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Abstract

:

Besides the well-known systemic factors for periodontal and peri-implant diseases, additional co-factors, such as chronic stress and depression, may also affect disease onset and progression as well as treatment responsiveness. Neurobiological and neurobehavioral pathogenic links between chronic stress and depression, on the one side, and periodontitis and peri-implantitis, on the other side, which have been little investigated and principally related to necrotizing periodontal disease, have been reviewed, along with their putative interconnections with periodontal immune–microbiome balance. Rising evidence suggest that dysregulated neurobiological and neurobehavioral factors, as well as periodontal immune–microbiome unbalance, all related to chronic stress and depression, may crucially interact and thus represent contributing factors in the genesis and worsening not only of necrotizing periodontal lesions, but also of chronic periodontitis and peri-implantitis. Such potential interconnections may be even more relevant in recurrent and aggressive cases of periodontal and peri-implant disease, which are frequently refractory to therapy, and may, if corroborated, coherently pave the way for personalized prevention and treatment strategies, possibly targeting immune–microbiome unbalance and neurobehavioral factors and focusing on neurobiological ones, especially in chronically stressed and depressed subjects with periodontitis and peri-implantitis.






Keywords:


chronic stress; depression; microbiome; periodontitis; peri-implantitis












1. Introduction


Stress is the psychophysical response to a number of emotional, cognitive or social tasks, perceived by the person as excessive, and comprises a variety of emotional and physiological reactions [1]. The term “stress” was first used by Hans Selye, who defined it as “a non-specific response of the organism to every request made on it”; identified three phases, classified as alarm, resistance and exhaustion phases; and defined it as acute or chronic, based on the duration of the stressful event [2].



Chronic stress has been implied in the onset and development of depression, which is a mood disorder, causing persistent feelings of sadness and loss of interest [3]. Mood disorders, especially the Major Depressive Disorder, are among the most common psychiatric diseases [4]. Major depressive episodes are found both in unipolar disorder, in which mood varies between euthymia and depression, and in bipolar disorder, in which mood has pathological “peaks”, defined as hypomania and mania, as well as euthymia and depression [4]. Subjects with mood disorders also present with altered sleep, appetite and cognition [4,5]; chronic pain; difficulty in carrying out normal daily activities; an increased risk of isolation; and, in the most severe cases, suicidal ideation [6,7]. Indeed, depression is considered one of the leading causes of suicide in the United States, accounting for nearly 50,000 suicides per year [8].



Both chronic stress and depression have been putatively related to periodontitis [9,10]. Periodontitis is an inflammatory disease of bacterial etiology [11], leading to the destruction of the anatomical structures supporting the teeth, bone loss [12,13,14,15], and, eventually, tooth loss. It is one of the main causes of tooth loss in industrialized countries, its prevalence increases with age [16] and it is estimated up to 40% in subjects between 65–74 years of age [17]. Analogously, peri-implantitis is an irreversible inflammatory disease, affecting both soft and hard peri-implant tissue compartments, and it is clinically characterized by peri-implant soft tissue inflammation, with redness, swelling and bleeding on probing, and by peri-implant hard tissues destruction with consequent loss of osseointegration [18,19,20].



Periodontitis and, to a lesser degree, peri-implantitis have been previously associated, in various ways, to a multitude of systemic conditions, such as obesity [21], hyperlipidemia [22] and preterm birth [23]; several inflammatory diseases, including atherosclerosis, rheumatoid arthritis [24], diabetes [25] and inflammatory bowel disease [26]; degenerative disorders such as nervous and macular degenerations [27,28]; and benign and malignant solid neoplasms [29,30]. The proposed link connecting periodontitis and, putatively, peri-implantitis, with such heterogeneous systemic diseases may primarily rely on the common etio-pathogenic factors. In particular, it has been hypothesized that the overall associating mechanisms may result from the interrelation between the underlying systemic inflammation, with a double-way cross-talk between systemic and local periodontal cytokines, a disequilibrium in periodontal microbiome, with dysbiosis, and an altered dynamic balance between host immune response and periodontal microbiome [30,31]. Indeed, although it has been recently proposed that newborns’ oral microbial flora may be strongly influenced by both maternal transfer and genetics, and, once a certain balance between host and periodontal microbiome has been established, any perturbing stimulus is counteracted by restoring the initial genetically determined balance [32], evidence suggests that periodontal microbial flora interacts with the host’s immune system to create a delicate balance. Such periodontal immune–microbiome balance is influenced by genetic and environmental factors, including chronic stress [9]. Accordingly, stress has been previously implied in necrotizing periodontal disease pathogenesis [33,34,35], and such an association has been recently confirmed, considering that during the COVID-19 pandemic, a rising number of necrotizing periodontal lesions have been reported [36,37,38,39,40], along with oral mucosal ones [41], and attributed to the largely increased general stress levels throughout the population if compared to the period before the pandemic [42,43,44,45]. In addition, rising evidence suggests that chronic stress and depression may both affect periodontal and peri-implant tissue homeostasis and thus play a role in periodontal and peri-implant disease onset, severity and response to therapeutic strategies.



Given these considerations, the present literature review aimed, primarily, to evaluate the putative role of stress and depression in periodontitis and peri-implantitis onset, worsening and treatment outcomes, and, secondarily, to point out clinical management implications.




2. Methods


Clinical studies and reviews, published in English, with no date restriction, evaluating the potential role of stress and depression in periodontitis and peri-implantitis onset and worsening, were retrieved by two independent reviewers (F.D.A and A.I.) from PubMed and Scopus databases using the following keywords combined by Boolean operators: periodontal OR peri-implant tissue OR health OR disease AND stress AND/OR depression; periodontitis OR peri-implantitis AND stress AND/OR depression. Identified abstracts were independently screened by the two reviewers as well as full-texts independently for pertinent articles; consensus between reviewers was reached through discussion, and eligible articles were considered for the present narrative review.




3. Neurobiological Links between Chronic Stress, Depression, Periodontitis and Peri-Implantitis


The adrenergic nerve signaling axis, mainly through norepinephrine, adenosine triphosphate and neuropeptide Y, and the hypothalamic–pituitary–adrenal (HPA) axis, principally through cortisol, physiologically affect the whole body homeostasis along with their pathological activation. These generate a cascade of a wide range of hormones, biologically active peptides and chemokines, which are considered as neurobiological links between chronic stress, depression and several systemic disorders, possibly including periodontitis and peri-implantitis.



3.1. Adrenergic Nerve Signaling Axis


The activation of the adrenergic nerve signaling cascade affects the vasculature of postsynaptic smooth muscles, including that in periodontal and peri-implant tissues [9], decreasing blood flow to connective tissue and, consequently, reducing nutrient and cellular diffusion, immune response and wound healing [46,47].




3.2. Hypothalamic–Pituitary–Adrenal Axis


The activation of the HPA axis induces the hypothalamus to secrete the corticotropin-releasing hormone and arginine vasopressin, which subsequently promotes the release of adrenocorticotropin from the pituitary gland and successively of glucocorticoids, particularly cortisol, by the adrenal cortex [48]. A chronically dysregulated HPA axis, determining non-physiological cortisol levels, as well as adrenal disorders have been related to both chronic stress [49,50] and depression [51,52]. Consequently, considering the well-known effects glucocorticoids, responsible for maintaining body homeostasis, on the HPA, depression and chronic stress may, altering cortisol levels, negatively affect blood pressure, sodium retention, intra-abdominal visceral fat accumulation, insulin resistance, and, notably, inflammatory cytokine secretion [49,50,53,54,55,56]. In addition, it has been reported that keratinocytes from periodontal and peri-implant tissues physiologically express glucocorticoid receptors and both respond to the HPA cortisol and secrete cortisol themselves as an autocrine factor for soft tissue homeostasis [57]. It has also been demonstrated that excess cortisol levels may delay periodontal wound healing and be associated with periodontitis worsening [58] by means of cytokines modulation [49].



Hypothalamic–Pituitary–Adrenal Axis and Periodontal Pro-Inflammatory Cytokines


Cytokines are signaling proteins that have the main function of transmitting information between the central nervous system, endocrine system and immune cells [59]. In the chronic inflammatory state associated with stress, Interleukin (IL)-1beta, Tumor Necrosis Factor (TNF)-alpha and IL-6 have been reported to be the most represented cytokines [49]; Serum C-Reactive Protein, IL-1 and IL-6 were the most prevalent in depression [60,61].



Concordantly, elevated levels of IL-1beta were found in patients who presented psychological stress and periodontitis [62,63,64], and increased levels of cytokines reducing host response were associated with periodontitis worsening [65].



In addition, chronic stress was also related to delayed wound healing in periodontal and peri-implant soft tissues, secondary to reduced levels of IL-1alfa and beta, IL-6, IL-8 and TNF-alfa [66], as well as hard tissues, thus favoring periodontitis progression and poor osseointegration [9,49].






4. Neurobehavioral Links between Chronic Stress, Depression, Periodontitis and Peri-Implantitis


4.1. Health-Related Behaviors


Physically adaptive changes in hippocampal morphology may determine behavior modifications related to hygiene practice, lethargy, lack of organization, anxiety and compliance to treatment and may, consequently, represent the neurobehavioral links between chronic stress, depression, periodontitis and peri-implantitis [9]. Indeed, chronic stress and depression may initiate, through epigenetic modifications, such physically adaptive changes in different hippocampal subregions [67,68]. Accordingly, changes in health-related behaviors due to chronic stress and depression, and causing poor oral hygiene and adherence to both active and maintenance phases of periodontal treatment, have been implied in periodontitis onset [10] and progression [69] and in increased tooth loss [70].




4.2. Health-Damaging Behaviors


Moreover, chronic stress and depression, besides those changes in health-related behaviors, may also lead to the assumption of health-damaging behaviors, such as tobacco smoking, which is a well-recognized risk factor for periodontitis [71]; alcohol consumption, implicated in tooth loss [72]; and unhealthy diets, promoting dysbiosis [73] and favoring an inflammatory environment, common to those comorbidities implied in periodontitis grading and progression rate and to those systemic disorders linked to periodontal disease [74].





5. Periodontal Immune–Microbiome Balance in the Link between Chronic Stress, Depression, Periodontitis and Peri-Implantitis


It has been proposed that chronic stress may alter the composition of the commensal microbiota in the human microbiome [75], resulting in the so-called stress-related dysbiosis. It is well known that a dysbiotic microbiome may lead to a series of different diseases [48,76,77]. Periodontitis and peri-implantitis, which are initiated by bacterial aggregation, leading to periodontal and peri-implant tissues inflammation, subsequently progressing in an apical direction and invading bone compartment [11,19], are also characterized by a dysbiotic microbiota, with decreased coccoid and straight rod microbial populations and increased motile organisms compared to periodontally healthy sites [78].



5.1. Stress-Related Periodontal Dysbiosis


It has been hypothesized that oral and periodontal microorganisms may have evolved evolutionary systems, primarily for sensing host-associated signals altering their environment as hormones, and secondarily for properly adapting their gene expression profile to the new environmental conditions [48].



In addition, it has been reported that higher cortisol levels were detected in gingival crevicular fluid from subjects suffering from periodontitis [79], and that induced a shift in periodontal microbiome profile expression typically observed in periodontitis progression [80,81]. In particular, periodontal Fusobacteria species significantly increased the number of transcripts after the experimental addition of cortisol [80,81]. From this perspective, the periodontal microbiome may be capable of sensing changes in stress hormone levels and may consequently react, affecting periodontal and peri-implant health conditions and diseases.




5.2. Stress-Related Periodontal Immune Deficiency


It has been demonstrated that prolongated high cortisol levels may reduce immune cell activity, modifying the T-helper and T-suppressor lymphocyte balance and altering Natural Killer cells functioning [82,83]. Consequently, chronic stress and depression may indirectly promote microbial infection onset and worsening and may increase pro-inflammatory cytokines, causing, in turn, a mild chronic inflammation [48].





6. Stress, Depression, Periodontitis, Peri-Implantitis and COVID-19: The Role of Cytokines


A plethora of symptoms and signs, potentially related to both severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection and to the Coronavirus Disease 2019 (COVID-19) illness itself, and also involving the oral cavity, have been described [41]. In addition to the well-known clinical presentation of COVID-19, several studies have also reported psychiatric sequelae that may be secondary to both the immune response to the virus itself and to psychological stressors [84]. Indeed, the immune response to SARS-CoV-2 induces a “cytokine storm” that consists in an uncontrolled and dysregulated local and systemic production of cytokines, chemokines and other inflammatory mediators, especially IL-1beta, IL-6 and Interferon (IFN)-γ, suggesting the activation of T-helper-1 lymphocytes, as well as IL-4 and IL-10, secreted, instead, by T-helper-2 lymphocytes [85].



A similar dysregulation of cytokines is also described in stress and depression as well as in periodontal and peri-implant diseases [30,31,60,86]. Indeed, pro-inflammatory cytokines were found to be upregulated and, conversely, anti-inflammatory cytokines were downregulated through different mechanisms, involving the HPA “fatigue”, the resistance to glucocorticoids, the activation of inflammation-related transcription pathways and the negative feedback from the body in chronic stress [86]. A recent metanalysis reported an increase in systemic pro-inflammatory cytokines, IL-1, IL-6, TNF-alpha and C-reactive protein (CRP) in depression patients [60]. Furthermore, a dysregulation of systemic pro-inflammatory cytokines, such as IL-1beta, IL-6, IL-12, TNF-alfa, regulatory cytokines including IL-4, IL-1RA, IL-10 and interferon (IFN)-γ, is very important also in the pathogenesis and in the worsening of periodontal and peri-implant disease [30,31]. A similar COVID-19 cytokine dysregulation, in particular of IL-1beta, IL-6, IL-10, IFN-γ, TNF-alfa and Transforming Growth Factor (TGF)-beta, was found in patients who presented psychiatric disorders, periodontitis and peri-implant disease [9].




7. Clinical Management Implications


Based on individual predisposing conditions, stress and depression may heterogeneously affect periodontitis and peri-implant disease onset and severity due to the individual innate capacity to maintain a homeostatic balance in circulating hormones and chemokines [9].



Moreover, the inflammatory response and the consequent alteration of cytokine levels has been found similar in stress and depression, on the one side, and in periodontal and peri-implant diseases, on the other side [9], highlighting the possibility as well as the necessity of targeting shared pathogenic mechanisms in order to comprehensively manage such complex multi-factorial disorders and, especially, periodontitis and peri-implantitis. In particular, implementing the whole series of measures and interventions aiming to eliminate or, at least, to control risk factors, pathogenic mechanisms and clinical signs related to periodontitis and peri-implantitis might be of crucial importance both for the population-based and high-risk surveillance and for integrated therapeutic approaches to periodontal and peri-implant diseases.



7.1. Periodontitis and Peri-Implantitis Prevention


Primary and secondary prevention strategies may be considered even more relevant in subjects suffering from depression or chronic stress in order to comprehensively minimize the risk of periodontal and peri-implant disease onset and progression and to reduce the development of several oral disorders, mainly related to poor self-care and deficient immune response, as illustrated above, as well as of systemic diseases, principally gastrointestinal ones [87], thus positively affecting oral and general health.



An improvement in health-related behaviors should be encouraged through education and reinforcements, both during operative sessions and through teledentistry tools and apps [37]. Specifically, stressed and depressed patients should be kept even more motivated, compared to periodontal subjects not suffering from chronic stress and depression, to maintain good oral hygiene and to adhere to active and maintenance phases [10,69].



Moreover, the elimination of frequently acquired health-damaging behaviors should also be targeted, especially in stressed and depressed periodontal patients, focusing on smoking habits, alcohol consumption, poor sleep quality and nutrition [71,72,73,74]. In particular, when harmful behaviors emerge, it may be appropriate to refer patients to specialists helping them to quit smoking and alcohol abuse and sleep better, and to give them nutritional advice [9]. Out of all the prevention measures controlling health-damaging behaviors, smoking cessation certainly remains one of the most favorable prognostic factors for maintaining good periodontal and peri-implant health [9].



Periodontitis and peri-implantitis prevention in stressed and depressed subjects should also aim to manage those factors that contribute to aggravating anxiety, depression and stress; indeed, trying to mitigate these pathological states has been proven to positively affect general health as well as oral health [9]. In more detail, a recent study investigated the effectiveness of yoga in association with periodontitis and peri-implantitis therapies and of meditation practices in the management of periodontal and peri-implant diseases and evaluated stress influence on treatment outcomes [88]. The results highlighted that periodontal and peri-implant treatment combined with yoga was associated with a reduction in the stress levels perceived by the subjects and with an improvement in periodontal and peri-implant health, shown by a higher reduction in probing depth values when compared to standard treatment for periodontal and peri-implant diseases [88].




7.2. Periodontitis and Peri-Implantitis Therapy


Scheduling appointments early in the morning, in order to minimize the stress and anxiety of waiting that could build up during the day, could help the clinician in the treatment of patients with stress and depression; similarly, in order to reduce the patient’s anxiety, simple and conservative treatment techniques should be preferred, also minimizing the risk of post-operative complications [9]. Moreover, short operative sessions should be favored as they may make stressed and depressed patients feel more comfortable and have been reported to be sufficient to maintain good periodontal and peri-implant health [9]. Furthermore, short periodontal and peri-implant maintenance reminders may aid in preserving both compliance and adherence to treatment of chronically stressed and depressed subjects [9]; in fact, since those patients are very often unmotivated, it is very important to emphasize the importance of not to forget nor to skip appointments. Additionally, the use of oral antimicrobials, such as 0.2% chlorhexidine mouthwash, may aid in the control of the overall periodontal and peri-implant microbial load between sessions and in soft tissue healing following surgery [9]. Some authors have also proposed the administration of antibiotics as adjuncts to mechanical periodontal and peri-implant treatments in order to improve treatment outcomes. In particular, the administration of low-dose doxycycline could also be recommended as an adjunct in stressed and depressed patients since it has been demonstrated to effectively support both supragingival and subgingival debridement and improve clinical periodontal and peri-implant indices, particularly probing depth and bleeding on probing. Antibiotic prophylaxis may even be considered in subjects suffering from chronic stress and depression with reduced immune competence from the perspective of preventing complications.



Particular attention should also be given to pain management during periodontal and peri-implant procedures in subjects with mood disorders. Indeed, an increase in perceived post-operative pain, related to an increased use of analgesic drugs, has been reported both in subjects who presented higher levels of pre-operative stress or anxiety and in those suffering from depression [89]. As a counterpart, patients taking antidepressants reported less susceptibility to post-operative pain and used a lower number of analgesics compared to those not taking antidepressants [89]. However, patients undergoing periodontal surgery who were treated with interventions to minimize post-operative anxiety and stress showed less post-operative pain compared to those who did not receive the same interventions to minimize stress [89], strengthening the hypothesis of a close relation between stress, depression and pain, where stress and depression might be considered as predictors of post-operative pain [90].



A strong relation has also been hypothesized between stress and depression on the one side and periodontal and peri-implant tissue healing and disease severity, as discussed above, on the other side [9,49,91]. Concordantly, stressed subjects who underwent pre-operative relaxation techniques showed better healing of periodontal wounds, following surgical procedures, compared to patients who did not undergo relaxation treatments [90]. Moreover, Kiecolt-Glaser et al. highlighted how stress negatively affects the cellular immune response, resulting in a delay in wound healing in depressed patients compared to non-depressed patients [91]. Takada et al. showed that increasing stress levels result in a faster progression of periodontal and peri-implant disease. This is probably determined by a greater production of IL-1, IL-4 and IL-8, which are involved in the inflammatory process of periodontal and peri-implant destruction [92].




7.3. Psychological Interventions for Periodontal and Peri-Implant Health


Oral and periodontal health information and education, aiming to increase patients’ periodontal awareness and literacy, are mainly focused on the improvement in health-related behaviors and on the elimination of health-damaging behaviors, therefore constituting the key points for effective preventive and therapeutic periodontal and peri-implant strategies [93]. However, periodontal education has been proved to lead to poor and only short-term effects on oral health improvement and to limitedly affect the overall periodontal outcomes [94], advocating the need for additional multi-disciplinary interventions in the integrated management of periodontal and peri-implant diseases.



Since psychological factors, such as oral health beliefs and dental anxiety, affect oral-health-related behaviors, mainly including oral hygiene habits, diet, smoking and compliance to periodontal and peri-implant therapy, we believe that psychological interventions may guide behavioral changes and may, as a consequence, positively affect periodontitis and peri-implantitis prevention and treatment outcomes, although inconclusive results have been previously reported [94]. Conversely, plaque control was slightly improved, subsequent to psychological intervention, when compared to periodontal health education [93], potentially highlighting the role of such an additional approach in periodontal reinforcement. Therefore, considering time and cost efforts, we believe that integrating psychological intervention in periodontal and peri-implant health management may be crucial, especially in refractory and recurrent cases. From this perspective, interdisciplinary collaboration should be taken into account and clinicians should be properly educated to assess both specific patient behaviors towards periodontal and peri-implant health and ability as well as motivation to modify such behaviors [95] to effectively communicate and motivate the maintenance of good oral hygiene and encourage compliance to treatment [96], actively involving the patient in the overall periodontal and peri-implant care.





8. Conclusions


Although available data are still very few, compounding evidence suggests that, besides individual, genetic and systemic factors [32,97,98,99], also additional co-factors, comprising chronic stress and depression, may play a role in periodontal and peri-implant disease onset and progression, and, consequently, affect treatment responsiveness.



Neurobiological and neurobehavioral pathogenic links between chronic stress, depression and systemic disorders have been described, besides the fact that their role in periodontal and peri-implant diseases has been little investigated, and principally related to necrotizing periodontal disease.



However, it could be speculated that, under chronic stress, periodontal and peri-implant tissues may be characterized by a pro-inflammatory and anti-regenerative milieu, with increased infection susceptibility and decreased healing capacity, and by a reduced immune response, that may, all together, cause periodontal microbiome dysbiosis (Figure 1). As a counterpart, dysbiosis itself may, along with the infectious–inflammatory processes generated, trigger stress and alter the immune response [9].



Such emerging compound evidence may pave the way for a more comprehensive management of periodontal and peri-implant tissue health management and for more integrated periodontitis and peri-implantitis prevention and treatment plans in chronically stressed and depressed subjects and especially targeting specific risk factors and pathogenic mechanisms.



Future Directions


Given these considerations, it could be speculated that dysregulated neurobiological and neurobehavioral factors, as well as periodontal immune–microbiome unbalance, all related to chronic stress and depression, may crucially interplay and thus represent contributing factors not only in the genesis and worsening of necrotizing periodontal lesions, but also of chronic periodontitis and peri-implantitis. Further studies are needed, corroborating these findings, especially considering that such potential interconnections may be even more relevant in recurrent and aggressive cases of periodontal and peri-implant disease, which are frequently refractory to therapy, and may, coherently, pave the way for personalized prevention and treatment strategies, potentially targeting immune–microbiome unbalance and neurobehavioral factors and focusing on neurobiological ones, especially in chronically stressed and depressed subjects with periodontitis and peri-implantitis.
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Figure 1. Neurobiological and neurobehavioral links and periodontal immune–microbiome unbalance in the possible association between chronic stress, depression and periodontal and peri-implant diseases. 
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