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Background: The biomarker to predict the depression in patients with rosacea was absent.

Objective: We aimed to explore the potential association between BDNF and depression in patients with rosacea, and also to
determine whether serum BDNF level is a potential biomarker for identifying depression in patients with rosacea.

Methods: The patients with rosacea, rosacea with depression and healthy control were included, clinical evaluation (DLQI, RSSs,
BDI-II) and serum BDNF levels detection were performed on subjects, the comparisons and correlation analysis of the obtained data
were performed.

Results: In clinical evaluation, whether DLQI or RSSs, rosacea with depression group was significantly higher compared to rosacea
group. Besides, we found the serum BDNF levels were lower in patients with rosacea and rosacea with depression compared to healthy
controls, also in the rosacea with depression group, serum BDNF levels were lower than in rosacea patients. Whatever in rosacea or
rosacea with depression group, the statistical significance of serum BDNF levels between the different subtypes like the ETR and PPR
was not found. In further correlation analysis, we found no correlation between serum BDNF and RSSs in patients with rosacea
whatever the subtype of ETR or PPR. Interestingly, we found a negative correlation between serum BDNF levels and BDI-II in
rosacea with depression group, the decreased serum BDNF levels were associated with the increased BDI-II, also the ROC confirmed
it can evaluate the depression in patients with rosacea.

Conclusion: Serum BDNF level is a potential biomarker for identifying depression in patients with rosacea.
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Introduction

Rosacea, which is one of the common, chronic and inflammatory cutaneous conditions with pathogenesis complicatedly
and not fully understands, it involved the interaction of multiple factors like immune and neurovascular dysregulation,
genetic and environmental factors, presence of microorganisms, and others.' Clinically, the flushing, transient or
persistent erythema, papules/pustules, telangiectasia, and phymatous changes in patients with rosacea can be presented,
the ocular may also be involved and some secondary symptoms including itching, burning, or stinging, are often

observed.>*> Rosacea with varying phenotypic features and facial localization resulting the patients with a negative
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and substantial impact on quality of life, it also affects the mental health and socialization bringing severe psychosocial
burden and implications in patients with rosacea.®’ In recent years, the conception of rosacea should be considered as the
systemic disease was highlighted, also associated with multiple systemic comorbidities, such as cardiovascular diseases,
autoimmune conditions, migraines, Parkinson’s disease, gastrointestinal disorders, and others, however, the argued was
presented that comorbidity should not be overemphasized.®!" The higher incidences of embarrassment, social anxiety,
depression, decreased quality of life, and an increased risk of developing depression and anxiety were showed to a great
extent and tend to avoid social situations in patients with rosacea.'>'* The relationship between the rosacea and its
comorbidity with psychiatric disorders remains controversial.'*

With the increasing risk of developing psychiatric disorders such as depression and anxiety in patients with rosacea,
for clinicians, on the one hand, the better treatment outcomes can bring significant improvement in psychological
symptoms, on the other hand, it is necessary to identify the psychological aspects of patients with rosacea as soon as
possible, which may play an important role in clinical decision-making.'*"'> However, identifying comorbidities of
psychological symptoms including depression and anxiety in patients with rosacea faces challenges due to the biomarker
to predict the depression in patients with rosacea was absent. Brain-derived neurotrophic factors (BDNF), which is one
member of the neurotrophin and contribute to the pathophysiology of depression, some dermatological diseases like acne
vulgaris and psoriasis may result in the depression, previous evidence indicated the decreased serum levels of BDNF
associated with depressive symptoms in patients with acne vulgaris, which can as a good predictor to evaluate chronic
stress in such patients, also in patients with psoriasis, decreased levels of BDNF are not only associated with the severity
of depression but also closely associated with the severity of psoriasis vulgaris.'®'® To date, no study to evaluate the
serum BDNF levels in patients with rosacea, thus our study aimed to demonstrate the potential association between
BDNF and depression in patients with rosacea, and also to determine whether serum BDNF level is a potential biomarker

for identifying depression in patients with rosacea.

Methods
Subjects

All subjects were enrolled from the Department of Dermatology in International Mongolian Hospital of Inner Mongolia
during February 2021 to December 2021. The inclusion and exclusion criteria of subjects mainly include rosacea patients
older than or equal to 18 years old as well obtain the patient’s written informed consent and the diagnosis of rosacea
patients was according to the diagnostic criteria with the 2017 update by the National Rosacea Society Expert
Committee.'” The exclusion criteria are as follows, the subject had severe heart, liver, and kidney disease or malignant
tumor; the medication history of isotretinoin, systemic corticosteroids, antidepressants, and antianxiety within four
weeks; the medical history of nervous system diseases such as epilepsy, migraine and so on in the past; the female
during pregnancy and breastfeeding stage. Also, the rosacea patients who were diagnosed as depression that according to
the diagnostic criteria with the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) in the
Department of psychology were included, and the number-, and aged- and sex-matched healthy control volunteers were
also included.?® The demographic information was recorded to obtain the peripheral venous blood from patients with
rosacea, patients with rosacea with depression, and healthy control subjects, and the clinical parameters scoring was
performed. This study was approved by the Ethics Committee of the Institutional Review Board of International
Mongolian Hospital of Inner Mongolia. Informed written consent was obtained from all subjects before inclusion in
the study. The study complies with the Declaration of Helsinki.

Clinical Parameters
The evaluation of clinical parameters was performed for all patients, including Dermatology Life Quality Index (DLQI),
Rosacea Severity scores (RSSs), and evaluation of Beck Depression Inventory-II (BDI-II) for patients with rosacea with

depression.”! ?* The evaluation details of all clinical parameters are as follows.
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Dermatology Life Quality Index (DLQI)

DLQI, which is a simple practical questionnaire technique for evaluating the patients’ life quality with the dermatological
disease in routine clinical practice, scores according to the patient’s answers to ten questions.>' The score ranged from 0
to 30 and the higher the score, the more serious the impact on the quality of life of patients. Specifically, 0 to 1 means no
effect at all on patient’s life, 2 to 5 means the small effect on patient’s life, 6 to 10 means a moderate effect on the
patient’s life, 11 to 20 means a very large effect on patient’s life and 21 to 30 means extremely large effect on patient’s
life.

Rosacea Severity Scores (RSSs)

The severity evaluation according to the RSSs proposed by the National Rosacea Society Expert Committee.”” Four
subtypes consist of erythematotelangiectatic rosacea (ETR), papulopustular rosacea (PPR) phymatous rosacea (PhR), and
ocular rosacea (OR) with rosacea were classified, and each subtype was scored 0 to 3 according to none, mild, moderate
and severe.

Beck Depression Inventory-Il (BDI-II)

BDI-II, is a widely used psychometric instrument in clinical practice for the capacity to discriminate between depressed
and non-depressed subjects and measure the severity of depression with high reliability.***> A total of 21 questions in the
inventory, and each question has 4 options, these 4 options represent 0-3 points respectively, and the score range is 0—63.
The higher the score, the higher the possibility of indicating depression or severity, and depression severity is mainly
based on the score range, 0 to 9 indicates minimal depression, 10 to 18 indicates mild depression, 19 to 29 indicates
moderate depression, and 30 to 63 indicates severe depression.

Detection of Serum BDNF Level

The 5 milliliters venous blood sample from all patients was obtained in serum separator tubes, the samples were left for
30 minutes at room temperature to allow clotting then centrifuged (15 minutes/3000 rpm). The serum samples treated as
above were separated and stored at —20 °C biological storage.!” Serum BDNF levels with all samples were measured by
enzyme-linked immunosorbent assay (ELISA) and using commercial ELISA kits (RX104552H) from Quanzhou Ruixin
Biotechnology Company (Quanzhou, Fujian Province, China) according to the manufacturer’s instructions and the
concentration of BDNF was expressed as ng/mL.

Statistics Analysis

All the obtained data are transferred to Excel, SPSS windows (Version 21, SPSS Inc., Chicago, Illinois, USA), and
GraphPad Prism 7.04 software (GraphPad Software, Inc., San Diego, CA, USA) were used for statistical analysis and
chart design. The comparisons of the two groups were computed using Mann—Whitney U-test. Correlations were
analyzed by Pearson’s correlation test. Also, the receiver operating characteristic curves (ROCs) were used to test the
overall diagnostic accuracy. In all tests, P<0.05 was considered statistically significant.

Results
Subjects

A total of 260 subjects including rosacea (n=118), rosacea with depression (n=42), and healthy controls (n=100) was included
in this study, all subjects were in strict accordance with the inclusion and exclusion criteria. The included patients were
classified according to different subtypes, 78 erythematotelangiectatic rosacea (ETR) and papulopustular rosacea (PPR) in the
rosacea group also the 30 ETR and 12 PPR in rosacea with depression group, no phymatous rosacea (PhR) and ocular rosacea
(OR) were included. Demography, clinical, and laboratory data of subjects are shown in Table 1. All patients completed the
DLQI and RSSs evaluation, patients with rosacea with depression also performed the BDI-II score, obtained the peripheral
blood of all subjects, and obtained the written informed consent of all subjects. There was no significant difference in mean age
among the three groups, but for gender ratio, female with rosacea with depression accounted for more. In clinical evaluation, a
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Table | Demography, Clinical, and Laboratory Data

Rosacea Rosacea with Depression Healthy Controls

(n=118) (n=42) (n=100)
Age median (minimum, 37 (18, 59) 37 (19, 56) 36 (18, 60)
maximum)
Sex (Male/Female) 47171 11/31 46/54
BDNF (median, ng/mL) 18.6525 8.757 29.055
DLQI (median) 10.5 I5 NA
RSSs (median)
ETR 78 30 NA
PPR 40 12 NA
PhR NA NA NA
OR NA NA NA
BDI-Il (median) NA NA

very significant difference in DLQI between rosacea and rosacea with depression was presented, the score of rosacea with
depression group is significantly higher than that of the rosacea group (P<0.001), also in the rosacea with depression group the
RSSs has presented the higher level compared to rosacea group (P<0.001).

Serum BDNF Levels Analysis

Serum BDNF levels were obtained after ELISA detection and statistical analysis between the groups was performed.
There were significant differences in serum BDNF levels among the healthy control group, rosacea, and rosacea with
depression, especially between the healthy control group and rosacea with depression group (P<0.001), and between
rosacea and rosacea with depression group (P<0.001), similarly, the differences were also found between the healthy
control group and the rosacea group (P<0.01). The serum BDNF levels in patients with rosacea, the rosacea with
depression compared to rosacea without depression, were significantly lower than healthy controls (Figure 1A).
According to the significant difference test of serum BDNF level among different subtypes (ETR and PPR) of rosacea,
there was no statistical significance in either the rosacea group or rosacea with depression group (Figure 1B and C).

Correlation Analysis

Correlation analysis between the serum BDNF levels and RSSs in the rosacea group also between serum BDNF levels
and BDI-II in rosacea with depression group were performed. In rosacea group, the correlation between serum BDNF
levels and RSSs was not found (r=0.03563, P=0.7017), whatever in subtype of ETR (r=0.03157, P=0.7838) or PPR
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Figure | The serum BDNF level in patients with rosacea, rosacea with depression, and healthy controls. (A) The serum BDNF level in patients with rosacea with depression
was significantly decreased compared with both rosacea patients and healthy controls. (B and C) According to the significant difference test of serum BDNF level among
different subtypes (ETR and PPR) of rosacea, there was no statistical significance in either the rosacea group or rosacea with depression group. *P<0.05 ****P<0.0001.
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Figure 2 The correlation analysis between serum BDNF levels and clinical parameters. (A) The correlation between serum BDNF levels and RSSs was not found in patients
with rosacea. (r=0.03563, P=0.7017) (B and C) The correlation between serum BDNF levels and RSSs was not found in patients with rosacea whatever in a subtype of ETR
and PPR. (r=0.03157, P=0.7838; r=0.03721, P=0.8197) (D) The negative correlation between serum BDNF levels and BDI-Il in rosacea with depression group was found.

(r=0.03721, P=0.8197) (Figure 2A—C). In the group of rosacea with depression, the serum BDNF levels and BDI-II
showed a significant negative correlation, the lower the serum BDNF levels, the higher the level of BDI-II was presented
(r=—0.5489, ***P=0.0002) (Figure 2D).

Receiver Operating Characteristic (ROC) Curve Analysis
ROC curve analysis confirmed the decreased serum BDNF levels, which may be a potential predictive biomarker for
identifying and predicting depression in patients with rosacea (AUC = 0.8999, 95% CI: 0.8488-0.9510) (Figure 3).
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Figure 3 Receiver operating characteristic (ROC) curve analysis. ROC curve analysis confirmed the decreased serum BDNF levels, which may be a potential predictive
biomarker for identifying and predicting depression in patients with rosacea (AUC = 0.8999, 95% Cl: 0.8488-0.9510).
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Discussion

In the present study, we included the patients with rosacea and rosacea with depression and aimed to evaluate the serum
BDNEF levels in patients with rosacea and their correlation with clinical parameters. In clinical evaluation, whether DLQI
or RSSs, rosacea with depression group was significantly higher compared to rosacea group. Besides, we found the
serum BDNF levels were lower in patients with rosacea and rosacea with depression compared to healthy controls, also
in the rosacea with depression group, serum BDNF levels were lower than in rosacea patients. Whatever in rosacea or
rosacea with depression group, the statistical significance of serum BDNF levels between the different subtypes like the
ETR and PPR was not found. In further correlation analysis, we found no correlation between serum BDNF and RSSs in
patients with rosacea whatever the subtype of ETR or PPR. Interestingly, we found a negative correlation between serum
BDNF levels and BDI-II in rosacea with depression group, the decreased serum BDNF levels were associated with the
increased BDI-II, also the ROC confirmed it can evaluate the depression in patients with rosacea. In brief, our study
revealed the potential significance and value of rosacea, especially in rosacea with depression.

Rosacea is a common, chronic and inflammatory cutaneous disorder worldwide that almost 5.46% of the adult
population is affected, also the pathogenesis remained unclear and involves the complex interplay of multiple environmental
and endogenous factors, especially the neurovascular and immunologic mechanisms like abnormalities of cutaneous
vasculature and dysregulation of the inflammatory response are involved.'®!'"**?7 In recent years, some treatment options
were widely used, like skincare and cosmetic treatments, topical, oral, light-based also injection therapies.” Although a
variety of treatment options can be considered, unmet clinical needs are still presented, also, the chronic course of rosacea,
leads to a huge psychosocial burden and negative quality of life for patients.° Despite the current diagnostic and
classification criteria and treatment options were proposed, with a further understanding of rosacea, which is considered
associated with several systemic disorders, like a metabolic disease, cardiovascular diseases, gastrointestinal diseases,
tumors, autoimmune diseases, and others.''** 3% Also, the burden of psychiatric comorbidity was highlighted in rosacea
patients, such as anxiety, depression, Parkinson’s and Alzheimer’s disease, and dementia.'*>'~? The psychosocial impact in
patients with rosacea can result in severe and debilitating, but it is underestimated in clinical practice.** The results from a
systematic review and meta-analysis which included a total of 14 studies involving 14,134,021 patients with rosacea were
revealed and indicated that patients with rosacea are at a higher risk of experiencing depression and anxiety, the pooled
prevalence of depression was 19.6% (95% confidence interval [CI] 15.0-24.3%) and that of anxiety was 15.6% (95% CI
11.8-19.3%)."° In China, the high prevalence of comorbidities with anxiety and depression was showed from a 754 rosacea
patients’ study, even higher to 53.9% (95% CI: 50.4-57.4%) and 58.1% (95% CI: 54.7-61.6%) respectively.*> The
mechanism of comorbidity between rosacea and neuropsychiatric diseases is not completely clear, but it may be considered
to be associated with the Gut-Brain-Skin axis at present.*® Up to date, although some biomarkers are used to diagnose
depression and detect its treatment response, the reliable biomarker for rosacea with depression was absent, which is almost
based on subjective evaluation. BDNF, which is a member of the neurotrophin family of closely related proteins that were
first identified as survival factors for sympathetic and sensory neurons, also contributed survival, development, and function
of neurons in both the central and peripheral nervous systems, also contributed to the pathophysiology of major depressive
disorders.*”° BDNF also contributed to the pathophysiology of multiple skin diseases.

To date, no study has evaluated the potential link between serum BDNF levels and rosacea. Interestingly, a previous
study indicated the potential link between serum BDNF levels and patients with acne, the results showed that serum
BDNF levels were lower in consecutive acne vulgaris patients when compared with healthy control as well as a negative
correlation between levels of BDNF and the PHQ-9 scores were found, it considered as serum BDNF levels were
decreased and negatively associated with depressive symptoms in young Chinese adults with acne vulgaris, receiver
operating characteristic also confirmed it.'"® In patients with acne, who are at a high risk to develop chronic stress,
anxiety, and depression, BDNF was considered a good predictor for assessment of chronic stress in acne patients.'”
Similarly, in patients with psoriasis vulgaris, the low level of serum BDNF may increase depression severity and
psoriasis vulgaris severity.'® These findings are consistent with our study results the decreased serum BDNF levels
were associated with depression severity in rosacea patients, we also found that serum BDNF levels were not associated
with the subtype and severity of rosacea, although the mechanism is not completely clear, it may be related to chronic
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stress. The reduced serum BDNF levels might be used as an early risk evaluation marker for patients with major
depression.*’ Interestingly, the serum BDNF levels are lower in skin diseases with depression than depression, but the
mechanism is still not completely clear. Our study also has several limitations, the rosacea patients with anxiety and PhR,
OR subtype were not included, further large sample clinical study is still needed in the future, and only evaluated BDNF
that one of members of neurotrophic family in present study, we still need to enrich the potential significance of other
neurotrophic family members. In short, serum BDNF level is a potential biomarker for identifying depression in patients
with rosacea.

Conclusion

Our study data suggested and enriched the evidence of BDNF contributed to the pathogenesis of rosacea, BDNF as one
of neurotrophic members may mediate the pathophysiological process of the psychiatric disorder’s comorbidity of
rosacea, serum BDNF level is a potential biomarker for identifying depression in patients with rosacea.
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