48	          Annals of Applied Psychophysiology December 2025 Volume 13      
_____________________________________________________________________
The Triad of Stress, Vitamin D Deficiency, and Periodontal Breakdown: An Integrative Review                                                                                                Rafique S, Ahmed S, Noushad S, Atif A, Aqeel S, Nasir F
Published online: December 2025
           © The Author(s) 
Abstract
Background: Recent studies have highlighted a significant link between psychological disorders and oral inflammatory diseases. Emotional disorders such as anxiety and depression can interfere with normal body functions by disturbing the neuro-immune-endocrine axis. 
Methodology: This mini-review highlights the importance of integrated approaches in dental and mental health care by integrating research that links oral and psychological domains.
Results: These alterations trigger the onset and progression of periodontitis, a chronic inflammatory disease that harms the tissues supporting the teeth. Vitamin D, especially its active form, 1,25-dihydroxyvitamin D₃, has recently been considered as a vital hormone in protecting mental and periodontal health.
Conclusion: Saliva provides a noninvasive means for assessing physiological markers such as alpha-amylase (sAA), cortisol, interleukin-6 (IL-6), and Chromogranin-A (Cg-A). These biomarkers can offer insight into bodily changes associated with oral inflammation and psychological stress. 
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Introduction
The link between mental health and systemic inflammatory diseases has gained significant attention, as the prevalence of anxiety and depression is increasing worldwide [1]. Mental health disorders are increasingly recognized not merely as cognitive or emotional disorders, but as conditions affecting the oral health domain. The detrimental effects on periodontal tissues have become a focus of growing attention [2, 3]. Periodontitis is an ongoing inflammatory infection affecting the supporting structures of the teeth [3]. The body's stress response serves as an amalgamating link between oral and mental health. Chronic stress can lead to the over-stimulation of the hypothalamic-pituitary-adrenal (HPA) axis and the sympathetic nervous system (SNS).This results in elevated cortisol levels. The continuously raised cortisol levels can disrupt the balance of the immune response, shifting it towards a more destructive inflammatory state. This inflammatory state contributes to systemic and oral health issues [4].
Vitamin D, a steroid hormone, is not only a bone-regulating vitamin, but is also involved in the regulation of mood. Deficiency in vitamin D has been linked to a higher risk of oral inflammatory diseases, such as periodontitis [5, 6].
This study examines the pathophysiology of vitamin D together with other stress-associated salivary markers to further clarify how these biomarkers, via interconnected pathways, affect both oral health and emotional well-being.
Anxiety and Depression: Biological Mechanisms Related to Oral Health
Anxiety and depression arise from a combination of physiological, psychological, and environmental factors. Each of these factors can contribute to ongoing stress, which in turn overactivates the hypothalamic-pituitary-adrenal (HPA) axis. The HPA axis normally maintains physiological homeostasis during stress. However, when its activation is prolonged, cortisol secretion remains elevated. While short-term cortisol elevation shifts the immune system towards an anti-inflammatory state, its chronically heightened levels can suppress immune responses and promote both systemic and neural inflammation [3, 7].
Neuroinflammation-induced alterations in cortisol levels can lead to decreased concentrations of emotion-regulating neurotransmitters, mainly through their increased reuptake by presynaptic terminals [8, 9]. Inflammatory cytokines stimulate a specific enzyme that converts tryptophan into kynurenine, a neurotoxic metabolite. This neurotoxin activates glutamatergic pathways, promoting excitotoxic damage and reducing levels of brain-derived neurotrophic factor (BDNF). These neurobiological changes heighten vulnerability to anxiety and cognitive deficits, the clinical signs commonly observed in anxiety and depressive disorders [9].
In addition, individuals suffering from anxiety and depression may also experience adverse oral health outcomes. These individuals experience persistent fatigue, decreased motivation, and neglect of self-care routines. These symptoms may result in less frequent tooth brushing and flossing, missed dental check-ups, or the emergence of harmful oral habits such as teeth grinding, tobacco use, or increased consumption of sugary foods.
These habits encourage the accumulation of dental plaque, leading to gingival inflammation, which progresses to periodontitis [10].
Dysregulation of the immune system forms a causal link between psychiatric conditions and periodontal pathology [11]. Multiple investigations reveal that depressive states are characterized by increased production of pro-inflammatory cytokines by the central microglia. The chemokine monocyte chemoattractant protein-1 (MCP-1) is pivotal in directing monocyte migration to emotional brain regions. These include the amygdala and hippocampus—structures that are fundamental to the processing of fear and the encoding of emotional memories [12].

Periodontitis: Immune Imbalance and the Impact of Stress
Periodontitis is a chronic inflammatory ailment predominantly caused by plaque accumulation, which modifies the composition of the oral microflora to incline towards a more virulent Gram-negative species. This provokes the host’s immune response. In the initial phase, the buildup of plaque attracts neutrophils to the affected site, resulting in the formation of an early lesion. If inflammation persists, adaptive T and B lymphocytes migrate into the periodontal tissues. These cells release cytokines that contribute to the connective tissue breakdown and resorption of alveolar bone [13].
A recent study has shown that psychological stress plays a significant role in the progression of periodontal disease [14]. Elevated cortisol levels associated with stress can impair neutrophil chemotaxis, macrophage activity, and natural killer cell responses. These immune alterations reduce the body’s ability to defend against pathogenic bacteria, enabling periodontal microorganisms like Porphyromonas gingivalis to proliferate.
In addition, chronic stress increases the production of pro-inflammatory cytokines, including Interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-α). These cytokines are involved in the degradation of periodontal tissues [3].
Activation of the sympathetic nervous system under stressful conditions has significant consequences on periodontal health [15, 16]. Increased autonomic activity is indicated by higher concentrations of salivary alpha-amylase and Chromogranin-A. Both are acknowledged as markers of sympathetic stimulation. These biomarkers lead to reduced saliva and alterations in its composition, creating the conditions that encourage the proliferation of pathogenic microorganisms [16, 17].
Clinical observations often reveal that individuals subjected to prolonged psychological stress have an increased risk of developing periodontitis. These individuals commonly exhibit more severe clinical signs of periodontitis [18].
The interaction between physiological mechanisms and behavioral patterns connecting stress with periodontal disease emphasizes the importance of addressing mental health within the framework of comprehensive periodontal management.
Vitamin D as a Biological Connection between Mental Well-Being and Oral Health
Vitamin D’s role has been established as an essential hormone for calcium regulation and bone health. More recently, its role in modulating immune responses and influencing neuroprotection has been acknowledged [19]. The active form, 1,25-dihydroxyvitamin D₃, exerts its effects by binding to vitamin D receptors. These receptors are found not only in conventional target tissues but also in immune cells, limbic areas of the brain, and periodontal tissues [20, 21].
Vitamin D is vital in maintaining periodontal health by regulating inflammatory processes. It reduces pro-inflammatory cytokines, such as interleukin-6 and tumor necrosis factor-alpha. This essential vitamin supports the synthesis of anti-inflammatory mediators. In addition, the active vitamin D increases the production of cathelicidin, an antimicrobial peptide that protects against periodontal pathogens. By regulating bone remodeling, vitamin D contributes to bone formation and limits bone loss. These processes help to maintain alveolar bone integrity and slow the progression of periodontal disease [21].
Studies have reported a negative correlation between vitamin D levels and the severity of periodontal disease. This suggests that insufficient vitamin D may be associated with severe periodontal tissue breakdown [22, 23].
There is strong evidence linking vitamin D status to mental health. Key brain regions involved in emotional regulation, such as the hippocampus, amygdala, and prefrontal cortex, have receptors for vitamin D and the enzyme responsible for converting vitamin D to its active form.
Vitamin D increases the expression of tryptophan hydroxylase-2, the enzyme necessary for serotonin synthesis, a neurotransmitter that plays a central role in mood regulation. As serotonin is important for emotional regulation, cognitive function, and mood stability, inadequate levels of vitamin D can reduce serotonin production and increase the risk of developing anxiety and depressive symptoms [24].
Vitamin D plays an important role in safeguarding neural tissue by improving mitochondrial integrity and reducing oxidative stress. It stimulates antioxidants, such as glutathione, which serve to reduce the buildup of reactive oxygen species in brain tissue. Deficiency in vitamin D can result in degeneration of GABAergic neurons. This disruption disturbs the equilibrium between excitatory and inhibitory neurotransmitters, leading to a hyperactive amygdala. Therefore, low vitamin D status may contribute to psychological health issues and periodontal integrity issues [24].
Addressing vitamin D deficiency may offer therapeutic advantages in both mental health and oral health areas.
Stress-sensitive Salivary Biomarkers Connecting Oral and Mental Health
Saliva is a biological fluid composed of hormones, cytokines, enzymes, and peptides. These molecules enter saliva through both transcellular and paracellular transport processes. This results in a molecular composition that reflects the state of both oral and systemic health.
Saliva provides a non-invasive medium for studying the interplay between stress-related physiological changes and oral health conditions. Its correlation with serum biomarkers strengthens its utility in evaluating psychological and dental health [25, 26]. This underscores the growing recognition of saliva as a valuable diagnostic tool for investigating the relationship between psychological factors and oral health.
Cortisol remains one of the most extensively studied salivary biomarkers. This steroid hormone is recognized as a reliable indicator of hypothalamic-pituitary-adrenal (HPA) axis activity. Individuals experiencing stress frequently exhibit increased concentrations of salivary cortisol [14]. Although cortisol plays a protective role during episodes of acute stress, its persistently elevated levels contribute to systemic inflammation and a compromised local immune response. Elevated salivary cortisol is associated with increased periodontal pocket depth, worsened gingival inflammation, and reduced resistance to oral infections [14, 27].
Interleukin-6 (IL-6) is an important inflammatory marker that links behavioral conditions with oral disorders. This cytokine plays a central role in immune system regulation, and its levels increase in response to both emotional stress and periodontal inflammation. Elevated salivary IL-6 is associated with greater osteoclastic activity, connective tissue breakdown, and increased inflammatory cell infiltration in periodontal tissues [28]. It influences behavior by promoting neuroinflammation, thereby increasing an individual’s susceptibility to anxiety and depression [29].
The sympathetic nervous system's activity can be assessed non-invasively through salivary alpha-amylase [30]. This protein alters saliva composition and oral immunity, impairs antibacterial defenses, and heightens the likelihood of periodontal infections [17].
Chromogranin-A (Cg-A) is another important autonomic marker. As a glycoprotein, it reflects changes in the autonomic nervous system and is sensitive to psychological stress [16]. Cg-A is a precursor to several peptides involved in immune regulation and periodontal inflammation [31].
Elevated concentrations of cortisol, Chromogranin A (Cg-A), and alpha-amylase in saliva are widely recognized as markers of heightened hypothalamic-pituitary-adrenal (HPA) axis and sympathetic nervous system activity. In parallel, increased levels of interleukin-6 (IL-6) reflect inflammatory responses that often accompany both psychological stress and oral inflammatory diseases.

Conclusion
The intricate relationship between anxiety, depression, and periodontitis underscores the necessity of viewing oral and mental health as interconnected, rather than isolated domains. Psychological stress exerts influence on neuroendocrine regulation, immune system function, and behavioral patterns, each of which heightens vulnerability to periodontal disease.
Vitamin D plays a pivotal role in modulating these biological pathways, thereby impacting emotional well-being and the integrity of periodontal tissues.
Salivary biomarkers provide a valuable, non-invasive window into these complex mechanisms. This medium allows clinicians to assess underlying physiological changes noninvasively before visible symptoms appear, facilitating earlier intervention.
Recognizing these shared mechanisms advocates an integrated health care approach- one that bridges mental and oral health strategies for prevention, early detection, and effective treatment. This proactive approach not only holds promise for improving patient outcomes but also has the potential to alleviate long-term healthcare costs and resource burdens associated with advanced disease states.
 











Figure 1. Reduced salivary 1,25(OH)₂D₃ and elevated levels of cortisol, IL-6, Cg-A, and sAA disrupt neuro-endocrine–immune homeostasis, promote hyperactivity of the HPA axis and sympathetic nervous system, and shift immunity towards a destructive phase, thereby increasing vulnerability to anxiety, depression, and periodontitis.
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