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ABSTRACT  

According to the World Health Organization, approximately 3.5 billion people were affected 

by oral diseases in 2023. This represents a growing public health concern, as oral diseases 

contribute to the development of secondary diseases and can impair general health in the 

long term. As a result, this incurs high costs, not only for the affected individuals but 

healthcare systems. Therefore, there is a growing interest in establishing biomarkers in 

periodontal medicine, as such markers could be useful for diagnosis, treatment evaluation 

and prognosis. Epigenetic therapeutic strategies are receiving increasing scientific attention, 

as oral diseases are predominantly driven by inflammatory processes that can be monitored 

via the cytokines TNF-α and IL-6, both of which are regulated by DNA methylation—a well-

established epigenetic mechanism.        

 In the search for biomarkers, the present study investigated the influence of diet on oral 

health, given evidence suggesting that nutrition plays a significant role in epigenetic 

regulation. However, studies investigating the connection between DNA methylation and 

dietary quality remain scarce and often yield contradictory results. Accordingly, this study 

examined the association between TNF-α and IL-6 methylation and adherence to a 

Mediterranean diet and coffee intake. The aim was to determine whether these parameters 

could potentially serve as biomarkers in dentistry and the extent of diet’s impact on TNF-α 

and IL-6 methylation levels. It was hypothesized that an anti-inflammatory diet would have 

a positive effect on local and systemic methylation patterns. To explore this, TNF-α and IL-

6 methylation levels in capillary blood and buccal swabs were compared among 40 healthy 

participants. Additionally, the impact of fish, fruit, vegetables, and coffee consumption on 

TNF-α and IL-6 methylation was assessed. It was hypothesized that a diet rich in these 

components would positively influence methylation in the oral cavity.  

 The results showed that fish consumption affected TNF-α and IL-6 methylation levels in 

capillary blood, but not in the oral mucosa. No significant differences were found in TNF-α 

or IL-6 methylation between capillary blood and buccal swabs and increased fish intake was 

associated with higher IL-6 methylation and lower TNF-α methylation in blood. It should be 

considered that oral mucosa cells are short-lived, and long-term effects are likely more 

difficult to detect, which complicates the interpretation of the results. It should also be noted 

that this does not rule out a potential influence of fish consumption on local inflammation, 

as there is increasing evidence suggesting that the exposure time of foods also plays an 

important role in epigenetic regulation, which was not taken into account in this study.   
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Furthermore, the results regarding vegetables, fruit, and coffee intake were not statistically 

significant and were therefore not further analyzed.      

 In summary, it remains unclear to what extent an anti-inflammatory diet influences oral 

health and whether TNF-α and IL-6 methylation could serve as biomarkers in periodontal 

medicine. However, the observed effect of fish consumption on systemic inflammation does 

not rule out this possibility. Further studies with larger sample sizes and fewer limitations 

are needed to better assess the influence of a Mediterranean diet and coffee consumption on 

methylation and to clarify the potential of TNF-α and IL-6 methylation as biomarkers in the 

prevention of oral diseases and the reduction of existing inflammation in the oral cavity. 
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ZUSAMMENFASSUNG 

Laut der WHO waren im Jahr 2023 rund 3,5 Milliarden Menschen von oralen Erkrankungen 

betroffen. Dieses Problem wurde mittlerweile auch vom öffentlichen Gesundheitswesen 

erkannt, da es die Grundlage für Sekundärerkrankungen bildet und in weiterer Folge zu 

einem verschlechterten Gesundheitszustand beiträgt. Dies führt in weiterer Folge zu hohen 

Kosten für das Gesundheitssystem wie auch für Betroffene selbst. Demnach wächst das 

Interesse an der Etablierung von Biomarkern in der parodontalen Medizin, die hilfreich bei 

Diagnosen, Therapieerfolgen und Prognosen sein könnten.    

 Oralen Erkrankungen liegen Entzündungen zugrunde, die anhand der Zytokine TNF-α 

und IL-6 gemessen werden können und deren Expression durch DNA-Methylierung 

beeinflusst wird, weshalb epigenetische Behandlungsansätze immer häufiger in den Fokus 

rücken. 

 Auf der Suche nach Biomarkern, analysierte die vorliegende Studie den Einfluss von 

Ernährung auf orale Gesundheit, da Studien darauf hinweisen, dass Ernährung einen großen 

Einfluss auf die epigenetische Regulation nimmt. Studien, die dem Zusammenhang 

zwischen DNA Methylierungen und Ernährungsqualität nachgingen, sind jedoch rar und 

widersprüchlich in ihren Ergebnissen. Aus diesem Grund hat die vorliegende Studie den 

Zusammenhang zwischen TNF-α- sowie IL-6-Methylierungen und mediterraner Ernährung 

sowie Kaffeekonsum untersucht. Ziel dieser Studie war es herauszufinden, ob diese 

Parameter in Zukunft als potenzielle Biomarker in der Zahnmedizin eingesetzt werden 

könnten und wie groß der Einfluss von Ernährung auf TNF-α- sowie IL-6-Methylierungen 

ist. Es wurde die Hypothese aufgestellt, dass eine antiinflammatorische Ernährung Einfluss 

auf lokale Entzündungen nimmt. Hierfür wurden TNF-α- und IL-6-Methylierungen 

zwischen dem Kapillarblut und der Mundschleimhaut bei 40 gesunden Proband:innen 

verglichen und der Einfluss von Fisch-, Obst-, Gemüse- sowie Kaffeekonsum auf TNF-α- 

und IL-6-Methylierungen gemessen. Die Hypothese lautete, dass sich ein Ernährungsstil, 

der sich durch hohen Fisch-, Obst-, Gemüse- sowie Kaffeekonsum auszeichnet, positiv auf 

Methylierungen im Mundbereich auswirkt.       

 Die Ergebnisse der Studien zeigen, dass der Konsum von Fisch TNF-α- und IL-6-

Methylierungen im Kapillarblut beeinflusste, nicht jedoch jene in der Mundschleimhaut. Es 

konnte kein signifikanter Unterschied von TNF-α- und IL-6-Methylierungen zwischen dem 

Kapillarblut und der Mundschleimhaut nachgewiesen werden und ein erhöhter Fischkonsum 

wurde mit erhöhten IL-6- und niedrigeren TNF-α-Methylierungen im Blut assoziiert. 
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Hierbei sollte jedoch berücksichtig werden, dass Mundschleimhautzellen kurzlebig sind und 

langfristige Effekte schwer nachzuweisen sind, was die Interpretation der Ergebnisse 

erschwert. Aus den Ergebnissen kann auch nicht abgeleitet werden, dass lokale 

Entzündungen durch Fischkonsum unbeeinflusst bleiben, da es vermehrt Hinweise darauf 

gibt, dass die Einwirkzeit von Lebensmitteln ebenfalls eine wichtige Rolle in der 

epigenetischen Regulation spielt, die in dieser Studie nicht berücksichtigt wurde.  

 Weiters waren die Ergebnisse des Gemüse-, Obst- und Kaffeekonsums nicht signifikant 

und wurden aus diesem Grund nicht näher analysiert.     

 Zusammenfassend lässt sich sagen, dass es unklar bleibt, wie groß der Einfluss von 

antiinflammatorischer Ernährung auf die Mundgesundheit ist und ob TNF-α- and IL-6-

Methylierungen zukünftig als Biomarker in der parodontalen Medizin eingesetzt werden 

könnten. Der aufgezeigte Effekt von Fischkonsum auf systemische Entzündungen lässt dies 

nicht ausschließen. Weitere Studien mit größeren Stichproben und weniger Limitierungen 

sind notwendig, um den Einfluss von mediterraner Ernährung und Kaffeekonsum auf DNA-

Methylierungen besser abschätzen zu können und die Eignung der TNF-α- und IL-6-

Methylierung als Biomarker sowohl zur Prävention oraler Erkrankungen als auch für die 

Reduktion bestehender Entzündungen im oralen Gewebe zu bewerten.  
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1. INTRODUCTION 

1.1. ORAL HEALTH 

The World Health Organization (WHO) defines oral health as a state of being free from “oral 

and facial pain, oral and throat cancer, oral infection, periodontal disease, tooth decay, tooth 

loss and other diseases and disorders that limit an individual's capacity in biting, chewing, 

smiling, speaking, and psychosocial well-being” (FDI World Dental Federation, 2015). 

 Around 3.5 billion people worldwide are estimated to be affected by oral health diseases 

(World Health Organization, 2023). Meanwhile, it has even been recognized as a public 

health problem. The crux however is, that it affects especially vulnerable groups with a low 

income (Alarcón-Sánchez et al., 2024).        

 Nutrition is one of many parameters that have a major influence on our health. The mouth 

is not only the first part of our body where the comminution process of food starts, but also 

the place where notable inflammation occurs. Therefore, a human’s oral health condition 

tells a lot about his general health too. The oral cavity is a major gateway into the human 

body, which is why the saliva microbiota is crucial in maintaining not only the systemic, but 

also the oral health (Manzoor et al., 2021).        

 In recent days science pays greater emphasis on personalized nutrition and its influence 

on the oral microbiome (Gomez & Nelson, 2017). Periodontal diseases and dental caries are 

the most prevalent diseases among humans. Both are complex chronic diseases, that share 

common risk factors and can cause nutritional compromises. They are the primary cause of 

tooth loss (Chapple et al., 2017). Tooth loss has a strong influence on a human being’s life 

as it leads to an unhealthy diet and malnutrition. Around 30% of people between the ages of 

65 und 74 lose all their natural teeth worldwide (FDI World Dental Federation, 2015).  

 Many diseases of the oral cavity can undergo malignant transformation, e.g. oral 

squamous cell carcinoma (OSCC), which is one of the most frequent oral cancers 

(Rodríguez-Molinero et al., 2021). Generally, oral cancer is the 8th most common cancer 

worldwide (FDI World Dental Federation, 2015) and should therefore not be neglected.  

 The root of oral diseases is often related to malnutrition and other unhealthy behavioral 

factors. While it is commonly known that caries is a diet-related disease, this is not the case 

with diseases like gingivitis and periodontitis, which are influenced by diet too. Therefore, 

it can be clearly said that oral diseases are caused by malnutrition that is characterized by 

high-sugar consumption, pro-inflammatory fats and a lack of fiber and micronutrients.  
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This dietary composition is typically for the average Western-style diet (Woelber & Vach, 

2023).

 

Figure 1: Common risk factors for oral diseases adapted after FDI World Dental Federation (2015) 

It was shown that obesity, which is related to a diet high in carbohydrates, alters oral 

homeostasis, e.g. make changes to bacterial composition and pH, which, in further 

consequence, leads to a pro-inflammatory status and contributes to dental caries progression 

(Bizjak et al., 2022).           

 Tooth decay, the most common chronic childhood disease, is of dietary and bacterial 

origin, which occurs due to cariogenic diets, caused by the metabolism of specific bacteria 

on dietary sugars in sensitive hosts. The process of enamel demineralization appears to be 

facilitated by a shift in biofilm populations towards acid-producing and acid-tolerant 

cariogenic bacteria, likely triggered by low pH following sucrose fermentation (Gomez 

& Nelson, 2017). Based on over a century of research, there exists unambiguous evidence 

that dietary fermentable carbohydrates, such as sugars and starch, are a significant reason, 

however, they are not a sufficient cause for the initiation and progression of caries. Nutrition 

functions locally and systemically which is why micronutrients such as vitamin D, calcium, 

phosphates and vitamin K are of great importance for tooth mineralization. A lack of those 

has a negative impact on the quality of teeth (Chapple et al., 2017). A balanced salivary 

microbiota is therefore essential for oral health, whereas a dysbiosis can cause dental caries 

(Manzoor et al., 2021).  
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The prevalence of caries varies greatly between different parts of the world. A high 

prevalence is reported in many developing countries in Asia and Africa, as well as some 

Central and Eastern countries. The etiology of caries is intricate and multifactorial, 

encompassing lifestyle factors such as dietary habits, particularly frequent consumption of 

dietary sugars, oral hygiene, utilization of antibiotics, and other factors (Manzoor et al., 

2021).           

 While dental caries is prevalent at all ages (Chapple et al., 2017), periodontitis is rather 

observed in people between the age of 55 and 59 (Wu et al., 2022). Nevertheless, younger 

individuals are not immune to periodontitis, as an increasing prevalence is also observed in 

this group (Wu et al., 2022). The risk of periodontitis increases due to poor nutrition, the 

quality of nutritional components as well as obesity, physical inactivity and tobacco smoking 

(Chapple et al., 2017). The stadium of periodontitis emerges if the case is given that 

gingivitis is not treated promptly, thus it has the potential to progress. The problem with 

periodontitis is that it can cause tooth loss and poor nutritional status among a lot of other 

things. This results in a reduced quality of life and can be an enormous economic burden for 

the healthcare system (Tonetti et al., 2017). In the field of periodontal health, a symbiosis 

exists between a health-associated biofilm and a proportionate host immune-inflammatory 

response. Periodontitis is caused by the emergence of dysbiosis in susceptible individuals, 

which is associated with dysregulation of the immune-inflammatory response. This leads to 

host-mediated connective tissue damage as well as alveolar bone loss (Chapple et al., 2017).

 The impact of oral health on our general health can also be demonstrated by the great 

impact it has on our cognitive health. The link between cognitive health and oral health has 

been extensively investigated. Many studies have suggested that oral inflammation, 

contributes to cognitive health decline due to reduced sensory input related to the loss of 

masticatory contacts as well as tooth pain or tooth loss (Liang & Gomaa, 2023).  

 All that points out the importance of nutrition on oral health. Therefore, dentists and 

physicians should use nutritional dentistry to initiate healthier diets early on, before other 

secondary diseases manifest themselves (Woelber & Vach, 2023), which not only cause high 

costs for the health care system, but, above all, causes poor health in the individual. The best 

way forward would be the avoidance of oral diseases through prevention as the treatment of 

oral diseases remains unaffordable or inaccessible for large parts of our society, especially 

in low and middle-income countries (FDI World Dental Federation, 2015). Nutrition could 

therefore provide a remedy before oral diseases occur.  
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1.2. NUTRITION, INFLAMMATION AND EPIGENETICS 

Several studies have demonstrated that the epigenome can be altered by exposure to a range 

of nutritional factors. The body of evidence that epigenetic is one of the mechanisms by 

which nutrients and bioactive compounds have an impact on metabolic traits are growing. 

Intricate interactions among food components, histone modifications, DNA methylation, 

non-coding RNA expression as well as chromatin remodeling factors result in a dynamic 

regulation of gene expression that governs the cellular phenotype (Milagro et al., 2013). 

Nutrition has a significant impact on the inflammatory response, as it regulates diverse 

genetic and epigenetic mechanisms involved in this process (Mecca et al., 2024). Generally, 

inflammation is defined as a biological response of the immune system that can be triggered 

by a variety of factors, including pathogens, damaged cells and toxic compounds (Chen et 

al., 2018).           

 When it comes to inflammatory response, there are especially two major classes of well-

known polyunsaturated fatty acids (PUFAs), Omega-3 (ω-3) and omega-6 (ω-6) fatty acids. 

Eicosapentaenoic acid (EPA), docosapentaenoic acid (DHA) and arachidonic acid (AA) 

serve as substrates for the synthesis of lipid mediators, such as eicosanoids, which are 

involved in inflammatory processes. In these processes, immune mediators produced from 

DHA and EPA shift the immune balance towards resolution of inflammation (Tingö et al., 

2022). Eicosanoids are mainly derived from AA, which are membrane phospholipids 

released upon the activation of phospholipase A2 by an inflammatory insult. The intensity 

of an inflammation response is proportional to the amount of AA presence in the membrane 

(Mecca et al., 2024). The production of AA depends on the activity and regulation of two 

enzymes: delta-6-desaturase and delta-5-desaturase. Both are key enzymes for ω-6 fatty 

acids and responsible for the conversion of linoleic acid (LA) into AA (Akash et al., 2018). 

Increasing ω-3 and decreasing ω-6 may serve as a mechanism to modulate the immune 

response towards the resolution of inflammation (Arnardottir et al., 2020).  

 The inflammatory response depends on modulatory genes, specialized pro-resolution 

mediators (SPMs) and the activity of eicosanoid hormones (Serhan, 2014). Inflammatory 

response aims to maintain homeostasis by identifying and eliminating the cause of 

imbalance. The type and degree of activated inflammatory response relies on the nature of 

the inflammatory trigger and its dimension, once identified, pathogens cause, inter alia, the 

production of inflammatory cytokines (Mohammed et al., 2022).     
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Furthermore, it has been discovered that increased concentrations of saturated fatty acids in 

human blood, especially those of palmitic acid, interact with the toll-like receptors TLR-2 

and TLR-4. This results in an activation of NF-kB, which, in further consequence, also leads 

to inflammation (Hwang et al., 2016).       

 Inflammatory pathways have an impact on the pathogenesis of several chronic diseases 

and include inflammatory mediators and regulatory pathways. Inflammatory stimuli activate 

intracellular signaling pathways that consequential lead to an activation of the production of 

inflammatory mediators. Mainly inflammatory stimuli, including microbial products and 

cytokines, e.g. IL-6 and TNF-α, impart inflammation through interaction with TLRs (Chen 

et al., 2018). It has been revealed that IL-6 and TNF-α show diverse functions that may lead 

to tissue destruction, including chronic inflammation such as periodontitis (Ertugrul, 2017). 

1.2.1. Anti-inflammatory Diet 

When inflammation persists for a prolonged period, there is a possibility that it ends in 

chronic condition with further consequence of triggering a cascade of inflammatory events 

that can lead to permanent cellular harm and tissue injury as well as organ dysfunction 

(Ramos-Lopez et al., 2021).          

 The Mediterranean diet contains food groups and nutrients with desirable anti-

inflammatory properties. It removes pro-inflammatory factors and enriches diet with whole 

grains, nuts, legumes, vegetables, fruits, skimmed dairy, eggs, fish and vegetable oils. These 

food groups are rich in antioxidants, flavonoids, fiber and folate (Polak-Szczybyło & 

Tabarkiewicz, 2024). Important dietary components of this diet are for example (Román et 

al., 2019):  

· Long-chain ω-3 fatty acids, e.g. from fresh fish and almonds 

· Polyphenols, including flavonoids, e.g. vegetables and fruits 

· Bioactive compounds, e.g. fiber 

· Antioxidants 

Based on the Mediterranean diet with its anti-inflammatory effect, this master thesis will 

focus on fish, vegetables, fruits and coffee.  

1.2.1.1. Fish 

Essential fatty acids are not synthesized by mammals and therefore must be considered 

in diet. ALA is essential for the synthesis of longer ω-3 fatty acids including EPA and 

DHA. While humans can convert ALA into EPA, it only synthesis small amounts of 
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DHA. That is why dietary consumption of fish, seafood or fish oil is required to supply 

EPA and DHA (Román et al., 2019). 

1.2.1.2. Fruits and Vegetables 

It has been reported that plant-derived polyphenols have an influence on anti-

inflammatory properties by interfering with immune cell regulation and synthesis of 

pro-inflammatory cytokine. These are associated with health benefits for different 

chronic diseases related to inflammation (Yahfoufi et al., 2018). Polyphenols naturally 

occur in fruits and vegetables (Román et al., 2019).  

1.2.1.3. Coffee 

Just like fruits and vegetables, coffee also contains polyphenols, which are known for 

having strong antioxidant activity (Román et al., 2019). Studies conducted in recent 

time suggest that coffee plays an important role in strengthening the immune system 

and protecting the body against different diseases e.g. type 2 diabetes or osteoporosis 

thanks to the compounds it contains such as caffeine and micronutrients (e.g. 

magnesium, potassium and niacin) (Açıkalın & Sanlier, 2021). 

1.2.2. Proinflammatory Markers: Cytokines 

Markers are used in clinical applications to show the comparison of normal to pathogenic 

biological processes. Furthermore, markers are also valuable tools for evaluating responses 

to treatment. Inflammatory markers have the potential to serve as a predictor of 

inflammatory diseases and correlate with the causes and consequences of various 

inflammatory diseases. Stimuli activate inflammatory cells and induce the production of 

inflammatory cytokines, such as IL-6 and TNF-α (Chen et al., 2018), which are produced 

locally in the inflamed tissues (Mohammed et al., 2022).     

 Cytokines are small proteins that mediate cell communication and regulate the processes 

of cell differentiation, migration, proliferation, and death (Florescu et al., 2023). They play 

a significant role in the initiation, regulation and prolongation of natural immune response 

(Ertugrul, 2017). These molecules can possibly be used as biomarkers for disease diagnosis, 

prognosis, and, in further consequence, for therapeutic decision making (Chen et al., 2018). 

The basic mediators of chronic inflammatory disease are IL-6 and TNF-α, which have the 

potential to destroy tissue and initiate bone loss. Both cytokines occur due to an immune-

inflammatory response that develops in periodontal tissue which coincides with periodontal 

pathogen microorganisms. These proinflammatory mediators are hold responsible 
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predominantly for the destruction in periodontal disease (Ertugrul, 2017). Altered promoter 

methylation profiles of IL-6 and TNF have been observed in gingival tissue, peripheral blood 

or buccal mucosa from patients with periodontitis, correlating with changes in expression 

and disease severity (Jurdziński et al., 2020). 

1.2.2.1. TNF-α 

TNF-α is synthesized largely by macrophages and monocytes but also by neutrophils, 

fibroblasts as well as T and B lymphocytes. It plays a decisive role in mediating resistance 

against infections, stimulating innate and adaptative immunity in chronic inflammatory 

diseases, and plays a role in the pathogenesis of autoimmune disease (Florescu et al., 2023).  

TNF-α molecules induce the proliferation and differentiation of osteoclast pioneer cells, 

thereby stimulating bone resorption through indirect activation of matured osteoclasts. 

Furthermore, it induces IL-6 production, which in turn stimulates osteoclast formation, direct 

osteoclastic bone resorption, and T-cell differentiation (Ertugrul, 2017). The heightened 

expression of TNF-α in oral cavity fluids and tissues in periodontitis suggests their potential 

utilization as biomarkers for its occurrence and progression (Melguizo-Rodríguez et al., 

2020). 

1.2.2.2. IL-6 

IL-6 is synthesized primarily by B and T lymphocytes, but also by macrophages and 

monocytes, with an important role in adaptive immunity and a verified role in chronic 

inflammation (Florescu et al., 2023). IL-6 is a cytokine that is frequently analyzed in oral 

cavity diseases, which is produced by numerous cells of the periodontium in response to 

TNF-α secretion. It is enormously important in the activity of immune cells, in osteoclasts 

and the inflammatory response to bacterial plaque formation (Melguizo-Rodríguez et al., 

2020). 
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1.3. NON-INVASIVE METHOD: SALIVA 

Scientific evidence has shown that levels of TNF-α and IL-6 change in the saliva of subjects 

with different oral pathologies such as dental caries or periodontitis (Rodríguez-Molinero et 

al., 2021). What makes saliva attractive as a potential biomarker, is that it is non-invasive 

and therefore an attractive alternative to blood when it comes to the diagnosis and prognosis 

of oral diseases (Rodríguez-Molinero et al., 2021). Further advantages as a clinical tool over 

the serum are the simplicity of collection, pain-freeness, storing and cost-effectiveness and 

real-time results, to mention just a few (Saxena et al., 2017) (Rodríguez-Molinero et al., 

2021). Furthermore, buccal samples have indicated to be better surrogates than blood for 

epigenome-wide association studies (San-Cristobal et al., 2016). Nevertheless, it should also 

be mentioned that some biomarkers detected in saliva are not specific to particular diseases 

and therefore can be used for the diagnosis of various pathologies (Melguizo-Rodríguez et 

al., 2020). Therefore, the question is how well changes in the saliva reflect the course of a 

disease (Sikorska et al., 2018). 

1.4. DNA METHYLATION AND ORAL HEALTH 

The most studied epigenetic marker in human is DNA methylation (Carlberg & Molnár, 

2023). It is the chemical addition of a methyl group to the cytosine residue, usually occurring 

at the site of cytosine–phosphate–guanosine (CpG). DNA methylation can also be observed 

at cytosines followed by a non-guanine base, such as adenine, cytosine, or thymine. This 

non-CpG methylation is a prevalent modification in neural tissues and exhibits an increase 

during development (Aristizabal et al., 2020). It has been proven that epigenetic 

modifications (such as DNA methylation in CpG islands) occur after environmental stimuli 

and play a fundamental role in inflammatory gene transcription (Bayarsaihan, 2011). DNA 

methylation can be modulated through diet and specific nutrients, deficiency or overnutrition 

and causes hypo- or hypermethylation, which can conduce the development of metabolic 

disorders (Frankhouser et al., 2022).        

 A comparison of TNF-α and IL-6 methylation levels in the gingival tissue between 

patients with chronic periodontitis and healthy control showed that methylation levels of one 

CpG island region in the IL-6 promoter was significantly lower in the gingival tissues of  

patients with chronical periodontitis, compared with the control group (Abasijiang et al., 

2021). Decreased IL-6 promoter methylation (Ishida et al., 2012) have been observed in the 

peripheral blood from patients with periodontitis also in another study as well as increased 
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methylation levels of TNF promoter region (Kojima et al., 2016), though the latter 

observation has not been confirmed in an independent study (Kobayashi et al., 2016). 

Similarly, increased TNF promoter methylation (based on gingival biopsies) found in 

periodontitis patients, was not observed in experimental gingivitis (S. Zhang et al., 2013). 

Methylation patterns of the IL-6 promoter gene (DNA isolated from peripheral blood) was 

differentially hypomethylated in individuals with periodontitis and rheumatoid arthritis, 

which could indicate that the hypomethylated state of a single CpG in the IL-6 promoter 

region may promote higher serum levels of IL-6, supporting an important role for this 

cytokine in the pathogenesis of chronic inflammatory diseases such as rheumatoid arthritis 

and periodontitis (Ishida et al., 2012).       

 It is important to note the discrepancies between some studies. The differences in 

promoter methylation in IL-6 and TNF between patients with periodontitis and healthy 

individuals, which had been observed in some studies, have not been reproduced in 

independent analyses (Jurdziński et al., 2020). It should be kept in mind, that the application 

of techniques assessing only site-specific DNA methylation, such as bisulfite-conversion 

PCR methods, may partly explain divergent results regarding promoter methylation of the 

same genes analyzed in independent studies (Kurdyukov & Bullock, 2016).  

Consequently, studies suggest that healthy control groups exhibit increased IL-6 methylation 

and decreased TNF-α methylation when compared to individuals with periodontitis. 
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2. OBJECTIVES 

Oral health is affecting around 3.5 billion people worldwide (World Health Organization, 

2023) and is recognized as a public health problem that affects especially vulnerable groups 

with a low income (Alarcón-Sánchez et al., 2024) concerning both younger and older 

individuals (Wu et al., 2022). A balanced salivary microbiota is essential for oral health that 

is partly influenced by nutrition which functions locally and systemically. This points out 

the importance of nutrition on oral health and why nutritional dentistry is important in the 

avoidance and manifestation of secondary diseases (Woelber & Vach, 2023). Some studies 

provide evidence that diet is important in epigenetic regulation, but studies linking DNA 

methylation and general diet quality are still scarce (Frankhouser et al., 2022). This study 

therefore aims to investigate to what extent nutrition affects TNF-α and IL-6 methylation in 

the oral cavity and to explore their potential as biomarkers. 

Accordingly, the study pursues the following objectives: 

The primary objective of this study is to analyse whether methylation levels of TNF-α 

and IL-6 are similarly reflected between capillary blood and oral mucosa tissues taking 

nutrition into account.  

The secondary objective is to examine differences in methylation levels in relation to the 

consumption of fish, vegetables, and fruits, as they are part of the Mediterranean diet, as 

well as coffee intake, which is also known for its anti-inflammatory effects. Helping 

patients to reduce existing oral inflammation before undergoing treatment is a desirable 

goal in dentistry, which is why the impact of nutrition on oral inflammation shall be 

investigated.  

It is hypothesized that a diet rich in those components has a positive influence on 

inflammatory methylation levels in the oral cavity. As oral diseases are recognized as a 

public health problem associated with high costs for the state as well as the individual, this 

study aims to provide insights into potential non-invasive markers for the prevention and 

treatment of oral diseases and the influence of nutritional components on inflammation in 

this regard.   
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3. MATERIALS AND METHODS 

3.1. OVERVIEW  

The following illustration gives an overview of the study process and shows the performed 

analyses.  

 

Figure 2: Overview of the analyses performed  

3.2. COHORT RECRUITMENT AND DATA COLLECTION  

The study was initially designed to include participants with impaired oral health. However, 

owing to an insufficient number of samples, only healthy individuals were ultimately 

recruited, which led to equal distribution across the groups.    

 At the beginning of the study a questionnaire was created which is based on a 

questionnaire that HealthBioCare uses for their analysis. The questionnaire that was used for 

this study contained, in addition to lifestyle and nutrition questions, also questions regarding 

oral health. The questionnaire is attached under 9.1 “Questionnaire”.    

 The aim of the study was to compare methylation levels between capillary blood and 

buccal swabs samples, taking diet and coffee consumption into account, for potential 
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markers. It was not easy to find subjects who wanted to participate in this study without any 

compensation and who agreed to provide capillary blood samples as personal DNA was 

collected. Furthermore, it was difficult for some participants to visit the lab besides their 

daily obligations. For this reason, the cohort recruitment was undertaken in the circle of 

acquaintances of the labor staff. The blood and buccal swab samples were taken from the 

probands in the laboratory of HealthBioCare. Single-serving sterile cervical brushes from 

“Teqler” were used to ensure that the buccal swabs samples become not contaminated and 

supply enough cells for the DNA extraction. Every subject had to collect their buccal swabs 

by using these brushes with circular movements. This procedure took 30 seconds and was 

repeated at each cheek to ensure that enough cells would be taken. After that, the brushes 

were closed anew in the protective cover and air-dried for 24 hours (see appendix under 

section 9.2). For the blood samples a Whatman® protein saver card was used to collect 

capillary blood with the aid of a safety lancet Extra 18G and previous disinfection of the 

fingertip. 

3.3. LABORATORY ANALYSIS  

3.3.1. DNA Extraction 

DNA from capillary blood and buccal swabs were extracted to analyze the 

methylation levels of IL-6 and TNF-α. The extraction was performed following the 

instruction of the manufacturer’s protocol (see appendix under section 9.3). 

3.3.2. Methylation Analysis 

A high-resolution melting analysis (HRM) is a sensitive and specific method for the 

detection of methylation (Wojdacz & Dobrovic, 2007). A HRM curve was conducted 

to analyze the methylation levels of the samples. For this purpose, the extracted DNA 

was used. Before that was possible, it had to be bisulfite converted to conduct further 

analyses. 

3.3.2.1. Bisulfite Conversion 

Bisulfite conversion is a chemical process used to distinguish between methylated 

and unmethylated DNA. Methylated DNA and unmethylated DNA acquire different 

sequences after bisulfite treatment resulting in PCR products with markedly different 

melting profiles (Wojdacz & Dobrovic, 2007). The bisulfite conversion was 
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performed following the instruction of the manufacturers protocol (see appendix 

under section 9.4). 

3.3.2.2. High-resolution Melting Analysis (HRM) 

Unmethylated cytosines (C) are converted into uracil (U), while methylated cytosines 

remain unchanged due to the methyl group protecting them. This conversion enables 

the distinction between methylated and unmethylated DNA. During PCR, methylated 

Cs remain Cs, which is not the case for originally unmethylated Cs that occur as Ts 

during PCR (Patterson et al., 2011) and are converted into U. For the analysis of the 

methylation levels a high-resolution melting curve was performed with a Rotor Gene 

Q (Qiagen, Germany) (see appendix under section 9.5). 

 

Figure 3: Methylated and unmethylated DNA (Ochoa et al., 2022) 

3.4. STATISTICS 

Data from laboratory was evaluated using the statistical program R. The Shapiro–Wilk test 

showed that TNF-α results in blood as well as in the buccal swabs were not normally 

distributed. Since the data was not normally distributed, a Mann–Whitney U test was used 

to test whether there was a significant difference or not. A Student's t-test could not be carried 

out for IL-6 as IL-6 results were only distributed normally in blood, but not in buccal swabs.

 Furthermore, the Kruskal–Wallis test, a one-factor ANOVA, was used for testing the 

effects of fish consumption on the inflammation markers, as TNF-α is a metric variable and 

was not normally distributed, whereas fish is a categorical variable with more than two 
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categories. The Kruskal–Wallis test is an extent of the Mann–Whitney U test. To find out 

which groups differ from each other, Dunn’s test was used. 

  



 

23 
 

4. RESULTS 

4.1. CHARACTERISTICS OF THE STUDY POPULATION 

A total of 40 adults were included in the study, half of whom were women. The participants 

were asked about their gender in an open question format. Only the answers “man” and 

“woman” had been written down, which is why no other gender identity is mentioned in the 

results. Exclusion criteria were chronic diseases and medication as well as an age under 18 

and over 65. There was no person who was excluded due to not meeting the inclusion criteria. 

The average age and BMI of participants were respectively 26.27 (± 4.25) years and 22.48 

(± 2.66) kg/m2. 

 

 
Study Population 

Total [n] 40 

Gender ♀ 20 

Age [in years] 26.27 ± 4.25 

BMI [kg/m2] 22.48 ± 2.66 

TNF-α (capillary blood) 29.38 ± 5.23 

TNF-α (buccal swabs) 19.64 ± 10.03 

IL-6 (capillary blood) 67.94 ± 23.92 

IL-6 (buccal swabs) 86.18 ± 27.22 

Coffee drinker [%] 72.5 

Regular fish consume [%] 22.5 

Data are presented in n (%), mean ± SD 

Table 1: Descriptive characteristics of the 40 study participants  
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4.2. OUTCOME  

4.2.1. TNF-α and IL-6 in Blood and Buccal Swabs 

Figure 4 shows that the median of TNF-α in blood is higher than that of TNF-α in the buccal 

swabs. Furthermore, two outliers for TNF-α in blood and one outlier for TNF-α in the buccal 

swabs are visible. The Interquartile Range (IQR) is significantly narrower for TNF-α in 

blood which shows less dispersion. The Mann–Whitney U test showed that there is 

significant difference (p=2.34e-10) between TNF-α methylations levels in blood and those 

in buccal swabs. 

 

Figure 4: Comparison of methylation levels between TNF-α blood and TNF-α buccal swabs 
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Figure 5 shows a relatively high standard deviation. There is a significant (p=0.0175) 

positive correlation between TNF-α in blood and TNF-α in buccal swabs (ρ=0.4002) as the 

yellow line shows. The blue dots represent each participant in the study. The methylation 

level of TNF-α in blood does increase as well as the methylation level of TNF-α in the buccal 

swabs does, but not to the same extent. Figure 5 shows clearly that the increase in both media 

does not occur at a ratio of 1:1. 

 

Figure 5: Scatterplot between TNF-α blood and TNF-α buccal swabs. The yellow trend line 

highlights the type of relationship, whereas the gray zone indicates the standard deviation 
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Figure 6 shows that the median in oral mucosa of IL-6 methylation is higher than IL-6 

methylation in blood. The median of IL-6 methylation in blood is 67.62, while that of oral 

mucosa is 94.72. The variance is quite similar. The IL-6 methylation results in blood are 

normally distributed, while those in oral mucosa are not. The Mann–Whitney U test showed 

that there is a significant difference between both (p=0.0004).   

 Nevertheless, there is no positive correlation (ρ= -0.0356) between the IL-6 results in 

blood and those in buccal swabs. The results are not significant (p=0.848), which is why 

they will not be explained in more detail. 

 

 

Figure 6: Comparison of methylation levels between IL-6 blood and IL-6 buccal swabs 
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4.2.2. Fish Consumption 

Participants were asked how often they consume fish per week. Group 1 shows those who 

never or rarely eat fish. Group 2 consumes fish once a week, whereas group 3 eats fish 2-3 

times per week. Group 4 consumes fish at least 4 times per week. Figure 4 shows that there 

was no one in group 3 and only one single person in group 4.     

 There is a significant difference (p=0.0212) in TNF-α methylation between all groups. 

The median is significantly higher in group 1 in comparison to the other two groups. Dunn’s 

test showed that group 1 differs significantly (p= 0.0093) from group 2. No significant 

difference could be demonstrated between group 1 and group 4 (p= 0.7314) or group 2 and 

group 4 (p=1.0). 

 

Figure 7: Methylation level of TNF-α in blood according to fish consumption 
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Figure 8 shows methylation levels of TNF-α in buccal swabs. No significant difference 

(p=0.0685) could be demonstrated.  

 

Figure 8: Methylation level of TNF-α in buccal swabs according to fish consumption 

Figure 9 shows methylation levels of IL-6 in blood according to fish consumption. The 

Kruskal Wallis test has shown a significant result (p=0.0026). Group 2 had the highest 

methylation levels of IL-6 in blood. There was a significant difference between group 1 and 

group 2 (p=0.0016), but no significant difference between group 1 and group 4 (p=0.6205) 

as well as no significant difference between group 2 and group 4 (p=0.0673). 

 

Figure 9: Methylation level of IL-6 in blood according to fish consumption 
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Figure 10 shows methylation levels of IL-6 in buccal swabs and no significant result 

(p=0.3511). 

 

Figure 10: Methylation level of IL-6 in buccal swabs according to fish consumption 
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4.2.3. Vegetable Consumption 

Participants were asked about the frequency of their vegetable consumption. No one was 

assigned to group 1 (seldom or never) or group 2 (once per week). Group 3 consumes 

vegetables 2-3 times a week, whereas group 4 eats vegetables 4-6 times per week. Group 5 

consumes vegetables daily. Group 6 consumes vegetables several times a day.  

 Figure 11 shows methylation levels of TNF-α in blood according to vegetable 

consumption. The results are not significant (p= 0.5996). The median of group 3, group 4 

und group 5 show a quite similar median. Group 6, the group with the highest vegetable 

consumption, has the highest median of the methylation levels of TNF-α.    

 

Figure 11: Methylation level of TNF-α in blood according to vegetable consumption  
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Figure 12 shows the methylation level of TNF-α in buccal swabs according to the vegetable 

consumption. Methylation levels are not significant (p= 0.6335). The median is noticeably 

higher in group 6 compared to the other groups. The median of group 3, group 4 and group 

5 is similar. 

 

Figure 12: Methylation level of TNF-α in buccal swabs according to vegetable consumption 

Figure 13 shows the methylation level of IL-6 in blood according to vegetable consumption. 

The results are not significant (p= 0.3136). In comparison to TNF-α methylation levels in 

figure 12, figure 13 shows that IL-6 methylation levels vary widely within the different 

groups, especially in group 3.  

 

Figure 13: Methylation level of IL-6 in blood according to vegetable consumption 
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Figure 14 shows the methylation level of IL-6 in buccal swabs according to vegetable 

consumption. Also, those boxplots show that methylation levels vary widely within the 

different groups, however the variation is not as strong as in blood. These results are not 

significant (p=0.5125). The median does not show a trend, or another pattern. 

 

Figure 14: Methylation level of IL-6 in buccal swabs according to vegetable consumption 
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4.2.4. Fruit Consumption 

Participants were asked about the frequency of their fruit consumption. No one was assigned 

to group 1 (seldom or never). Group 2 consumes fruits once per week. Group 3 consumes 

fruits 2-3 times a week, whereas group 4 eats fruits 4-6 times per week. Group 5 consumes 

fruits daily. Participants in Group 6 consume fruit several times daily. Figure 15 shows 

methylation levels of TNF-α in blood according to fruit consumption. There is no 

recognizable trend, and the results are not significant (p=0.6143). 

 

Figure 15: Methylation level of TNF-α in blood according to fruit consumption  
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Figure 16 shows the methylation level of TNF-α in buccal swabs according to fruit 

consumption. The results are not significant (p= 0.6386) 

 

Figure 16: Methylation level of TNF-α in buccal swabs according to fruit consumption 

Figure 17 shows the methylation level of IL-6 in the blood according to fruit consumption. 

The results are not significant (p=0.1275). A downward trend is recognizable. Higher fruit 

consumption goes along with lower IL-6 methylation levels. 

 

Figure 17: Methylation level of IL-6 in blood according to fruit consumption 
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Figure 18 shows the methylation level of IL-6 in buccal swabs according to fruit 

consumption. The results are not significant (p=0.6169). 

 

Figure 18: Methylation level of IL-6 in buccal swabs according to fruit consumption 
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4.2.5. Coffee Intake 

Participants were asked if they consume coffee. Group 1 consumes coffee, whereas group 2 

does not. Figure 19 shows methylation levels of TNF-α in blood according to coffee 

consumption. The median of group 1 is slightly higher than in group 2. The results are not 

significant (p=0.2215). 

 

Figure 19: Methylation level of TNF-α in blood according to coffee consumption  

Figure 20 shows methylation levels of TNF-α in buccal swabs according to coffee 

consumption. The median of both groups is almost identical. The results are not significant 

(p=0.5956). 

 

Figure 20: Methylation level of TNF-α in buccal swabs according to coffee consumption 
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Figure 21 shows methylation levels of IL-6 in blood according to coffee consumption. This 

graphic shows again that the range of IL-6 is large within the groups. The results are not 

significant (p=0.5305). 

 

Figure 21: Methylation level of IL-6 in blood according to coffee consumption 

Figure 22 shows methylation levels of IL-6 in buccal swabs according to coffee 

consumption. The median of group 1 is slightly higher than in group 2. The results are not 

significant (p=0.5735). 

 

Figure 22: Methylation level of IL-6 in buccal swabs according to coffee consumption 
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5. DISCUSSION 

After adjusting for dietary habits, only fish consumption was associated with a statistically 

significant outcome, whereas the remaining results did not reach statistical significance. For 

this reason, the discussion will primarily focus on the influence of fish consumption on TNF-

α and IL-6 methylation levels.        

 Despite that fact, the discussion will, although the results are not statistically significant, 

discuss some noticeable trends of vegetable consumption and TNF-α methylation levels as 

other studies show significant correlations between the two. No trend was observed between 

IL-6 methylation levels and vegetable consumption. The same applies to IL-6 as well TNF-

α methylation levels and fruit consumption. Finally, the results of coffee intake and 

methylation levels were also not significant, and methylation levels were similar between 

coffee drinkers and non-drinkers, thus no trend was noticeable here either. 

5.1. TNF-α METHYLATION 

The results show that the methylation levels of TNF-α are significantly higher in capillary 

blood than those in buccal swabs. Nevertheless, TNF-α methylation levels in buccal swabs 

did not increase to the same extent as TNF-α methylations did in capillary blood. 

Furthermore, the results in blood and buccal swabs correlated, but did not increase to the 

same extent. This indicates that TNF-α was more strongly suppressed in blood than locally 

in the oral cavity, since higher TNF-α methylation levels generally lead to reduced TNF-α 

expression.           

 Furthermore, it should be considered that the tissues differ between each other, which can 

lead to different results, although measuring the same methylations. Buccal swabs are locally 

exposed to the oral microbiome and are directly influenced by various factors such as 

smoking or diet, especially as food is chewed and broken down directly in the oral cavity. 

 In addition, TNF-α could also be more active in the oral cavity which could indicate a 

local inflammatory process and suggests that epigenetic regulation of TNF-α is tissue-

specific. It should be considered that the cohort of this study consisted entirely of healthy 

young participants. Therefore, significantly lower TNF-α methylation levels in the oral 

region could point out increased propensity for an inflammatory response and show possible 

active inflammation. However, whether local inflammatory activity was indeed present or 

not cannot be determined, as no dental examination (e.g. for periodontitis or other oral 

diseases) was conducted in this study, nor TNF-α was measured to confirm this.  
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Data regarding high and low TNF-α methylation levels between study groups and control 

groups also proved to be contradictory in the conducted literature review. Various studies 

have reported conflicting results regarding TNF-α methylation in patients with periodontitis. 

In some studies, participants with periodontitis showed lower TNF-α methylation levels 

compared to the control group (Abasijiang et al., 2021) or demonstrated that participants 

with apical periodontitis showed also lower TNF-α methylation levels, compared to healthy 

individuals (Fernández et al., 2025). Nevertheless, there are also studies that found the 

opposite, reporting higher TNF-α methylation levels in the study group (Kobayashi et al., 

2016).            

 Nonetheless, only healthy participants and no control group was included in the present 

study, whose results show lower TNF-α methylation levels in the oral cavity compared to 

capillary blood. Comparisons with other studies as well as the interpretation of the results 

are difficult, as data on this topic is highly variable and inconsistent, as mentioned before. 

5.2. IL-6 METHYLATION 

IL-6 shows the contrary of TNF-α results: the methylation levels were significantly higher 

in the oral mucosa compared to those in capillary blood, but there is no correlation between 

IL-6 methylation levels in these tissues. This indicates that an increase in one of the two 

values does not necessarily correspond to an increase in the other, suggesting that IL-6 

methylation levels in blood are not correlated with those in oral mucosa.    

 This is quite interesting as another study showed different results, where IL-6 promoter 

methylation levels in blood were significantly higher in comparison to gingival tissue 

(Kobayashi et al., 2016). Similarly, other studies have found that participants with oral 

diseases—particularly periodontitis—exhibit lower IL-6 methylation levels compared to the 

control group: Abasijiang et al. (2021) compared IL-6 methylation levels between patients 

with chronic periodontitis and control group in peripheral blood, Kobayashi et al. (2016) did 

so as well and also Ishida et al. (2012) compared the IL-6 methylations between a study 

group with chronic periodontitis and the control group.      

 As methylation levels of IL-6 were higher in oral mucosa, it can be suggested that 

participants, all of whom were healthy, may not have had any acute inflammation in the oral 

cavity. It could be assumed that higher IL-6 methylation represents a normal regulation of 

IL-6 in the mouth to limit inflammation, as the oral cavity is constantly exposed to factors 

such as oral bacteria and other environmental influences. Nevertheless, it remains uncertain 
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whether all study participants were orally healthy, as no dental examination was conducted 

in the study.           

 It should also be considered that, compared to TNF-α methylation levels, IL-6 

methylation levels showed considerable variability. A high variability between individual 

subjects regarding IL-6 methylation was also observed in other studies (F. F. Zhang et al., 

2012) and depends on various lifestyle factors (Mao et al., 2017). 

5.3. ↑ IL-6 AND ↓ TNF-α METHYLATIONS LEVELS  

Unfortunately, this study did not include a separate control group, and the participants did 

not undergo a dental oral examination. Therefore, it remains unclear what the actual oral 

health status of the participants was, and it cannot be said with certainty that study 

participants indeed were orally healthy. It is possible that some had early-stage periodontitis 

or other oral diseases that had not been manifested clinically but may have already influenced 

methylation patterns in the oral mucosa. In this study participants showed lower TNF-α, but 

higher IL-6 methylation levels in buccal swabs compared to capillary blood. For example, 

low TNF-α methylation in the oral cavity could indicate an initial inflammatory process that 

had not yet produced noticeable symptoms and therefore remained undetected by the 

participants. Additionally, even minor microtraumas in the oral area could have been present, 

potentially leading to decreased TNF-α methylation levels as TNF-α is a cytokine known for 

its rapid response to inflammation. At the same time, higher IL-6 methylation levels suggest 

that any potential inflammation in the oral region had not persisted for long and that the gene 

may have been methylated more strongly to prevent the development of chronic 

inflammation. However, all of this remains unclear, as an accurate interpretation of the 

methylation results is difficult without a control group or prior dental examination. 

5.4. TNF-α AND IL-6 METHYLATION LEVELS: FISH CONSUMPTION 

The consumption of fish had a significant effect on TNF-α as well as on IL-6 blood 

methylation levels, but not on the methylation levels in buccal swabs. On first impression, 

TNF-α and IL-6 methylation status in the oral mucosa seems not to be influenced by fish 

consumption in this study, but it should be taken into account that oral mucosa cells are short-

lived, and long-term effects are likely more difficult to detect, which complicates the 

interpretation of the results. Furthermore, it cannot be concluded from this that fish 

consumption does not influence local inflammation, as there is increasing evidence 
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suggesting that the exposure time of foods also plays an important role in epigenetic 

regulation, which was not considered in this study.      

 Study participants who rarely or never consumed fish had significantly higher TNF-α 

methylation levels in blood than people who consumed fish more frequently. Group 1, which 

did not consume fish, demonstrated the highest TNF-α methylation levels. Accordingly, no 

effect was observed with the consumption of fish more than once per week. These findings 

contrast with those of other studies as findings related to TNF-α methylation levels and 

PUFA demonstrate that the consumption of the ω-3 PUFA DHA, which is known to be anti-

inflammatory and primarily found in fatty marine fish, results in higher methylation of TNF 

(Hussey et al., 2021), whereas higher ω-6 PUFA intake, known as precursors of series 2 

prostaglandins and therefore proinflammatory, was associated with lower TNF promoter 

methylation levels (Hermsdorff et al., 2013).     

 Also, AGES recommends consuming fish 1–2 times per week as it is rich in ω−3 fatty 

acids, proteins, iodine, and vitamin D. Fish consumption is characterized especially by the 

omega-3 fatty acids DHA and EPA, making it an essential part of the diet. The results of 

these studies show that consuming fish more than once per week did not influence TNF-α 

methylation. However, these findings oppose previous studies and contradict current 

recommendations, since the highest TNF-α methylation levels was observed in participants 

who did not consume fish. Additionally, methylation levels declined with higher fish 

consumption.           

 In contrast, the situation is different for IL-6, where fish consumption (once a week) 

compared to no fish consumption is associated with higher IL-6 methylation levels, which 

in turn indicates a lower level of inflammation. Group 2, which consumed fish once per 

week, demonstrated the highest methylation levels. No increase was observed in group 4 

where increased fish consumption does not seem to be associated with either beneficial or 

adverse effects, probably due to the fact this group included only one participant. 

 Consequently, it remains unclear whether a higher frequency of fish consumption per 

week would have led to increased IL-6 methylation levels or not. A larger sample size in 

group 4 would have been required to clarify this. Other studies, however, showed that higher 

ω-3 PUFA was associated with lower IL-6 methylation (Ma et al., 2016), which could not be 

observed in the present study. 

Therefore, the expected outcome that fish consumption results in higher TNF-α methylation 

levels could not be proven in this study. However, this does not apply to the results for IL-6 
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methylation levels. Deviating results could be related to the large number of limitations, 

which are explained in more detail in section 6. It should also be mentioned that the 

distribution of the test subjects within the fish consumption groups varied. For example, 

there was not a single test subject in group 3 (fish consumption 2-3 times per week), whereas 

group 1 included 31 study participants and group 2 only 8 participants (these are also those 

two groups that differed significantly). Unfortunately, the uneven distribution of participants 

across the groups likely had an impact on the results, as this makes it difficult to compare 

the groups reliably. Although group 1 and group 2 differed significantly, they should be 

viewed with caution in terms of their significance, as it must also be borne in mind that the 

type of fish was not surveyed, which is also discussed in more detail in the limitations. As 

Jurdziński et al. (2020) pointed out, it is important to note the discrepancies between some 

studies, which examined methylation levels. Various studies have already been cited in this 

work to illustrate the variability in results regarding methylation analyses. Also, Hermsdorff 

et. al (2013) notes that the modulation of specific nuclear factors still underlies unclear 

mechanisms and further studies are necessary to investigate the precise relationship between 

dietary fat and DNA methylation. Unfortunately, this aspect limits the interpretability of the 

results, but nevertheless, provide insight into epigenetic regulation and nutrition.  

5.5. TNF-α METHYLATION LEVELS: VEGETABLE CONSUMPTION 

All groups consumed vegetables regularly and frequently. There was no group that 

consumed little or no vegetables. Although the results for vegetable consumption were not 

significant, the highest median was observed in group 6 (including 16 participants), which 

was the group with the highest vegetable intake (multiple times daily). A positive effect on 

TNF-α was only seen with multiple daily servings of vegetables, whereas the methylation 

results in both blood and buccal swabs showed that there was no difference between 

consuming vegetables 2–3 times per week and eating them daily. Only multiple daily 

servings resulted in a noticeably higher median. The findings did not reach significance but 

nevertheless showed a trend.         

 Another study also showed positive association between TNF-α methylation levels and 

vegetable consumption (Boonrong et al., 2024). Furthermore, an increased vegetable 

consumption was also associated with a significant decrease in TNF-α in a study from 2023, 

where participants who consumed more vegetables showed lower TNF-α compared to those 

with a low consumption (Gariballa et al., 2023). Both studies also assessed vegetable 
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consumption using a food frequency questionnaire.      

 Thus, a high vegetable intake appears to have a beneficial effect on TNF-α. Although this 

association could not be confirmed with statistical significance in the present study, a trend 

in that direction was still observable. However, since the number of studies investigating 

vegetable consumption and TNF-α methylation, or methylation in general, is limited, further 

research is needed to clearly determine the extent of the impact of vegetable intake on TNF-α 

methylation. 

6. LIMITATIONS AND FUTURE RESEARCH 

As already pointed out in the results, this study had some limitations, which are explained in 

more detail below. 

6.1. QUESTIONNAIRE  

First, the questionnaire assessed the frequency of fish, vegetable, and fruit consumption, but 

not the exact quantity of these foods. If someone reported consuming vegetables several 

times a day, it remains unclear how much is actually consumed. Perception is a very 

individual thing and there are several things that have an influence on the perception of 

portion size. These include, among other things, the presentation of the food. For example, 

consumers perceive portions of food as smaller when they are presented vertically (Szocs & 

Lefebvre, 2017). It is known that  small portion sizes tend to be overestimated whereas large 

ones are rather underestimated (Szenczi-Cseh et al., 2017).     

 AGES recommends 5 portions of fruit and vegetables per day, whereby a portion is 

defined as follows: cooked vegetables (200 - 300 g), raw vegetables (100-200 g), salad (75-

100 g), pulses (raw approx. 70-100 g, cooked approx. 150-200 g), fruit (125-150 g), 

vegetables (125-150 g), vegetable or fruit juice (200 ml). The questionnaire defines a 

vegetable and fruit portion as “handful”, which is at least an approximate indication, but is 

not clearly defined and may differ in the perception from person to person. Some may 

consider a handful to be an overflowing hand, while for others a few berries could already 

be considered as a handful. Similarly, the exact amount of fish consumed was not assessed. 

The Austrian dietary guidelines by AGES recommend one portion of fish per week, with an 

optional second portion. While the questionnaire records how often fish is consumed, it does 

not provide information on the quantity. Normally, a portion of fish corresponds to a finger-

thick, palm-sized piece (AGES, 2024), which was unfortunately not asked for in the 
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questionnaire. Therefore, it is possible that some participants reported daily fish 

consumption, but one individual might eat an entire trout each day, while another might 

consume only a couple of spoonfuls of tuna in a salad. Unfortunately, this information was 

not included in the questionnaire but would be important for the outcome. An exact definition 

of a portion should be given in the beginning of the questionnaire to make sure that a 

comparison between the quantity of consumption among study participants is conclusive. In 

this study it is unclear what a test person understands by a portion exactly, which is why it 

is difficult to compare the results.       

 Moreover, not only does the amount of food consumed appear to play a role in epigenetic 

regulation, but also the exposure time to food, which was not considered in this study.

 Furthermore, the types of fish, vegetables, and fruits consumed were not recorded. This 

information would be particularly relevant for fish, as ω−3 fatty acid content varies 

significantly between different species. Oily fish, such as sea fish, mackerel, salmon, tuna, 

herring or local cold-water fish such as char are a good source of ω−3 fatty acids, which are 

essential in diet.          

 Also, the term “seldom” was not explained in detail, and it is unclear where the exact 

difference lies between “seldom” and “seldom or never”. This could have been perceived 

differently by the respondents, which is why it is not possible to compare the answers reliably 

here either.           

 In general, it can be said that the reliance on self-reported lifestyle data introduces notable 

biases and inaccuracies that do not point out the usual eating habits as over- and 

underreporting is unavoidable at questionnaires without additional measurements. The 

evaluation of nutritional status and caloric intake is complicated by the need for 

comprehensive dietary data, underscoring the need for more accurate and impartial data 

collection techniques. This might potentially produce false negative results that may have an 

impact on the outcome. 

6.2. PARTICIPANTS 

First and foremost, it should be noted that the study was originally planned to also include 

participants who were not orally healthy, which unfortunately was ultimately not the case. 

 As this was a pilot study, 40 healthy participants were included. Furthermore, there were 

also major differences within the individual groups (e.g. regarding the fish consumers, there 

were 31 people in group 1 but only 8 people in group 2). If a representative group had been 
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included, the results might have differed.       

 It should also be mentioned that the participants were quite young, on average 27 years 

old, which also does not speak for a representative group. In addition, all the study 

participants came from close environment of the study organizers. All of them were 

Austrians or Germans, mostly athletic with a healthy lifestyle, primarily students and, as 

already mentioned, young. So, the study's dataset predominantly features adult German and 

Austrian participants, limiting its generalizability across different demographics. To enhance 

the informative value, future research must employ more extensive, more diverse datasets 

that include a variety of populations, ethnicities and genders.   

 Aside from that, there was no separate (disease) control group included, making it more 

difficult to interpret methylation levels of TNF-α and IL-6 in the oral cavity and the effects 

of nutrition and coffee intake on these parameters. A comparison with a control group would 

have provided more reliable results regarding the influence of diet and coffee on both 

methylations in oral cavity, as other studies that have been identified in the literature review 

reported opposing results in TNF-α and IL-6 methylation levels.    

 Furthermore, the lack of dental examination in this study complicates the interpretation 

of the results. Although all study participants were young and reported to be healthy, it was 

not previously verified by a dentist whether they were orally healthy and e.g were not 

affected by diseases such as caries or periodontitis. For interpreting the varying results in 

methylation patterns, such an examination would have been of high value. 

6.3. SAMPLING 

There is a possibility of application errors during sampling. While the blood sample was 

always taken by trained laboratory staff, the study participants had to collect the oral mucosa 

cells themselves using a brush under the supervision of the laboratory staff. It is possible that 

the collection of oral mucosal cells worked better for some study participants than for others. 

After sample collection, the amount of DNA collected from each subject was not tested 

individually. This did only take place in pretests to ensure that buccal swabs generally 

contain enough DNA to be able to carry out the subsequent tests. As a result, there is a 

possibility that sampling errors occurred and the number of cells varied greatly, which would 

also have an influence on methylation levels. Although care was taken to ensure that enough 

cells were taken, due to using the brush with circular movements, it was not possible to 

determine whether the participants pressed the brush well enough and thus removed an 
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adequate number of cells. The cell counts were not normalized, although it is possible that 

some study participants collected more cells than others. Despite everything, undetected 

things like this can always occur in the lab. 

6.4. EVALUATION 

No standardized method was used for the analysis of the results, which may be one reason 

for the high variability observed in this and other studies as well as for the different 

outcomes. 

6.5. ENHANCING RESEARCH QUALITY IN FUTURE STUDIES 

Due to the numerous limitations in this study, which were mentioned above, it cannot be 

ruled out that diet has a positive effect on TNF-α and IL-6 methylation in the oral cavity. For 

future studies, the inclusion of a control group, a prior dental examination, a better 

distribution of participants across groups and clearly defined quantity specifications in the 

questionnaire as well as exposure time of dietary components for better comparison are 

necessary to achieve more conclusive results. 
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7. CONCLUSION 

This study aimed to examine whether the consumption of fish, vegetables, fruit, and coffee 

influences TNF-α and IL-6 methylation in buccal swabs, and to evaluate the potential of 

these epigenetic markers as biomarkers in dentistry for assessing the inflammatory status in 

the oral cavity and whether inflammation can be positively modulated by anti-inflammatory 

dietary factors in the mouth.         

 This study demonstrated that fish consumption, as part of the Mediterranean diet, had an 

influence on the methylation levels of IL-6 and TNF-α in capillary blood, but not in buccal 

swabs. No statistically significant differences in TNF-α and IL-6 methylation levels were 

observed between blood and buccal swabs in this context. According to the results, it remains 

unclear to what extent an anti-inflammatory diet influences oral health and whether TNF-α 

and IL-6 methylation levels could serve as biomarkers in periodontal medicine. It should be 

taken into account that oral mucosa cells are short-lived, and long-term effects are likely 

more difficult to detect. However, the observed effect of fish consumption on systemic 

inflammation does not rule out this possibility, especially when considering that there is 

increasing evidence that the length of exposure to food-derived bioactive compounds may 

also influence epigenetic regulation.  

 However, TNF-α and IL-6 methylation in capillary blood were significantly affected by 

fish consumption, suggesting that systemic inflammation is influenced by the consumption 

of fish. While higher fish consumption was associated with increased IL-6 methylation in 

blood, this was not the case for TNF-α methylations in blood, where lower methylation levels 

were observed. Due to the lack of dental examination and an uneven distribution of 

participants across study groups, the interpretability of the findings is limited.  

 As mentioned in the introduction, research on the relationship between fatty acids and 

DNA methylation is still limited and requires further investigation. The literature review 

showed that different studies have reported varying results regarding hypo- or 

hypermethylation, highlighting the need for further studies to enhance the validity of the 

findings.          

 Furthermore, the results for vegetables, fruit, and coffee consumption were all not 

statistically significant and were therefore not considered further in the study.   

 To sum up, no clear conclusions can currently be drawn regarding the influence of an 

anti-inflammatory diet und coffee intake on TNF-α and IL-6 methylation levels and their 
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potential for biomarkers in dentistry. However, certain limitations of this study may have 

influenced the results, which is why further research is needed. 
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