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Objective: Investigate the anxiety and depression states among dry eye (DE)

patients during the COVID-19 outbreak and analyze their influence factors.

Methods: The study was conducted in a tertiary eye hospital in Tianjin,

China from March–April 2021. Four hundred twenty-eight DE patients were

tested with the Ocular Surface Disease Index, Short Healthy Anxiety Inventory,

Hospital Anxiety and Depression Scale, and Pittsburgh Sleep Quality Index.

Descriptive statistics was used to assess the di�erence between DE with

depression or anxiety among di�erent groups. And multiple linear regression

was used to explore factors that influence anxiety and depression in

DE patients.

Results: The incidence rates of anxiety and depression among DE patients

during COVID-19 were 27.34 and 26.87%, respectively. The proportion with

comorbid anxiety and depression was 24.30%. Patients’ education level

(t = −3.001, P < 0.05; t = −3.631, P < 0.05), course of disease (t = 2.341,

P < 0.05; t = 2.444, P < 0.05), health anxiety (t = 3.015, P < 0.05; t = 2.731,

P < 0.05), and subjective sleep quality (t = 3.610, P < 0.05; t = 4.203, P < 0.05)

had certain influences on anxiety and depression.

Conclusion: The results showed that subjective symptoms of DE patients were

related to depression and anxiety. Higher education, shorter disease duration,

lower health anxiety levels, and better subjective sleep quality were associated

with the reduced depressive and anxiety symptoms in DE patients. These

findings could be deemed beneficial to the treatment and prevention of DE

during the COVID-19 epidemic.
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Introduction

At the end of 2019, the novel coronavirus disease (COVID-

19) pandemic started in Wuhan, China. COVID-19 is caused

by Severe Acute Respiratory Syndrome (SARS) Coronavirus-2

(CoV-2), characterized by strong infectivity, a long incubation

period, and a high fatality rate (1). The outbreak has also

caused psychological distress, fear, and had an impact on the

coping strategies of community members (2). Moreover, the

incidence of depressive, anxiety, and comorbid depression and

anxiety symptoms increased significantly during the pandemic,

and these negative psychological outcomes may reduce quality

of life (3–5). Still, with much about COVID-19 still unknown,

healthcare professionals were forced to quickly adapt and learn

to mitigate the rapidly rising infection and mortality rates

(6). The most effective public health measure to manage the

COVID-19 pandemic currently available remains the stay-at-

home quarantine (7).

During the quarantine, the increase in work from home

and online classes has led to a higher use of visual display

terminals (VDTs). Blink intervals during prolonged staring

and excessive tear evaporation from electronic screens are

significant causes of dry eye (DE) (8). DE is a multifactorial

ocular surface disease characterized by an imbalance in tear film

homeostasis and associated symptoms, such as ocular surface

inflammation, damage, and neurosensory abnormalities (9). Its

prevalence ranges from 5–50% (10). The symptoms such as pain,

dryness, itching, redness, foreign body sensation, and sensitivity

can significantly affect an individual’s ability to perform daily

tasks, thereby affecting productivity (11, 12). In addition, the

economic burden of DE-related productivity loss is becoming

more apparent, with research showing that the symptoms of

DE cost an estimated $11,302 per person, as well as that the
indirect costs account for the largest proportion of these total
costs (13).

Simultaneously, numerous studies have found a significantly
increased prevalence of depression and anxiety in DE patients

(14). Research by van der Vaart et al. (15) revealed an association

between DE, depression, and anxiety in more than 40,000

outpatients over the age of 18. Lendrem et al. (16) assessed the

mental status of 639 patients with Sjögren’s syndrome, finding

that patients with anxiety or depressive symptoms accounted

for 49.4% of the observed population. Further, Ayaki et al. (17)

surveyed 730 people using the Hospital Anxiety and Depression

Scale (HADS) and showed that DE patients scored significantly

higher than non-DE patients.

In addition, studies have shown that the subjective

symptoms of DE patients do not match the severity of objective

examination of their ocular surface during clinical treatment

(11, 18), nevertheless further findings on this issue remain

to be validated. Regarding anxiety and depression in DE

patients, the current study describes them as being mainly

related to the following factors: sleep disorders, foreign body

sensation, long-term chronic pain, decreased visual quality,

and various eye discomforts (19). Additionally, social factors

and medical expenses can cause anxiety and depression in DE

patients (20). Fortunately, as the medical model transitions from

biomedical to biopsychosocial, ophthalmologists have recently

started paying increased attention to the psychological status of

DE patients (21).

The sleep characteristics in DE patients include poor

subjective sleep quality, short sleep duration, and prolonged

sleep latency (22). The severity of DE symptomswas significantly

associated with clinical insomnia (23). Sleep disturbance may

cause ocular surface hyperosmolarity to induce an inflammatory

response that further damages the tear film, reducing its stability

and increasing with tear evaporation, ultimately leading to DE

(24, 25). Simultaneously, ocular discomfort and chronic pain

from DE can also aggravate sleep disturbance in DE patients

(17), and even cause or exacerbate symptoms of mood disorders

in patients (26). Negative emotions can further enhance the

body’s perception of pain and stimulation. This may be due

to the psychological modulation of pain perception involving

effects on mood and hypnosis (27).

Health anxiety is an exaggerated level of concern about

wellness caused by an individual’s misinterpretation of

somatosensory feelings or physical changes (28). This anxiety

distorts the patient’s cognition and assessment of their physical

condition, resulting in depression, anxiety, other psychological

problems, functional impairment, and iatrogenic injury (29).

Since the concept of health anxiety was proposed, research

on the topic has focused on the neurology, cardiovascular,

and endocrinology fields, on samples of middle-aged and

older people, and on factors related to their concerns (30, 31).

However, few studies (32) have been done on chronic

ophthalmic diseases, such as DE (33). Research on health

anxiety among DE patients could improve the societal and

familial awareness of their psychological condition.

Many recent studies (34–36) have investigated anxiety

and depression in DE patients. However, knowledge remains

lacking on the influencing factors of these two psychological

variables among DE patients. This study aimed to determine

the prevalence of Anxiety and Depression and the risk and

protective factors that contribute to psychological problems

among DE patients. Our findings may help government agencies

and ophthalmologists protect the mental health of DE patients

against the backdrop of the spread of COVID-19 in China

and worldwide.

Materials and methods

This cross-sectional study was conducted in a tertiary eye

hospital in Tianjin, China from March–April 2021. Our pre-

study showed that sleep was related to anxiety and depression,

the linear regression coefficients (37) were ∼0.9 and 2.5, and
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the standard deviations of sleep, anxiety and depression were

0.8, 4.5, and 4.2, respectively. Assuming that the type I error

α of the hypothesis test is 0.05, the type II error β is 0.1, and

the sample size is calculated as nanxiety = 402, ndepression = 38,

taking the larger value, the sample size is n = 402. Finally,

431 DE patients were enrolled by random sampling. All the

patients were treated in the hospital’s clinic and were diagnosed

by professional ophthalmologists. The inclusion criteria were as

follows: (1) diagnosed with DE; (2) 18 years or older, signing

the informed consent forms, and voluntarily participating in

this study; and (3) clear state of consciousness, thus being able

to understand and complete the questionnaire independently.

The exclusion criteria were as follows: (1) active disease of

the anterior segment; (2) ocular chemical or thermal burns

and ocular trauma; (3) a history of eye surgery in the past

3 months; (4) severe mental illness in the past 12 months

(38): Schizophrenia (SZ), Bipolar Disorder (BD) and Major

Depressive Disorder (MDD), obtained through collecting the

psychiatric/past history of patients; (5) a history of organic brain

disease, alcohol, or drug dependence; (6) if female, pregnant

or lactating; and (7) other severe illnesses or conditions (e.g.,

unable to respond to the questionnaire, unable to take care

of self, or severely illiterate). The study followed the tenets of

the Declaration of Helsinki (39). This survey was reviewed and

approved by the Medical Ethics Committee of Tianjin Medical

University Eye Hospital [2020KY(L)-53]. Participants provided

written informed consent to participate in this study and were

able to withdraw from the study at any stage during the process.

The data was desensitized and cannot be linked back to identify

any participants.

Measures

Evaluation of DE

We performed clinical DE tests using first non-invasive tear

film break-up time (F-NITBUT) and the Ocular Surface Disease

Index (OSDI) scale according to the guidelines recommended

by TFOS DEWS II (9). The OSDI scale comprises three

questions: ocular symptoms, visual-related functional effects,

and environmental triggers. Scores for this scale are divided into

three levels based on symptom severity and frequency: with or

without (0–12), mild (13–22), moderate (23–32), and severe DE

(33–100). The scale is widely used in the clinical evaluation of

DE and has good sensitivity and specificity (40).

Tests were performed using the Keratograph 5M to assess

objective indicators of DE. The examination was done by

the same physician. All patients were examined in the same

examination room, in a dark room environment, and with

consistent temperature and humidity (41). The abnormal F-

NITBUT was defined as <10 s, the abnormal score for OSDI

was defined as≥13, and subjects meeting these two criteria were

considered as DE patients (42).

Assessment of health anxiety

The Short Healthy Anxiety Inventory (SHAI) was developed

by Salkovskis and is widely used to measure the level of

health anxiety (43). The scale comprises 18 items related

to the likelihood of disease (Illness Likelihood, IL) and the

negative outcome of disease (Negative Consequences, NC).

Each item features four declarative sentences representing

different degrees and is responded on a scale ranging from

0–3 (0, low; 1, mild; 2, moderate; and 3, severe). The total

score ranges from 0–54, with higher scores indicating higher

anxiety levels. The threshold score for the screening of health

anxiety based on the Chinese version of the SHAI is 15

points (44). The Cronbach’s alpha for the scale in this study

was 0.61.

Assessment of anxiety and depression

Zigmond and Snaith (45) created the HADS in 1983. It

is mainly used to screen anxiety and depression in general

hospital patients. The scale comprises 14 items, with seven

assessing depression and seven measuring anxiety. Items are

responded on a 4-point scale (0–3 points). If the total

score for anxiety and depression is greater than or equal

to 8, it indicates that these conditions are present. The

Chinese version of the scale has good reliability and validity

(46). The Cronbach’s alpha for the scale in this study

was 0.80.

Sleep quality assessment

The Pittsburgh Sleep Quality Index (PSQI) was compiled

by Buysse, a psychiatrist at the University of Pittsburgh, in

1989 (47). The Chinese version of the PSQI has demonstrated

good internal consistency and construct validity (48). The

PSQI is used to assess participants’ sleep quality over the

last month. Its 18 items consist of seven components,

including sleep quality, time taken to fall asleep, time to sleep,

sleep efficiency and disorders, hypnotic drugs, and daytime

dysfunction. Each component is scored on a scale of 0–3,

and the cumulative score of each component comprises the

total PSQI score. The total score ranges from 0–21. The

higher the score, the worse the sleep quality. It is used for

clinical and basic research on sleep quality evaluation. A

score exceeding 6 indicates the presence of a sleep disorder

(48). The Cronbach’s alpha for the scale in this study

was 0.67.

Statistical analysis

The questionnaires were entered and processed

using the commercial software SPSS, of version 23.0.

Descriptive statistics, including frequency, percentage,
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normality, mean, t-test, and the χ2 test were used to

assess the difference between DE with depression or

anxiety among different groups. Additionally, univariate

regression and multiple linear regression analyses were

performed to investigate which variables could influence

the development of other variables. P < 0.05 was set as the

significance level.

Results

Among the 431 DE patients enrolled, 428 (99.30%)

completed the questionnaire and met the inclusion criteria,

with an average age of 48.20 ± 15.09 years. Table 1 presents

the descriptive statistics of the primary study variables. We

observed similar proportions of DE patients with anxiety (117

of 428, 27.34%) and depressive symptoms (115, 26.87%) in the

sample. The proportion of DE patients with comorbid anxiety

and depressionwas 24.30% (104), indicating thatmost anxiety or

depression patients were of this type. Based on a 6-point cutoff,

65.40% (280) patients had sleep disorder, and the mean total

score of each dimension is presented in Table 2. The mean total

scores for the OSDI, F-NITBUT, and health anxiety were 44.41

± 15.99, 5.34± 2.30, and 16.14± 4.83, respectively (Table 2).

First, univariate regression analysis was used to screen for

the influencing factors of anxiety and depression (dependent

variables). The independent variables were the same for both

analyses, including significant demographic variables (family

location, monthly income, education level, disease duration), the

score for OSDI, TBUT, health anxiety, and the seven dimensions

of the PSQI. The results showed that, without considering

other factors, the factors influencing anxiety symptoms in DE

patients were demographic variables, score for OSDI, health

anxiety, subjective sleep quality, sleep latency, sleep disturbance,

sleep medication used, and daytime dysfunction. Depressive

symptoms were influenced by demographic variables, score for

OSDI, health anxiety, subjective sleep quality, sleep latency, sleep

disturbance, and sleep medication used.

Then, multiple stepwise regression analyses were conducted

to exclude the influence of confounding factors. All the

meaningful variables included in the univariate regression above

entered the regression equation, with anxiety or depression as

the dependent variable. The statistical results of the fourmultiple

regression models with anxiety and depression as dependent

variables are shown in Tables 3, 4 (P < 0.01).

The statistical results of all coefficients in the linear

regression with anxiety and depression as dependent

variables are shown in Tables 5, 6. Specifically, education

level (B = −0.418, t = −3.001, P < 0.05), disease duration

(B = 0.383, t = 2.341, P < 0.05), health anxiety (B = 0.087,

t = 3.015, P < 0.05), and subjective sleep quality (B = 0.539,

t = 3.610, P < 0.05) also had a significant effect on anxiety.

Meanwhile, education level (B=−0.523, t =−3.631, P < 0.05),

disease duration (B = 0.415, t = 2.444, P < 0.05), health

anxiety (B = 0.082, t = 2.731, P < 0.05), and subjective sleep

quality (B = 0.673, t = 4.203, P < 0.05) had a significant effect

on depression.

Discussion

This study used multiple linear regression to investigate a

group of DE patients in outpatient clinics during the COVID-

19 pandemic. Research shows that the prevalence of anxiety

disorder is ∼10% in the general population (49), implying

that the rates in the current study (27.24%) were much

higher. Moreover, depression rates in the general population

are estimated to range between 3.6 and 8.5% (50). Again, the

study rate of 26.87% was considerably higher than the range

for the general population. One potential reason for the high

incidence of anxiety and depression in this study may be

that the COVID-19 pandemic and self-isolation measures have

influenced the population’s mental health. Specifically, research

shows that mental health problems such as acute stress, anxiety,

and depression are positively associated with the pandemic (51–

53). Another possible explanation is that the pandemic has had

a negative impact on the way people live, with students and

staff forced to study and work online for extended periods of

time. When people focus on digital screens, their blink intervals

tend to be longer, dropping in frequency from ∼18 to 3 or

4 per min (54). Simultaneously, the intensity or strength of

the blink is reduced, and partial blinking occurs, resulting in

the eyelid not fully covering the corneal surface (55). This

increases tear evaporation, which may increase the incidence

of DE and worsen DE symptoms (56, 57). Moreover, long-

term chronic ocular surface pain, irritation, visual fatigue and

other subjective symptoms of DE can negatively impact patients’

cognitive processes and mental health (58). However, some

studies have shown that depressive symptoms and severity in DE

patients are not related to the severity of DE signs or symptoms

(59). Confirmatory conclusions require further research in the

future. This study also found a comparatively higher proportion

of combined anxiety and depression (24.30%), and previous

studies have shown that combined depression and anxiety may

impair social functioning, reduce quality of life, and be more

likely to increase the recurrence of mental illness and lead to

suicide (60). Society and health care institutions should pay

attention to this (61).

Consistent with our results, multiple studies have found

(11, 32, 62) that scores for anxiety and depression scales

were not associated with the objective examination of DE.

The symptoms of DE can be considered as being subjective,

entailing that they are affected by individual differences in

sensitivity to DE signs and basic health conditions. For instance,

individuals with DE may experience different symptoms even

if they have the same objective examination of their ocular
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TABLE 1 Demographic comparison of influencing factors of depression and anxiety in DE patients.

Group Depression (n= 115) NO Depression (n= 313) χ
2 P Anxiety (n= 117) NO Anxiety (n= 311) χ

2 P

Aget 50.76± 14.70 47.26± 15.14 −2.133 0.034 50.74± 14.98 47.25± 15.05 −2.140 0.033

Sex 0.003 0.959 1.964 0.161

Male 32 (26.67%) 88 (73.33%) 27 (22.50%) 93 (77.50%)

Female 83 (26.95%) 225 (73.05%) 90 (29.22%) 218 (70.78%)

Menstruation 3.197 0.074 2.585 0.138

Menopause 49 (31.41%) 107 (68.59%) 52 (33.33%) 104 (66.67%)

Non menopause 34 (22.37%) 118 (77.63%) 38 (25.00%) 114 (75.00%)

BMI 2.377 0.498 4.201 0.241

<18.5 3 (14.29%) 18 (85.71%) 2 (9.52%) 19 (90.48%)

18.5≤BMI<25 74 (28.68%) 184 (71.32%) 76 (29.46%) 182 (70.54%)

25≤BMI<30 34 (25.95%) 97 (74.05%) 35 (26.72%) 96 (73.28%)

≥30 4 (22.22%) 14 (77.78%) 4 (22.22%) 14 (77.78%)

Family status 3.274 0.070 3.542 0.060

Single 9 (16.67%) 45 (83.33%) 9 (16.67%) 45 (83.33%)

Married 106 (28.27%) 268 (71.73%) 108 (28.88%) 266 (71.12%)

Household location 7.714 0.005 8.563 0.003

Urban 82 (23.91%) 261 (76.09%) 83 (24.19%) 260 (75.81%)

countryside 33 (38.82%) 52 (61.18%) 34 (61.82%) 51 (38.18%)

Monthly Income 7.190 0.005 11.134 0.011

≤2,000 CNY 8 (53.33%) 7 (46.67%) 9 (60.00%) 6 (40.00%)

2,000–5,000 CNY 32 (31.07%) 71 (68.93%) 27 (26.21%) 76 (73.79%)

5,000–8,000 CNY 39 (25.83%) 112 (74.17%) 46 (30.46%) 105 (69.54%)

>8,000 CNY 36 (22.64%) 123 (77.36%) 35 (22.01%) 124 (77.99%)

Education levels 10.933 0.012 10.969 0.012

Primary Education 16 (42.11%) 22 (57.89%) 17 (44.74%) 21 (55.26%)

Middle School Education 29 (34.94%) 54 (65.06%) 29 (34.94%) 54 (65.06%)

High School Education 29 (26.36%) 81 (73.64%) 26 (23.64%) 84 (76.36%)

University or higher 41 (20.82%) 156 (79.18%) 45 (22.84%) 152 (77.16%)

Course of disease 7.994 0.046 10.284 0.016

≤1year 45 (22.72%) 153 (77.28%) 48 (24.24%) 150 (75.76%)

1–3year 44 (28.03%) 113 (71.97%) 38 (24.20%) 119 (75.80%)

3–5year 15 (29.42%) 36 (70.58%) 21 (41.48%) 30 (58.52%)

>5 year 11 (50.00%) 11 (50.00%) 10 (45.45%) 12 (54.55%)

Frequency of visit (Within 1 year) 5.078 0.166 7.659 0.054

First visit 47 (23.86%) 150 (76.14%) 44 (22.34%) 153 (77.66%)

≤6 times 50 (26.88%) 136 (73.12%) 54 (29.03%) 132 (70.97%)

6–12 times 13 (38.24%) 21 (61.76%) 15 (44.12%) 19 (55.88%)

>12 times 5 (45.45%) 6 (54.55%) 4 (36.36%) 7 (63.64%)
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TABLE 2 Descriptive statistics for sleep condition and health anxiety

in DE patients.

Variable Mean SD

PSQI total score 9.16 4.83

Subjective Sleep Quality 1.31 0.93

Sleep Latency 1.47 1.20

Sleep Duration 1.25 1.07

Sleep Quality 1.36 1.16

Habitual Sleep Efficiency 1.06 0.52

Sleep Disturbance 0.40 0.93

Used Sleep Medication 2.30 2.01

Daytime Dysfunction 1.25 1.07

OSDI 44.41 15.99

F-NITBUT 5.34 2.30

Health anxiety 16.13 4.83

surface. Additionally, irritant ocular symptoms may impact

visual performance and perception in DE patients (63). Visual

perception disturbances, in turn, may affect visual performance

and lead to or exacerbate depression and anxiety (64, 65).

A study showing the role of health anxiety, depression, and

anxiety symptoms in DE may explain the lack of correlation

between symptoms and objective signs of disease (32). Although

there are few studies on the pathological mechanism of anxiety

and depression caused by DE, it has been determined that

the high expression of inflammatory cytokines in the central

nervous system of patients with Sjögren’s syndrome is closely

related to the occurrence of depression (66). Indeed, elevated

levels of chronic inflammatory cytokines lead to changes in

neuroendocrine and central nervous system metabolites, which

can then lead to or exacerbate anxiety and depression symptoms

(67). Additionally, anti-anxiety/depressant medication is a risk

factor for DE (68). However, there are also studies indicate

(18, 69) that there exists an association between uncomfortable

symptoms and signs of DE, but no firm conclusions can be

drawn for the time being.

The standard coefficient of education level was negative.

This indicated that the lower the patient’s education level, the

more likely they were to develop depression and anxiety. This

result may reflect that DE patients with lower education levels

had less economic and social resources, could not scientifically

and rationally manage stressful life events such as the DE,

and paid less attention to own health problems. These possible

explanations were shown in a study in the Tibetan areas of

China (20). Furthermore, prior research shows that patients with

lower education levels were more likely to live in disadvantaged,

hazardous, or unhealthy occupations, have inadequate nutrition

and exercise habits (70), reside in unfavorable environments

with poormedical care, and develop depression and anxiety over

time (71). A previous study showed that higher education levels

are associated with depressive symptoms (72), which needs to be

further verified.

The standard coefficient of the course of the disease was

positive. This result indicated that with the prolongation of the

disease course, the patient’s anxiety and depression worsened.

During clinical treatment, with the prolongation of the course

of the disease, the confidence of DE patients in recovery is

likely to be negatively affected. Furthermore, they may become

increasingly worried about the severity of DE and the effect of

treatment, which may then lead to depression and anxiety. This

finding was consistent with previous studies on other diseases,

which show that long disease duration, severe symptoms, and

impaired social function were associated with anxiety and

depression (73).

Among the 428 DE patients in this study, 61.4% showed

health anxiety. This number was higher than the prevalence

of health anxiety in the general population, which was 5% in

one study (74), and 9% in another research on comprehensive

medical institutions (31). As shown in Tables 5, 6, health anxiety

had a significant impact on anxiety and depression. Based on

research on health beliefs and health anxiety (75), we infer

that patients with health anxiety may be more sensitive to

somatic and/or physical symptoms for some specific reasons

(e.g., stress from past unfortunate and negative events) and

prone to repetitively seeking out medical consultation and

examination. Furthermore, patients with a high health anxiety

disorder may be prone to viewing DE as a persistent disorder

after experiencing a period of eye discomfort. Health anxiety

can lead to poor perception of physical performance and have a

significant negative impact on daily life, leading to a gradual shift

in the patient’s coping style toward negativity. This coping style

reduces the patient’s recovery expectations. These individuals

do not actively cooperate with treatment. Patients will show

a sense of hopelessness, which eventually leads to depression

and anxiety (76, 77). The commonsense model of self-regulation

(78) also posits that personal beliefs about threats (e.g., chronic

diseases) can be generated by individuals and affect how they

cope with illness. This may cause patients to often fail to follow

doctor’s orders or take their medicines on time. These behaviors

worsen their condition and lead to more severe anxiety and

depression. Previous studies have also confirmed that health

anxiety will affect individuals’ correct cognition and assessment

of their physical conditions (79), resulting in psychological

problems such as anxiety and depression, potentially leading to

functional impairment and iatrogenic injury (29). During the

treatment process, the therapist needs to gain the patient’s trust,

show understanding and sympathy for the patient, and cannot

focus too much on very subtle physical symptoms. Still, the

patient’s physical health cannot be ignored (80).

The mean total score for PSQI was 9.16 ± 4.83,

indicating poor subjective sleep quality, which is a significant

component of sleep. Lack of sleep can cause lipid metabolism

disorders, thereby destroying the microvilli morphology of
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TABLE 3 Summary of multiple regression models of influencing factors of anxiety.

Model R R2 Adjusted R2 SE Change statistics

R2 change F change df1 df2 P

1 0.179 0.032 0.030 2.95319 0.032 14.040 1 426 0.000

2 0.232 0.054 0.049 2.92296 0.022 9.858 1 425 0.002

3 0.274 0.075 0.068 2.89349 0.021 9.701 1 424 0.002

4 0.295 0.087 0.078 2.87831 0.012 5.482 1 423 0.020

Model 1 Include independent variables: Subjective Sleep Quality, Model 2 Include independent variables: Subjective Sleep Quality, Education Level, Model 3 Include independent variables:

Subjective Sleep Quality, Education Level, Health Anxiety, Model 4 Include independent variables: Subjective Sleep Quality, Education Level, Health Anxiety, Course of Disease.

TABLE 4 Summary of multiple regression models of influencing factors of depression.

Model R R2 Adjusted R2 SE Change statistics

R2 change F change df1 df2 P

1 0.236 0.056 0.053 3.07813 0.056 25.071 1 426 0.000

2 0.295 0.087 0.083 3.02982 0.032 14.692 1 425 0.000

3 0.326 0.106 0.100 3.00115 0.019 9.158 1 424 0.003

4 0.348 0.121 0.113 2.97988 0.015 7.076 1 423 0.008

Model 1 Include independent variables: Subjective Sleep Quality, Model 2 Include independent variables: Subjective Sleep Quality, Education Level, Model 3 Include independent variables:

Subjective Sleep Quality, Education Level, Health Anxiety, Model 4 Include independent variables: Subjective Sleep Quality, Education Level, Health Anxiety, Course of Disease.

TABLE 5 Summary of linear regression model coe�cients of influencing factors of anxiety.

Variable Univariate regression Multiple linear regression

B Beta t P B Beta t P

Monthly income −0.357 −0.103 −2.139 0.033

Education levels −0.453 −0.151 −3.162 0.002 −0.418 −0.140 −3.001 0.003

Course of disease 0.463 0.132 2.749 0.006 0.383 0.109 2.341 0.020

Health anxiety 0.094 0.151 3.160 0.002 0.087 0.141 3.015 0.030

F-NITBUT −0.088 0.063 −1.404 0.161

OSDI 0.026 0.009 2.862 0.004

SSQ 0.574 0.179 3.747 0.000 0.539 0.168 3.610 0.000

SL 0.275 0.111 2.296 0.022

SD 0.028 0.135 0.206 0.837

HES 0.102 0.125 0.813 0.416

SDE 0.795 0.139 2.889 0.004

USM 0.480 0.149 3.120 0.002

DD 0.170 0.114 2.370 0.018

OSDI, Ocular Surface Disease Index; TBUT, SSQ, Subjective Sleep Quality; SL, Sleep Latency; SD, Sleep Duration; HSE, Habitual Sleep Efficiency; SDE, Sleep Disturbance, USM, Used Sleep

Medication; DD, Daytime Dysfunction.

corneal epithelial cells, so that tears cannot be adsorbed

on the cornea’s surface. Moreover, decreased sleep quality

can disrupt the circadian rhythm of tear osmolarity, leading

to ocular surface hyperosmolarity and tear film instability.

These conditions are believed to be the main factors causing

DE (9, 81, 82). Among DE symptoms, eye discomfort

and chronic pain are associated with sleep quality, stress

perception, as well as anxiety and depression as (83), with

more than 40% of DE patients experiencing poor sleep quality

(17, 84). Simultaneously, sleep quality is closely related to

anxiety and depression. Yoo et al. (85) have found that

sleep deprivation weakened connections between the amygdala,

medial prefrontal cortex, and orbitofrontal cortex, and this

compromise affects the regulation function of the emotional
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TABLE 6 Summary of linear regression model coe�cients of influencing factors of depression.

Variable Univariate regression Multiple Linear Regression

B Beta t P B Beta t P

Monthly Income −0.524 −0.143 −2.991 0.003

Education levels −0.588 −0.186 −3.914 0.000 −0.523 −0.166 −3.631 0.000

Course of disease 0.544 0.147 3.067 0.002 0.415 0.112 2.444 0.015

Health anxiety 0.093 0.142 2.971 0.003 0.082 0.125 2.731 0.007

F-NITBUT −0.051 0.067 −0.761 0.447

OSDI 0.028 0.009 2.904 0.004

SSQ 0.799 0.236 5.007 0.000 0.673 0.198 4.203 0.000

SL 0.292 0.111 2.314 0.021

SD 0.205 0.142 1.442 0.150

HES 0.253 0.131 1.929 0.054

SDE 0.874 0.145 3.024 0.003

USM 0.821 0.183 3.850 0.000

DD 0.139 0.076 1.833 0.067

OSDI, Ocular Surface Disease Index; TBUT, SSQ, Subjective Sleep Quality; SL, Sleep Latency; SD, Sleep Duration; HSE, Habitual Sleep Efficiency; SDE, Sleep Disturbance, USM, Used Sleep

Medication; DD, Daytime Dysfunction.

disturbance network and leads to affective disorders. Gujar

et al. (86) also found weakened connections between the

medial prefrontal cortex and the orbitofrontal cortex in

sleep-deprived patients, disrupting the mesolimbic reward

brain network. Another study (87) showed a slight two-

way link between depression and insomnia, showing that

structural and functional abnormalities of the amygdala,

prefrontal cortex, anterior cingulate cortex, and insula may

be the underlying causes of insomnia and mood disorders.

In conclusion, poor sleep quality is associated with DE, and

is more likely to lead to individual metabolic dysfunction

and neurotransmitter secretion disorders, cognitive decline,

depression and anxiety (88), which should be noted in

clinical practice.

Patients can also manage the disease scientifically in

daily life to help with the treatment of DE, such as

appropriately increasing the environmental humidity, exercising

outdoors, wearing protective glasses, and ingesting food that

can promote tear secretion. The limitations of this study

are as follows. First, the cross-sectional design precludes

the possibility of causal analysis. Second, the subjective

questionnaire survey method was used to investigate the

sleep quality of DE patients, and no objective instruments

were used to detect sleep conditions. Subjective reporting

may produce distorted and inaccurate participant accounts

of sleep time and delay. Third, the patients come from a

single region (Tianjin, China, and surrounding areas), so

these findings may not apply to other regions or countries

because social and cultural factors may also play essential

roles in disease formation. Fourth, this study did not assess

social support, which may be an important protective factor

against depression and anxiety during the COVID-19 pandemic

(89, 90).

Conclusion

Our findings indicated some risk factors for anxiety and

depressive symptoms in DE patients and directly inform the

development of psychological interventions for DE patients to

minimize the psychological impact of the COVID-19 pandemic.

This study also provided a research basis for evaluating

DE prevention, control, and treatment efforts during the

COVID-19 pandemic. In the future, longitudinal studies are

warranted and will enable us to systematically understand

the process and laws of the psychological development of

DE patients.
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