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ABSTRACT:

Background: Nowadays, the search for biomarkers has attracted attention in medical and psychological
sciences. The biomarkers are crucial to prevent diseases, to detect pathologies and to induce quality of life in
patients. Recent studies evaluate stress biomarkers and provide information about physiological and
psychological organism reactions to stressors. These biomarkers can be assessed via motoring corporal fluids
(serum, plasma, urine and salivary fluid) and the proteins most used within stress salivary biomarkers are
cortisol, o-amylase, proinflammatory cytokines, and catecholamines. The aim of this paper is to review
systematically the scientific literature about the evaluation of salivary biomarkers in psychological stress
diagnostic.

Main Body: A systematic literature search review of Pubmed, Medline and Scopus database using the terms
"salivary biomarkers” AND "psychological stress" AND “diagnostic” showed an increase in the number of
studies using salivary biomarkers. It was analyzed all the existing articles (between 1997 and 2015). The
inclusion criteria were: salivary biomarkers in diagnosis psychological stress, papers written in English. It was
excluded the articles outside the scope of the subject, studies of animal disease models, stress methodologies
and laboratory protocols, religious practices and stress; publications in languages other than English, and
articles with unavailable information.

After applying the methodology, 54 scientific articles were included in the study and analyzed. The review
proved that salivary cortisol and alpha-amylase biomarkers are more used to diagnosis stress diseases.

Of the 54 articles analyzed: 79% referred to cortisol biomarker as most biomarker used, followed by salivary
amylase. These two salivary biomarkers jointly accounted 27% of the articles referred.

Conclusions: This literature review is based on the contribution of salivary biomarkers to psychological stress
diagnosis, understanding the diseases and their responses to treatment.
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1. BACKGROUND
Stress

Stress is a complex concept, is defined as physiological and psychological reactions that prepare an
organism’s defense against external or internal threats (stressors) [1-3].

There are two categories of stressors: physical (systemic or reactive) and psychological (emotional or
processing) [4]. Some stressors, such as prolonged mental and physical effort, different pathologies
and behaviors, can induce an increase of these stress biomarkers, with pathological consequences on
health [4].

Stressors are initially detected by the sensory system, and the information obtained is sent to the brain.
After, the hypophysis and central nervous system activity, release corticosteroid and noradrenaline
that changes the physiological state (for example, heart rate) [5].
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The central nervous system (CNS) plays a key role in physical and psychological processes and in
body’s response to a stressor. Physical and psychological stress reactions are characterized by the
activation of the:

a) hypothalamic-pituitary-adrenal (HPA) axis, with the secretion of glucocorticoids (cortisol) into the
blood circulation;

b) autonomic nervous system (ANS) and the release of catecholamines into the blood circulation. The
sympathetic component of the ANS is responsible for different effects (heart and respiratory rate,
blood flow to muscles) [2, 3, 6].

Acute stress activates a coordinated set of physiological responses (by the Sympathetic Nervous
System and HPA) that prepares the body to deal with an immediate threat [7,8].

Chronic stress has the capacity to increase or decrease HPA activity, and the responses depend on the
stressor and the person [2, 7, 9, 10]. Chronic stress has potential to cause health problems. Chronic
activation of the stress-response can increase the risk of fatigue, depression, hypertension,
cardiovascular diseases, ulcers, cognitive decline, cancer, immune function, atopic dermatitis, oral
diseases, neurodegenerative diseases, psychological diseases [1]. Stress can alter oral homeostasis and
is associated with gingivitis, periodontal diseases; development of halitosis too [11]. Stress has been
associated with emotional eating behavior and symptoms of atopic dermatitis and other skin
pathologies (wound healing, burns) are often aggravated by stress [12-14].

Stress is a psychosocial problem too [15, 16]. Therefore, the responses to psychological stress are
multidimensional, presenting dimensions as psychosocial and physical responses [17]. Stress may
elicit a range of emotions, pathologies, behaviors, thus a better understanding of this relationship may
lead to the development of behavioral interventions targeting health-promoting ways of responding
emotionally to stress [8].

Over the past decade, there has been a dramatic increase in studies evaluating stress biomarkers.
These biomarkers provide information about chronic and acute stressors [18]. It is crucial to monitor
such biomarkers to prevent diseases, stress-related pathologies, to evaluate behavioral strategies or
treatments and improve the quality of life in patients. The stress biomarkers are very important to
monitor and to prevent [1-4].

Nowadays, two methods are often used to evaluate stress: a psychological test and a biomarkers test
[16].

Stress Salivary Biomarkers

Biomarkers are defined as quantifiable biological indicators of a physiological process (normal,
pathophysiologic, or risk of developing a pathology [19]. These molecules have the potential to
improve the identification rate of individuals at risk of developing pathologies and diagnosing
symptoms.

The stress biomarkers are very important to monitor and prevent stress-related pathologies and in the
evaluation of behavioral strategies [1-4].

Marrelli and collaborators (2014) emphasized the significance of these specific stress-biomarkers,
which represent a powerful instrument to evaluate stress levels and that may help to reduce stress
diseases and other pathologies and have a preventive effect in order to improve their quality of life

[4].

The biomarkers used in the assessment of mental stress includes:

- cortisol, which reflects hypothalamic—pituitary—adrenal (HPA) axis activity;

- a-amylase, which represents the function of the autonomic nervous system (ANS);

- proinflammatory cytokines (interleukin (IL)-6, IL-1b, and tumor necrosis factor (TNF)-a), which are
related to innate immunity;

- catecholamines (dopamine, norepinephrine, and epinephrine) are synthesized and released by
noradrenergic neurons (biomarkers are measured in blood) [4,7,20].

There are several other stress-related substances in saliva, including dehydroepiandrosterone
(substance associated with the HPA axis, chromogranin A (associated with the sympathetic nerve—
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adrenal medulla system) and secretary immunoglobulin A (associated with the immune system)
[7,21].

These biomarkers can be assessed via monitoring corporal fluids, serum, plasma, urine and salivary
fluids.

Efficient biomarkers should be sensitive, stable, easy to measure, noninvasive and without painful
collection procedures for patients [19]. Therefore, special attention has been given to identifying
physiological biomarkers of stress in salivary fluid. Saliva has been increasingly used as a good
diagnostic or disease activity marker in many diseases (cancer, asthma, diabetes, cardiovascular
diseases, ...), and in stress research [20]. This fluid can be obtained easily without incurring adverse
effects. Some recent studies have used the measurement of stress hormone levels in saliva as a
noninvasive method, easy to collect and without painful procedures of evaluating mental stress [7,20-
24]. Invasive procedures such as collection of blood, may induce mental stress and make accurate
evaluation more difficult [24]. Salivary biomarkers of stress can minimize some of the potential
confounding variables associated with blood sampling [3].

Over the past decade, there has been a dramatic increase in studies evaluating salivary biomarkers of
stress. Salivary cortisol level was used as an endocrine marker and salivary alpha-amylase activity as
a sympathetic nervous system stress marker [7,19,24]. These salivary biomarkers can provide
valuable information about HPA axis and CNS activity, which are activated in response to stress [1].

Cortisol

Cortisol is a steroid hormone (also known as hydrocortisone), produced by the adrenal glands in
response to the adrenocorticotropic hormone, and is the final product of the hypothalamic-pituitary-
adrenal (HPA) axis [12,14,18,25]. So, cortisol can directly influence the central nervous system,
affecting those brain’s areas involved in the control of blood pressure [4].

Cortisol is historically used in research as a substantiated physiological measure of stress and anxiety,
the cortisol levels reflect psychological stress. During stressful situations (acute and chronic stress),
the body responds by increasing the production of cortisol, secreted by the adrenal cortex in the HPA
axis [14,25]. Circadian rhythm, negative feedback, and stress reactions are known as factors that
regulate cortisol secretion [21]. Circadian rhythm of cortisol secretion, present a typical diurnal
variation increase in the early morning hours (cortisol awakening response) and decreases in the
evening [7,9,21,25-27]. It is the most frequently investigated stress biomarker, assayed as a stress-
responsive biomarker because cortisol is associated with many physiologic and psychobiological
processes (cell death, neural development, learning and memory, sleep, metabolism, aging, immune
function) [14,18]. Several studies have measured serum, urinary, and salivary cortisol [12].

Salivary cortisol is often used as a noninvasive sampling method and used as a method to evaluate
stress [12,18,21]. It has been successfully used as a biological marker of HPA axis activity in
epidemiological studies, increased psychological stress triggers activation of the HPA axis and related
hormones [9,18,20]. This hormone plays an important role in maintaining homeostasis.

Some studies about stress and cortisol salivary stress marker were significantly correlated with
diseases and suggested that stress might be associated with the activity of diseases as a result of
physiological and behavioral mechanisms. Based on these findings, the salivary cortisol level reflects
psychological stress, and it is a good index to assess chronic stress [14].

Alpha-amylase

Salivary alpha-amylase (SAA) is a human enzyme produced by the salivary glands and is regulated by
the sympathetic nervous—adrenomedullary system, which controls blood noradrenaline and adrenaline
levels [5,7,12,16,21,28]. It is one of the major proteins in saliva, it is produced by the epithelial acinar
cells of the salivary glands, unlike salivary cortisol (is produced in endocrine glands and diffused into
saliva) [12, 17,29]. It is a surrogate marker of CNS activity, providing evidence that SAA is
responsive to stress and reflects the fast activation pattern of the CNS [12]. The activation of the
autonomic nervous system has a strong influence over the salivary glands and controls the secretion of
SAA [12,28].
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There are two regulatory pathways for increasing salivary amylase activity: hormonal regulation by
noradrenaline and direct innervations (stimulates the secretion of salivary amylase and elicits a
quicker response than hormonal regulation) [5]. Some studies reported that physiological and
psychological stress were associated with the increase in SAA activity [5,16,17,27,30,31]. It has also
been reported that salivary amylase elicits a more sensitive response to psychological stress than
cortisol produced in the hypothalamic— adrenocortical pathway [5]. The use of corticosteroid in some
treatments can limit the cortisol levels. Cortisol as a measure of stress can be problematic and a
promising alternative is SAA, a noninvasive, surrogate biologic marker of psychological stress not
affected by corticosteroid use [17].

Salivary alpha-amylase can serve as a non-invasive rapid and easy measure of adrenergic activity in
humans [3, 16, 29].

Cytokine

Khalaila and collaborators (2014) studied cytokines function in stress. In their study, cytokine has
potential biomarkers to predict the development of post-traumatic stress symptoms [19]. However,
they reported that cortisol responses to mild psychological stress are inversely associated with
proinflammatory cytokines [19].

Catecholamines

Stress responses are exerted via the hypothalamic-pituitary-adrenocortical (HPA) axis and the
sympathetic nervous system, and resulting in the secretion of stress hormones, for example, cortisol
and catecholamines [12, 19].

Levels of cortisol and catecholamines have an effect on a wide range of physiological processes
throughout the body, such as the metabolism, and can cause changes in the level of secretion of
various molecules (in blood or saliva) [19,32].

Cortisol and catecholamines can be assessed as biomarkers of the stress effects. However, it is
difficult to measure catecholamine concentration in saliva, because it has low levels and rapid
degradation. Therefore, salivary chromogranin A (CgA) is used as a substitute marker for
catecholamines. CgA is a glycoprotein stored and secreted by the adrenal medulla and sympathetic
nerves along with catecholamines. Its secretion correlates with the sympathoadrenal release of
catecholamines [7]. Den and colleges conclude that chromogranin A reflects psychological stress
more quickly and sensitively than cortisol [22].

Immunoglobulin

Similarly to cortisol, salivary immunoglobulin levels are known to increase in association with stress
conditions [4]. Particularly, Secretory immunoglobulin A (slgA) (dominant antibody in saliva) has
also been reported to be a biomarker of stress in several studies and has been shown to be increased
under mental stress conditions [4,7,11].

Therefore, Masilamani and researchers (2012) have reported the response of salivary IgA in chronic
work stress, and have examined the association between chronic work stress and salivary IgA levels
and found an inverse relationship [10].

Salivary pH

Salivary pH, as a biomarker of stress or depression, might be an easy, inexpensive and noninvasive
measure. However, there are few studies that could be found which the effect of stress on levels of pH
was measured [19].

Salivary pH levels are found to change with the activation of the sympathetic nervous system under
stress, which leads to a lowering of the rate of saliva secretion from the saliva glands in the mouth
[19].

There are many others biomarkers that have been measured and studied in saliva, but with an
inadequate characterization (very low concentrations or are not clinically useful) [7].

The present study is designed in order to analyze salivary biomarkers as a possible marker of
psychological stress diagnosis.
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2. METHODS

In this review, we analyzed the role of salivary biomarkers in psychological stress diagnosis. This
reflective systematic literature review, are effected by analyzed papers between 1997 and 2015. We
identified scientific published papers in international journals, using a search of the databases in
digital format, MedLine and PubMed, and in a second phase Scopus. The descriptors used in the
research were: ["SALIVARY STRESS BIOMARKERS"] with 480 publications; ["SALIVARY
BIOMARKERS" AND “PSYCHOLOGICAL STRESS”] with 230 articles, and ["SALIVARY
BIOMARKERS" AND “PSYCHOLOGICAL STRESS” AND “DIAGNOSTIC”] which were
obtained 112 publications. We analyzed 54 publications obtained in this review.

The inclusion and exclusion criteria from analysis were:
a) Inclusion: salivary biomarkers in diagnosis psychological stress.

b) Exclusion: outside the scope of the subjects; studies of animal disease models; methodologies,
programs and stress protocols; religious practices and stress; publications in languages other
than English, and articles with unavailable information.

PRISMA criteria for preferred reporting items for systematic reviews and meta-analyzes (Prisma)?
were applied. The collected information was compiled and analyzed regarding the year of publication,
authors, pathologies associated with stress, salivary biomarkers.

The bibliographic references were made through the computer program EndNote bibliographic
referencing.

3. ANALYSIS OF RESULTS AND DISCUSSION

Currently, there has been a dramatic increase in studies evaluating salivary biomarkers of stress.
Salivary cortisol and alpha-amylase are the salivary stress biomarkers most used. Salivary cortisol is
used as an endocrine marker and salivary alpha-amylase activity as a sympathetic nervous system
stress marker [19,24]. These salivary biomarkers can provide valuable information about HPA axis
and CNS activity, and are activated in response to stress [1].

In our days, for a better understanding of the systematic literature review, the analyzed studies were
compiled in a summary table (Table 1). In this table there are five items: year of publication/authors,
aim of study, salivary biomarkers, others biomarkers and associated diseases.

Table 1. Most relevant articles that met the inclusion criteria in this study

Author Aim Salivary Other Associate
biomarkers biomarkers diseases
[1] To compare parenting responsibility, distress, anxiety, depression, | Cortisol, Cardiovasc Behavior, Health
cortisol, alpha-amylase, and cardiovascular activity between 19 | Alpha- ular activity Care, Autism
mother— father dyads of children with autism spectrum disorders. amylase
[20} To investigate the relationship between systemic Cortisol, Anti- Systemic lupus
lupus erythematosus disease activity and mental Alpha- chromatin erythematosus
stress, and the usefulness of saliva as an assessment index for stress in amylase, IL- | antibody
patients with SLE. 1b
[33] To evaluate the relationship between sleep bruxism and perceived | Cortisol, Sleep Bruxism
stress through the estimation of stress-related biomarkers (cortisol, a- | Alpha-
amylase) in saliva amylase
[12] To assess the sensitivity of salivary cortisol and SAA in detecting stress | Cortisol, Burn wound care
during acute burn wound care procedures and to investigate the body’s | Alpha-
physiological stress reactions throughout burn re-epithelialization. amylase
[19] To examine the levels of salivary pH as a possible biomarker Salivary pH - -
[8] To address both issues in male and female individuals by assessing the | Cortisol Heart rate Behaviors
role of anger and fear in predicting heart rate and cortisol stress (emotions)
responses using both self-report and facial coding analysis to assess
emotion responses.
[4] To analyze the hormonal, immune and cardiovascular responses Cortisol, Heart rate, Job
induced by stress conditions in oral surgeons. Immunoglo Systolic
bulin A, blood
pressure
[24] To investigate the influence of chewing time on salivary stress markers | Cortisol, Behaviors
Alpha- (chewing)
amylase
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[11] to evaluate the influence of stress and gender on the production of Cortisol Oral diseases
volatile sulfur compounds (VSC) and salivary biomarkers. Alpha-
amilase
Ig
[9] To evaluate cortisol response, and the mean cortisol concentration in Cortisol Behaviors
women with a current or recent experience of abuse. (abuse)
[14] To examine the salivary cortisol levels in patients with AD and Cortisol TARC, Atopic dermatitis
compared them with those of healthy control subjects. IgE,
LDH,
eosinophils
[34] To investigate the effect of acute psychological stress on glucose | Cortisol Heart rate, Type 2 diabetes
concentrations in patients with Type 2 diabetes, in the fasting state as blood
well as in the postprandial state pressure
[26] 1) Assess and compare saliva cortisol concentrations inday, Cortisol Job (noise
2) assess the relationship between industrial noise exposure and exposure)

salivary cortisol concentrations,
3) assess the possibility of using salivary cortisol as a possible marker
of noise induced stress.

[32] To examine the impact of caregiving on perceived stress and two | Cortisol Behaviors
biomarkers of stress, blood pressure and salivary cortisol, using (Health Care)
longitudinal data.

[16] To verify whether salivary aamylase enzyme activity (Amy) is useful Alpha- Job
as a biomarker of stress in pilots working in a stressful environment. amilase

[21] To clarify the day-to-day variations of salivary cortisol to discuss the Cortisol

appropriate timing for collecting saliva in a day for stress evaluation.

+ Articles about children and/or pregnancy
We analyzed fifty-four articles which met the inclusion criteria.

The literature review revealed many studies about salivary biomarkers. We analyzed only the studies
about “salivary biomarkers AND psychological stress AND diagnostic”.

Stress is a common disease in our society, it has been previously associated with clinical
manifestations of cardiovascular disease, neurodegenerative diseases, mental diseases, oral diseases,
infertility, cancer, pregnancy, jobs and behaviors. Understood stress is currently being explored as a
potential target for diagnosis and therapeutic interventions.

The biomarker patterns may provide clinical useful information by enabling the differential diagnosis,
staging, and prognosis of diseases as well as comprehension of diseases and their responses to
treatment.

Stress can be measured in vivo in multiple sample types including cells, tissues, urine, blood, saliva,
and others.

Several investigations have demonstrated that saliva offers an advantageous alternative to blood
because its collection is noninvasive, low in cost, and safe for both the donor.

Salivary biomarkers offer a novel approach in diagnosis and treatment to stress diseases.

The salivary cortisol and salivary enzyme alpha-amylase are established as non-invasive markers of
psychological and physiological stress. The review proved that these biomarkers are more used to
stress diseases diagnosis, but others measures are important, for example, heart rate to analyze the
physiological state, and to evaluate stress response [5].

Some studies have focused on the one salivary biomarkers, such as, cortisol or alpha-amylaze. Other
studies have focused on the evaluation of two proteins during stress responses or physiological
measurements.

The literature review indicated that the chronic stress is associated with the activation of the
hypothalamic—pituitary—adrenal (HPA) axis (measured by salivary cortisol), as well as with the
depression of immune function (measured by salivary IgA and lysozyme). The cortisol level reflects
psychological stress.

Acute stress is associated with the activation of the sympatho—adreno—medullary system, which is
reflected by salivary a-amylase and chromogranin A.
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These studies demonstrated that it is crucial to monitor such biomarkers to prevent diseases typically
induced by prolonged and repetitive stress states.

In this review, we summarize critical knowledge of different salivary stress biomarker. However,
further research and validation studies are needed for less characterized biomarkers before they can be
used in daily practice.

Summary of methodological limitations

Numerous articles have been developed in the field of salivary stress biomarkers, and research was
more restricted.

We found limitations in the analyzed articles: small sample sizes; different collected protocols;
different times to collected samples; variability in results; few longitudinal studies.

Implications for practice

Nowadays, psychological stress is a matter of great importance to all age groups, and may lead to
mental disorders and various diseases. An objective and quantitative method for measuring salivary
stress-related substances is highly desired. Saliva collection is easy, stress free and noninvasive.

This literature review, suggest the future potential for monitoring stress biomarkers within minutes
from a trace of saliva and can contribute to disease prevention and overall good health.

4. CONCLUSION

Over the past decade, there has been a strong increase in studies evaluating salivary biomarkers of
stress. However, the scientific research for biomarkers of psychological symptoms is needed to
improve quality of life.

In this review, some studies about stress and salivary stress biomarkers were significantly correlated
with diseases (periodontal, cancer,...) and it is suggested that stress might be associated with the
activity of diseases as a result of physiological and behavioral mechanisms. Based on these findings,
the salivary cortisol and alpha-amylase reflects psychological stress and are considered good salivary
stress biomarkers.

To the best of our knowledge, it is needed more investigation about this subject, to diagnose
psychological stress and associate treatments.

ABBREVIATIONS

CNS: central nervous system; HPA: hypothalamic-pituitary-adrenal; ANS: autonomic nervous
system; IL: interleukin; TNF: tumor necrosis factor; sAA: salivary alpha-amylase; CgA:
chromogranin A, slgA: secretory immunoglobulin A.
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