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Abstract

This review discusses recent advances in our understanding of the relationships between psychological stress, neuroendo-
crine-immune system, and periodontitis, including how host stress responses affect immune function, alter the oral microbi-
ome and biofilm formation, and promote disease progression. Stress is well known to be a modifiable risk factor in a variety of
chronic diseases, including chronic periodontitis, in which the host stress response not only alters immune function but also
causes dysbiosis of oral biofilm by expressing more pathogenic genes and taxa composition, which acts via several neuroendo-
crine mechanisms. As a result, it influences the development and progression of periodontal disease. However, the difficulty in
measuring stress in terms of amount and duration in patients is a significant hurdle to addressing the negative impact of stress

on periodontal health.
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Introduction

The effort to understand the molecular mechanisms un-
derlying psychosocial stress, oral inflammatory diseases (such
as periodontal/peri-implant diseases), and wound healing has
steadily increased since the 1970s, when a link between stress
and oral disease was discovered [1]. Recent studies have dis-
covered a stronger connection between long-term psychologi-
cal stress and disorders and diseases of the periodontium and
periosteum because of immunological alterations, oral micro-
biome dysbiosis, collagen turnover ratios, and the emergence
of systemic and regional diseases [1,2]. Stress and depression
worsen life quality and productivity at work, increase the risk of
developing chronic illnesses, and raise the financial burden of
medical expenses [3,4]. According to a survey, healthcare costs
for employees with depression are 48% more than those who
are not at risk [3].

Stress is a transactional process that occurs when an event
is considered as important to an individual’s well-being, has the
potential for harm or loss, and necessitates psychological, phys-
iological, and/or behavioral responses to manage the event and

its consequences [5]. Stress can simply be described as tight or
strained [6]. Recently World health organization defined stress
as a state of worry or mental tension caused by a difficult situ-
ation [8]. It is a protective human response that drives us to
confront problems and threats in our lives. Everyone experi-
ences stress to some degree. Stress is the brain’s reaction to
promote activities that protect organisms from danger, but it
develops when people’s coping abilities alter to adjust or tol-
erate actual or perceived threat [9,10]. To put it succinctly, it
refers to an individual’s capacity to manage stressors, which are
defined as any circumstance, impact, or state that causes men-
tal or bodily strain [10]. Stressors can be internal or external
influences that necessitate changes or coping methods on the
part of the afflicted person. It is determined by the interaction
between a person’s internal makeup and external environment.
For example, a person with solid social support and positive re-
lationships has higher coping abilities than those who have had
terrible childhood experiences, making the former more resil-
ient than the latter.

Stress has been shown to induce or worsen inflammation,
acting as a predisposing factor in the pathogenesis of many
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chronic diseases such as cardiovascular, metabolic, digestive,
pulmonary, and rheumatologic diseases, as well as infectious,
allergy, autoimmune, or neoplastic etiologies, and periodontitis
[4,10]. Stress is found to be connected with respiratory disor-
ders in a dose-dependent manner [11]. There are several modi-
fiable risk factors that contribute to periodontal disease, such
as diabetes and smoking [12]. However, the study recognizes
the link between a stressed lifestyle and poor dental hygiene
[12,13]. Stress has long been recognized as a risk factor in the
pathogenesis of necrotizing ulcerative gingivitis, and chronic/
aggressive periodontitis [10,12,14]. Moreover, clinical attach-
ment loss was more with stressed individuals [15]. Therefore, in
this review article we are highlighting the influence of psycho-
social stress in the health of periodontium.

Stress: Clinical features and types

Stress is an umbrella term for events in which the environ-
mental demands of a situation overwhelm an individual’s per-
ceived psychological and physiological ability to cope with them
effectively [16,17]. It can appear in a variety of ways, includ-
ing inability to concentrate, intractable headaches, bodily pain,
and disorders. Furthermore, it is known to exacerbate the pro-
gression of underlying chronic illnesses and increase substance
abuse, such as smoking and alcohol consumption [8]. In addi-
tion, it causes neglected oral health, increases in plaque, and
gingival inflammation [18]. Stress can be acute or chronic, based
on the duration [19]. Acute stress lasts for a brief period, such as
engaging in preparing for tests, public talk, being overburdened
with work, and meeting a deadline, whereas chronic stress lasts
for a long period of time, such as dealing with limited resources,
relationship issues, or long-term health problems. The harmful
effects of acute stress in periodontium are not well document-
ed. Chronic stress, on the other hand, has a variety of detrimen-
tal effects on the body and works via complex neuroendocrine
mechanisms, as demonstrated below [19].

Stress and biologic response of body

The physiologic stress response is an evolutionarily con-
served physiological mechanism that connects an organism to
its surroundings. Stressor cues can be physical or psychologi-
cal in nature. Physical cues that activate stress include trauma,
infection, or tumor. Psychologic or emotional cues may come
from life events like financial difficulties, caregiving, or the loss
of a spouse; or post-traumatic stress /depression (Figure 1).
Acute stressors (infection, surgery) often present with upregula-
tion of innate immune mechanisms but suppression of cellular
immunity.

Conversely, chronic stress frequently manifests as a reduc-
tion of innate and cellular immune responses [20]. In their
evolutionary origins, the stressors of the acute fight-or-flight
scenarios induce positive adaptations that enable the body to
recover from injury fast. For instance, following acute trauma
experienced in periodontal surgery, the innate mechanism is
heightened to promote debris removal and healing of wounds.
On the other hand, the immune system is adversely affected in
chronic stress to a greater extent depending on how much these
stressors deviate from these biologically conserved norms [20].
For example, during periodontal surgery under chronic stress,
there may be a reduced debris clearance response, which de-
lays wound healing and generates a less favorable regeneration
milieu. The precise point at which stressors shift from acute to
chronic is currently an issue of intense discussion. However, the
main processes that cause these systemic changes include the

Hypothalamic-Pituitary-Adrenal (HPA) axis, which produces glu-
cocorticoids, and the adrenergic nerve signaling axis, which pro-
duces norepinephrine, adenosine triphosphate, and neuropep-
tide Y. The hypothalamic-pituitary-adrenal axis and sympathetic
nervous system both release a variety of different chemicals
during the stress response cascade, but an in-depth discussion
of these additional chemokines is beyond the scope of this pa-
per.
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Figure 1: Study selection process.

Stress and neuroendocrine system
Stress and its influence on HPA axis

Central nervous system interacts with both immune and en-
docrine system [4]. Certain stress mediators including mono-
amines, neuropeptides and steroid hormones sends signal to
CNS and assists in adaptation and survival via autonomic, en-
docrine, metabolic and immune responses while chronic stress
on the other hand cause dysregulation of these pathways that
causes detrimental effects [4]. The Hypothalamic-Pituitary-
Adrenocortical Axis (HPA) and sympathetic-adrenal-medullary
are two major pathways [4,10,11]. The paraventicular nucleus
of hypothalamus is activated during acute stress and releases
arginine vasopressin and Corticotrophin Releasing Hormones
(CRH) which further stimulates pituitary to release Adrenocor-
ticotrophic Hormone (ACTH) that stimulates adrenal medulla to
secrete cortisol [4,10]. Moreover, epinephrine is released via
activation of noradregenic centre in the locus correleus of brain-
stem and medulla of adrenal gland. The sudden cortisol rise just
after acute stress like divorce or accident increases circulating
inflammatory cytokines but in chronic stress although the cir-
culating level of cortisol is high but it does not able to modulate
the inflammatory response due to glucocorticoid receptor re-
sistance [4,10]. Persistent dysregulation of HPA is documented
in many chronic illness-like autoimmune diseases, cardiovascu-
lar diseases, upper respiratory tract infection, periodontitis etc
[4,10]. Furthermore, Regulatory T cells which are known sup-
press inflammatory cascade by producing Transforming growth
factor-beta, and Interleukin (IL-10) and suppresses CD4" and
CD8* effector cell responses are reduced in stress [4,10]. A di-
minished T regs is implicated in patients with atherosclerosis
that harbors P. Gingivalis [10,21]. Similarly, inflammation is one
of the pivotal connecting links between stress and periodontal
disease [4,10]. With chronic stress, the number of circulating
neutrophils and the ratio of Th-1 and Th-2 cells are drastically
reduced thereby impairing the proliferation of T cells and sub-
sequent antibody response. Besides that, chronic stress as they
cause glucocorticoid receptor resistance they jeopardize the
immunosuppressive action of cortisol on lymphocytes. A meta-
nalaysis studies proves that blood levels of IL-6, TNF-alpha, IL-
1beta and C-reactive proteins are elevated with stress response
[10,22]. The proinflammatory mediators are generally elevated
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in gingival crevicular fluids in chronic periodontitis which draws
an plausible explanation of influence of chronic stress and
pathogenesis of periodontal disease [10,23].

Stress and its influence on adrenergic signaling axis

The adrenergic nerve signaling cascade molecules (norepi-
nephrine) directly affect the vasculature in the periodontium
results in limited cellular and nutrient diffusion, causing poor
adaptive immune responses and restricting repair reactions
in periodontal and periosteal (bone) tissues [24]. Adrenergic
nerve stimulation also limit vascular perfusion at lymphoid tis-
sues, resulting in immune dysregulation, especially those noted
in marginal alveolar bone loss and periodontal disease progres-
sion.

Neurologic alterations affecting behavior

Stress duration can also start physically adaptive changes in
cognition and behaviour, such as feeding/hunger, vigilance, and
alertness, in addition to these intrinsic peripheral and central
system responses. In reality, research using functional imaging
has demonstrated that psychosocial stress and illnesses associ-
ated to it can cause morphologic alterations in the brain, par-
ticularly in the hippocampus [25].

Psychobiologic effects on oral structures and wound healing
capacity

Both physical and psychologic stimuli can affect a biologic
system at an organ system level, cellular level, and molecular
level through mechanisms of the hypothalamic-pituitary-adre-
nal axis, adrenergic nerve signaling axis, and behavior modifi-
cation (Figure 2). Periodontal structures, including the mucosal
tissues/keratinocytes/periodontal extracellular matrix, perios-
teum/bony tissue, and the microbiologic/periodontal micro-
environment, are most susceptible to stress-related dysbiosis.
Oral soft tissue wound healing follows a well-established trajec-
tory that consists of four categories: (1) hemostasis/inflamma-
tion; (2) migration; (3) proliferation; and (4) remodeling [26]. It
appears that the psychobiologic effects of stress may affect all
stages of wound healing in some capacity. In stressed patients,
immunologic (T cell phenotypes) / cytokine (low interleukin-
l-alpha and platelet-derived growth factor) dysregulation,
decreased expression of regenerative factors (basic fibroblast
growth factor), tissue hypoxia, dysregulation of cellular mobility
and metabolomic kinetics, and matrix metalloprotease activity
are detected during the various phases of wound healing [27-
29].
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Figure 2: Chronic stress induced endocrinal and behavioral
dysfunction in periodontal wound healing.

Both increase in glucocorticoid and catecholamine produc-
tion can also delay soft tissue wound-healing responses. Hence,
care must be taken when performing periodontal/implant sur-
gery on a patient who is extremely stressed or on someone who
is in a high-stress environment. Important factors to take into
account include primary wound closure, a longer healing time,
antibiotic coverage, limiting extensive and lengthy surgical pro-
cedures, or even delaying the surgery to a time when the pa-
tient’s life is less stressful.

Stress-biofilm interconnection

With reduced immunity there increases the susceptibility of
increase in proliferation of notorious periodontal pathogenic
bacteria namely Red complex bacteria [10,30]. These patho-
gens are found in subgingival plaque of patients with periodon-
titis and related with the levels of oxidative stress markers like
saliva i.e. 8-hydroxydeoxyguanosine and malondialdehyde [31].
Moreover, studies have found correlation of cortisol levels and
presence of P. gingivalis found in subgingival plaque of local-
ized periodontitis with respect to age, sex, income and smok-
ing status [10,32]. Moreover another study highlighted the fact
that cortisol when administered ex vivo causes change in gene
expression of oral microbiome and thus causing dysbiosis in
oral milieu that paves way for the progression of periodontal
disease [33]. P. gingivalis one of the red complex microorgan-
isms is known to induce inflammation by modulating. Toll like
receptors via virulence factors called gingipains which converts
complement C5 to C5a [4,10]. Currently, it is also found that
stress and inadequate coping or social support can cause ac-
tivation of herpes virus [4]. While in aggressive periodontitis,
there is higher load of Epstein-Barr virus and cytomegalovirus
but latent herpes virus infection are more common in chronic
periodontitis and gingivitis [34].

Stress and gingival circulation

It has been found that the tonicity of blood vessel is con-
trolled via autonomic nervous system which gets activated in
response to stress [15]. Thus, prolonged stress can cause con-
striction of blood vessels that supplies gingival tissue and there-
by hampers oxygen and nutrient supply to gingiva.

Stress and soft tissue wound healing

As immune response plays a pivotal role in wound healing
and thereby becomes a bonafide factor for determining prog-
nosis of periodontal therapy. Cytokines such as IL-1, IL-8 and
TNF-alpha are responsible for clearing of damaged tissue and
promote new tissue formation by recruiting fibroblast and epi-
thelial cells are reduced in response to stress [27]. Moreover
stress also suppresses mitogen stimulation, antibody and cy-
tokine production and NK cell activity [27]. Catechcolamine on
the other hand also causes peripheral vasoconstriction which
further hampers the oxygen dependent healing mechanisms.

Stress and hard tissue wound healing

Bone tissue homeostasis is a balance between resorption
and formation that is mediated by coupling mechanism. Healing
of alveolar bone after periodontal damage or surgery, including
implant placement, necessitates a shift in the osteoid cycle bal-
ance towards greater bone reconstructive activity (i,e., high os-
teoprotegerin) and decreased bone resorptive activity (i,e., low
RANKL expression). Interestingly, chronic stress can disrupt this
crucial osteoid cycle, impacting osteoid competence by chang-
ing the ratio of formative or resorptive lineage cells in the bone.

scibasejournals.org

03



SciBase Clinical and Medical Case Reports

Moreover, chronic stress disorders are also associated with
poor alveolar bone growth and osteoporosis [35].

Health-impairing behaviors in stress

In addition to its biochemical effects, chronic stress may pro-
mote the adoption of damaging behaviors, such as increased
smoking or alcohol consumption, inadequate sleep, poor di-
etary choices, deficient hygiene practices, or reluctant to fol-
low postoperative instructions and recall visits. All of these fac-
tors are strong predictors of microbial dysbiosis and have been
linked to negative health outcomes such as obesity, high blood
pressure, severe periodontal disease, and tooth loss [36,37].

Classification of stress for treating periodontal/implant
patient

Chronic stress affects each individual differently because the
body has an inbuilt buffering reserve capacity to maintain a bal-
ance of the circulating hormones/chemokines. A classification
of stress-related disorders based on neurologic activity as mea-
sured by an electroencephalogram and learning algorithms may
be required to distinguish the biologic impacts of stress on sys-
temic as well as periodontal health [38]. Tier 1 patients with low
levels of chronic stress (eg, loss of relative, or financial crisis)
who have developed coping mechanisms to minimize the bio-
logic/systemic effects require regular monitoring of their coping
strategies and resources for living. In patients with high levels of
chronic stress (Tier 2), who have not established coping mecha-
nisms, definitive stress management therapy is required for
coping with stressors; this includes regular exercise, adequate
sleep, quality nutrition, daily meditation, and avoiding enabling
substances such as caffeine and alcohol.

Treatment strategies for chronic stress in periodontal
patients

Prevention measures are the most effective to treat peri-
odontal diseases in all individuals who suffer from chronic
stress. Short periodontal maintenance recalls, motivation for
proper oral hygiene, patient well-being, and reduced pain ex-
perience are critical components in the treatment protocol.
Chronic stress can have a negative impact on a person’s abil-
ity to make decisions. If a scenario arises, these individuals
should be referred for counseling or medical services (such as
smoking cessation, sleep therapy, etc.) for a better periodon-
tal treatment outcome. Moreover, Yoga/meditation for treating
periodontal disease in chronic stress patients demonstrated
enhanced treatment outcomes by battling stress concurrently
with periodontal treatments [39]. When a patient with chronic
stress seeks periodontal therapy, it is critical to diagnose and
address the underlying cause using conservative treatment
procedures. Some additional considerations include schedul-
ing appointments early in the morning to avoid waiting anxiety,
prophylactic antibiotics, antimicrobial oral rinses, and low-dose
doxycycline to suppress inflammatory mediators during the ini-
tial stages of healing.

Conclusion

Chronic stress, like other modifiable factors (such as smok-
ing), has been shown to have an important role in the progres-
sion of chronic periodontitis. However, due to a lack of reliable
assessment criteria, quantifying stress in daily practice has be-
come extremely difficult. However, it has been demonstrated
that chronic stress has a significant negative impact on peri-
odontal health via a complex neuro-endocrine pathway that al-

ters biofilm formation, causing dysbiosis of the microbial niches
and ultimately leading to periodontal disease progression. Fur-
thermore, it has been shown to alter gingival circulation and im-
pair normal wound healing, complicating the prognosis of peri-
odontal treatment. De-escalation of chronic stress situations is
an effective therapy for chronic stress patients. Therefore, as
healthcare providers, we must take steps to include knowledge
regarding the accurate assessment of stress levels so that we
may alter our therapeutic strategies to ensure that periodontal
diseases can be effectively treated.
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