of Periodontitis: The 2008-2010
Korea National Health and Nutrition Examination Survey. PLoS ONE 11, e0158845. https://doi.org/10.1371/journal.pone.01588
45 (2016).

Struppek, J. et al. The association between coffee consumption and periodontitis: A cross-sectional study of a northern German
population. Clin. Oral Invest. 26, 2421-2427. https://doi.org/10.1007/s00784-021-04208-9 (2022).

Gramza-Michalowska, A. Caffeine in tea Camellia sinensis—content, absorption, benefits and risks of consumption. J. Nutr. Health
Aging 18, 143-149. https://doi.org/10.1007/s12603-013-0404-1 (2014).

Liu, X. et al. Green tea consumption and risk of type 2 diabetes in Chinese adults: The Shanghai Women’s Health Study and the
Shanghai Men’s Health Study. Int. J. Epidemiol. 47, 1887-1896. https://doi.org/10.1093/ije/dyy173 (2018).

Ramseier, C. A. et al. Natural history of periodontitis: Disease progression and tooth loss over 40 years. J. Clin. Periodontol. 44,
1182-1191. https://doi.org/10.1111/jcpe.12782 (2017).

Helal, O. et al. Predictors for tooth loss in periodontitis patients: Systematic review and meta-analysis. J. Clin. Periodontol. 46,
699-712. https://doi.org/10.1111/jcpe.13118 (2019).

Koyama, Y. et al. Association between green tea consumption and tooth loss: Cross-sectional results from the Ohsaki Cohort 2006
Study. Prev. Med. 50, 173-179. https://doi.org/10.1016/j.ypmed.2010.01.010 (2010).

Xing, L., Zhang, H., Qi, R., Tsao, R. & Mine, Y. Recent advances in the understanding of the health benefits and molecular mecha-
nisms associated with green tea polyphenols. J. Agric. Food Chem. 67, 1029-1043. https://doi.org/10.1021/acs.jafc.8b06146 (2019).
Huang, Y. Q. et al. Green tea and liver cancer risk: A meta-analysis of prospective cohort studies in Asian populations. Nutrition
32, 3-8. https://doi.org/10.1016/j.nut.2015.05.021 (2016).

Mazur, M. et al. Impact of Green Tea (Camellia Sinensis) on periodontitis and caries. Systematic review and meta-analysis. Jpn.
Dent. Sci. Rev. 57, 1-11. https://doi.org/10.1016/j.jdsr.2020.11.003 (2021).

Narotzki, B., Reznick, A. Z., Aizenbud, D. & Levy, Y. Green tea: A promising natural product in oral health. Arch. Oral Biol. 57,
429-435. https://doi.org/10.1016/j.archoralbio.2011.11.017 (2012).

Chandrajith, R., Abeypala, U., Dissanayake, C. B. & Tobschall, H. J. Fluoride in Ceylon tea and its implications to dental health.
Environ. Geochem. Health 29, 429-434. https://doi.org/10.1007/s10653-007-9087-z (2007).

Author contributions

All authors contributed to the study conception and design. B.J., H.C.: conceptualization, writing — original draft,
data curation; PL., Y.W.,, Y.G.: formal analysis, investigation, methodology, software; C.W., Y.J.: validation, visuali-
zation; R.Z.: project administration, supervision; L.N.: resources, funding acquisition, writing — review & editing.

Funding
This research work was supported by the National Natural Science Foundation of China (No.81970981), the Key
Research and Development Project of Shaanxi Province (No.2023-YBSF-389).

Scientific Reports |

(2024) 14:4728 | https://doi.org/10.1038/s41598-024-54860-w nature portfolio


https://doi.org/10.1038/s41598-018-34713-z
https://doi.org/10.3389/fnut.2022.938201
https://doi.org/10.1111/prd.12320
https://doi.org/10.1111/prd.12320
https://doi.org/10.1038/s41467-019-10630-1
https://doi.org/10.18332/tid/106117
https://doi.org/10.3389/fendo.2022.999455
https://doi.org/10.1093/ije/dyn019
https://doi.org/10.1038/s41598-023-40171-z
https://doi.org/10.1038/nature15393
https://doi.org/10.1093/ije/dyr036
https://doi.org/10.1002/gepi.21758
https://doi.org/10.1002/gepi.21965
https://doi.org/10.1093/ije/dyv080
https://doi.org/10.1038/s41588-018-0099-7
https://doi.org/10.1038/s41588-018-0099-7
https://doi.org/10.1093/ije/dyz142
https://doi.org/10.1002/sim.6522
https://doi.org/10.3389/fimmu.2023.1125415
https://doi.org/10.1186/s12916-020-01778-5
https://doi.org/10.1016/j.lfs.2007.06.011
https://doi.org/10.1177/0022034515573272
https://doi.org/10.1177/0022034515573272
https://doi.org/10.1371/journal.pone.0158845
https://doi.org/10.1371/journal.pone.0158845
https://doi.org/10.1007/s00784-021-04208-9
https://doi.org/10.1007/s12603-013-0404-1
https://doi.org/10.1093/ije/dyy173
https://doi.org/10.1111/jcpe.12782
https://doi.org/10.1111/jcpe.13118
https://doi.org/10.1016/j.ypmed.2010.01.010
https://doi.org/10.1021/acs.jafc.8b06146
https://doi.org/10.1016/j.nut.2015.05.021
https://doi.org/10.1016/j.jdsr.2020.11.003
https://doi.org/10.1016/j.archoralbio.2011.11.017
https://doi.org/10.1007/s10653-007-9087-z

www.nature.com/scientificreports/

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-024-54860-w.

Correspondence and requests for materials should be addressed to L.N.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Scientific Reports |

(2024) 14:4728 | https://doi.org/10.1038/s41598-024-54860-w nature portfolio


https://doi.org/10.1038/s41598-024-54860-w
https://doi.org/10.1038/s41598-024-54860-w
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Assessing the association between tea intake and risk of dental caries and periodontitis: a two-sample Mendelian randomization study
	Materials and methods
	Study design
	GWAS data of tea intake
	GWAS data of caries and periodontitis
	Instrumental variable selection
	Statistical analysis
	Ethical approval and consent to participate

	Results
	Discussion
	Conclusions
	References


