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Abstract Background/purpose: The pathophysiology of burning mouth syndrome (BMS),
although considered a multifactorial etiology including psychological factors, is still not well
understood. Hence, this study aimed to investigate the potential usage of salivary and serum
biomarkers, including brain-derived neurotrophic factor (BDNF), interferon-gamma (IFN-g),
interleukin-1beta (IL-1b), interleukin-6 (IL-6), interleukin-8 (IL-8), and tumor necrosis
factor-alpha (TNF-a), in diagnosing BMS and their correlations with anxiety/depression.
Materials and methods: 45 BMS patients and 14 healthy volunteers were enrolled. The patients
were divided into BMS with anxiety/depression group and BMS without anxiety/depression
group according to the scores of the Zung Self-rating Anxiety Scale (SAS) and Zung Self-
rating Depression Scale (SDS). Additionally, concentrations of BDNF, IFN-g, IL-1b, IL-6, IL-8,
and TNF-a in saliva and those in serum among the patients and healthy volunteers were as-
sessed by multiplex assay using Luminex 200TM system and Enzyme-linked immunosorbent
assay (ELISA), respectively.
Results: Among all the serum biomarkers, only BDNF showed a statistically significant decrease
in the patients than the healthy volunteers (P < 0.05). Regarding saliva biomarkers, BDNF, IL-
1b, and IL-8 all exhibited a statistically significant increase in all the BMS patients versus the
healthy volunteers (P < 0.05) but only BDNF was significantly different between patients with
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anxiety/depression and healthy individuals when considering anxiety/depression. Among BMS
patients with anxiety/depression, saliva TNF-a had positive associations with other biomarkers
including BDNF, IFN-g, IL-1b, IL-6, and IL-8 (P < 0.05).
Conclusion: The increased concentration of saliva BDNF holds strong potential for diagnosing
BMS and the elevated level of saliva TNF-a is crucial in identifying BMS patients with anxi-
ety/depression.
ª 2023 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

Burning mouth syndrome (BMS), primarily a diagnosis of
exclusion based on subjective symptoms, is a chronic con-
dition characterized by a burning sensation of the intraoral
mucosa in the absence of a local or systemic cause.1 The
most common symptom of BMS is a burning sensation, but
other symptoms including dryness, uncomfortable sensa-
tions in the mouth and changes to taste, allodynia, pricking
pain, tingling, electrical discharges, numbness, and itching
can also occur.2 The characteristic burning sensation of BMS
is typically bilateral and is most commonly experienced on
the tongue, although it can be experienced anywhere in the
intraoral mucosa, including the lips, hard palate, gingiva,
and buccal mucosa.3,4 The worldwide prevalence of BMS
was 1.73% in population-based studies and most cases of
BMS occur in females after the age of 50.1,5 The onset of
BMS is most often spontaneous and symptoms progress
gradually in most patients, often persisting for several
years. Less than 3% of affected individuals got complete
spontaneous resolution after 5 years, and less than 30% of
patients with BMS show moderate symptom improvement
with or without treatment.3,6 Since persistent and suffered
long term, BMS can lead to a reduced quality of life (QoL) in
the affected individuals, who can become high consumers
of health care resources as a result.1,2

The etiopathogenesis of BMS is still not well understood,
although widely considered as a multifactorial etiology
involving peripheral small fiber neuropathy, dysfunction in
the brain network, and psychological factors.3,5,7e10 Diag-
nosing BMS may be intractable even for the physician given
our limited knowledge of its pathogenesis. Importantly,
biomarkers are the molecular signatures and indicators of
normal biological, pathological processes, and pharmaco-
logical responses to treatment hence may provide useful
information for the detection, diagnosis, and prognosis of
the disease. The diagnostic modality in the field of molec-
ular biology has led to the discovery and potential of sali-
vary and blood biomarkers for the detection of early oral
cancer, Alzheimer’s disease, psychological disorders, oste-
oarthritis, etc.11e14 Notably, the use of saliva in the search
for new clinical markers is a promising approach because of
its noninvasive sampling and easy collection methods.

Therefore, in this study, we investigated the basic symp-
toms and the anxiety/depression status among BMS patients.
Meanwhile, the correlations between anxiety/depression,
salivary biomarkers, and serum biomarkers were also studied.
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The current study aims to explore the potential usage of
salivary and serum biomarkers in the diagnosis of BMS.

Materials and methods

Procedures and participants

Participants of the study were recruited among individuals
who visited the Department of Oral Mucosal Diseases at
Shanghai Ninth People’s Hospital between September 2021
and September 2022. The participants were grouped as
either the case (patients with BMS) or the control (healthy)
group.

Inclusion criteria for the case group were: (1) age over
18; (2) had no difficulty communicating in Chinese; and (3)
had a diagnosis of BMS. The diagnosis was based on the
definition of “idiopathic orofacial pain with intraoral
burning or dysesthesia recurring daily for more than 2 h per
day and more than 3 months, without any identifiable
causative lesions, with or without somatosensory changes”
proposed by the International Classification of Orofacial
Pain, 2020. The unexplained nature of burning symptoms
was confirmed by a comprehensive step-by-step examina-
tion and necessary laboratory tests. Exclusion criteria for
the case group were: (1) deficiencies in iron, folic acid, or
vitamin B12; (2) the presence of systemic diseases such as
Diabetes, Sjögren’s syndrome, liver or kidney diseases,
etc.; (3) the presence of other oral diseases such as oral
candidiasis, oral lichen planus, denture-induced damage,
etc.; (4) usage of antibiotics within the past one month or
immunosuppressive drugs within the past three months or
cytotoxic drugs over 3 months.

Informed written consent was obtained from all the
participants, and the study protocol was approved by the
Ethical Committee of Shanghai Ninth People’s Hospital
(SH9H-2021-T199-2).

Parameters and measures

First of all, baseline characteristics including gender, age,
symptoms, location, and duration were collected.
Furthermore, the Visual Analogue Scale (VAS), ranging from
0 to 10 (anchored by 0 Z no pain and 10 Z very severe
pain), was used to estimate the intensity of pain among BMS
patients. The pain level ratings were classified as mild
(1e3), moderate (4e6), or severe (7e10).15,16
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Additionally, Zung Self-rating Anxiety Scale (SAS) and Zung
Self-rating Depression Scale (SDS) were respectively used to
assess anxiety and depression levels in BMS patients. Both are
20 items self-report assessment tools designed to measure
anxiety/depression levels. Each item score was ranked from
one (none or a little of the time) to four (most or all of the
time). Among 20 items, half the items were positively worded
(e.g. “I eat as much as I used to”) and they were scored in the
opposite direction. The final index score was converted by
multiplying the raw score by 1.25 and then rounding off
decimal places. The SAS scores were divided into four cate-
gories: normal range (�49), mild anxiety (50e59), moderate
anxiety (60e74), and severe anxiety (�75). The severity of
depression was categorized according to the index score: no
depression (<50), mild depression (50e59), moderate
depression (60e69), and severe depression (�70). SAS inter-
nal consistency reliability was 0.66e0.80 and the Cronbach’s
a was 0.87.17,18

Before saliva sample collection, the participants were
instructed to rinse their mouths thoroughly for 2 min. Sub-
sequently, the samples were immediately placed in coolers
and transported to the laboratory, where saliva was vor-
texed and centrifuged (1000 rpm, 5 min). Next, the super-
natant was transferred into polypropylene tubes and stored
at �80 �C. The supernate was used to test concentrations of
brain-derived neurotrophic factor (BDNF), interferon-gamma
Figure 1 Symptom locations and their related parameters of BMS
tongue, palate, buccal mucosa, and lips. The proportion of differe
proportion of people with and without self-examing habits.
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(IFN-g), interleukin-1beta (IL-1b), interleukin-6 (IL-6),
interleukin-8 (IL-8), and tumor necrosis factor-alpha (TNF-a)
by multiplex assay using the Human Custom Procartaplex
Assay Kit (Invitrogen, Carlsbad, CA, USA) and Luminex 200TM
system (Luminex Corporation, Austin, TX, USA) according to
the manufacturer’ s instructions. Besides, the serum was
obtained from the peripheral blood samples by centrifuge at
3500 rpm for 10 min and stored at �80 �C. Once finishing the
sample collection, Enzyme-linked immunosorbent assay
(ELISA) kits (MultiSciences Biotech Co., Ltd, Hangzhou,
China) were used to measure the levels of inflammatory
cytokines, including BDNF, IFN-g, IL-1b, IL-6, IL-8, TNF-a.

Statistical analysis

All data were analyzed using GraphPad Prism version 9.0
(GraphPad, San Diego, CA, USA) and SPSS version 26.0
(SPSS Inc., Chicago, IL, USA). Qualitative data were
expressed as the number of cases as well as proportions
and analyzed using the c2 test. Quantitative data were
expressed as mean � SD. Differences between groups
were analyzed using an independent samples t-test. Cor-
relations between VAS, SAS, SDS, and the six biomarkers in
saliva or serum of the same group were analyzed by
Spearman’s correlation analysis. The significance level
was established at P < 0.05.
patients. (A) The proportion of the symptoms occurring on the
nt degrees of pain (B), anxiety (C), and depression (D). (E) The
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Results

Baseline characteristics

In this study, 45 BMS patients and 14 healthy volunteers
were recruited. Among the BMS patients, females took up
82.22% while males accounted for 17.78% (Table 1). The
symptoms of BMS mainly involved the tongue, followed by
the palate, lips, and buccal mucosa (Fig. 1A). Based on VAS
scores, we found that 51.11% of patients were experi-
encing mild pain and 40.00% were undergoing moderate
pain (Fig. 1B). To our surprise, only 3 individuals suffered
from severe pain, contrary to how BMS patients often
describe their disturbing feelings when asking the doctors
for help. However, one individual told us that she did not
feel pain but suffered from a sensation of numbness on the
tongue (Table 2). 77.78% of the individuals troubled by
BMS, not all of whom presented with anxiety or depres-
sion, were found to have the habit of examining the oral
cavity (Fig. 1E).

Anxiety and depression in BMS patients

The 45 BMS patients were divided into groups with anxiety/
depression (accounted for 60%) and Groups without anxiety
or depression (accounted for 40%) (Table 2). To be more
Table 1 Democratic characteristics and symptom-related
parameters of 45 BMS patients and 14 healthy volunteers.

Variables Groups BMS patients
(n Z 45)

Healthy
volunteers
(n Z 14)

Age (mean � SD） 55.56 � 11.40 56.71 � 13.14
Sex (%) Female 82.22% 78.57%

Male 17.78% 21.43%
Symptom locations

(%)
Tongue 75.47% e

Palate 16.98% e

Buccal
mucosa

3.77% e

Lips 3.77% e

Habit of examining
the oral cavity
(%)

With 77.78% e

Without 22.22% e

Severity of pain by
VAS (%)

No 2.22% e

Mild 51.11% e

Moderate 40.00% e

Severe 6.67% e

Severity of anxiety
by SAS (%)

No 51.11% e

Mild 40.00% e

Moderate 8.89% e

Severe 0 e

Severity of
depression by
SDS (%)

No 48.89% e

Mild 28.89% e

Moderate 17.78% e

Severe 4.44% e

Abbreviations: BMS: burning mouth syndrome; SD: standard
deviation; VAS: Visual Analogue Scale; SAS: Zung Self-assessing
Anxiety Scale; SDS: Zung Self-assessing Depression Scale.
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specific, 48.89% of BMS patients were rated as anxious, of
whom 40% had mild anxiety, 8.89% had moderate anxiety,
and none had severe anxiety (Fig. 1C). Meanwhile, 51.11% of
BMS patients were considered as depression, the different
severity of which, ranging as mild, moderate and severe,
respectively took up 28.89%, 17.78% and 4.44% (Fig. 1D).
Comparison of the biomarkers in serum and saliva
between BMS patients and healthy volunteers

As is shown in Table 3, among the biomarkers in serum
including BDNF, IFN-g, IL-1b, IL-6, IL-8, and TNF-a, only
the BDNF level showed a statistically significant decrease
in the patients than the healthy volunteers (P < 0.05).
However, in terms of BDNF, IL-1b, and IL-8 levels in saliva,
a statistically significant increase was found in the BMS
patients versus the healthy volunteers (P Z 0.002, 0.015,
and 0.003, respectively). Fig. 2A illustrated a statistically
significant difference in BDNF in serum between healthy
volunteers and BMS patients either with or without anxi-
ety/depression. Interestingly, INF-g (in serum) in the two
groups of BMS patients was higher than in healthy people,
whereas the results of the statistical analysis only showed
a significant difference between the patients with anxi-
ety/depression and the healthy volunteers (P > 0.05).
When it comes to the biomarkers in saliva, BDNF, IFN-g,
and TNF-a in the patients with anxiety/depression
exhibited a statistically significant increase versus the
healthy people (P < 0.05). Moreover, a statistical increase
of BDNF, IL-1b, and IL-8 in saliva was found in BMS patients
without anxiety or depression than in healthy volunteers
(P < 0.0001, <0.05, <0.01, respectively) (Fig. 2B).
The associations between VAS, SAS, SDS, and the
biomarkers in serum and saliva

Table 4 demonstrated the correlation between the VAS, SAS
SDS scores, and the six biomarkers in serum and saliva.
There was not a significant correlation between VAS and
other parameters (P > 0.05), which evidenced that the
severity of pain of BMS had little influence on the psychiatric
disorders and biomarkers in serum and saliva. In BMS pa-
tients with anxiety/depression, a higher level of SAS was
negatively related to IL-1b and TNF-a in saliva (bZ�0.474,
�0.483, respectively; P< 0.05,<0.05, respectively) while a
rising level of SDS was negatively associated with BDNF, IL-
1b, and IL-8 in saliva (b Z �0.418, �0.515, �0.469,
respectively; P< 0.05,<0.01,<0.05, respectively). Among
the patients without anxiety/depression, except for the
correlation between IL-8 in serum and that in saliva, other
biomarkers in serum had no association with those in saliva.
However, among the patients with anxiety/depression, all
the biomarkers in serum showed no relationship with those
in saliva. Interestingly, in terms of the inflammatory
markers in the saliva of BMS patients with anxiety/depres-
sion, TNF-a had strong positive associations with other
biomarkers, BDNF, IFN-g, IL-1b, IL-6, and IL-8 (b Z 0.486,
0.478, 0.559, 0.544, 0.444, respectively; PZ 0.010, 0.012,
0.002, 0.003, 0.020, respectively) (Fig. 3).



Table 2 Democratic characteristics and symptom-related parameters of BMS patients with anxiety/depression, BMS patients
without anxiety/depression, and healthy volunteers.

Variables Groups BMS patients with
anxiety/depression
(n Z 27)

BMS patients without
anxiety/depression
(n Z 18)

Healthy volunteers
(n Z 14)

Age (mean � SD） 55.11 � 10.13 56.22 � 13.05 56.71 � 13.14
Sex (%) Female 22（81.48%） 15（83.33%） 11（78.57%）

Male 5（18.52%） 3（16.67%） 3（21.43%）
Symptom locations (%) Tongue 23（85.19%） 17（94.44%） e

Palate 6（22.22%） 3（16.67%） e

Buccal
mucosa

2（7.41%） 0（0） e

Lips 2（7.41%） 0（0） e

Habit of examining the oral cavity (%) With 21（77.78%） 14（77.78%） e

Without 6（22.22%） 4（22.22%） e

Severity of pain by VAS (%) No 0（0） 1（5.56%） e

Mild 15（55.56%） 8（44.44%） e

Moderate 11（40.74%） 7（38.89%） e

Severe 1（3.70%） 2（11.11%） e

Severity of anxiety by SAS (%) No 5（18.52%） e e

Mild 18（66.67%） e e

Moderate 4（14.81%） e e

Severe 0（0） e e

Severity of depression by SDS (%) No 4（14.81%） e e

Mild 13（48.15%） e e

Moderate 8（29.63%） e e

Severe 2（7.41%） e e

Abbreviations: BMS: burning mouth syndrome; SD: standard deviation; VAS: Visual Analogue Scale; SAS: Zung Self-assessing Anxiety
Scale; SDS: Zung Self-assessing Depression Scale.
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Discussion

BMS is a chronic, debilitating disorder characterized by pain
and/or discomfort in the oral cavity. The pathophysiology
of BMS is still poorly understood and remains
Table 3 Statistical analysis of P value between the comparison
volunteers.

BMS patie
(n Z 45)

Biomarkers in serum BDNF 292.95 �
IFN-g 7.23 � 5.4
IL-1b 4.73 � 3.1
IL-6 5.24 � 4.4
IL-8 299.79 �
TNF-a 9.33 � 6.2

Biomarkers in saliva BDNF 1.97 � 1.3
IFN-g 4.45 � 3.9
IL-1b 403.39 �
IL-6 8.44 � 10
IL-8 1104.70 �
TNF-a 4.21 � 2.7

Abbreviations: SD: standard deviation; BMS: burning mouth syndrom
gamma; IL-1b: interleukin-1beta; IL-6: interleukin-6; IL-8: interleukin
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controversial.17 Notably, Le et al. reported that a majority
of individuals infected with BMS (65.6%) presented with an
identified psychiatric diagnosis, primarily anxiety and
depressive disorders (36.8%).19 Numerous other studies
arrived at similar conclusions regarding the crucial role of
of salivary and serum biomarkers in BMS patients and healthy

Mean � SD P value

nts Healthy
volunteers
(n Z 14)

179.49 576.77 � 263.94 0.037*
0 3.89 � 3.31 0.342
8 4.98 � 7.18 0.262
0 5.91 � 2.89 0.207
485.78 503.11 � 572.20 0.254
6 5.59 � 6.61 0.405
6 0.49 � 0.54 0.002**
8 2.12 � 2.06 0.088
527.00 120.91 � 160.46 0.015*
.09 9.64 � 19.04 0.326
1009.85 385.08 � 381.12 0.003**
3 2.87 � 2.38 0.371

e; BDNF: brain-derived neurotrophic factor; IFN-g: interferon-
-8; TNF-a: tumor necrosis factor-alpha.



Figure 2 Comparison of the biomarkers in serum and saliva between BMS patients without anxiety/depression, BMS patients with
anxiety/depression, and healthy volunteers. (A) The different levels of BDNF, IFN-g, IL-1b, IL-6, IL-8, and TNF-a in serum among the
three groups. (B) The different levels of BDNF, IFN-g, IL-1b, IL-6, IL-8, and TNF-a in saliva among the three groups. BMS: burning
mouth syndrome; BDNF: brain-derived neurotrophic factor; IFN-g: interferon-gamma; IL-1b: interleukin-1beta; IL-6: interleukin-6;
IL-8: interleukin-8; TNF-a: tumor necrosis factor-alpha.
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anxiety and depression in BMS.20e24 However, few of these
studies were devoted to the association between mental
disorders and saliva/blood in individuals suffering from BMS
or the differences between biomarkers in serum and those
in saliva. The precise relationship between BMS and anxi-
ety/depression and any predisposition to BMS remains
unclear.

BDNF, a protein responsible for synaptic plasticity, is
reported to contribute to psychiatric disorders, such as
anxiety disorders, depression, schizophrenia, bipolar,
etc.25 IFN-g and TNF-a, the key molecules controlling pain
processes, both show vital interplay in mediating and
modulating neuroinflammation, which has been widely
demonstrated to be critical in pathological pain.26 IL-1b, IL-
6, and IL-8 are inflammatory cytokines with wide-ranging
biological effects. These cytokines have been reported to
play a pivotal role in pathological pain (such as peripheral
neuropathy, bone cancer, etc.) and psychiatric diseases
(such as major depression, anxiety disorders, bipolar dis-
order, etc).27e32
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Since the intensity of pain did not correlate with anxi-
ety, depression, or the biomarkers (Table 4), clinicians
need to show more empathy and comprehension to all the
BMS patients, not only the individuals with anxiety/
depression but also the ones without. As Table 4 shows, SAS
had a strongly positive correlation with SDS (b Z 0.545,
P < 0.01), proving the state of anxiety often comes along
with depression in BMS patients. The current results reveal
the increased level of saliva BDNF, IL-1b, and IL-8 and the
decreased level of serum BDNF in BMS patients (whether
with anxiety/depression or not) compared to healthy peo-
ple (Table 3). This finding is consistent with an earlier study
by Barry et al. who discovered that plasma IL-8 profiles
dysregulated in BMS and another study by André et al. who
revealed a significant increase in the IL-1b production from
oral mucosa swabs in BMS subjects (P Z 0.005).33,34 Many
studies explained the pro-nociceptive role of BDNF in pain
processes. A previous study by Robert et al. on the elderly
with knee osteoarthritis revealed that plasma levels of
BDNF decreased after receiving treatment, indicating that



Table 4 Correlations between VAS, SAS, SDS, BDNF, IFN-g, IL-1b, IL-6, IL-8, and TNF-a in serum and saliva in different groups
(spearman correlation coefficients, P-values were adjusted for multiple tests).

Biomarkers in serum Biomarkers in saliva

VAS SAS SDS BDNF IFN-γ IL-1β IL-6 IL-8 TNF-α BDNF IFN-γ IL-1β IL-6 IL-8 TNF-α

BMS patients with anxiety/depression

VAS 0.127 0.248 -0.051 -0.025 -0.013 0.059 -0.341 -0.128 -0.200 0.049 0.056 -0.225 -0.083 -0.076 

SAS 0.545** -0.138 -0.175 0.242 0.288 0.102 -0.023 -0.364 0.166 -0.474* -0.140 -0.377 -0.483*

SDS 0.220 -0.304 -0.109 0.048 -0.008 -0.375 -0.418* -0.066 -0.515** 0.175 -0.469* -0.308 

Biomarkers in serum

BDNF -0.276 -0.260 -0.114 0.001 -0.374 -0.066 -0.096 -0.001 0.038 0.035 -0.026 

IFN-γ 0.708** 0.436* 0.094 0.861** 0.100 -0.117 0.111 -0.211 0.083 0.104 

IL-1β 0.819** 0.090 0.797** -0.152 0.025 -0.039 -.438* -0.174 -0.241 

IL-6 -0.098 0.507** -0.036 0.007 -0.009 -0.349 -0.103 -0.306 

IL-8 -0.003 -0.102 -0.023 -0.067 0.159 -0.150 0.014 

TNF-α 0.052 -0.053 0.074 -0.305 0.050 -0.069 

Biomarkers in saliva

BDNF -0.013 0.780** 0.206 0.879** 0.486*

IFN-γ 0.047 0.396* 0.023 0.478*

IL-1β 0.091 0.808** 0.559**

IL-6 0.169 0.544**

IL-8 0.444*

TNF-α

BMS patients without anxiety/depression

VAS 0.427 0.086 -0.049 -0.104 -0.021 0.195 0.022 -0.037 -0.256 0.004 -0.320 0.083 -0.436 -0.121 

SAS 0.595** 0.183 -0.465 -0.222 -0.167 -0.123 -0.388 -0.476* -0.012 -0.151 -0.311 -0.422 -0.075 

SDS 0.300 -0.243 0.040 -0.185 0.038 -0.196 -0.298 -0.245 -0.011 -0.244 -0.003 -0.266 

Biomarkers in serum

BDNF -0.391 0.035 0.040 0.297 -0.172 0.259 -0.560* 0.222 0.092 0.331 -0.540*

IFN-γ 0.646** 0.500* 0.021 0.681** 0.152 -0.015 0.078 -0.053 0.148 -0.174 

IL-1β 0.822** 0.198 0.840** 0.008 -0.347 0.036 -0.068 0.144 -0.556*

IL-6 0.461 0.765** 0.068 -0.385 0.101 0.296 0.152 -0.506*

IL-8 0.274 0.441 -0.324 0.547* 0.429 0.601** -0.079 

TNF-α 0.208 -0.067 -0.015 0.135 0.164 -0.232 

Biomarkers in saliva

BDNF -0.340 0.591** 0.381 0.818** 0.140 

IFN-γ -0.455 -0.032 -0.542* 0.717**

IL-1β 0.254 0.847** -0.023 

IL-6 0.351 0.105 

IL-8 -0.089 

TNF-α

Healthy volunteers

Biomarkers in serum

BDNF -0.018 0.619* 0.481 0.354 0.018 -0.222 0.109 -0.130 -0.139 -0.101 0.154

IFN-γ 0.462 -0.095 0.106 0.909** 0.431 0.131 -0.297 -0.501 -0.402 -0.322

IL-1β 0.529 0.295 0.576* -0.105 -0.040 -0.387 -0.358 -0.264 -0.174

IL-6 0.159 -0.093 -0.486 -0.136 -0.442 0.016 -0.139 -0.099

IL-8 0.121 0.185 0.366 -0.097 -0.130 -0.077 0.218

TNF-α 0.424 -0.044 -0.064 -0.561* -0.125 -0.335

Biomarkers in saliva

BDNF 0.524 0.409 -0.181 0.284 0.445

IFN-γ -0.016 0.292 -0.007 0.680**

IL-1β 0.055 0.811** 0.403

IL-6 0.391 0.535*

IL-8 0.529

TNF-α

-1  -0.4  -0.2  -0.1  0  0.1  0.2  0.4  1

*Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed). Abbreviations: SD:
standard deviation; BMS: burning mouth syndrome; BDNF: brain-derived neurotrophic factor; IFN-g: interferon-gamma; IL-1b:
interleukin-1beta; IL-6: interleukin-6; IL-8: interleukin-8; TNF-a: tumor necrosis factor-alpha.
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Figure 3 Correlations between salivary TNF-a and other
salivary biomarkers (BDNF, IFN-g, IL-1b, IL-6, and IL-8) among
BMS patients with anxiety/depression. TNF-a: tumor necrosis
factor-alpha; BDNF: brain-derived neurotrophic factor; IFN-g:
interferon-gamma; IL-1b: interleukin-1beta; IL-6: interleukin-
6; IL-8: interleukin-8; BMS: burning mouth syndrome.
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the decreased level of BDNF may in turn decrease pain.35

The current study observed a reduction of serum BDNF in
BMS patients, opposite to saliva BDNF. It is reasonable to
speculate that the decreased level of serum BDNF con-
tributes to the improvement of pain threshold, making BMS
patients better tolerate chronic pain.

When taking anxiety and depression into consideration,
in terms of markers in serum and saliva, the patients
without anxiety/depression presented the same trends as
all the BMS patients as a whole (Table 3 and Fig. 2). How-
ever, it is interesting to find a different result in patients
with anxiety/depression. Since anxiety and depression had
no relationships with markers in serum and only had asso-
ciations with markers in saliva (as shown in Table 4), it is
reasonable to pay more attention to the latter, which
showed an increased level of saliva TNF-a, BDNF, IFN-g
among patients with anxiety/depression than healthy vol-
unteers. As illustrated earlier, TNF-a had correlations with
the other biomarkers, so it makes sense to speculate that
TNF-a might be the upstream factor regulating the other
ones. Comparing the healthy volunteers with the patients
without anxiety/depression, we find that the latter pre-
sented with an increased level of saliva IL-1b and IL-8,
which may indicate that anxiety or depression depress the
saliva IL-1b and IL-8, so we turn to Table 4 for examination.
It is delightful to find that SDS had a negative correlation
with the saliva IL-1b and IL-8 while SAS had a negative as-
sociation with the saliva IL-1b, proving the correctness and
logic of our speculation.

In conclusion, the concentration of BDNF in saliva is
higher among individuals with BMS than in healthy con-
trols, demonstrating the importance of salivary BDNF level
as a diagnostic marker for BMS. Moreover, elevated level
of TNF-a in saliva plays a crucial role in BMS patients who
also suffer from anxiety/depression, indicating that sali-
vary TNF-a may serve as a promising biomarker for
1059
identifying BMS patients with anxiety/depression. Ulti-
mately, the current study holds the potential to advance
our comprehension of serum and saliva alterations in BMS
patients, as well as their correlations with anxiety/
depression status.
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