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Abstract 

The human oral cavity hosts a complex and dynamic microbial ecosystem, second only to the 

gut in microbial diversity. While the gut-brain axis has been extensively studied, the potential 

influence of the oral microbiome on mental health remains underexplored. Evidence has 

emerged suggesting a significant link between the oral microbiome and mental health. Recent 

studies indicate that oral microbial dysbiosis may contribute to neuroinflammatory processes, 

thereby affecting mental health outcomes. This review explores the current findings on how 

dysbiosis in the oral microbiota may influence neuropsychiatric outcomes through systemic 

inflammation, microbial translocation, and neural pathways. Understanding the oral-brain axis 

could pave the way for novel diagnostic and therapeutic strategies in mental health care. 
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Introduction 

The human oral cavity hosts a complex and dynamic microbial ecosystem, comprising over 

700 bacterial species, as well as fungi, viruses, and protozoa [1]. It is second only to the gut in 
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microbial diversity. This complex ecosystem has a significant influence on overall health 

through its interactions with the digestive system, immune system and metabolic pathways [2]. 

Recent research has highlighted the significance of the oral microbiome in systemic diseases, 

including cardiovascular disease, diabetes, and neurodegenerative disorders.   

While the gut-brain axis has been extensively studied, the potential influence of the oral 

microbiome on mental health remains underexplored [3]. The concept of the oral-brain axis 

has emerged to describe the bidirectional communication between the oral microbiome and the 

central nervous system. This axis suggests that oral microbial dysbiosis can influence brain 

function and behaviour through various mechanisms, including systemic inflammation, 

microbial translocation, and neural pathways. Recent studies suggest a strong link between oral 

microbial dysbiosis and neuroinflammatory processes that affect mental health outcomes 

significantly [4]. 

The Oral-Gut-Brain Axis 

The oral and gut microbiomes, though distinct, are interconnected systems that influence 

immune regulation, metabolism, and disease susceptibility [2]. The gut microbiome aids in 

nutrient absorption, immune development, and produces biomolecules like neurotransmitters 

[5]. Both microbiomes collectively modulate systemic inflammation and neurological health 

[6]. 

While the gut-brain link is well-studied, the oral microbiome, despite its role in systemic 

inflammation, remains underexplored [7]. Emerging evidence implicates oral pathogens like 

Porphyromonas gingivalis in Alzheimer’s disease (AD), suggesting communication between 

oral microbes and the brain via inflammatory, neural, and immune pathways (e.g., vagus and 

trigeminal nerves) [8]. These findings highlight the need for integrated approaches to support 

both oral and gut microbial health in preserving brain function. 

Oral Microbiome Composition, Complexity and Its Systemic Implications 

The oral microbiome constitutes a highly diverse and dynamic microbial community, second 

only to the gut in terms of population and functional complexity. Estimates suggest the 

presence of over 700 microbial species within the oral cavity, although individual adults 

typically harbour about 200 predominant bacterial species at any given time [7]. Despite 

significant advancements in microbiome research, fewer than one-third of the oral microbial 



The Oral Microbiome and Its Role in Mental Health: Exploring the Oral-Brain Axis 

 
 
 

150 
 

Journal of Complementary Medicine Research ¦ Volume 10 ¦ Issue 2 ¦ 2019 

taxa have been successfully cultured in vitro, underscoring the challenges of fully elucidating 

this ecosystem’s complexity [9]. 

The environment of the oral cavity is uniquely suited for microbial survival and diversity, 

maintained at an average temperature of 37 °C and a mildly acidic to neutral pH range (typically 

between 6.2 and 7.6) [10]. Oxygen availability within oral biofilms is also highly variable and 

supports a diverse microbial community, including aerobic, facultative anaerobic, and obligate 

anaerobic organisms [11,12]. Disruption of this symbiotic balance, termed dysbiosis, can lead 

to the proliferation of pathogenic microbes such as Porphyromonas gingivalis and 

Fusobacterium nucleatum, both of which have been linked not only to periodontal disease but 

also to systemic illnesses. These microorganisms often exist within biofilms, which provide 

protection from external stressors and contribute to the microbial community's resilience. 

When dysbiosis occurs, these pathogens may enter systemic circulation, either directly or 

through inflammatory mediators, initiating a cascade of systemic immune responses [13]. 

Notably, the systemic spread of oral microbes and their metabolic byproducts has been 

increasingly associated with chronic inflammatory diseases, including diabetes, cardiovascular 

disorders, preterm birth, inflammatory bowel disease, and, notably, AD [14]. Several 

mechanisms have been proposed to explain these links.  

Mechanisms of Neuroinflammation Induced by Oral Microbiota 

The oral microbiome may contribute to neuroinflammation through multiple interconnected 

pathways. Gram-negative bacteria commonly found in the oral cavity, such as Porphyromonas 

gingivalis, Fusobacterium nucleatum, and Aggregatibacter actinomycetemcomitans, produce 

lipopolysaccharides (LPS), potent endotoxins capable of initiating strong inflammatory 

responses [15, 16]. These LPS molecules bind to Toll-like receptor 4 (TLR4), triggering the 

activation of immune cells, including neutrophils, macrophages, and monocytes. This immune 

activation leads to the release of key pro-inflammatory cytokines such as interleukin-6 (IL-6), 

tumour necrosis factor-alpha (TNF-α), and interleukin-1β (IL-1β) [17]. 

Once released, these cytokines not only heighten systemic inflammation but also contribute to 

insulin resistance and vascular dysfunction, both of which are established risk factors for 

neurodegenerative diseases. Critically, LPS can cross the blood-brain barrier (BBB), where it 

may activate microglia, the brain’s resident immune cells, leading to sustained 
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neuroinflammatory responses, a hallmark of AD pathology [18]. Moreover, these endotoxins 

and inflammatory mediators can compromise the integrity of the BBB, facilitating the 

infiltration of peripheral immune cells and microbial components into the central nervous 

system [19]. Chronic exposure to oral pathogens thus has the potential to drive ongoing 

microglial activation and neuronal damage, underscoring the oral microbiome’s influence on 

brain health.  

Oral Microbiota & Its Role in Depression and Anxiety 

While growing evidence links poor oral health to neurological conditions like Alzheimer’s 

disease (AD) and depression, it remains unclear whether oral health issues are a cause or a 

consequence of these conditions. Research on the gut microbiome's impact on mental health 

has gained traction in recent years, but only recently has attention turned toward the oral 

microbiome as a potential contributor to psychiatric disorders. 

Two recent studies have identified changes in the salivary microbiome associated with 

symptoms of depression, particularly in adolescents. Certain bacterial genera, such as 

Spirochaetaceae, Actinomyces, Treponema, Fusobacterium, and Leptotrichia, were linked to 

the severity of depressive and anxiety symptoms [20]. These patterns are not limited to 

adolescents; similar trends have been observed in adults as well. In a non-clinical adult 

population, both the overall composition and the daily fluctuations of oral microbial 

communities were influenced by psychological stress and emotional well-being [21]. 

Wingfield et al. (2021) examined the salivary microbiome in adults with and without 

depression and found subtle but meaningful distinctions [22]. Although alpha diversity (the 

overall variety of bacteria) remained relatively unchanged between the groups, there were clear 

differences in beta diversity (the types and proportions of bacteria), allowing researchers to 

distinguish between the microbiomes of depressed and non-depressed individuals. Notably, 21 

bacterial variants (amplicon sequence variants, or ASVs) differed significantly; 19 of these 

were reduced in depressed individuals, while two increased. Signs of oral dysbiosis, an 

imbalance in the microbial community, were observed, including a rise in Prevotella 

nigrescens, a pro-inflammatory species linked to periodontal disease. 

These findings echo results from gut microbiome studies, which similarly show reduced 

bacterial diversity and abundance in individuals with depression [23–25]. Although the gut and 
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oral microbiomes differ in composition, oral bacteria have been detected in the gut of patients 

with inflammatory bowel conditions like Crohn’s disease, suggesting potential microbial 

translocation. It is hypothesised that bacteria or their byproducts may also enter the brain 

through a weakened blood-brain barrier, triggering inflammation, a key mechanism underlying 

depression [26]. 

Importantly, many of the same risk factors, such as age, low income, smoking, alcohol use, 

sleep disturbances, and chronic stress, are common to both periodontitis and depression. 

Genetic links between gum disease and depression have also been identified [27], reinforcing 

the idea of a shared inflammatory pathway. In this context, oral pathogens may contribute to 

systemic inflammation that affects brain function, possibly explaining why anti-inflammatory 

treatments, including antidepressants, often show therapeutic benefits [28]. 

A major finding from these studies is the reduction of beneficial, protective bacteria in 

individuals with depression. Haemophilus parainfluenzae, a species known for anti-cancer 

effects (but which can become pathogenic), was significantly decreased [29,30]. Similarly, 

Rothia mucilaginosa, which helps suppress harmful bacteria, and Schaalia lingnae, associated 

with a healthy oral environment, were also reduced [31,32]. This depletion of protective 

microbes may create ecological space for more harmful species to thrive, promoting 

inflammation. Previous research has linked lower levels of Actinomyces with high cortisol 

levels and anxiety in adolescents, possibly reflecting overactivation of the hypothalamic-

pituitary-adrenal (HPA) axis, a hallmark of chronic stress and depression [21]. 

Other bacterial genera, including Prevotella, Haemophilus, and Neisseria, have been 

negatively associated with depression and various inflammatory conditions, further supporting 

the idea of an immune-mediated connection [33]. Interestingly, some species often considered 

harmful, such as Solobacter moorei, Alloprevotella tannerae, and Porphyromonas 

endodontalis, were also found in higher abundance in healthy individuals. This highlights the 

importance of strain-level specificity: not all members of a bacterial species behave identically, 

and their interactions with co-residing microbes and host factors can significantly influence 

health outcomes [10]. 

Other Influencing Factors 
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Both smoking and depression influence the oral microbiome, but findings from the Wingfield 

study [22] showed that microbiome changes associated with depression persisted even after 

adjusting for smoking, suggesting independent effects. Limited data on oral hygiene—an 

important factor shaping the oral microbiome—complicates interpretations [34]. Since 

depression is linked to poor oral health, some microbial shifts might stem from hygiene habits 

rather than depression itself [35]. However, it's also possible that poor oral health drives 

inflammation, contributing to depression—a theory explored in cardiovascular studies but not 

yet in mental health. Dietary changes common in depression may further alter the oral 

microbiome. 

Clinical Implications and Future Directions 

Identifying specific oral microbial signatures associated with mental health disorders could aid 

in early diagnosis and intervention. Targeting oral dysbiosis through probiotics, antimicrobial 

therapies, or improved oral hygiene practices may alleviate neuroinflammatory conditions.  

Further interdisciplinary research is essential to unravel the complex relationships between oral 

microbiota and mental health, paving the way for innovative diagnostic and therapeutic 

approaches. 

 

Conclusion 

The oral microbiome influences systemic health in ways that extend well beyond the mouth. 

Emerging research links oral dysbiosis to mental health conditions like depression and anxiety 

through pathways involving systemic inflammation, microbial translocation, and neural 

signalling. These findings underscore the importance of the oral-brain axis and suggest that 

maintaining oral microbial balance may be crucial for protecting cognitive and emotional well-

being. As such, the oral microbiome holds promise both as a biomarker and a potential 

therapeutic target in the prevention and management of mood disorders and neurodegenerative 

diseases. 

 

REFERENCES: 



The Oral Microbiome and Its Role in Mental Health: Exploring the Oral-Brain Axis 

 
 
 

154 
 

Journal of Complementary Medicine Research ¦ Volume 10 ¦ Issue 2 ¦ 2019 

1. Morrison, A.G.; Sarkar, S.; Umar, S.; Lee, S.T.; Thomas, S.M. The contribution of the 

human oral microbiome to oral disease: A review. Microorganisms 2023, 11, 318. 

2. Elzayat, H.; Mesto, G.; Al-Marzooq, F. Unraveling the impact of gut and oral 

microbiome on gut health in inflammatory bowel diseases. Nutrients 2023, 15, 3377. 

3. Sedghi, L.; DiMassa, V.; Harrington, A.; Lynch, S.V.; Kapila, Y.L. The oral 

microbiome: Role of key organisms and complex networks in oral health and 

disease. Periodontology 2000 2021, 87, 107–131. 

4. Kleinstein, S.; Nelson, K.; Freire, M. Inflammatory networks linking oral microbiome 

with systemic health and disease. J. Dent. Res. 2020, 99, 1131–1139. 

5. Rowland, I.; Gibson, G.; Heinken, A.; Scott, K.; Swann, J.; Thiele, I.; Tuohy, K. Gut 

microbiota functions: Metabolism of nutrients and other food components. Eur. J. 

Nutr. 2018, 57, 1–24. 

6. Intili, G.; Paladino, L.; Rappa, F.; Alberti, G.; Plicato, A.; Calabrò, F.; Fucarino, A.; 

Cappello, F.; Bucchieri, F.; Tomasello, G. From dysbiosis to neurodegenerative 

diseases through different communication pathways: An overview. Biology 2023, 12, 

195. 

7. Deo, P.N.; Deshmukh, R. Oral microbiome: Unveiling the fundamentals. J. Oral 

Maxillofac. Pathol. 2019, 23, 122–128.  

8. Pisani, F.; Pisani, V.; Arcangeli, F.; Harding, A.; Singhrao, S.K. The mechanistic 

pathways of periodontal pathogens entering the brain: The potential role of treponema 

denticola in tracing Alzheimer’s disease pathology. Int. J. Environ. Res. Public 

Health 2022, 19, 9386. 

9. Krishnan, K.; Chen, T.; Paster, B. A practical guide to the oral microbiome and its 

relation to health and disease. Oral Dis. 2017, 23, 276–286.  

10. Chattopadhyay, I.; Verma, M.; Panda, M. Role of oral microbiome signatures in 

diagnosis and prognosis of oral cancer. Technol. Cancer Res. Treat. 2019, 18, 

1533033819867354. 



The Oral Microbiome and Its Role in Mental Health: Exploring the Oral-Brain Axis 

 
 
 

155 
 

Journal of Complementary Medicine Research ¦ Volume 10 ¦ Issue 2 ¦ 2019 

11. Bardow, A.; Moe, D.; Nyvad, B.; Nauntofte, B. The buffer capacity and buffer systems 

of human whole saliva measured without loss of CO2. Arch. Oral Biol. 2000, 45, 1–12. 

12. Radaic, A.; Kapila, Y.L. The oralome and its dysbiosis: New insights into oral 

microbiome-host interactions. Comput. Struct. Biotechnol. J. 2021, 19, 1335–1360.  

13. Rajasekaran, J.J.; Krishnamurthy, H.K.; Bosco, J.; Jayaraman, V.; Krishna, K.; Wang, 

T.; Bei, K. Oral microbiome: A review of its impact on oral and systemic 

health. Microorganisms 2024, 12, 1797. 

14. Peng, X.; Cheng, L.; You, Y.; Tang, C.; Ren, B.; Li, Y.; Xu, X.; Zhou, X. Oral 

microbiota in human systematic diseases. Int. J. Oral Sci. 2022, 14, 14. 

15. Malan-Müller S, Postolache TT. Editorial: The oral microbiota in mental health. Front 

Psychiatry. 2022;13:1048179. Published 2022 Oct 7. doi:10.3389/fpsyt.2022.1048179 

16. Zhang, R.; Li, G.; Wu, Y.; Wang, X.; Luan, Q. Pathogenic mechanisms and potential 

applications of extracellular vesicles from periodontal pathogens in 

periodontitis. Front. Immunol. 2024, 15, 1513983. 

17. Li, X.; Li, Q.; Wang, L.; Ding, H.; Wang, Y.; Liu, Y.; Gong, T. The interaction between 

oral microbiota and gut microbiota in atherosclerosis. Front. Cardiovasc. 

Med. 2024, 11, 1406220.  

18. Huang, Z.; Hao, M.; Shi, N.; Wang, X.; Yuan, L.; Yuan, H.; Wang, X. Porphyromonas 

gingivalis: A potential trigger of neurodegenerative disease. Front. Immunol. 2025, 16, 

1482033. 

19. Narengaowa, Kong W, Lan F, Awan UF, Qing H and Ni J (2021) The Oral-Gut-Brain 

AXIS: The Influence of Microbes in Alzheimer’s Disease. Front. Cell. 

Neurosci. 15:633735. doi: 10.3389/fncel.2021.633735 

20. Simpson, C. et al. Oral microbiome composition, but not diversity, is associated with 

adolescent anxiety and depression symptoms. Physiol. 

Behav. https://doi.org/10.1016/j.physbeh.2020.113126 (2020). 

https://doi.org/10.1016/j.physbeh.2020.113126


The Oral Microbiome and Its Role in Mental Health: Exploring the Oral-Brain Axis 

 
 
 

156 
 

Journal of Complementary Medicine Research ¦ Volume 10 ¦ Issue 2 ¦ 2019 

21. Kohn, J. N. et al. Differing salivary microbiome diversity, community and diurnal 

rhythmicity in association with affective state and peripheral inflammation in 

adults. Brain Behav. Immun. 87, 591–

602. https://doi.org/10.1016/j.bbi.2020.02.004 (2020). 

22. Wingfield, B., Lapsley, C., McDowell, A. et al. Variations in the oral microbiome are 

associated with depression in young adults. Sci Rep 11, 15009 (2021). 

https://doi.org/10.1038/s41598-021-94498-6 

23. Cheung, S. G. et al. Systematic review of gut microbiota and major depression. Front. 

Psych. 10, 34–34. https://doi.org/10.3389/fpsyt.2019.00034 (2019). 

24. Evrensel, A. & Ceylan, M. E. The gut-brain axis: The missing link in depression. Clin. 

Psychopharmacol. Neurosci. 13, 239–

244. https://doi.org/10.9758/cpn.2015.13.3.239 (2015). 

25. Hornig, M. The role of microbes and autoimmunity in the pathogenesis of 

neuropsychiatric illness. Curr. Opin. Rheumatol. 25, 488–

795. https://doi.org/10.1097/BOR.0b013e32836208de (2013). 

26. Morris, G. et al. Leaky brain in neurological and psychiatric disorders: Drivers and 

consequences. Aust N Z J Psychiatry 52, 924–

948. https://doi.org/10.1177/0004867418796955 (2018). 

27. Roy M., Tapadia M. G., Joshi S., Koch B. (2014). Molecular and genetic basis of 

depression. J. Genet. 93, 879–892. 10.1007/s12041-014-0449-x  

28. Eyre, H. A., Lavretsky, H., Kartika, J., Qassim, A. & Baune, B. T. Modulatory effects 

of antidepressant classes on the innate and adaptive immune system in 

depression. Pharmacopsychiatry 49, 85–96. https://doi.org/10.1055/s-0042-

103159 (2016). 

29. Utter, D. R., Borisy, G. G., Eren, A. M., Cavanaugh, C. M. & Mark Welch, J. L. 

Metapangenomics of the oral microbiome provides insights into habitat adaptation and 

cultivar diversity. Genome Biol. 21, 293. https://doi.org/10.1186/s13059-020-02200-

2 (2020). 

https://doi.org/10.1016/j.bbi.2020.02.004
https://doi.org/10.1038/s41598-021-94498-6
https://doi.org/10.3389/fpsyt.2019.00034
https://doi.org/10.9758/cpn.2015.13.3.239
https://doi.org/10.1097/BOR.0b013e32836208de
https://doi.org/10.1177/0004867418796955
https://doi.org/10.1055/s-0042-103159
https://doi.org/10.1055/s-0042-103159
https://doi.org/10.1186/s13059-020-02200-2
https://doi.org/10.1186/s13059-020-02200-2


The Oral Microbiome and Its Role in Mental Health: Exploring the Oral-Brain Axis 

 
 
 

157 
 

Journal of Complementary Medicine Research ¦ Volume 10 ¦ Issue 2 ¦ 2019 

30. Baraniya, D. et al. Screening of health-associated oral bacteria for anticancer properties 

in vitro. Front. Cell. Infect. 

Microbiol. https://doi.org/10.3389/fcimb.2020.575656 (2020). 

31. Uranga, C. C., Arroyo, P., Duggan, B. M., Gerwick, W. H. & Edlund, A. Commensal 

oral rothia mucilaginosa produces enterobactin, a metal-chelating 

siderophore. mSystems 5, e00161-e1120. https://doi.org/10.1128/mSystems.00161-

20 (2020). 

32. Hall, M. W. et al. Inter-personal diversity and temporal dynamics of dental, tongue, and 

salivary microbiota in the healthy oral cavity. NPJ Biofilms Microb. 3, 

2. https://doi.org/10.1038/s41522-016-0011-0 (2017). 

33. Zhang, X. et al. The oral and gut microbiomes are perturbed in rheumatoid arthritis and 

partly normalized after treatment. Nat. Med. 21, 895–

905. https://doi.org/10.1038/nm.3914 (2015). 

34. Cademartori, M. G., Gastal, M. T., Nascimento, G. G., Demarco, F. F. & Corrêa, M. B. 

Is depression associated with oral health outcomes in adults and elders? A systematic 

review and meta-analysis. Clin. Oral Invest. 22, 2685–

2702. https://doi.org/10.1007/s00784-018-2611-y (2018). 

35. O’Neil, A. et al. The association between poor dental health and depression: findings 

from a large-scale, population-based study (the NHANES study). Gen. Hosp. 

Psychiatry 36, 266–270. https://doi.org/10.1016/j.genhosppsych.2014.01.009 (2014). 

https://doi.org/10.3389/fcimb.2020.575656
https://doi.org/10.1128/mSystems.00161-20
https://doi.org/10.1128/mSystems.00161-20
https://doi.org/10.1038/s41522-016-0011-0
https://doi.org/10.1038/nm.3914
https://doi.org/10.1007/s00784-018-2611-y
https://doi.org/10.1016/j.genhosppsych.2014.01.009

