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ABSTRACT 

Background: The etiology of recurrent aphthous stomatitis (RAS) is 

still unclear, but psychological stress is thought to contribute to the 

occurrence of RAS. One of the biomarkers for evaluating psychological 

stress levels is through measuring salivary cortisol levels. This scoping 

review aims to review and evaluate the correlation between salivary 

cortisol levels in individuals with psychological stress and an increased 

incidence of RAS. 

Methods: A scoping review was conducted following the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

guidelines through databases on PubMed, ScienceDirect, Scopus, 

ProQuest, and Google Scholar until November 2023. All included 

studies discussed salivary cortisol levels in RAS patients and controls. 

Results: Eleven of the twelve studies showed an increase in salivary 

cortisol levels in RAS patients compared with the control group, with 

eight of them having a statistically significant increase. In addition, eight 

studies evaluated the level of psychological stress in respondents, seven 

of which concluded that there was an increase in stress levels in RAS 

patients with five of them showing a statistically significant increase. 

Conclusion: In conclusion, the present study concludes that there is a 

correlation between increased salivary cortisol levels in individuals with 

psychological stress and an increased incidence of RAS. 

 

INTRODUCTION 

Recurrent aphthous stomatitis (RAS), commonly referred to as canker sores, represents a 

persistent inflammatory ailment affecting oral cavity in the form of painful, recurring ulcers that can 

arise as a result of the disease process.1 RAS affects between 8.3-47.2%,2–4 but the prevalence of RAS 

varies between 5-60%.5 Based on size, number and duration, RAS is categorized into three distinct 

types, namely minor RAS (70-85%), major RAS (10%), and herpetiform RAS (<10%).6 Typically, 

RAS is characterized by the presence of a circular or oval-shaped ulcer, coated with a yellowish white 

fibro-membrane layer, surrounded by an erythema halo, and tends to cause pain.7 The etiology of RAS 
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is still uncertain; however, several factors have been linked to the RAS occurrence, including genetic 

factors, local injury, bacteria and viruses, food hypersensitivity, vitamin and micronutrient 

deficiencies, systemic diseases, hormonal factors, smoking cessation, psychological stress, immune 

disorders, and drugs.8,9 

 Several studies reported that psychological stress is significantly correlated with the occurrence 

of RAS.10,11 Psychological stress, both acute and chronic, can result in increased cortisol levels which 

have a bad influence on reduced immunity and have a negative impact on individual health.12,13 

Changes in cortisol levels in saliva serve as indicators of fluctuations in adrenal function that have an 

impact on an individual's energy levels, resistance to disease, emotional state, and overall sense of 

well-being,14 and it is thought that elevated salivary cortisol concentrations can trigger the 

development of ulcers that lead to RAS.15 

 Cortisol levels can be assessed by analyzing samples of serum, saliva, interstitial fluid, and 

urine, where measurements using saliva are non-invasive and very stable,16 therefore, measurements 

using saliva samples can be carried out more easily compared to measurements using other methods. 

In addition, the examination of serum and/or saliva hormones, in this case including salivary cortisol, 

which is one of the biomarkers of chronic stress and anxiety, plays a crucial role in elucidating the 

correlation between psychological stress and the RAS occurrence.17,18 

 Saliva is a fluid that is easily available to patients and can be used as a biomarker to identify 

stress by examining cortisol levels in patients with oral diseases, in this case RAS. Some evidence 

shows a link between psychological stress and an increased incidence of RAS in individuals. 

Therefore, this scoping review aimed to review and evaluate the association between salivary cortisol 

levels in individuals with psychological stress and an increased incidence of RAS. So oral health 

professionals can identify stress factors in the occurrence of RAS by examining cortisol levels in 

saliva. In this manner, patients can be effectively managed, particularly in relation to their 

psychological stress conditions. 

METHODS 

Adhering to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) guidelines, this scoping review was performed and the PICO (population, intervention, 

comparison, outcome) model was used in conducting this research, considering several aspects as 

follows: population (RAS patients), intervention (saliva collection), comparison (healthy controls), 

and outcome (salivary cortisol levels). 
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Information Sources 

 We conducted a comprehensive search until November 2023 in the following databases: PubMed, 

ScienceDirect, Scopus, ProQuest, and Google Scholar. 

Search Strategy 

 In literature search in databases, we used several combinations of the following keywords: 

(“cortisol” OR “salivary cortisol”) AND (“stress” OR “psychological stress” OR “anxiety” OR 

“depression”) AND (“recurrent aphthous stomatitis” OR “RAS” OR “recurrent aphthous ulcer” OR 

“RAU”). In conducting literature search, we applied inclusion and exclusion criteria to limit the 

research articles we reviewed in this study. 

Selection Process 

 After conducting a literature search in several databases, and all articles search results were input 

into the Mendeley reference manager, we then grouped them and all duplicates, if any, were removed. 

We then screened all the articles obtained by applying the inclusion criteria, including English-based 

articles, original research conducted on human subjects, research that tested cortisol levels in saliva, 

but limitation on the year of publication was not applied. Any articles failing to meet the specified 

inclusion criteria were eliminated. The remaining articles were filtered for initial review by evaluating 

the title and abstract, all articles that were not relevant to this research were excluded. In the final stage, 

we assessed the eligibility of the articles. All included articles were documented in Microsoft Excel 

2019 for Windows. 
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Figure 1. The process of selecting studies using PRISMA diagram. 

RESULTS 

This scoping review incorporated twelve studies addressing salivary cortisol levels among 

individuals diagnosed with RAS, comprising ten cross-sectional studies and two case-control studies. 

Table 1. Summary of the included articles. 

Reference Country Design Participant Results 

McCartan et 

al.19 

UK Cross-sectional 12 RAS 

patients and 

12 normal 

patients 

Salivary cortisol levels in RAS 

patients were 7.3 nmol/l and in 

normal patients were 3.2 nmol/l 

(p<0.01) 

Albanidou-

Farmaki et 

al.20 

Greece Cross-sectional 38 RAS 

patients and 

38 controls 

Salivary cortisol levels in RAS 

patients were 1.44 (±0.58) µg/dl 

and in controls were 0.91 (±0.56) 

µg/dl (p=0.001) 

Nadendla et 

al.21 

India Cross-sectional 30 RAS 

patients and 

30 controls 

Salivary cortisol levels in RAS 

patients were 47.73±8.80 nmol/l 

and in controls were 13.90±3.55 

nmol/l (p=0.000) 

Michel et Brazil Cross-sectional 30 RAS In samples before breakfast, the 
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Reference Country Design Participant Results 

al.22 patients and 

30 controls 

average concentrations of salivary 

cortisol in RAS patients with active 

lesions were 15.80 nmol/l and in 

controls were 14.50 nmol/l 

(p=0.258), Meanwhile, in samples 

before lunch, the average 

concentrations of salivary cortisol 

in RAS patients with active lesions 

were 8.05 nmol/l and in controls 

were 7.25 nmol/l (p=0.083). 

Kunikullaya 

et al.23 

India Case-control 34 cases 

and 34 

controls 

The average levels of salivary 

cortisol in patients with RAS were 

3.35±1.8 ng/dl and in controls were 

3.65±2.5 ng/dl (p=0.78) 

Madkour & 

El Refaie24 

Egypt Cross-sectional 25 RAS 

patients and 

25 healthy 

controls 

Salivary cortisol levels in RAS 

patients were 1.53±0.69 µg/dl and 

in controls were 1.02±0.48 µg/dl 

(p=0.0039) 

Polat et al.25 Turkey Cross-sectional 39 RAS 

patients and 

25 healthy 

controls 

The average levels of salivary 

cortisol in patients with RAS were 

0,15377 µg/dl and in controls were 

0,111804 µg/dl (p=0.127) 

Zakaria et 

al.26 

Egypt Cross-sectional 35 RAS 

patients and 

35 healthy 

controls 

The average levels of salivary 

cortisol in patients with RAS were 

1.70±0.34 µg/dl and in controls 

were 0.47±0.05 µg/dl (p=0.00; 

95% CI=0.99-1.47) 

Vandana et 

al.27 

India Cross-sectional 30 RAS 

patients and 

30 controls 

Salivary cortisol levels in RAS 

patients were >3 ng/ml (83.3%) 

and normal salivary cortisol, 1.2-3 

ng/ml (16.7%). The controls 

exhibited normal salivary cortisol 

levels, with an average value of 

1.96 pg/ml (p<0.001) 

Mirzaei et 

al.28 

Iran Case-control 30 RAS 

patients and 

30 controls 

Salivary cortisol levels in RAS 

patients were 5.35±3.71 ng/ml and 

in controls were 4.73±2.91 ng/ml 

(p=0.67) 

Aijaz et 

al.29 

India Cross-sectional 26 RAS 

patients and 

26 healthy 

controls 

Salivary cortisol levels in 85% of 

all RAS patients were >3 ng/ml, 

while 15% were 1.2-3 ng/ml. 

Meanwhile, in controls, 26% had 
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Reference Country Design Participant Results 

salivary cortisol levels >3 ng/ml 

and 74% had 1.2-3 ng/ml, this 

difference was significant (p<0.05) 

Shakeel et 

al.14 

India Cross-sectional 41 RAS 

patients and 

41 healthy 

controls 

In RAS patients, 83% had salivary 

cortisol levels >3 ng/ml and 17% 

had 1,2-3 ng/ml. Meanwhile, in 

controls, 28% had salivary cortisol 

levels of >3 ng/ml and 72% had 

1,2-3 ng/ml, with a significant 

difference (p<0.05) 

DISCUSSION 

Psychologically, stress stimulates cortisol secretion. The hypothalamus is stimulated by 

activation of the hypothalamic-pituitary-adrenal (HPA) axis to secrete corticotropin releasing hormone 

(CRH), subsequently prompting the release of adrenocorticotropic hormone (ACTH) from the pituitary 

gland. This cascade ultimately results in the release of glucocorticoids, such as cortisol, from the 

adrenal glands. In addition, the HPA axis operates on a diurnal rhythm. The cortisol awakening 

response (CAR) refers to the first cortisol spike that occurs upon awakening in the morning, which is 

then followed by a gradual decrease in cortisol levels during the day.30,31 Thus, those who are 

continuously exposed to psychological stress factors are more likely to suffer from stress which may 

make it easier for diseases related to the body's immune system, including RAS, to develop.32 

Of the twelve articles included, eight studies showed a significant elevation in salivary cortisol 

levels among individuals with RAS in comparison to the levels of salivary cortisol observed in healthy 

individuals, three studies showed a non-significant increase, and one article had results where salivary 

cortisol levels were higher in control individuals, as indicated by the results of measuring salivary 

cortisol levels in RAS patients and healthy controls with statistically significant differences in research 

conducted by McCarten et al. (p<0.01),19 Albanidou-Farmaki et al. (p=0.001),20 Nadendla et al. 

(p=0.000),21 Madkour et al. (p=0.0039),24 Zakaria et al. (p=0.00; 95% CI=0.99-1.47),26 Vandana et al. 

(p<0.001),27 Aijaz et al. (p<0.05),29 and Shakeel et al. (p<0.05).14 There are several studies that, 

although there is an increase in salivary cortisol levels in RAS patients with active lesions compared 

to salivary cortisol levels in controls, the differences are not significant, as shown in the results of 

studies conducted by Michel et al. on active lesions before breakfast (p=0.258) and before lunch 

(p=0.083),22 Polat et al. (p=0.127),25 and Mirzaei et al. (p=0.67).28 As well as study carried out by 

Kunikullaya et al. which showed results that salivary cortisol levels were higher in the control group 

(p=0.78).23 



Indonesian Journal of Dentistry Volume 4 No 1 Issue 3 Year 2024 Pages 22-33 
 

29 

Several methods of testing salivary cortisol levels were used, such as using 

radioimmunoassay,19,22 luminescent immunoassay method,20 enzyme-linked immunosorbent assay 

(ELISA) method,14,21,23,24,26–29 and electrochemiluminescence.25 All studies analyzed salivary cortisol 

levels in RAS patients and in the control group, which resulted in eleven studies (91.67%) having 

salivary cortisol levels higher than controls with eight of them increasing significantly, three of them 

increasing insignificantly, and another one producing high salivary cortisol levels in the control group. 

The reason for the difference in the significance of the results of measuring salivary cortisol levels in 

samples of RAS patients and the control group is possibly due to differences in measurement methods 

used in several of the included studies. However, the findings remain dominated by the results of 

increased salivary cortisol levels in RAS patients. 

A total of eight studies conducted evaluations to assess the level of stress and/or depression in 

subjects. Research conducted by McCartan et al. using the Hospital Anxiety and Depression scale,19 

Albanidou-Farmaki et al. and Kunikullaya et al. evaluated anxiety levels using Spielberger's State-

Trait Anxiety Inventory (STAI-T and STAI-S),20,23 Nadendla et al. and Zakaria et al. measured the 

level of anxiety using the Hamilton's anxiety scale,21,26 Michel et al. measured stress levels using Lipp's 

Adult Stress Symptom Inventory and measured anxiety using Beck's anxiety inventory,22 Polat et al. 

evaluated anxiety levels using the Hamilton anxiety rating scale and evaluated depression using the 

Hamilton depression rating scale,25 and Mirzaei et al. assessed levels of anxiety and depression by 

employing Beck's anxiety inventory and Beck's depression inventory, respectively.28 

Total of eight studies that evaluated levels of stress and/or depression, five studies demonstrated 

a statistically significant elevation in stress and/or depression levels within the RAS patient group in 

comparison to the control group, as shown by the results of study conducted by McCartan et al. 

(p<0.05),19 Albanidou-Farmaki et al. (p=0.001 for STAI-T and p=0.001 for STAI-S),20 Nadendla et al. 

(p=0.000),21 Michel et al. (p=0.001 for stress levels and p=0.004 for anxiety levels),22 and Zakaria et 

al. (p=0.00).26 A total of two studies showed a non-significant increase in stress and/or depression 

levels in patients with RAS in comparison to the control group, as shown by research conducted by 

Kunikullaya et al. (p=0.127)23 and Mirzaei et al. (p=0.95 for anxiety levels and p=0.44 for depression 

levels).28 As well as one study that had different significance values for the levels of anxiety (p=0.686) 

and depression (p=0.001).25 Most of the results of measuring the level of psychological stress of 

respondents showed an increase in levels of anxiety and depression in patients experiencing with RAS 

compared to healthy individuals, this shows that there is a correlation between increased psychological 

stress and an increase in the incidence of RAS. However, there are some results that are not significant 

or there is no significant difference between the level of psychological stress in RAS patients and 

controls, this is possible due to the heterogeneity of the samples included in the study, differences in 
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degrees of severity, and differences in methods or scales for measuring levels of psychological stress 

used. 

In research conducted by Kunikullaya et al. concluded that there was an increase in the level of 

psychological stress in RAS patients, although it was not statistically significant, but the results of 

measuring salivary cortisol levels indicated no significant change within the RAS patient group. The 

presence of a reactive increase in salivary rate during active RAS lesions may contribute to the 

discrepancy with the hypothesis in the study. In addition, variations in the severity of RAS in patients 

may also influence the results of measuring salivary cortisol levels.23 Mirzaei et al. observed elevated 

salivary cortisol levels in the group of patients with RAS compared to the control group. Nevertheless, 

this difference did not achieve a level of statistical significance. Apart from that, the results of 

measuring levels of stress and depression in the two groups did not show significant differences, so 

this study concluded that anxiety and depression were probably not factors that caused RAS in the 

sample in this study.28 

Nonetheless, there exists a positive correlation between increasing salivary cortisol levels and 

the prevalence of psychological stress among individuals with RAS.19–22,26 This is because increasing 

levels of psychological stress in individuals can increase serum cortisol levels.33 Because cortisol has 

a small structure and is fat soluble, cortisol is capable of undergoing passive diffusion where it migrates 

from the capillaries to the main cells and be distributed to parts of the body, one of which is saliva.34 

In saliva, sampling is easier, non-invasive, painless, and can be done by individuals themselves. Thus, 

saliva is effectively used to measure cortisol levels in individuals to measure the presence or absence 

of psychological stress factors in patients with RAS. This is corroborated by the statement which states 

that the translocation of cortisol from the bloodstream to saliva occurs rapidly, typically within a 

timeframe of less than 2-3 minutes.35 

Although the mechanism of psychological stress in the incidence of RAS in individuals is 

currently unclear, there are several possible relationships between psychological stress and an increase 

in the incidence of RAS. Psychological stress condition can unconsciously make individuals move 

their jaw, tongue, cheeks and/or lips, increasing the risk of trauma in the form of bites or movements 

that the individual is not aware of, causing RAS to occur on the oral mucosa.36 Research suggests that 

patients with psychological stress unconsciously tend to actively move their tongues so that the tongue 

experiences trauma or friction on the teeth most often, resulting in ulcers that take longer to heal,37 as 

well as bad habits such as lip and/or cheek biting due to stress contribute to ulceration, which continues 

to become RAS, in the oral cavity and daily activities will be disrupted, including eating and 

speaking.38 
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In addition, psychological stress also triggers immunoregulatory activity by augmenting the 

leukocyte count in RAS lesions, which is characteristic of RAS pathogenesis.39 Increased cortisol in 

the body will also suppress interferon (INF)-γ and induce interleukin (IL)-10 and IL-4, thereby 

triggering dysregulation of the balance of these cytokines which play an important role in linking stress 

to the immune system.40 Moreover, in situations of stress and continuous release of cortisol, there is 

an elevation in inflammatory activity due to the induction of immunological dysfunction, which in 

turn leads to the occurrence of RAS with a higher possibility of recurrence.41 

According to the findings of this scoping review, it can be stated that a total of eleven studies 

(91.67%) reported higher levels of salivary cortisol compared to the control group with eight of them 

showed a statistically significant increase, three studies had insignificant results, and another 

concluded that salivary cortisol levels were high in healthy controls. Additionally, of the eight articles 

evaluated the level of psychological stress in respondents, seven studies stated that there was an 

increase in psychological stress levels in RAS patients compared to healthy controls with five articles 

showing a statistically significant increase. This scoping review has limitations due to the limited 

research included where the sample used cannot represent the population of all races, differences in 

methods for measuring salivary cortisol levels, sample heterogeneity, and the use of different scales 

or methods for measuring levels of psychological stress. However, this research can conclude that 

cortisol has increased in RAS patients and is possibly related to increased levels of psychological 

stress, so that examining salivary cortisol levels helps doctors and dentists in evaluating and carrying 

out appropriate management in RAS patients with psychological stress factors. 

CONCLUSION 

 In conclusion, this study concludes that there is correlation between increased levels of salivary 

cortisol in individuals with psychological stress and an increased incidence of RAS. However, future 

research using more rigorous methods, with larger sample sizes, paying attention to occupational 

factors, education, and other factors related to stress exposure, may be warranted. Moreover, further 

studies into the mechanisms through which psychological stress contributes to the heightened 

occurrence of RAS need to be conducted. 
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