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Abstract -- Oral lichen planus (OLP) is an inflammatory condition of oral mucosa and skin. The present study
compared salivary cortisol, depression and anxiety levels of patients with erosive and reticular OLP and healthy
controls. In this case-control trial, 69 individuals (23 healthy, 23 erosive OLP and 23 reticular OLP patients) were
selected. The participants completed the hospital anxiety and depression scale (HADS) and 5mL of their
unstimulated saliva were collected. Salivary cortisol levels were measured by enzyme-linked immunosorbent assay
(ELISA). The comparison of anxiety and depression scores as well as salivary cortisol levels was done one-way analysis
of variance (ANOVA) test while the paired comparisons were done by Turkey post hoc test. The mean anxiety score in
erosive OLP patients was significantly higher than that in the control and reticular OLP groups. The reticular OLP and
control groups had no significant difference in this respect. The three groups were not significantly different
regarding the depression score or salivary level of cortisol. The correlation between depression and anxiety was
significant but salivary level of cortisol had no correlation with anxiety or depression. This study showed that anxiety
control may aid in control of erosive OLP, although further investigations are required.
Introduction

Lichen planus (LP) is a chronic, inflammatory and immune-
mediated disease of unknown etiology that can affect the skin,
hair, nail, and mucous membrane [1–3]. Oral lichen planus
(OLP) is a relatively common disease in which, T lymphocytes
invade the basal layer cells of oral mucosal epithelium [4,5].
OLP lesions are usually bilateral, symmetric or asymmetric,
located on buccal mucosa, tongue, lips and/or gingiva, with
different clinical manifestations and divided into: reticular
(with fine white lines or Wickham’s striae), plaque-like,
papular, erosive (ulcerated), atrophic (erythematous) types
[6]. Modified World Health Organization (WHO) diagnostic
criteria propose diagnosing OLP both histologically and
clinically [7]. Although the pathogenesis of OLP is still
ambiguous, the role of immunological mechanisms in its
initiation and progression has been confirmed [5].

Psychological conditions such as stress and anxiety have
also been suggested as the etiologic factors for development of
OLP [8,9]; however, this correlation is still a matter of
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istributed under the terms of the Creative Commons A
restricted use, distribution, and reproduction in any
controversy [5,10]. According to some evidence, psychological
conditions can alter the immunological functions. Also, OLP
patients have shown higher susceptibility to some psychologi-
cal disorders, and stressful conditions have been reported prior
to disease initiation in 10–68% of the patients [5]. Moreover,
aggravation of disease has been observed in stressful or
depressing situations [11]. Stress and some other psychologi-
cal conditions can cause dysregulation of immunological
responses and change the balance of Th1/Th2 cytokines and
increase the Th2 response as such, which is associated with the
occurrence of autoimmune conditions [12]. Interactions have
been reported between the nervous system, immune system,
and endocrine system in different autoimmune conditions.
Stress induces the release of neuroendocrine hormones, and
leads to immune dysregulation or increased/altered production
of cytokines and development of autoimmune diseases [10].
Thus, stress has been suggested as an etiologic factor for
development of OLP, while some others reported that it may be
the outcome of OLP [13].

Stress is among the factors that increases the production of
cortisol. Cortisol is released from the adrenal cortex following
stimulation of the hypothalamus-pituitary-adrenal axis, and
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has various effects on the human body. It regulates the
metabolism of carbohydrates, proteins, lipids, and water,
controls the vascular reactions, affects the sensitivity of the
nervous system, regulates the number of blood cells, and
controls the response to stress [14,15]. High levels of cortisol
have been detected in patients with depression, periodontal
disease, burning mouth syndrome, and recurrent aphthous
ulcers [10]. Increased serum cortisol levels have been reported
in response to stressful conditions. A correlation has been
reported between psychological stress and erosive form of OLP;
however, no such a correlation was noted between reticular OLP
and psychological stress [14,16]. Some others found no
correlation between psychological stress and erosive OLP
[10,17]. However, another study reported higher serum levels
of cortisol in patients with erosive OLP compared with controls
[14].

Assessment of the salivary level of cortisol is more
advantageous compared with serum cortisol since saliva
collection is completely non-invasive and stress-free. It does
not require any expertise, and environmental changes such as
thermal alterations, movements, or microorganisms have no
significant effect on salivary level of cortisol [11,18].

Hospital anxiety and depression scale (HADS) is a
commonly used questionnaire for assessment of depression
and anxiety in patients [14,19]. The reliability of this
questionnaire has been previous confirmed [20].

Considering the existing controversy regarding the correla-
tion of anxiety and depression with different types of OLP, and
absence of studies comparing the salivary cortisol level of
patients with erosive and reticular OLP, this study aimed to
assess the salivary level of cortisol, and anxiety and depression
in patients with erosive and reticular OLP in comparison with
healthy controls.

Materials and Methods

This case–control study was conducted on erosive and
reticular OLP patients and sex- and age-matched healthy
controls, who were selected among those presenting to the Oral
Medicine Department of Shahid Beheshti Dental School. The
study was approved by the ethics committee of the university
(1396.569. IR.SBMU.RIDS.REC) and written informed consent
was obtained from all participants prior to their enrollment.

A total of 23 patients with clinical manifestations of
erosive-ulcerative OLP, 23 patients with clinical manifestations
of reticular OLP, and 23 healthy controls (a total of 69
participants) were enrolled. The diagnosis of OLP was made by
an oral medicine specialist following clinical examination and
based on the clinical manifestations of lesions (presence of
papular or reticular lesions). For indefinite cases, pathological
assessment was performed to reach a definite diagnosis. The
controls matched the patients in terms of age and sex, and had
no systemic condition or oral lesion. The exclusion criteria were
systemic conditions such as diabetes mellitus [21], hyperthy-
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roidism, adrenocortical hyperfunction, cancer, coronary artery
disease, psychological diseases, corticosteroid intake, smoking
[22,23], pregnancy [24], nursing [25], and xerostomia [5,14].

The sample size was calculated to be 23 in each group to
find a minimum of 5-unit difference in the mean salivary level
of cortisol between the groups according to a previous study
[17], 3-unit standard deviation of the mean salivary level of
cortisol, alpha=0.05, and beta=0.1 using the multiple
comparisons feature of PASS 11. The participants were enrolled
using convenience sampling.

The participants were requested to fill out the HADS
(hospital anxiety and depression scale) questionnaire [21].
Next, 5mL of unstimulated saliva was collected from patients
and controls. For this purpose, they were requested to rinse
their mouth with water, and saliva was collected as described
by Navazesh et al. [22] in sterile centrifuge tubes. Since the
salivary level of cortisol is the highest in the morning [23],
saliva sampling was performed between 9 and 10 a.m. [4,14].
The participants were requested to refrain from eating,
toothbrushing or use of mouthwash for 1 h prior to sampling.
The collected saliva samples were centrifuged at 3000 rpm for
15min and were then frozen at �20 °C. For assessment of
salivary level of cortisol, the samples were warmed up to 37 °C,
and the salivary level of cortisol was measured using ELISA as
instructed in the respective kit. The reason for using ELISA is its
high specificity and sensitivity [26]. The patients then received
treatment and underwent follow-up.

The HADS questionnaire has 7 questions to assess the level
of depression, and 7 questions to assess the level of anxiety.
The questions were scored using a 5-point Likert scale (0–4). A
total score between 0 and 7 indicated no anxiety/depression,
scores 8–10 indicated suspected depression/anxiety, and
scores 11–21 indicated the presence of anxiety/depression.

Data were analyzed using SPSS version 25. The Kolmo-
gorov–Smirnov test was applied to analyze the normality of
data distribution, which showed normal distribution of all data
(P > 0.05). Thus, comparisons were made using parametric
tests. The mean salivary level of cortisol and the mean scores of
anxiety and depression were compared among the three groups
using one-way ANOVA. Pairwise comparisons were made using
the Tukey’s test. The Student t-test was applied to compare
males and females regarding the anxiety and depression scores
and salivary level of cortisol. The non-parametric Kruskal-Wallis
test was used to compare the three groups regarding the
frequency of different levels of anxiety and depression. Three-
way ANOVA with Wald correction was also applied to assess the
effect of different variables on total depression/anxiety score
and level of depression. Level of significance was set at 0.05.

Results

There were 15 females (65.2%) and 8 males (34.8%) in the
control group, 12 females (52.2%) and 11 males (47.8%) in the
reticular OLP, and 12 females (52.2%) and 11 males (47.8%) in



Table I. Measures of central dispersion regarding the salivary level of cortisol (mg/dL) in the three groups (n = 23).

Group Mean Std. deviation Std. error
95% CI

Minimum Maximum
Lower bound Upper bound

Control 98.0 0.21 0.04 0.89 1.07 0.6 1.37
Reticular 1.01 0.19 0.04 0.93 1.09 0.63 1.72
Erosive 1.09 0.15 0.03 1.03 1.16 0.75 1.36

Table II. Measures of central dispersion for the depression score in the three groups (n = 23).

Group Mean Std. deviation Std. error
95% CI

Minimum
Maximum

Lower bound Upper bound

Control 5.22 1.83 0.38 4.42 6.01 2 8
Reticular 5.87 2.94 0.61 4.6 7.14 2 11
Erosive 6.35 3.46 0.72 4.85 7.84 2 14

Table III. Measures of central dispersion for the anxiety score in the three groups (n = 23).

Group Mean Std. deviation Std. error
95% CI

Minimum
Maximum

Lower bound Upper bound

Control 8.57 2.84 0.59 7.34 9.79 1 14
Reticular 9.3 3.23 0.67 7.91 10.7 4 15
Erosive 11.57 3.12 0.67 10.22 12.91 5 16

Table IV. Measures of central dispersion for the mean anxiety and depression scores and salivary level of cortisol separately in
males and females.

Variable Group Number Mean Std. deviation Std. error Mean difference P value

Anxiety Females 39 9.9 3.44 0.55
0.197 0.81

Males 30 7.9 3.12 0.57
Depression Females 39 5.97 2.94 0.47

0.374 0.59
Males 30 5.6 2.69 0.49

Salivary cortisol (mg/dL) Females 39 1.05 0.21 0.03
0.057 0.22

Males 30 0.99 0.16 0.03
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the erosive OLP group. The Chi-square test showed no
significant difference among the three groups regarding the
frequency of males and females (P = 0.59).

Table I presents the measures of central dispersion
regarding the salivary level of cortisol in the three groups.
ANOVA showed no significant difference in the salivary level of
cortisol among the three groups (P = 0.09).

Table II presents the measures of central dispersion for the
depression score in the three groups. One-way ANOVA revealed
no significant difference in the depression score among the
three groups (P = 0.4).

Table III indicates the measures of central dispersion for
the anxiety score in the three groups. One-way ANOVA revealed
a significant difference in the mean anxiety score among the
three groups (P < 0.004). Pairwise comparisons by the Tukey’s
test revealed that the mean anxiety score in erosive OLP
patients was significantly higher than control (P< 0.004) and
reticular OLP (P < 0.039) groups. No significant difference
was noted between the control and reticular OLP groups
(P = 0.69).

The total score (the sum of depression and anxiety scores)
was 10.52 ± 4.12 in the control group, 12.17 ± 4.42 in reticular
OLP group and 14.65 ± 4.66 in the erosive OLP group. One-way
ANOVA showed a significant difference in the mean total score
among the three groups (P = 0.009). Pairwise comparisons by
the Tukey’s test revealed that the mean total score in the
erosive OLP group was significantly higher than that in the
control group (P < 0.006). However, the difference between
the reticular OLP and control groups (P = 0.42), and erosive and
reticular OLP groups (P = 0.14) was not significant.
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Table V. Frequency of different levels of anxiety in the three groups.

Group Level of anxiety

No anxiety Suspected for anxiety Anxious Total

Control 7 (30.4%) 11 (47.8%) 5 (21.7%) 23 (100%)
Reticular OLP 7 (30.4%) 7 (30.4%) 9 (39.1%) 23 (100%)
Erosive OLP 4 (17.4%) 4 (17.4%) 15 (65.2%) 23 (100%)
Total 18 (26.1%) 22 (31.9%) 29 (42%) 69 (100%)

Table VI. Frequency of different levels of depression in the three groups.

No depression Suspected for depression Depressed Total

Control 21 (91.3%) 2 (8.7%) 0 23 (100%)
Reticular OLP 17 (73.9%) 3 (13%) 3 (13%) 23 (100%)
Erosive OLP 16 (69.6%) 5 (21.7%) 2 (8.7%) 23 (100%)
Total 54 (3.78%) 10 (14.5%) 5 (7.2%) 69 (100%)
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Table IV presents the measures of central dispersion for the
mean anxiety and depression scores and salivary level of
cortisol separately in males and females. The Student t-test
found no significant difference between males and females in
any of the measured variables (P > 0.05).

The Pearson’s correlation test found no significant
correlation between the anxiety score and age (P = 0.12,
r = 0.191), depression score and age (P = 0.11, r = 0.195), or
salivary cortisol level and age (P = 0.60, r = 0.231). However,
the correlation between depression and anxiety scores was
significant (P < 0.001, r = 0.382). The correlation of anxiety
score and salivary level of cortisol (P = 0.78, r = 0.034), and
salivary level of cortisol and depression (P = 0.19, r = 0.161)
was not significant.

Tables V and VI present the frequency of different levels of
anxiety and depression in each group, respectively. The non-
parametric Kruskal-Wallis test found no significant difference
among the three groups regarding the frequency of different
levels of depression (P = 0.15). However, the three groups were
significantly different regarding the frequency of different
levels of anxiety (P = 0.04).

Three-way ANOVA with Wald correction was then applied
considering the total score as dependent variable, and age and
salivary level of cortisol as covariant factors, which showed
that the effect of erosive OLP on total score was significant
(P = 0.026); while reticular OLP (P = 0.32), gender (P = 0.85),
age (P = 0.94) and salivary level of cortisol (P = 0.71) had no
significant effect on the total score of depression and anxiety.
Three-way ANOVA with Wald correction by considering the level
of depression as dependent variable and age and salivary level
of cortisol as covariant factors indicated that the effect of
erosive OLP on level of depression was significant (P = 0.027);
4

while reticular OLP (P = 0.23), gender (P = 0.77), age (P = 0.32)
and salivary level of cortisol (P = 0.16) had no significant effect
on the level of depression.
Discussion

Considering the suggested role of stress as an etiologic
factor in pathogenesis of OLP [27], this study assessed the
salivary level of cortisol, and anxiety and depression of patients
with erosive and reticular OLP in comparison with healthy
controls.

OLP can be aggravated by stressful events, and the role of
psychological counseling in treatment of OLP has been
previously confirmed [28]. The present results showed that
the three groups had no significant difference regarding the
salivary level of cortisol (P = 0.09). Also, salivary level of
cortisol had no correlation with anxiety (P = 0.78, r = 0.034) or
depression (P = 0.19, r = 0.161). Lopez-Jornet et al. found
significantly higher serum level of cortisol in OLP patients
compared with controls, which was different from the present
results [5]. This difference may be due to the fact that they
measured the salivary level of cortisol using the chemilumi-
nescent enzyme immunoassay. Evidence shows that this assay
is different from the ELISA used in the present study in
quantitative analyses [5]. Ivanovski et al. reported higher
cortisol level in erosive OLP patients but found no significant
difference between the reticular OLP and control groups in this
respect [29]. Although the present study found no significant
difference in salivary level of cortisol among the three groups,
this value was the highest in the erosive OLP group, compared
with the control group (1.09 vs. 0.98mg/dL). Vassandacoumara
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and Daniel reported that salivary level of cortisol in OLP
patients was insignificantly higher than that in healthy
controls, which was similar to the present findings [19]. Shetty
et al. found significantly higher serum level of cortisol in
erosive OLP patients compared with controls while the
difference in this regard was not significant between reticular
OLP patients and controls [14]. Their results cannot be directly
compared with the present findings since they evaluated the
serum level of cortisol. However, a strong association has been
reported between the salivary and serum levels of cortisol.

Almost any type of physical or psychological stress can
cause an immediate increase in adrenocorticotropic hormone,
and a subsequent rise in serum cortisol within a couple of
minutes [30]. Cortisol has a half-life of 1–1.5 hours; thus, high
serum or saliva level of cortisol is not necessarily an indicator of
anxiety, and may simply indicate high stress level around the
time of measurement [30]. Cortisol has a regulatory effect on
the immune system, and its high levels can inhibit the activity
of the immune system. Since one suggested etiology of OLP is
the hyperactivity of Langerhans cells, T-cells, and lymphocytes,
and their cytotoxicity against the epithelial cells [27,31], and
considering the role of cortisol in decreasing the count of
lymphocytes and other immune cells and inhibition of
cytotoxicity reactions against the epithelial cells [30], it
may be concluded that low salivary level of cortisol may induce
autoimmune conditions such as OLP [17].

The results regarding the correlation of salivary level of
cortisol and OLP have been controversial [10,32,33]. Variations
in the cortisol levels can be due to sexual differences, time of
saliva collection, medication intake, diet, and technique of
saliva collection, which may affect precise assessment of the
correlation of stress and cortisol level [34].

Regarding the level of depression and anxiety, the present
results showed that the mean anxiety score in erosive OLP
patients was significantly higher than control (P < 0.004) and
reticular OLP (P < 0.039) groups. The reticular OLP and control
groups had no significant difference in this respect (P = 0.69).
The three groups were not significantly different regarding the
depression score (P = 0.4). Also, the total anxiety/depression
score in patients with erosive OLP was significantly higher than
that in the control group. The correlation between depression
and anxiety was significant (P < 0.001, r = 0.382)

Hirota et al. reported comparable levels of depression and
anxiety in OLP patients and controls, which was different from
the present results [35]. This difference may be due to the use
of different tools for assessment of depression and anxiety
since they used the State-Trait Anxiety Inventory and the
Center for Epidemiological Studies Depression Scale for this
purpose while we used the HADS questionnaire in the present
study. Valter et al. showed that OLP patients had higher scores
of anxiety, depression and stress than healthy controls, using
the Beck’s Depression Inventory [36]. Vallejo et al. reported
higher levels of anxiety and depression in OLP patients than
healthy controls using the Hamilton Anxiety Scale for
assessment of anxiety, and the Montgomery-Asberg Depression
Rating Scale for assessment of stress [37]. Vassandacoumara
and Daniel used the HADS questionnaire and reported
significantly lower anxiety and depression scores in the control
group compared with OLP patients [19]. Similarly, Shah et al.
demonstrated higher levels of depression, anxiety and stress in
OLP patients compared with controls [4]. The results of the
abovementioned studies were generally in line with the present
findings, except for the results regarding depression. Although
no significant difference was noted in depression score among
the three groups in the present study, the total anxiety/
depression score in the erosive OLP group was significantly
higher than that in the control group. This finding may indicate
the role of depression in development of OLP through hormonal
mechanisms, and stress can serve as an aggravating factor in
this process [38]. However, considering the available reports
regarding higher level of anxiety in OLP patients, anxiety
control should be considered as part of treatment in OLP
patients. Variable effects of stress on the immune system may
be related to psychological status of the host. Also, factors
such as nutrition, sleep quality, association of depression and
anxiety disorders, smoking, alcohol consumption, and chronic
and acute stresses can affect the relationship of depression and
the immune system [39].

Lowental and Pisanti in 1977 introduced a biopsychosocial
model to assess the interactions of the biological outcome
(disease), psychological outcome (illness) and social outcome
(sickness) [16]. Accordingly, anxiety may be the outcome of
OLP [16]. On the other hand, due to the susceptibility of oral
mucosa, OLP may be considered a psychological disease, or
psychological factors may serve as a risk factor for it [29].

In the present study, the correlation between depression
and anxiety was significant (P < 0.001, r = 0.382) but salivary
level of cortisol had no correlation with anxiety (P = 0.78,
r = 0.034) or depression (P = 0.19, r = 0.161). Some studies
reported significant correlations between OLP and level of
depression, anxiety and stress [29,40–42]; while, some others
refuted such correlations [17,43–45]. Variations in the results
may be due to the use of different questionnaires, subjective
nature of the questions, and absence of a standard
methodology [43].

In total, the role of stress as a factor that impairs the
immune system, affects the production and release of
cytokines, and leads to destructive activity of cytotoxic T
cells has been suggested in development of OLP [39]. Thus,
stress reduction should be included in the treatment protocol
of OLP patients [45]. Considering all the above, the present
results highlighted the significance of the assessment of
psychological profile of patients with erosive and atrophic
OLP.

The existing ambiguity regarding the role of stress and
anxiety as the etiology or outcome of OLP was a limitation of
this study, which calls for further studies on a larger sample
size. Also, future studies are recommended to assess the effect
of treatment of anxiety and depression on the course and signs
and symptoms of OLP.
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Conclusion

Considering the significantly higher level of anxiety in
erosive OLP patients compared with reticular OLP and control
groups, anxiety control may aid in control of erosive OLP,
although further case-control trials are required.
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