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INTRODUCTION 

Recurrent aphthous stomatitis (RAS) is the most 
prevalent ulcer affecting oral mucous membrane 
where it involves up to 25% of general population[1]. 
It occurs as painful, shallow, round or oval oral 
ulcers encompassed by erythematous ring and 

associated with recurrence. RAS has three clinical 
types:  minor RAS, major RAS, and herpetiform 
ulcerations [2]. 

The most widely recognized type of RAS is the 
minor form; involving nearly 80% of RAS patients. 
The ulcer size of the minor form is less than 1cm 
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ABSTRACT

Background/Aim: Recurrent aphthous stomatitis (RAS) is the most prevalent ulcerative 
disorder of the oral mucous membrane. The aim of the present contemplate is to assess salivary 
cortisol (SC) and salivary alpha amylase enzyme (SAA) levels in relation to anxiety in Egyptian 
patients with minor recurrent aphthous stomatitis.  

Subjects and Methods: patients with minor RAS as a study group (RAS group, n = 35) and 
healthy subjects as a control (control group, n = 35) who were matching regarding age, sex, and 
socioeconomic state were included in this study. SC and SAA were assessed in all participants using 
enzyme-linked immunosorbent assay (ELISA) and kinetic enzyme assay respectively. Hamilton’s 
anxiety scale (HAS) has been used for evaluation of anxiety level in both study groups.

Results: A significantly high mean SC (1.7 ± 0.34 μg/dl), SAA (137.87 ± 47.16 U/ml) levels 
and anxiety score (26.7 ± 2.21) were recorded in RAS group (p = 0.00, 0.02, 0.00) respectively in 
comparison to control group.

Conclusion: Anxiety may have a pivotal role in etiopathogensis of RAS hence; Psychological 
management should be considered in RAS treatment. 
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in diameter and not associated with scarring. The 
ulcers of the major form are larger than 1 cm in 
diameter, persist for more time and the healing is 
frequent with scars formation. Herpetiform type 
shows as clusters of many tiny ulcers all through 
the oral mucous membrane [3, 4]. RAS is painful and 
obstacles with every day oral activity for example, 
eating, talking and deglutition, subsequently 
diminishing personal satisfaction [5]. 

The exact cause of RAS is unclear, yet multiple 
local, systemic, immunological, hereditary, allergic, 
nutritional and microbial variables were involved to 
be etiological factors [6]. Additionally, RAS has been 
proposed to be associated with stress and anxiety; 
where they could assume a part in the beginning 
and repeat of RAS sores [7, 8].  The high recurrence 
and diminished personal satisfaction produced by 
RAS have brought about a lot of research into the 
etiology and proficient treatment of this sickness [9].

It has been postulated that one of the most 
etiologic factor of RAS is stress with its assumed 
impacts on the immune system components[10]. 
Previous investigations showed expanded recur-
rence of oral ulcer sign in populations with serious  
stresses[11].

Cortisol, additionally known as stress hormone; 
with its assessments in saliva became very important 
for anxiety and stress evaluation in studies [12]. 
Salivary cortisol (SC) may really give a superior 
assessment of stress reaction in comparison to 
serum cortisol because it estimates the unbound 
cortisol level more precisely [13]. 

The salivary alpha amylase enzyme (SAA) 
is delivered by the salivary glands and it starts 
the processing of larger molecules, for example, 
starches into simpler ones [14]. The discharge of SAA 
is controlled by sympathetic autonomic nervous 
system (SANS) activity which significantly manages 
the stress psychobiology [15]. Trails demonstrated 
increased levels of SAA in humans with physical 
and psychological stress [16]. Consequently, the SAA 

has progress toward becoming a marker of stress 
and anxiety [17].

Recently, both SC and SAA have been utilized as 
biomarkers of stress [18, 19]. Because the etiology of 
RAS still is unknown, the commonly used treatment 
remains inadequate [9]. Several investigations have 
revealed a connection amongst RAS and different 
causes; however the outcomes are conflicting. [10]

Accordingly, the present study was conducted to 
assess SC and SAA levels in relation to anxiety in 
Egyptian patients with minor RAS.  

SUBJECTS AND METHODS

Subjects & Study design  

This study was conducted in the Department 
of Oral Medicine and Periodontology, Faculty of 
Dentistry, Cairo University, after ethics committee 
approval and registered in code no 17/ 10/ 13.  
The study was carried out according to the ethical 
guidelines of the World Medical Association 
(Declaration of Helsinki) for studies involving 
human subjects. The study enrolled 35 patients with 
minor RAS as study group (RAS group) along with 
35 healthy subjects who were matching regarding 
age, sex and socio-economic status (SES) as a control 
(control group) without any  history of RAS, after 
explanation of the study protocol a written informed 
consent was obtained from all participants. The SES 
was determined using Modified Kuppuswamy’s 
scale [20]. 

Medical data were collected from all the study 
participants according to the Modified Cornel Med-
ical Index questionnaire [21]. The diagnosis of RAS 
was done according to the patients’ history and the 
clinical features of the lesions [22]. The inclusion 
criteria for selection of the patients were as fol-
lows: active minor RAS, aged (18 – 30) years, non-
smokers, and at least 2 years of RAS history.  The 
exclusion criteria were periodontal disease, preg-
nancy, lactation, fever, history of diabetes mellitus,  
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smoking, hypertension, nutritional deficiency, 
traumatic ulcers, HIV infection, Behcet’s disease, 
Crohn’s disease, Coeliac disease, Addison’s dis-
ease, and infectious disease. Also, subjects with his-
tory of drug intake like steroids, oral contraceptive, 
nicorandil, anti-inflammatory drugs, antidepres-
sants, beta-blockers, anxiolytics, and oral nicotine 
replacement therapy were omitted. In addition, we 
excluded subjects on any other drug that is known 
to disturb the autonomic function or cortisol and 
amylase levels.

Basis of sample size calculation

Salivary cortisol

According to Nadendla et al [23], the mean SC 
levels were (1.73 ± 0.319) μg /dl in RAS patients 
and (0.504 ± 0.129) μg /dl in controls. Sample size 
was calculated as n=28 for each group.

Salivary alpha-amylase 

According to Cardoso et al [24], median SAA (U/
ml) was 42.72 (25.18–75.55) in controls, 45.50 
(35.68–97.47) in RAS patients. The mean was 
calculated as 46.54 in controls and 56.04 in RAS 
patients using the formula below:
We found that a simple formula (5): 

X = 
a + 2m + b

4
can be used to estimate the mean using the values of  
the median  (m),  low and high end of the range (a 
and  b,  respectively).

Sample size was calculated as n=35 for each 
group.

Accordingly, the sample size for each group in 
respect to both SC and SAA was 35 participants. 

Salivary Sample Collection and Questionnaire 
Survey

Salivary sample collection from both study 

groups was performed using whole unstimulated 
technique between (8:00 - 10:00) AM to avoid 
diurnal variations of salivary proteins [25]. All the 
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 [26]. Prior to collection of salivary samples, 
they rinsed the mouth with water only without using 
any substance to enhance salivary secretion. They 
were instructed to expectorate their saliva into a 
sterile disposable plastic tube once per minute until 
7 ml was collected. Then the samples were sent 
immediately to the clinical laboratory, Department 
of Biooncology, National Cancer Institute, Cairo 
University.

After salivary samples collection, the subjects 
were asked to answer questionnaire, namely 
Hamilton’s anxiety scale (HAS) that measures of 
overall anxiety, psychic anxiety (mental agitation 
and psychological distress) and somatic anxiety 
(physical complaints related to anxiety) for 
psychological evaluation. This scale is composed of 
14 questions, where seven indicate the psychic and 
the other ones indicate the somatic anxiety. There 
are five point scales for each of the 14 question from 
0 to 4. The total anxiety score ranges from 0 to 56, 
where <17 addresses mild severity, 18-24 mild to 
moderate severity and 25-30 moderate to severe [23].

Salivary Protein Analysis

The collected salivary samples were immediately 
mixed with protease inhibitors to prevent degradation 
of the proteins and centrifuged at 3000 rpm for 
5min, resulting in a clear supernatant. Then, the 
samples were stored at – 20°C until shortly before 
the assay. During the assay, the frozen samples were 
thawed at 37°C, the supernatants fluids which were 
obtained then were used for determinations of SC 
and SAA levels. Quantitative determination of SC 
(μg/dl) was performed by using an enzyme-linked 
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immunosorbent assay (ELSA) kit (SalimetricsR). 
The Kinetic Enzyme Assay Kit (KEA) (Salimetrics©) 
was used for the analysis of SAA (expressed as  
U/ml). 

Statistical analysis 

Statistical analysis was then performed using a 
commercially available software program (SPSS 
18; SPSS, Chicago, IL, USA).

Values were presented as mean and standard 
deviation (SD) and 95% confidence interval 
values. Data were explored for normality using 
Kolmogorov-Smirnov test of normality. The results 
of Kolmogorov-Smirnov test indicated that most of 
data were normally distributed (parametric data), so 
unpaired (independent) t test was used to compare 
control and RAS groups.

Pearson correlation test was used for SC, 
SAA and anxiety score correlation. The Pearson 
correlation coefficient was used to measure the 
strength of a linear association between two 

variables, as follows: Exactly –1 represents perfect 
negative linear relationship. 0 represents no linear 
relationship. Exactly +1 represents a perfect 
uphill (positive) linear relationship. The level of 
significance was set at P < 0.05.

RESULTS

Each group in this study consisted of 35 subjects 
(50% males and 50% females), with no difference 
in gender distribution. The mean age in RAS group 
was (23.2 ± 3.97) years, while mean age in control 
group was (23 ± 4.03) years, with no significant 
difference (p = 0.91) as presented in table 1. 

A significantly higher mean SC (1.7 ± 0.34 μg/
dl), SAA (137.87 ± 47.16 U/ml) and anxiety score 
(26.7 ± 2.21) were noted in RAS group (p = 0.00, 
0.02, 0.00) respectively in comparison to control 
group where mean SC (0.47 ± 0.05 μg/dl), SAA 
(105.31 ± 6.35 U/ml) and anxiety score (15.5±2.42) 
were noted in healthy subjects (Table 1, Fig. 1-3).
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TABLE (1) Age, salivary cortisol, salivary alpha amylase levels and anxiety scores in study groups

Groups Mean Std. Dev
 Mean

Difference
 Std. Error
Difference

95% C.I. diff.
T p

Lower Upper

Age
RAS 23.20 3.97

0.20 1.79 -3.56 3.96 0.11 0.91ns

Control 23.00 4.03

Salivary cortisol 
(μg/dl)

RAS 1.70 0.34
1.23 0.11 0.99 1.47 11.34 0.00*

Control 0.47 0.05

Salivary alpha_
amylase (U/ml)

RAS 137.87 37.16
32.56 11.92 5.82 59.31 2.73 0.02*

Control 105.31 6.35

Anxiety score
RAS 26.70 2.21

11.20 1.04 9.02 13.38 10.81 0.00*
Control 15.50 2.42

95% C.I. diff.= 95% Confidence Interval of Difference

Significance level p<0.05, *significant, ns=non-significant
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TABLE (2) Correlation between salivary cortisol, salivary alpha amylase levels and anxiety score (Pearson 
Correlation test)

Salivary cortisol Salivary alpha amylase Anxiety score

Salivary cortisol Pearson Correlation ---- .733** .962**

Sig. (2-tailed) .000 .000

N - Strong +VE Strong +VE

Salivary alpha amylase Pearson Correlation .733** ---- .721**

Sig. (2-tailed) .000 .000

N Strong +VE Strong +VE

Anxiety score Pearson Correlation .962** .721** ----

Sig. (2-tailed) .000 .000

N Strong +VE Strong +VE

**. Correlation is significant at the 0.01 level (2-tailed).

Fig. (1) Bar chart of mean salivary cortisol level in RAS group 
(group 1) and control group (group 2)

Fig. (3) Bar chart of mean anxiety score in RAS group  
(group 1) and control group (group 2)  

Fig. (2) Bar chart of mean salivary alpha amylase level in RAS 
group (group 1) and control group (group 2)

A strong positive significant correlation was noted between SC, SAA and anxiety score (Table 2,  
Fig. 4-6).
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DISCUSSION

The RAS is a common painful disorder affecting 
oral mucous membrane in the form of single or mul-
tiple ulcerative lesions characterized by recurrence 
[22]. These lesions induce pain and may interfere 
with eating, speaking, and oral cleanliness, prompt-
ing more serious effect on patient’s life quality [24].

RAS is believed to be a stress related reaction. 
The sympatho-adrenal system or the hypothalamo-
pituitary axis that become empowered during stress 
time doesn’t succeed to return back to the basal lev-
els in RAS. In the periods of stress, the body’s im-
mune pathways are hampered to a specific degree. 
Stress is well known to influence different immune 
system mechanisms such as phagocytosis of macro-
phages, cytokines secretion, and immunoglobulins 
synthesis. Furthermore, the production, dispersion 
and action of lymphocytes and natural killer cells 
are significantly affected. The stress hormones and 
biomarkers increased as a result to that [27, 28]. 

Collection of salivary samples is simple, cheap, 
stress free and noninvasive procedures and needs 
little preparations [29]. HAS is one of the widely used 
scales in the clinical studies being reliable and time 
saving; so it has been utilized in this study to evalu-
ate the anxiety severity. Hence, the present contem-
plate was carried out to assess the relation between 
SC and SAA as stress biomarkers and anxiety in pa-
tients with RAS.

This study results found that a significantly high-
er mean of anxiety score was recorded in patients 
with RAS in comparison to controls. This coincides 
with the results revealed by Nadendla et al. [23] who 
used HAS for the assessment of the anxiety in RAS 
patients which is the same scale used in this study. 
Despite different scales were used by Albanidou-
Farmaki et al. [10], Gallo et al. [9], Bilal et al. [27], and 
Cardoso et al [24] who used Spielberger’s State- Trait 
Anxiety Inventory (STAI), Symptoms of Stress List 
(SSL), STAI; Beck Depression Inventory (BDI), 
and Lipp’s Inventory of Stress Symptoms; DDI  

Fig. (4) Scatter plot showing correlation between salivary 
cortisol and salivary alpha amylase levels

Fig. (5) Scatter plot showing correlation between salivary 
cortisol level and anxiety score

Fig. (6) Scatter plot showing correlation between salivary alpha 
amylase level and anxiety score
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respectively similar findings were found by them 
regarding the evaluation of anxiety in RAS patients. 
But this was not in accordance with findings previ-
ously showed by Picek et al. [8], who revealed no 
significant differences between the controls and 
RAS patients in the acute state in relation to anxiety 
therapy or state sores. This may be due to that de-
velopment of RAS sores makes patients more anx-
ious rather than that psychological diseases leading 
to their appearance.

The present contemplate results revealed that 
significantly higher mean of SC level in RAS pa-
tients was recorded in comparison to control partici-
pants. This agrees with the findings previously re-
vealed by McCartan et al. [30], Albanidou-Farmaki et 
al. [10], and Nadendla et al. [23]. While this is against 
the results of the study conducted by Kunikullaya et 
al. [28] which showed no statistically significant dif-
ference in SC between RAS group and control one. 
This may be due to different technique used for sali-
vary samples collection.  

In addition, the outcomes of this study showed 
that significantly high difference in the mean of 
SAA levels between the patients having RAS and 
the participants of the control group. Dissimilar 
findings were reported by Cardoso et al [24] and 
Kunikullaya et al [28]; this may be due to different 
range of age (19- 69) years in the participants’ inclu-
sion criteria which may affect SAA secretion and 
different utilized technique in salivary samples col-
lection respectively. 

Cortisol secretion is controlled by the hypothal-
amo-pituitary-adrenal axis and this is alongside 
adrenocorticotropic hormone, changes in relation 
to acute and chronic stress. In case of stress the in-
crease in the level of cortisol is preserved and it is 
straight forwardly corresponding to the seriousness 
of stress. Stress and anxiety are thought to hasten 
the event of RAS with rises in SC levels [9, 30].

The activity of salivary gland is estimated as a 
circuitous estimation of sympatho-adrenomedullary 

system as a result of stress. In the recent years some 
studies have utilized SAA as a dependent stress 
biomarker [31, 32]. SAA is exceptional, because it is 
manufactured by salivary glands acini; rather than 
being transported by blood stream into saliva and 
its discharge is autonomous of salivary flow rate [33]. 
It associates well with the sympathetic activity and 
level of norepinephrine [34].

The oral mucosa is protected by saliva because 
of existence of lysozymes and secretory immuno-
globulin A. SAA is the salivary catalyst that starts 
starch digestion. But the discharged salivary cata-
lysts without the presence of food in the oral cav-
ity can prompt unwanted changes in the mucosa. 
It could be assumed that even a slight rise of this 
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 [28].

CONCLUSION 

It could be concluded that RAS patients have 
high anxiety scores, SC and SAA levels where they 
could be used as stress biomarkers. Accordingly, 
anxiety may have a pivotal role in etiopathogensis of 
RAS hence; Psychological management should be 
considered in RAS treatment. Within the limitation 
of the current study, larger sample size should be 
included to accurately assess SC and SAA levels in 
relation to anxiety among Egyptian patients with 
minor recurrent aphthous stomatitis.  
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