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Purpose: Primary Sjogren’s syndrome (pSS), a disease that is associated with a high prevalence of psychological disorders, has
become increasingly important. Interactions between the gut microbiota and ocular conditions have been identified in pSS. As mental
intervention is frequently needed, this study aims to investigate the relationship between anxiety disorders and the gut microbiome in
patients with pSS-mediated dry eye.

Methods: Demographics and self-administered questionnaires were obtained. Faecal samples were evaluated using 16S ribosomal
RNA gene sequencing.

Results: The Hospital Anxiety and Depression Scale (HADS-A) cut-off point of > 8 points showed a sensitivity and specificity of
76.5% and 80.0%, respectively. In all participants, we found that the prevalence of anxiety disorder was 30.4%. Dry eye discomfort
could promote an anxious state, and conversely, anxiety could threaten tear film and increase the risk of pSS activity. There was
a certain correlation between anxiety disorder and gut dysbiosis. Prevotella was associated with dry eye severity (p <0.001).
Bacteroidetes (p =0.046) and Odoribacter (p =0.001) were correlated with pSS activity.

Conclusion: There is a bidirectional relationship between anxiety disorder and the gut microbiota in pSS-mediated dry eye.
Alterations in certain classes of gut microbiota are associated with pSS activity and dry eye severity. Main gut microbiota alterations
that have a facilitating impact on anxiety are emerging in pSS-mediated dry eye. Future studies are needed to explore specific
therapeutic targets for improving mental health in pSS-mediated dry eye by microbiota intervention.
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Introduction

Primary Sjdgren’s syndrome (pSS) is a common systemic chronic autoimmune disease with a high prevalence of
approximately 0.5-4% of the population.! More than 6 million patients have been diagnosed in China.' It is characterized
by lymphocytic infiltrates associated with exocrine hypofunction and sicca symptoms.” Among these symptoms, oral and
ocular dryness are the most frequent complaints resulting from affection of the salivary gland and lacrimal gland.
Approximately 25% of pSS individuals suffer severe systemic manifestations that may affect quality of life, including
both physical and psychological aspects, and even have some social effects. Compared with patients with simple
environmental dry eye, it is more difficult to provide management options for patients with pSS combined with dry
eye.” Although current treatment methods have improved ocular discomfort and visual impairment in pSS-related dry
eye, disease-related risk factors remain difficult to manage.

An increased incidence of psychiatric disorders has been observed in individuals with pSS compared with the healthy
population.*> Anxiety is a very common distress symptom in pSS patients and may lead to continuous fatigue, loss of
physical function, and excess health costs.™® The pSS patients with mental distress have the possibility of cognitive
dysfunction, which may be an important reason for their work disability and decreased quality of life. Therefore, more
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attention should be given to psychological disorders, and anxiety may be an effective intervention target to improve the
subjective health and quality of life of pSS patients.

Alterations in the composition of the gut microbiome play a significant role in human autoimmune diseases. In
a homeostatic state, human commensal microbe communities increase the stability of the host in a plethora of biological
processes. Recently, interactions between gut microbiota and ocular mucosal immunity have been identified in a variety
of ocular diseases, including pSS.” Advances in the microbiome have the potential to fill the management gap in pSS. In
addition, studies have revealed that gut dysbiosis may have important functions in disease manifestation, severity, and
therapeutic responsiveness. In both the pSS mouse model and pSS patients, alterations in the gut microbiota led to the
deterioration of ocular mucosal diseases, in which the relative abundance of commensal microbes is decreased, while that
of pathobionts is increased.®

Although the understanding of autoimmune diseases has been improving, the relationship between gut microbiota and
mental distress in pSS patients with dry eye is still poorly understood. We hypothesized that the gut microbiota
composition plays a crucial role in pSS and mental health regulation. The purpose of this study was to investigate the
interactions between anxiety behaviour, gut microbiota and pSS-induced dry eye. Furthermore, by assessing the
differences in gut microbiota composition, we hope to uncover possible treatments that improve mental health via
microbiotic approaches in autoimmune-mediated dry eye individuals.

Materials and Methods

Eligibility

This study was conducted in the Ophthalmology Department of the First Affiliated Hospital of Chongqing Medical
University. From Jan 2019 to Jan 2022, we enrolled 56 pSS individuals with dry eye. All patients were diagnosed
according to the 2016 American College of Rheumatology/European League Against Rheumatism (ACR/EULAR)
criteria.” Patients with secondary Sjogren’s syndrome were excluded. The diagnosis of dry eye symptoms in pSS
participants was made by the same academic ophthalmology clinician (Mei Xu) based on a combination of dry eye
symptoms, signs, and clinical examination according to the updated diagnostic guidelines.” These patients underwent
follow-up medical management in the same hospital. The pSS participants with dry eye were divided into two groups
based on HADS-A scores. The first group was composed of participants with HADS-A scores of 0—7 (normal).
The second group consisted of subjects with a HADS-A score of 8-21 (presence of the anxious state). None of the
patients had undergone abdominal surgery with bowel resection. Any patient who had received antibiotics within 1 week
prior to faecal sampling was not selected. All subjects were of Han nationality from southwestern provinces of China.
The age for inclusion was over 18 years old.

Clinical Information

Medical records of pSS patients were reviewed by trained and certified clinicians to collect relevant information. The
basic clinical features of all participants were recorded, including sex, age, body mass index (BMI), education duration,
smoking status, periodic exercise, sleep time, family history, pSS duration, other systemic diseases, ophthalmology
intervention and laboratory tests. Laboratory tests included IgG levels, anti-SSA (anti—Sjogren’s-syndrome-related
antigen A) antibodies, anti SSB (anti—Sjogren’s-syndrome-related antigen B) antibodies, antinuclear antibodies (ANA),
rheumatoid factor (RF), and complement levels (complement component 3 and 4, C3 and C4). All laboratory analyses
were performed in the Clinical Laboratory Department in our hospital.

The questionnaires were explained to each eligible subject by a trained clinician. All participants completed self-
administered questionnaires without any interaction with clinicians. Questionnaires included the European League
Against Rheumatism Sjdgren’s Syndrome Disease Activity Index (ESSDAI),'® European League Against Rheumatism
Sjogren’s Syndrome Patient Reported Index (ESSPRI),'' the State Anxiety subscale of the State-Trait Anxiety
Inventory,'? the HADS,'? and the Ocular Surface Disease Index (OSDI).'"* The State-Trait Anxiety Inventory (STAI)
was used to screen anxious states across 40 items and attitudes related to trait anxiety and state anxiety. Since the State-
subscale (STAI-S) registered state anxiety rather than general anxiety disorder, it was used as the gold standard for the
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HADS-A. The cut-off value of STAI-S diagnostic anxiety was set to be 1.5 standard deviations greater than the
normative sample. Validation in Chinese patients was performed in 2012."> The OSDI subscale scores can be categorized

according to the guidelines.'®

Dry Eye Analysis
Tear break-up time (TBUT) was a clinical test for tear film. In testing for TBUT, a fluorescein paper strip was used for
corneal staining. The participants were asked not to blink until tiny dry spots developed under the slit lamp. The shorter it
takes, the less stable the tear film. A TBUT less than 10 seconds was considered abnormal. A TBUT of 5-10 seconds was
regarded as borderline dry eye. A TBUT of less than 5 seconds was thought to indicate a high possibility of dry eye.
The Schirmer test was used to measure aqueous tear production. Sterile paper strips were applied to the inferior-
temporal aspect of the conjunctival sac of both eyes. The wetted millimetres were measured at 5 minutes. A Schirmer's
test score less than 5 mm without any topical anaesthesia was considered abnormal.

Intestinal Microbiota Evaluation

Faecal samples were collected from all individuals. Standardized methods for collection, preservation, sequencing, and
taxonomic assignment were performed in these patients. Participants were provided faecal sample kits for home
collection and stored in a freezer. A team of two research assistants collected faecal samples from each participant
and stored them at —80 °C. DNA isolation of faecal samples was performed using the AllPrep DNA/RNA Mini Kit
(Qiagen, Venlo, the Netherlands).

Polymerase chain reaction (PCR) was performed using extracted DNA and bacterial PCR primers. The bacterial PCR
primers 515F (5-GTGCCAGCMGCCGCGGTAA-3") and 806R (5-GGACTACHVGGGTWTCTAAT-3") contained
targeted v4 variable regions of the 16S rRNA gene (Illumina, San Diego, CA)." Gel electrophoresis was used to quantify
each sample (Bio-Rad, Hervules, CA, USA). Products were purified and evaluated by a 2100 Bioanalyzer (Agilent, Santa
Clara, CA) and then sequenced by a MiSeq system (Illumina, San Diego, CA). Clustering of the sequences with custom
primers on the MiSeq instrument was performed (Illumina, San Diego, CA). The EzBioCloud database was used for
taxonomic classification after a chimaera check.'”

Statistical Analyses

All statistical analyses were performed using SPSS software version 25.0 (SPSS Inc., Chicago, IL, USA). A receiver
operator characteristic (ROC) curve was generated to determine the optimal threshold scores. The cut-off for anxiety
diagnosis in this study was set as >8 points. The ability of the HADS-A was evaluated according to ROC curves. For
demographics and characteristics comparison among groups, quantitative variables were expressed as the means + SDs,
while the number of each category was also calculated. A logistic regression model was used to estimate the potential
risk of anxiety in pSS subjects with dry eye symptoms. For comparison analysis of the gut microbiome among groups,
the Wilcoxon rank-sum test was performed. Alpha diversity and beta diversity were calculated by Quantitative Insights
Into Microbial Ecology 2.0 (QIIME).'® All p values < 0.05 were considered statistically significant.

Results

Demographics and Characteristics of Anxiety and Nonanxiety Patients with
pSS-Mediated Dry Eye

A total of 56 pSS-mediated dry eye patients were enrolled in the current study. The area under the curve was higher than
0.7 (0.6-0.8) for the HADS-A scale (95% CI 0.56-0.90). The HADS-A cut-off point of > 8 points showed a sensitivity
and a specificity of 76.5% and 80.0%, respectively.

The demographics and clinical characteristics of the subjects were summarized considering that the HADS-A cut-off was
> 8 points (Table 1). In these participants, the prevalence of anxiety disorder was 30.4%. The mean age of these individuals
was 55.344.2 years old. More females were observed than males, and the ratio of females/males was 13:1 in all subjects.
Compared with the nonanxiety group, the anxiety group was characterized by a significantly lower education level (» =0.014),
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Table | Clinical Demographics and Characteristics

Demographics Overall Non-Anxiety | Anxiety Disorder p value
Participants, n 56 39 17
Age, years, mean + SD 55.3+4.2 54.4+4.5 56.7+4.3 0.075%
Gender, n (%)
Male 4 3 | 0.809°
Female 52 36 16
BMI, mean = SD 22.7%1.5 23.01.2 22.6+2.0 0.181°
Education, years, mean + SD 82124 8.5+2.3 7.8+2.4 0.014°
Smoking, n (%)
Current 9 5 4 0.575°
Prior | | 0
Never 42 29 13
Periodic exercise, mean = SD 1.7£0.9 1.7£1.0 1.5£1.0 0.585%
Sleep time, mean + SD 6.610.7 6.6+0.7 6.5+0.7 0.818*
Family history, n (%) 5 2 3 0.131°
Disease duration, years, mean + SD 8.5+45 8.1+4.8 8.8+2.6 0.017%
Other systemic disease, n (%) I 6 5 0.224°
Ophthalmic medical survey
Contact lens 27 18 9 0.602°
Ophthalmic surgery 2 | I 0.538°
ESSDAI score 7.2%2.1 6.7x1.8 8.0+2.2 0.022°
ESSPRI score 6.5£1.0 6.4x1.0 6.8+1.0 0.176°
OSDI score category
0-12 0 0 0 0.032°
13-22 13 10 3
23-32 21 18 3
33-100 22 I I
Anxious state (STAI-S)
Non-case 50 39 I <0.001°
Case 6 0 6
Laboratory test
RF positive 28 20 8 0.512°
C3 1.05+0.1 1.03£0.1 1.050.1 0.605°
C4 0.16+0.03 0.16+0.02 0.17+0.03 0.082°
1gG 13.8+2.1 13.8+2.5 13.9+1.8 0.789°
ANA positive 41 29 12 0.77°
Anti-SSA positive 42 30 12 0.615°
Anti-SSB positive 25 18 7 0.17°

Notes: *mann-Whitney U-test. °Chi-square test.

longer pSS duration (p =0.017), higher ESSDAI score (p =0.022), and higher OSDI score category (p =0.032). No statistical
significance was observed in age, gender, BMI, smoking status, periodic exercise, sleep time, family history, other systemic
disease, ophthalmic medical survey, ESSPRI score, and laboratory test between the two groups.

Anxiety Behaviour Was Associated with pSS Activity and Ocular Surface Severity

Dry eye severity was evaluated among groups. The anxiety group showed significantly higher OSDI scores (p < 0.001,
Figure 1A), lower basal and reflex tear secretion (p < 0.001, Figure 1B) and shorter TBUT (p < 0.001, Figure 1C) than the
nonanxiety group. Potential risk factors for anxiety are shown in Table 2. A shorter education duration (OR, 7.781; 95% CI,
1.096-55.23; p =0.04) was significantly correlated with an anxious state. Participants with a pSS duration of <8 years (OR,
0.028; 95% CI, 0.003-0.31; p =0.004) or ESSDAI score <7 units (OR, 0.081; 95% CI, 0.011-0.614; p =0.015) had a lower
incidence of anxiety. No statistically significant effect was observed for other potential risk factors.
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Figure | Dry eye indices in non-anxiety and anxiety groups.
Notes: (A) OSDI score, (B) tear break up time and (C) Schirmer test were performed among groups. **p <0.001. Analysis of variance.
Abbreviation: OSDI, Ocular Surface Disease Index.

Gut Microbial Landscape in pSS-Mediated Dry Eye Patients With/Without Anxiety
Profiles of the relative gut microbiome composition at the phylum and genus levels were similar between the nonanxiety and
anxiety groups. The Chaol richness index and Shannon diversity index analysis showed no significant difference (p >0.05,
Figure 2). No specific anxiety disorder pattern was observed in gut samples from all participants by principal coordinate
analysis (PCoA). The gut microbiota composition profiles at the phylum and genus levels showed disease-specific patterns
(Figure 3A and B). Firmicutes was the major phylum in the gut samples of pSS subjects with dry eye, composing between
42.4-72.1% of all phyla (Figure 3C). Bacteroides and Faecalibacterium were the dominant genera in all subjects (Figure 3D).
A lower Firmicute/Bacteroidetes (F/B) ratio was observed in anxious participants (p =0.027, Figure 3E). The anxiety group
had a significant expansion of Bacteroides (p =0.011) and a depletion of Actinobacteria (p =0.001) compared with the
nonanxiety group (Figure 3F and G). The relative abundances of Bifidobacterium (p =0.002) and Odoribacter (p <0.001)
were elevated in the anxiety state (Figure 3H and I). However, the abundance of the genus Prevotella (p =0.001) was
significantly less enriched in the anxiety group than in the nonanxiety group (Figure 3J).

The Relationship Between Anxiety and Gut Microbiota in pSS-Mediated Dry Eye
Patients

Further univariate linear regression analysis revealed that eye indices in pSS patients were significantly correlated with
the gut microbiota. ESSDAI scores were positively correlated with the phylum Bacteroidetes (p =0.046) and negatively
correlated with the genus Odoribacter (p =0.001, Figure 4A). The OSDI score category was positively correlated with the

Table 2 Multivariate Logistic Regression of Risk Factors for pSS
Dry Eye Patients with Anxiety Disorder

Anxious State
OR 95% CI p value
Education
<7 years 7.781 1.096-55.23 0.04
>7 years | -
Disease duration
<8 years 0.028 0.003-0.31 0.004
28 years | -
ESSDAI score
<7 0.081 0.011-0.614 0.015
27 | -
OSDI score category
13-22 0.243 0.037-1.592 0.103
23-32 0.116 0.013-1.017
33-100 | -
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Figure 2 Species richness (A) and Shannon diversity analysis (B) between non-anxiety and anxiety groups.

genus Prevotella (p <0.001) (Figure 4B). The phylum Actinobacteria and genus Bifidobacterium were not significantly
correlated with scores on the ESSDAI or OSDI (Figure 4).

Discussion

The alterations in the composition of the gut microbiome show the possibility of a functional role in human autoimmune
diseases. In this study, negative emotional states were commonly found in pSS patients with dry eye. Despite growing
public concern regarding potential therapeutic options for the gut microbiome from the clinic to the laboratory, less
information is available on the correlation between gut dysbiosis and mental distress in pSS-mediated dry eye
individuals. We summarize the potential risk factors in pSS-mediated dry eye patients with anxiety. Then, we describe
the alterations in gut microbiota components in pSS-induced dry eye participants with anxiety. Finally, we analysed the
interactions between anxiety disorder and the gut microbiota.

First, the HADS-A can be used as an emotional state screening tool for identifying the presence of anxiety disorder. The
sensitivity and specificity of the HADS-A subscale are similar to values published by Hall et al and Kugaya et al'®** An optimal
threshold for determining cases and noncases by the HADS-A is necessary. However, no agreement existed in previous studies.
According to the clinical results, the HADS-A cut-off point of > 8 points was similar to that of Abiodum et al and Razavi et al*'**
The HADS-A is a sensitive instrument with good consistency and reliability for screening anxiety in pSS patients with dry eye.

Chronic discomfort and pain caused by pSS may have negative impacts on the health of patients, including cognitive
processes, psychological health, and overall quality of life.”* Patients with overlapping ocular surface discomfort or
psychiatric diseases have more frequent chronic pain complaints and report more severe symptoms.”**> Dry eye
condition is the main symptom of ocular surface discomfort and an important cause of visual disturbance that affects
the physical, social, and psychological functions, daily activities and work efficiency of patients.*®>*

Psychological disorders are more likely to be associated with sicca symptoms but not with sicca sighs, indicating that
somatization increases the perception of ocular discomfort induced by dry eye in these individuals.?**° Galor et al reported
that patients in an anxious state are more likely to be affected by central sensitization, which causes frequent complaints of
ocular surface discomfort.*! The relationship between mental distress and dry eye condition is a two-way street. Dry eye
discomfort can promote mental distress, and conversely, anti-anxiolytic and antidepressant medications for mental disorders
can damage tear film status and increase the risk of dry eye symptoms through anti-cholinergic mechanisms.>*** The new anti-
anxiolytic, selective serotonin reuptake inhibitors (SSRIs) have no anticholinergic adverse effects. Patients who use SSRIs still
have been shown to have an increased risk of dry eye syndrome, independent of the duration of SSRI dosage.** This
association may contribute to the high prevalence of anxiety in pSS patients with dry eye. Cui et al revealed that the prevalence
of anxiety in Chinese pSS patients was 33.8% in 2018.% We found a similar pattern of anxiety disorder in pSS-mediated dry
eye patients. It is not practical to screen all these patients for anxiety, but focusing on individuals with these risk factors may be
under an anxious state. This is of clinical importance because ophthalmology, rheumatology, and psychology clinicians need
to be more aware of early mental care for pSS dry eye patients with potential risks, including lower education level, longer pSS
disease duration, and higher ESSDAI and OSDI scores. Studies with longer follow-up are warranted to further understand the
currently reported associations with pSS-mediated dry eye.
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Figure 3 Distribution of gut microbiome composition of pSS patients with dry eye symptoms.
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subjects with non-anxiety group compared to anxiety disorder group using major species with a relative abundance >1% in fecal samples. (E) There was a difference in
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Odoribacter and Prevotella between the two groups. *p <0.05, **p <0.001, Wilcoxon test.
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Many recent studies have described that the gut microbiota influences many aspects of human health, including
autoimmune and psychological diseases, in all stages of life.>*” The alteration of gut microbiota components contributes

to human mood and behaviour disorders, including anxiety and stress, indicating a bidirectional relationship between gut
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microbiota and mental health. The mechanisms, including the gut microbiome generating short-chain fatty acids,
tryptophan catabolites, and microbiota intervention, are associated with mediating the gut microbiota to mental health.*®

Recent studies have reported that anxiety patients show a certain profile of gut microbiota alterations. Differences in the
two major phyla, Bacteroidetes and Firmicutes and Actinobacteria, were reported.'’**° Anxiety in pSS-mediated dry eye
can induce an imbalance in microbial diversity and richness, which decreases Bacteroidetes and increases Firmicutes and
Actinobacteria. The important effect of Bacteroidetes on gut dysbiosis through T-helper 1 (Th1)-induced immune responses
confirmed that stronger immune responses were present in anxious participants. This imbalance changes the immunological
response. Additionally, the Actinobacteria phylum is a commensal gut bacterium enriched in healthy subjects that presents
beneficial functions in intestinal health by mediating bile acid and pathogen virulence.*' However, the results are not
consistent with a previous study. Zheng et al showed similar changes in Bacteroidetes phyla and Actinobacteria phyla, but
no alteration was found in Firmicutes phyla.** These conflicting findings may be explained by the lack of control of diet for
these participants before collecting the faecal sample. Since diet quality and patterns have an important impact on the
components of the gut microbiota, they may contribute to the lack of consistency among these studies.

Since region of residence and ethnic background can influence the results of gut microbiota analysis, the cases
included in this study were selected from similar geographic areas, and all were in the Chinese Han population.
A specific proportion of differences in gut bacterial composition were observed among the subjects, which may be
related to a strong female predisposition. However, the gut microbiota component varies among individuals. Certain
autoimmune diseases have been associated with specific patterns of gut microbiota. Additionally, biologic variations are
more important than possible factors, including geography, ethnicity, sex, age, technology, diet or medication
differences.** The above biological factors showed characteristic alterations in gut bacterial composition among the
pSS group and the population control group. Thus, pSS activity and ocular surface severity are considered to be the main
biological factors contributing to alterations in the gut microbiota.

As approaches to treat phenotypes of autoimmune diseases, diet modification, probiotics, prebiotics and faecal
microbial transplantation (FMT) are currently explored strategies to restore a healthy gut microbiome. Animal studies
showed that mice on a high-fat diet presented severe dry eye, increased inflammation and decreased lacrimal gland
function.** Multivariate analysis showed that vegetable and fish consumption decreased the odds of having Sjogren’s
syndrome.*> Western-style diets and decreased prebiotic consumption have been associated with an increasing incidence
of anxiety and stress.*® FMT has been used as a therapy for improving dry eye symptoms in autoimmune diseases.*’
With FMT being successful in a number of autoimmune diseases, gut microbiome alteration by FMT has opened up more
possibilities in various diseases. Studies have found that FMT can transfer behavioural phenotypes, including anxiety.
More information is needed on how diet affects the gut microbiota in autoimmune diseases.

Among the Actinobacteria phylum, the relative composition of Bifidobacterium is reduced in chronic inflammatory
states.*® This trend is also observed in anxious pSS-induced dry eye patients. Fructooligosaccharides and galactooligo-
saccharides are commonly studied prebiotics that show increased richness in Bifidobacterium. Bifidobacterium can
generate B vitamins, antioxidants, polyphenols and immunoglobulins to promote immune system function.****>°
Moreover, Bifidobacterium produces lactate and acetate, which can be utilized by butyrate-producing gut bacteria to
produce butyrate. This phenomenon is a cross-feeding interaction between Bifidobacterium and other gut bacteria that
has a butyrogenic effect. This effect contributes to maintaining intestinal barrier by regulating immunomodulation and
anti-inflammation, providing health benefits to the host.”'*% Although Bifidobacterium is typically a small proportion of
the human gut microbial community, it has been reported to be correlated with mental health improvement. A probiotic
strain may influence mood and behaviour by regulating the central nervous system and immune system. Furthermore,
prebiotics have been presented as a way to reduce anxiety and depressive behaviour by changing general hypothalamic
neuronal activity and inducing brain-derived neurotrophic factor expression.*® A double-masked study revealed that
probiotic supplementation significantly improved RA activity and decreased the concentrations of inflammatory
markers.> It is increasingly recognized that diet modification has an important role in health by affecting gut microbiome
composition. There is probably a correlation between specific diets and the severity of autoimmune disease.

Reduced levels of the genus Odoribacter are observed in pSS-mediated dry eye patients under anxiety disorders,
which is consistent with patients with SLE.>* Notably, levels of the genus Prevotella, which has an important function in
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the pathogenesis of RA, were typically higher in anxious cases than in controls. Elevated levels of Prevotella may be
involved in pSS-mediated inflammatory pathogenesis, which has a negative effect on mental health. This finding is
consistent with a previous study in the Korean population'” but differs from cases in the American population.® A high-
fibre diet has a favourable effect on human health and is strongly related to higher richness of the Prevotella genus in the
gut microbiota.”> Koreans and Chinese people have similar dietary habits. More vegetable diets in Koreans and Chinese
than American may explain the different composition proportions of the genus Prevotella in these different geographic
populations. The most appropriate dietary intervention to assess mental distress in pSS-associated dry eye patients from
a prognostic perspective is unknown. Further prospective studies on gut microbiota in pSS patients with dry eye under
mental disorders should be conducted to provide effective clinical interventions.

The present study has several limitations. The small number of cases in the participants. The numbers of patients in
the anxiety group and nonanxiety group were not equal. Antidepressant management was not controlled. The results of
gut microbiota component analysis may not be perfectly reflected in the anxiety and nonanxiety groups. Some patients
were under pressure or stress before receiving psychological diagnosis. This led to the possibility that the level of anxious
state of the participants was overestimated at the time of recruitment. The ESSDAI, ESSPRI and OSDI are used to reflect
current pSS activity and dry eye severity. Participants were not required to complete lacrimal gland biopsy to confirm the
activity or chronicity of pSS.

Differences in gut microbiota composition have been investigated in pSS-mediated dry eye patients with anxiety
behaviour compared with those without anxiety behaviour. Mental distress contributes to more severe gut dysbiosis in
pSS-related dry eye patients. The alteration of certain gut microbiota components has been found to be associated with
psychiatric disorders. However, discrepancies were presented in studies regarding alpha diversity and microbiota
compositional differences. Dietary supplements can prevent or restore symptoms and signs of anxiety behaviour and
pSS-mediated dry eye severity. Intervention in the gut microbiota may be a potential approach to have health benefits for
the host. While these results are promising, whether these findings will translate into improving the behaviour of mental
disorders or the phenotype of pSS-mediated dry eye is unclear. Further large studies across diverse populations on
microbiota in autoimmune disease are needed. Gut microbiota modulation may be a potential therapy for pSS-mediated
dry eye patients with anxiety behaviour.

Conclusions

Taken together, this study described the complex interactions between anxiety behaviour, gut microbiota, and pSS-
mediated dry eye disease. Mental health is important for immune system function and ocular surface stability to promote
the behaviour and phenotype of pSS-mediated dry eye. Gut dysbiosis may act as a pathogenic factor involved in the
mood and behaviour of autoimmune diseases. Psychometric tests may provide relevant information for helping to predict
pSS activity and ocular surface conditions in individuals. Alterations in specific profiles of the gut microbiota in pSS-
mediated dry eye patients with anxiety behaviour were found. Clinicians need to have increased awareness of mental
disorders when managing pSS-mediated dry eye patients. Early identification and intervention of gut dysbiosis may
partially restore the adverse effects of pSS-mediated dry eye. Appropriate gut microbiota intervention may have
beneficial effects on mitigating symptoms and signs of pSS-mediated dry eye under mental distress. However, the
mechanism of the gut microbiota in pSS dry eye patients with anxiety disorder is less well understood. Future studies are
important to identify the biological roles of the optimal microbiota composition in various populations.

Ethics Approval and Informed Consent

The study was approved by the ethics committee of the First Affiliated Hospital of Chongqing Medical University and
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study voluntarily. We have obtained informed consents from all the study participants prior to study commencement.
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