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Abstract - Objectives: Recurrent aphthous stomatitis (RAS) is one of the most common oral mucosal lesions and
stress is one of the major factors implicated in its causation. The aim of the present work is to measure the stress
biomarkers, salivary cortisol (SC) and salivary alpha amylase (SAA), in the different phases of RAS. Patients and
Methods: The study included 69 subjects of whom 38 patients served as the study group who suffered from minor RAS
and one to three active minor oral ulcers of <48 h duration. The remaining 31 healthy subjects served as controls.
Unstimulated salivary samples were collected twice from the study group; during the ulcerative phase of RAS and
after complete healing has occurred, and only once from the controls. Concentrations of SC, and SAA enzyme were
assessed by Enzyme-linked Immunosorbent Assay (ELISA). Results: There was a significant increase of SC and SAA in
both the ulcerative and the post-healing phases in comparison to the control group. The ulcerative phase had higher
but insignificant levels of both biomarkers when compared to the post-healing phase. There was a significant
correlation between both biomarkers in the post-healing but not in the ulcerative phase. Conclusion: RAS patients
have significantly higher levels of both stress biomarkers (SC and SAA) in the ulcerative and in the post-healing
phases when compared to controls.

A plethora of causative factors have been linked to the
occurrence of RAS, including genetic tendency, hypersensitivity,
immunological, nutritional, and microbial variables [3]. More-
over, RAS has been proposed to be associated with stress and
anxiety, which impact the immune system components [4].

Anxiety and stress can be risk factors for oral lesions
including RAS. Oral diseases can be affected by emotional or
psychological changes directly or indirectly. Psychological
factors can change nervous system markers (catecholamines,

Introduction

RAS is among the most common oral mucosal lesions in the
population worldwide, with a frequency of 5% to 50% [1,2].
RAS is characterized by recurring ulcers confined to the oral
mucosa in otherwise healthy patients. The onset of RAS usually
begins in adolescence, is most common in individuals in their
20s, and its frequency decreases with age. It negatively affects
the quality of life, and may severely interfere with eating,

speaking, and swallowing. Based on the size, number, and
duration of the ulcer, RAS is classified into four specific classes:
minor, major, severe and herpetiform [1].

Minor RAS is the most common form, affecting 70% to 87%
of the population with RAS. Minor aphthae are generally
located on lining mucosa: labial or buccal mucosa, the soft
palate, and the floor of the mouth. They are shallow and may be
single or multiple. Patients with minor RAS usually have 1 to
5 ulcers at each episode, with each lesion less than 1cm in
diameter. These ulcers are self-limiting and can resolve in 4 to
14 days, with an average of 10 days, without scarring [2].
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adrenaline, noradrenaline, and dopamine), hormonal system
markers (cortisol, aldosterone), and immune system (T cells, B
cells, natural killer cells, and immunoglobulins) causing
initiation and progression of some oral diseases including
RAS [5].

It is well known that stress may induce the release of
cortisol which is a hormone produced in the adrenal cortex in
response to stress through the hypothalamus — pituitary
—adrenal (HPA) axis. The production of cortisol by the adrenal
cortex is initiated by the production of corticotropin
—releasing hormone (CRH) in the hypothalamus, which in
turn, activates the secretion of adrenocorticotrophic hormone
(ACTH) from the pituitary gland. The ACTH stimulates the
adrenal cortex to secrete glucocorticoids (cortisol) [6].
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SC measurement is considered to be an excellent indicator
of plasma free cortisol concentration, escaping the biological
changes due to corticosteroid binding globulin alterations and
providing a feasible approach to assess pituitary adrenal
function [7]. SC has been used in several studies as a marker of
stress in RAS; however, the results of these studies are
inconsistent [7-9].

SAA enzyme is the most distinguished of salivary enzymes. It
breaks starch into maltose. The secretion of SAA is controlled by
sympathetic autonomic nervous system (ANS) activity which
significantly manages the stress psychobiology. Increased levels
of SAA have been demonstrated in humans with physical and
psychological stress. For this reason, the SAA has become a
marker of stress and anxiety, being a fast, painless, and
noninvasive tool for assessment of the ANS pathological
dysregulation in specific clinical and subclinical conditions [10].

There is a potential role for noninvasive, real-time, and
point-of-care biomarkers such as SC and SAA to identify the role
of stress in etiopathogenesis of RAS. As both enzymes act as
biological biomarkers of stress, an association, if possible, of
their levels during RAS lesions would suggest a causal effect of
stress on the occurrence of RAS. In previous studies, SCand SAA
were compared between patients and controls [9,10]. However,
very scarce literature was found comparing SC and SAA levels in
ulcerative and healing phases of RAS.

The controversies in the association of stress biomarkers in
RAS in different studies and the rarity of papers addressing the
levels of these biomarkers in the different phases of RAS have
been the stimulus for conducting the present study.

Materials and methods

The aim of the present study was to assess SC and SAA levels
in relation to different phases of minor RAS and to compare
them to normal controls.

The present study was approved by the research ethics
committee. An informed consent was obtained from all the
patients. The study was conducted in a university dental
hospital on 69 subjects of whom 38 were the RAS group and
31 were age, sex, and socioeconomic status matched
controls. The RAS group consisted of 21 males and 17
females. They presented with a history of minor RAS and one
to three active minor oral ulcers of <48h duration. The
control group consisted of 16 males and 15 females. For their
inclusion as controls, volunteers should never have presented
oral ulcers, and except for the absence of lesions, this group
shared the same inclusion and exclusion criteria with the RAS
group.

Exclusion criteria included ulceration as a manifestation of
a systemic disease, smoking, pregnancy, lactation, dental
surgery within two weeks of study entry, local irritating factors
that could lead to lesions as sharp cusps, improper fillings, or
orthodontic appliances, or if participants suffered from immune
deficiency, systemic, metabolic, or endocrine disease. Subjects
receiving concomitant medications that could interfere with
study evaluation were excluded from participation.
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Unstimulated salivary samples were collected twice from
the study group; during the ulcerative phase of RAS and after
complete healing has occurred. Salivary samples were collected
only once from the control group. All samples were taken during
the morning period (8-10 am) to minimize the effect of the
diurnal variation of salivary proteins or circadian rhythm. All
participants were required not to eat, drink, or do oral hygiene
measures nor put any substance in the mouth (including
brushing teeth), do physical exercises, or use drugs or
cosmetics in lips for at least 1 h before the sample collection
to decrease its impurities. Prior to collection of salivary
samples, they rinsed the mouth with water only without using
any substance to enhance salivary secretion, and then spit
saliva in a special sampling container. The samples were
refrigerated at (4°C) awaiting analysis within 14 days.
Concentrations of SC, and SAA enzyme were assessed by
ELISA, according to manufacturer’s instructions.

Statistical analysis

The gathered data were analyzed by the SPSS software
(version. 22, IBM, Chicago, Illinois, USA). The paired t-test was
used in the RAS group, to compare SC and SAA levels between
ulcerative and healing RAS phases. SC level and SAA levels were
compared between RAS and control groups by unpaired t-test.
To assess the correlation between SC and SAA levels, the
Pearson correlation coefficient was calculated. The significance
level was set at 0.05.

Results

The age of the control group ranged from 18 to 31 yr with a
mean of 24.8 yr, whereas the age of RAS group ranged from 18
to 33 yr with a mean of 25.3 yr.

The means and standard deviation of the SC and SAA in the
control and RAS groups are shown in Table I.

There was a significant increase of SC in both the ulcerative
and the post-healing phases in comparison to the control
group. (p=0.0001 and 0.004 respectively). In the RAS group,
the ulcerative phase had a higher SC than the post-healing
phase, but the results were not significant (p=0.88) (Tab. I).

There was also a significant increase of SAA in both the
ulcerative and the post-healing phases in comparison to the
control group. (p=0.0001 and 0.047 respectively). In the RAS
group, the ulcerative phase had a higher SAA than the post-healing
phase, but the results were not significant (p=0.054) (Tab. I).

There was a strong positive correlation between levels of
SC and SAA in the post-healing phase, (r=0.685, and
p-value=< 0.01). On the other hand, this correlation was
insignificant in the ulcerative phase (Figs. 1 and 2).

Discussion

RAS is believed to be a stress-related reaction. Several
studies have found a positive correlation between stress as well
as anxiety and RAS [4,11-14]. Stress was found to be the main
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Table I. Comparison of salivary Alpha amylase and salivary cortisol between control group and RAS patients during the ulcerative

and post-healing phases.

Salivary Control RAS patients (n = 38) p- value
biomarker groijp Ulcerative phase Post-healing

(n=131)

phase

Salivary alpha 124.2+107.9 251.2+153.9 190.8 +159.2 Cvs U=0.0001*
amylase (U/ml) Cvs H=0.047*
(mean x SD) Uvs H = 0.0544
Salivary cortisol 0.99+0.62 3.97+3.41 2.52+2.80 Cvs U=0.0001*
(ng/dL) Cvs H = 0.0004*
(mean £ SD) Uvs H=0.88%

C=Control, U=Ulcerative Phase, H=Post-healing Phase, * =Unpaired t-test, #=paired t-test.
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Fig. 1. Graph showing correlation between SAA and SC in the
ulcerative phase.

predisposing factor for recurrent oral ulcers in previous
investigations [4,15]. Stressful incidences may initiate fresh
RAS episodes, particularly in patients with a history of RAS
[15]. However, other researchers failed to find a link between
stress and recurrent oral ulcers [16].

Psychosocial stress induces adaptational responses of
physiologic systems with increasing activities in the HPA as
well as in the ANS system. Cortisol levels reflect the HPA
activity, whereas SAA represents the ANS activity [6,10]. It
could be assumed that even a slight rise of SAA enzyme
alongside dysregulation in the defensive immune components
could trigger the occasion of RAS. In addition, supported
ascent in cortisol levels with amylase could induce the
pathophysiological events for ulcer proceeding [9].

While it is believed that psychological disorders may play a
role in development of RAS, it was also argued that the elevated
SC in RAS might be due to pain associated with oral ulcers
inducing stress [17]. This also applies to SAA where Shirasaki
et al. [18] found a significant correlation with pain severity and
SAA (p < .01) and suggested it as a good index for measuring
pain intensity.
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Fig. 2. Graph showing correlation between SAA and SC in the post-
healing phase.

Being a simple and noninvasive procedure, collection of
salivary samples has increasingly gained popularity as a
diagnostic marker for many diseases, in the field of oral cancer,
Sjogren syndrome, diabetes [19], as well as in stress research
[20]. In addition, SC may give a superior assessment of stress
reaction in comparison to serum cortisol because it estimates
the unbound cortisol level more precisely [21].

As SC and SAA are established biomarkers of both the HPA
and ANS activities respectively, it seems more comprehensive
to study both, in order to elucidate the role of stress in the
etiology of RAS. Being an objective measure, salivary
biomarkers are more representative of stress than self-
administered questionnaires which often show inconsistent
results [22]. A recent study found a positive correlation of both
biomarkers in RAS. However, little has been mentioned about
the level of these biomarkers in the different phases of RAS
[23].

The association of stress and RAS has therapeutic
implications on the treatment of RAS and stress management
might be beneficial in those patients.
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In the current work, significant increases in the levels of SC
and SAA were found in RAS patients, compared to the control
group, adding to the evidence that there is a relationship
between RAS and stress biomarkers, and denoting a potential
role of stress in development of RAS.

Our results of increased SCin RAS patients are in accordance
with the findings previously revealed by Nadendla et al. [8],
McCartan et al. [13], Albanidou-Farmaki et al. [14], Zakaria and
Hosny [23], and Nurdiana et al. [24] suggesting that stress
might have an important role in the aetiology of RAS.

On the other hand, dissimilar findings were reported by
Kunikullaya et al. [9] who showed no significant difference in
SC between RAS group and controls, and Vandana et al. [25]
who reported no relation between SC and RAS.

In the present work, we found a significant increase of SCin
the post-healing phase of RAS when compared to controls.
Similar findings were obtained by Nadendla et al. [8] and
Susanto et al. [17]. Moreover, the findings of the present study
revealed increase in SCin the ulcerative phase in comparison to
the post-healing phase. On the contrary, Rezaei et al. [7]
reported decreased SC level in RAS group when compared to
controls, as well as a non-significant difference between
ulcerative and healing RAS phases. Cortisol secretion is
controlled by the HPA axis, and it changes in relation to
acute and chronic stress. In case of stress, the increase in the
level of cortisol is preserved and it is straight forwardly
corresponding to the seriousness of stress. Stress and anxiety
hasten the event of RAS with rises in SC levels [4,13].
Therefore, the high level of SC in the post-healing RAS phase
might be explained by a concomitant chronic anxiety and stress
in these patients. Another explanation was proposed by
Susanto et al. [17] who found a significantly high SC in
untreated oral ulceration in patients with healed RAS compared
to those who received local steroids. They assumed that
untreated oral ulcers may have more inflammation which
induces stress in RAS patients.

Since some authors have suggested the association of
psychological disorders with RAS and considering that SAA is a
marker of sympathetic ANS activation, the current study
evaluated the enzyme level in different phases of RAS and
revealed elevated levels in RAS patients when compared to
controls. Similarly, a recent study reported significantly high
difference in the mean of SAA levels between the patients having
RAS and the controlgroup [23]. On the contrary, Kunikullaya et al.
[9] and Cardoso et al. [10] found no significant difference in this
biomarker between RAS and controls.

The present work demonstrated elevated levels of SAA in
ulcerative phase compared to post-healing phase. Opposite to
our findings, Piceck et al. [26] have measured SAA levels in
patients with RAS during acute phase and remission period,
and found that these levels were increased during remission
period (i.e., when patients did not have ulcerations in the
mouth) compared to the period when they had ulcerations in
the oral cavity. Activity of SAA might reflect catecholamine
serum levels in various stress situations. Elevated SAA is a
short-lived response, owing to reflex ANS [20]. However,
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Vineetha et al. [22] found that SAA activity increases in
patients with chronic psychosocial stress and may be used as a
biomarker of chronic stress.

We postulate that the presence of a high level of the
salivary stress biomarkers in the post-healing phase in
comparison to the control group can indicate that the patients
with RAS might have chronic stress or anxiety.

The present study demonstrated a strong positive
correlation between levels of cortisol and amylase in the
post-healing phase, whereas this correlation was insignificant
in the ulcerative phase. The ANS and HPA axis are known to
cooperatively function in normal conditions, having parallel
up-requlations. The absence of correlation in the ulcerative
phase is in accordance with Takai et al. [27] who found that
SC levels showed lesser extent of increase when compared to
SAA after the induction of a stressor. The latency time to peak
level for cortisol was longer than that of amylase. They
concluded that SAA serves as a better index of acute stress.
A similar finding was also reported by other investigators
[28]. On the other hand, the presence of a positive correlation
of both biomarkers in the post-healing phase might give more
proof of the role of chronic anxiety and/or stress in patients
with RAS.

The small sample size is the main limitation of this study
and further work with a larger number of patients is warranted
to further verify the findings of the current work.

Conclusion

From the present study, it could be concluded that RAS
patients have high SC and SAA levels, the stress biomarkers,
denoting a potential role of stress in the etiopathogenesis of
RAS. In addition, the high levels of these biomarkers in the
healing-phase of RAS can point to a possible role of chronic
stress and anxiety among the patients suffering from RAS.
Further studies are needed to better clarify the existence of
chronic stress and anxiety in these patients.
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