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Abstract

Objective

During the COVID-19 pandemic, many people devoted longer time to screen viewing due to
the need for study, work, and online social activities, instead of outdoor activities, which may
have led to an increase in dry eye symptoms. This study aimed to evaluate the prevalence
of dry eye during the COVID-19 pandemic.

Methods

PubMed, Cochrane Library, Embase, and Web of Science were searched from January 1,
2020 to October 20, 2022. Cross-sectional surveys on dry eye prevalence conducted after
January 1, 2020 were included. Two review authors independently performed data extrac-
tion and assessed study quality. The random-effects model was used to analyze the preva-
lence of dry eye, and the odds ratio was used to assess the strength of the association
between variables. Subgroup analysis was performed to detect heterogeneity, the leave-
one-out method for sensitivity analysis, and the Egger test for publication bias.

Results

A total of eleven studies with 15692 individuals met the eligibility criteria. The prevalence of
dry eye during the COVID-19 pandemic was 61.0% (95%ClI: 51.8%-70.2%) globally and
56.7% (95%CI: 45.3%-68.1%) in Asia. The prevalence of dry eye had significant differences
in sex and visual display time, with higher prevalence among females and visual display
time of more than 4 hours per day. Subgroup analysis was performed based on diagnostic
tools, study population, and average age. A significant difference was found in diagnostic
tools, but no significant change in heterogeneity (P<0.05). The leave-one-out method
showed stable results, and the Egger test identified no significant publication bias.
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Conclusion

The prevalence of dry eye during the COVID-19 pandemic is significantly higher than
before, and a higher prevalence is found among females and those having a visual display
time of more than 4 hours per day.

Introduction

During the latter part of 2019, COVID-19 struck the world and significantly changed people’s
lifestyles: people reduced outdoor activities and spent more time on screens due to the lock-
down measures [1]. Recent epidemiological surveys have shown an increase in the prevalence
of psychological disorders such as anxiety and depression during the COVID-19 pandemic [2,
3], as well as a significant increase in the number of people suffering from digital eye strain
due to the change of lifestyle [4-6].

It is well known that the prevalence of dry eye is associated with the use of video display
units [7-9]. Dry eye is characterized by a loss of the tear film homeostasis, accompanied by
ocular symptoms including dryness, discomfort, pain, grittiness, blurry vision, foreign-body
sensation, and visual disturbance [10]. Not only does dry eye affect people’s quality of life and
reduce their work efficiency [11-13], but it also increases the economic burden on society
[14].

For providing evidence for policy development and health care, it is essential to investigate
the prevalence of dry eye during the COVID-19 pandemic. This study is the first systematic
review and meta-analysis on the prevalence of dry eye during the COVID-19 pandemic.

Methods
Registration

This study was registered on PROSPERO (CRD42022369997) and conducted based on the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement
guidelines [15].

Ethics statement

This study does not require formal ethical approval, given that all data collected in this study
will not contain individual patient data, and there will be no concerns about privacy.

Search strategy

PubMed, Cochrane Library, Embase, and Web of Science were retrieved for relevant studies
published from January 1, 2020 to October 20, 2022. The search terms are as follows: (“Dry
Eye Syndrome” OR “Dry Eye” OR “Dry Eye Disease” OR “Evaporative Dry Eye Disease”)
AND (“COVID-19” OR “SARS-CoV-2 Infection” OR “2019 Novel Coronavirus Disease” OR
“2019 Novel Coronavirus Infection” OR “2019-nCoV Disease” OR “COVID-19 Virus Infec-
tion” OR “Coronavirus Disease 2019”).

Inclusion criteria

1. Cross-sectional survey based on the general population.
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2. Studies conducted after January 1, 2020.
3. Prevalence rates can be obtained directly or calculated from relevant data.

4. The language is limited to English.

Exclusion criteria

1. Epidemiological studies conducted in eye clinics or based on dry eye patients.
2. The number of participants in the survey is smaller than 30.

3. The conference abstracts with relevant data.

Study selection and data extraction

Two researchers independently searched all databases to identify eligible studies based on
inclusion and exclusion criteria and extracted data including first author, publication year,
country or region, sample size, diagnostic tools, study population, age, sex composition, and
prevalence. If the information was incomplete, we contacted the author(s) by e-mail. Any dis-
agreement was resolved through discussion with a third reviewer.

Quality assessment

Two researchers independently assessed the quality of studies included in the final analysis
using the Joanna Briggs Institute Quality Assessment Tool [16]. According to the criteria, each
item will be classified as “Yes”, “No”, “Unclear”, and “Not applicable”. Any disagreement was
resolved through discussion with a third researcher.

Statistical analysis and publication bias

The prevalence of dry eye during the COVID-19 pandemic was analyzed with Stata 16 soft-
ware (Stata Corp LP, College Station, TX, USA), and Odds ratio (OR) was calculated with
Review Manager 5.4 (Nordic Cochrane Center, The Cochrane Collaboration, Copenhagen,
Denmark). I*>50% was considered significantly heterogeneous. As the included studies dif-
fered in average age, study population, diagnostic tools, and time of study execution, a ran-
dom-effects model were used to make our results more stable. Subgroup analysis was
performed based on average age, study population, diagnostic tools, and time of study execu-
tion to detect sources of heterogeneity and to analyze the results of populations with different
characteristics. The leave-one-out sensitivity analysis was performed to evaluate results and
the Egger test for publication bias.

Results
Literature search results and basic characteristics

By searching the relevant databases, we retrieved a total of 313 articles [PubMed (n = 88),
Cochrane Library (n = 2), Embase (n = 42), Web of Science (n = 181)], and 11 met the criteria
[17-27] (Fig 1).

Eleven studies with 15692 participants were conducted in eight countries and regions [17-
27]. Most of these studies were published in 2022 [17-24, 26], and the study populations
included school children [18, 22, 27], university students [19, 21, 23, 24, 26], healthcare work-
ers [17, 25], and other professionals [20]. All studies used various dry eye questionnaires as

PLOS ONE | https://doi.org/10.1371/journal.pone.0288523 December 13, 2023 3/17


https://doi.org/10.1371/journal.pone.0288523

PLOS ONE

Prevalence of dry eye during the COVID-19 pandemic

Databases initial searching (n=313)
[PubMed(n=88), Cochrane Library(n=2), Embase(n=42),
Web of Science(n=181)]

Other ways to supplement (n=0)
Duplicate records excluded (n=123)

A

After duplicates removed (n=190)

Records excluded(n=151)
Not cross-selection survey (n=85)
Not dry eye (n=21)

A

After reading the title and abstract (n=39)

Not general population (n=45)

Records excluded(n=28)
Not dry eye (n=19)

After viewing the full text(n=11)

Not general population (n=9)

Studies included in systematic
review and meta-analysis (n=11)

Fig 1. Flow chart of literature retrieval. Flow diagram for including eligible studies in the meta-analysis.

https://doi.org/10.1371/journal.pone.0288523.9001

diagnostic tools (Table 1), and the quality assessment (Table 2) suggested that the studies were
of high quality.

Prevalence of dry eye during the COVID-19 pandemic

The pooled estimate of dry eye prevalence during the COVID-19 pandemic was 61.0% (95%
CI: 51.8%-70.2%), and there was significant heterogeneity among the studies (I* = 99.31%,
P =0.00) (Fig 2). The prevalence of dry eye in eight of 11 studies conducted in Asia [17, 18,
21-25, 27] was 56.7% (95%Cl: 45.3%-68.1%), and heterogeneity was also significant (I’ =
99.33%, P = 0.00) (Fig 3).

Six of the 11 studies reported the prevalence in males and females separately [17, 19, 23—
26]. The prevalence of dry eye in females was 69.7% (95%CI: 54.1-85.3) (Fig 4A) and 61.2% in
males (95%CI: 58.99%-63.6%) (Fig 4B). The OR was 2.06 (95%CI: 1.47-2.88), and there was a
significant difference (P<0.001) (Fig 5).

Eight of the 11 studies reported the prevalence of dry eye in terms of severity [17-19, 22-25,
27]. The prevalence of mild dry eye was 23.9% (95%CI: 18.8%-28.9%) (S1A Fig), moderate was
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Table 1. The characteristics of studies included in the systematic review and meta-analysis.

Study

Allayed 2022
Rao 2022
Garcia-Ayuso 2022

Salinas-Toro 2022
Abdulmannan 2022

Lin 2022
Al-Dolat 2022
Tangmonkongvoragul
2022
Long 2020

Cartes 2022

Mohan 2021

Country

Palestine
India
Spain
Chile
Iraq,

Jordan

China

Jordan
Thailand

China

Chile

India

Time of study
execution

2021.03-2021.10
Unclear
2020.10-2020.11

2020.05-2020.07
2021.11-2022.01

2021.11-2021.12

2020.10-2020.11
2020.11-2021.01

2020.01-2020.03
2020.05

Unclear

Sample size Sex (n)
(n) Male / Female
300 174/126
3327 1675 /1520(132
unclear)
676 185/491
1797 541/1256
1431 432/999
4694 2248/2446
1219 508/711
528 252/276
53 16/37
1450 508/942
217 101/116

Age Study population
[Min-Max (-x
ts)]
23-55¢34.6 Nurses
+8.3)
Unclear Students and
teachers
18-42(20.7 University
+2.9) students
(40.5%11.1) Teleworking
>18 University
students
14-19(16.39 High school
+0.95) students
Unclear Medical students

17-31(20.48) | Medical students

Doctors and
nurses

24-45(32.43)

17-46(21.1 University
+2.7) students

10-18(13 School children
+2.45)

Prevalence
(%)

62.0

60.7

Diagnostic
tools

OSDI

Unclear

OSDI

DEQ-5
VFH-25, WHS

OSDI

OSDI
OSDI

OSDI

DEQ -5

CVSs-Q

Min: Minimum; Max: Maximum; -x+s: Mean * standard deviation; OSDI: Ocular Surface Disease Index; DEQ-5: Dry Eye Questionnaire 5, VFQ-25: Visual Functioning

Questionnaire-25; WHS: Women’s Health Study Questionnaire; CVS-Q: Computer Vision Syndrome Questionnaire.

https://doi.org/10.1371/journal.pone.0288523.t001

16.4% (95%CI: 13.5%-19.3%) (S1B Fig), and severe was 22.0% (95%CI: 12.1%-31.9%)

(S1C Fig).

Four studies reported the prevalence of dry eye in contact lens wearers and non-contact
lens wearers [17, 19, 24, 26]. The prevalence of dry eye in contact lens wearers was 83.5% (95%
CI: 75.7%-91.3%) (S2A Fig) and 68.2% in non-contact lens wearers (95%CI: 61.8%-71.4%)
(S2B Fig). The OR was 1.90 (95%CI: 0.84-4.30) between contact lens wearers and non-contact
lens wearers, and there was no significant difference (P = 0.12) (S3 Fig).

The prevalence of dry eye in visual display time (VDT) of less than 4 hours per day was
58.0% (95%CI: 43.0%-72.9%) (Fig 6A) and 78.1% in VDT of more than 4 hours per day was
(95%CI: 71.6%-84.5%) (Fig 6B) [17, 19, 23]. The OR was 2.61 (95%CI: 1.24-5.51) between
them, and there was a significant difference (P = 0.01) (Fig 7).

The prevalence of dry eye was 66.8% (95%CI: 21.4%-82.2%) among non-smokers (S4A Fig)
and 74.0% (95%CI: 63.1%-85.0%) among smokers (S4B Fig) [17, 26]. The OR was 4.30 (95%
CI: 0.69-26.72) between them, and there was no significant difference (P = 0.12) (S5 Fig).

Subgroup analysis

Diagnostic tools. The 11 studies [17-27] we included used different diagnostic tools for
diagnosing dry eye in the study population (Table 1). In our subgroup analysis based on diag-
nostic tools, there were significant differences between the prevalence obtained using different
diagnostic tools (P = 0.047): Ocular Surface Disease Index (OSDI), 64.8% (95%CI: 55.1%-
74.5%); Dry eye questionnaire 5 (DEQ-5), 72.6% (95%CI: 63.0%-82.1%); and other tools,

46.6% (95%CI: 28.1%-65.1%0) (Fig 8).
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Table 2. The quality assessment of studies included in the systematic review and meta-analysis.

Study
Allayed 2022
Rao 2022
Garcia-Ayuso 2022
Salinas-Toro 2022
Abdulmannan 2022
Lin 2022
Al-Dolat 2022
Tangmonkongvoragul 2022
Long 2020
Cartes 2022
Mohan 2021
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The Joanna Briggs Institute Quality Assessment Tool

Q1: Was the sample representative of the target population?

Q2: Were study participants recruited in an appropriate way?

Q3: Was the sample size adequate?

Q4: Were the study subjects and the setting described in detail?

Q5: Was the data analysis conducted with sufficient coverage of the identified sample?

Q6: Were objective, standard criteria used for the measurement of the condition?

Q7: Was the condition measured reliably?
Q8: Was there appropriate statistical analysis?

Q9: Are all important confounding factors/subgroups/differences identified and accounted for?

Q10: Were subpopulations identified using objective criteria?

Y: Yes; N: No; U: Unclear; N/A: Not applicable.

https://doi.org/10.1371/journal.pone.0288523.t002

Study population. There were no significant differences between study population
(P = 0.826): school children, 60.8% (95%CI: 49.6%-72.1%); university students, 64.0% (95%CI:
46.7%-81.4%); and occupational population, 56.1% (95%Cl: 37.7%-74.5%) (S7 Fig).

Average age. Subgroup analysis was performed based on average age, and a higher preva-
lence of dry eye was found in people over 30 years old (56.1%, 95%CI: 37.7%-74.5%), com-
pared with 61.6% (95%CI: 46.8%-76.4%) in people under 30 years old. However, the difference
was not significant (P = 0.649) (S7 Fig).

Time of study execution. Subgroup analysis of the studies before and after January 2021
was also performed: the prevalence of dry eye was 53.8% (95%CI: 28.9%-78.7%) before January
2021 and 66.8% (95%CIl: 56.4%-77.2%) after January 2021, but there was no significant differ-
ence (P =0.344) (S8 Fig).

Heterogeneity test. Subgroup analysis was performed to explore the sources of heteroge-
neity. No significant change was found in heterogeneity by performing subgroup analyses on
mean age, diagnostic tools, and study population (Table 3).

Sensitivity analysis

Leave-one-out sensitivity analysis was also conducted to examine further the possible cause of
heterogeneity across the studies involved in the analysis and test the stability of the result.
With this analysis, no significant change in overall prevalence and heterogeneity was caused
by excluding any one study (Table 4).
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Effective Size Weight

Study with 95% ClI (%)
Allayed 2022 —- 0.620[ 0.565, 0.675] 9.04
Rao 2022 [ ] 0.607 [ 0.590, 0.624] 9.31
Garcia-Ayuso 2022 M 0.713[ 0679, 0.747] 9.22
Salinas-Toro 2022 | 0.677[ 0.655, 0.699] 9.29
Abdulmannan 2022 B 0.290[ 0.266, 0.314] 9.28
Lin 2022 B 0705[ 0692 0.718] 9.32
Al-Dolat 2022 B 0717[ 0692, 0.742] 9.27
Tangmonkongvoragul 2022 - 0.708[ 0.669, 0.747] 9.19
Long 2020 —— 0.358 [ 0.229, 0.487] 7.88
Cartes 2022 0774 0752, 0.796] 9.29
Mohan 2021 — 0.502[ 0.435, 0.569] 8.90
Overall el 0.610[ 0.518, 0.702]
Heterogeneity: 1° = 0.02, 1> = 99.31%, H” = 145.07
Test of 8 = 6;: Q(10) = 1216.62, p = 0.00
Testof 6 =0:z=13.04, p = 0.00

2 4 6 8

Random-effects model

Fig 2. Forest plot of studies showing the overall prevalence of dry eye during the COVID-19 pandemic. The random-effects model was used. The pooled
estimate was reported as prevalence as a percentage and CI. CI, Confidence interval.

https://doi.org/10.1371/journal.pone.0288523.9002

Publication bias

In the current systematic review and meta-analysis, we found no evidence of potential publica-
tion bias for the prevalence of dry eye during the COVID-19 pandemic (Egger test: B = -4.92,
SE =2.766, P = 0.075).

Discussion

This is the first systematic review and meta-analysis of the prevalence of dry eye during the
COVID-19 pandemic. In our study, 11 studies containing 15692 individuals were included in
the analysis [17-27], which ultimately revealed a 61.0% (95%CI: 51.8%-70.2%) prevalence of
dry eye during the COVID-19 pandemic. Tear Film and Ocular Surface Society (TFOS) Dry
Eye Workshop (DEWS) II Epidemiology Report in 2017 stated that the global prevalence of
dry eye is 5%-50% [28], and a Bayesian view suggested global prevalence of dry eye was 24.9%
over the period 1997-2021 [29]. A comparison of our study with previous studies [28, 29]
shows that the global prevalence of dry eye increased during the COVID-19 pandemic, which
reached a staggering 61.0% (95%CI:51.8%-70.2%). Meanwhile, eight of the 11 studies included
in our analysis were conducted in Asia [17, 18, 21-25, 27], and the prevalence of dry eye in
Asia was estimated to be 56.7% (95%CI: 45.3%-68.1%), which is significantly higher than the
20.1% reported in a previous study [30].

During the COVID-19 pandemic, people’s lifestyle had changed dramatically, leading to
psychological disorders and affecting sleep quality [31]. Not only can emotional abnormalities
cause dry eye [32, 33], but there is also a correlation between sleep quality and dry eye [34-36].
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Effective Size Weight

Study with 95% ClI (%)
Allayed 2022 - 0.620[ 0.565, 0.675] 12.52
Rao 2022 0.607 [ 0.590, 0.624] 12.86
Abdulmannan 2022 B 0.290[ 0.266, 0.314] 12.82
Lin 2022 B 0705[ 0692, 0.718] 12.87
Al-Dolat 2022 B 0.717] 0692, 0.742] 12.81
Tangmonkongvoragul 2022 - 0.708[ 0.669, 0.747] 12.70
Long 2020 —— 0.358[ 0.229, 0.487] 11.05
Mohan 2021 —— 0.502[ 0.435, 0.569] 12.35
Overall e 0.567 [ 0.453, 0.681]

Heterogeneity: 1° = 0.03, I = 99.33%, H’ = 148.81
Test of 6, = 6 Q(7) = 1026.35, p = 0.00
Testof 8=0:z=9.79, p=0.00

Random-effects model

Fig 3. Forest plot of studies showing the prevalence of dry eye during the COVID-19 pandemic in Asia. The random-effects model was used. The pooled
estimate was reported as prevalence as a percentage and CI. CI, Confidence interval.

https://doi.org/10.1371/journal.pone.0288523.9g003

For example, it has been demonstrated that lack of sleep increased tear osmolarity, reduced
tear film break-up time, and lessened tear secretions, each independently triggering dry eye
[35, 37]. At the same time, obesity and nutritional imbalance caused by home diet and pro-
longed wearing of masks could also cause dry eye [38, 39].

It is widely believed that women’s increased susceptibility to dry eye may be related to the
use of contraceptive pills and hormone production in middle-aged women, which could affect
the lacrimal glands, conjunctival goblet cells, lid glands, and ocular surface sensitivity, leading
to dry eye [40]. In the older-aged females, lower levels of estrogens and androgen may cause
inadequate lacrimal gland secretion associated with aqueous deficient dry eye [41]. Our results
showed that the prevalence of dry eye in males was 61.2% (95%CI: 58.99%-63.6%) and 69.7%
(95%CI: 54.1-85.3) in females, both are significantly higher than those in previous studies
before 2019 (16.7% among females and 11.4% among males) [28]. Meanwhile, our study
showed a significant gender difference (OR:2.06, 95%CI: 1.47-2.88, P<0.001) in the preva-
lence of dry eye, which is line with the results of previous studies [28, 42, 43].

A previous study reported an average increase of VDT by 5 hours during the pandemic in
51.1% of their study respondents [44]. In addition, visual display causes blink rate and force
changes, which could contribute to dry eye [45, 46]. Our results suggested that the OR was
2.61 (95%CI: 1.24-5.51), and there was a significant difference (P = 0.01) in the prevalence of
dry eye between VDT of more than 4 hours per day (78.1%, 95%CI: 71.6%-84.5%) and VDT of
less than 4 hours per day (58.0%, 95%CI: 43.0%-72.9%), which confirms that the prolonged
use of visual display can increase the prevalence of dry eye [12-14, 28, 42, 47].

This analysis showed that the prevalence in contact lens wearers (83.5%, 95%CI: 75.7%-
91.3%) was higher than in non-contact lens wearers (68.2%, 95%CI: 61.8%-71.4%), suggesting
that contact lens may be a risk factor for dry eye, which is consistent with previous studies [28,
42]. Furthermore, our results were supported by a large epidemiologic study including office
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A

B

Effective Size Weight
Study (Females) with 95% CI (%)
Allayed 2022 —— 0.667 [ 0.585, 0.749] 16.47
Garcia-Ayuso 2022 M 0.762[ 0.724, 0.800] 17.09
Al-Dolat 2022 B 0799[ 0770, 0.828] 17.16
Tangmonkongvoragul 2022 - 0.768[ 0.718, 0.818] 16.96
Long 2020 —— 0.282[ 0.141, 0.423] 15.12
Cartes 2022 o854 0.831, 0.877] 17.20
Overall —~—mi— (.697 [ 0.541, 0.853]
Heterogeneity: 1° = 0.04, I” = 98.86%, H” = 88.10
Test of 6, = 6;: Q(5) = 88.91, p = 0.00
Testof 6=0:z=8.77,p =0.00
i 6 8
Random-effects model
Effective Size Weight
Study (Males) with 95% ClI (%)
Allayed 2022 —— 0.586[ 0.513, 0.659] 10.34
Garcia-Ayuso 2022 —i— 0.584[ 0.513, 0.655] 10.98
Al-Dolat 2022 = = 0.602[ 0.559, 0.645] 30.57
Tangmonkongvoragul 2022 —— 0.643[ 0.584, 0.702] 15.83
Long 2020 0.500[ 0.255, 0.745] 0.92
Cartes 2022 - 0.628 [ 0.586, 0.670] 31.35
Overall 4 0.612[ 0.589, 0.636]
Heterogeneity: 1° = 0.00, I = 0.01%, H” = 1.00
Test of 6= 6;: Q(5) = 3.71, p = 0.59
Testof 6 =0:z=150.97, p =0.00
2 4 6 8

Random-effects model

Fig 4. Forest plot of studies showing the prevalence of dry eye in females and males. The random-effects model was used. A and B refer to the prevalence
of dry eye in females and males during the COVID-19 pandemic, respectively. The pooled estimate was reported as prevalence as a percentage and CI. CI,
Confidence interval.

https://doi.org/10.1371/journal.pone.0288523.9004

workers in Japan, revealing that contact lens wearers showed a 2.38 times higher risk of dry

eye than non-contact lens wearers [48]. However, there was no significant difference

(P =0.12) between contact lens wearers and non-contact lens wearers, possibly due to the lack

of included studies.

It has been shown that smoking shortens tear film break-up time, which could result in dry
eye [49]. Our results indicated that the prevalence of dry eye was 74.0% (95%CI: 63.1%-85.0%)
among smokers and 66.8% (95%CI: 21.4%-82.2%) among non-smokers; however, the differ-
ence was not significant (P = 0.12). The insufficient sample size included in the analysis and
the short duration of smoking may have contributed to the lack of significant differences

between smokers and non-smokers in our results.
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Fig 5. Forest plot of studies comparing the prevalence of dry eye between females and males. The random-effects model was used. The pooled estimate was
reported as an odds ratio. CI, Confidence interval; IV, Inverse variance.
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Fig 6. Forest plot of studies showing the prevalence of dry eye in VDT of less than and more than 4 hours per day. The random-effects model was used. A
and B refer to the prevalence of dry eye during the COVID-19 pandemic in VDT of less than and more than 4 hours per day, respectively. The pooled estimate
was reported as prevalence as a percentage and CI. VDT, visual display time; CI, Confidence interval.

https://doi.org/10.1371/journal.pone.0288523.9006
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Fig 7. Forest plot of studies comparing the prevalence of dry eye between VDT of more than and less than 4 hours per day. The random-effects model was
used. The pooled estimate was reported as an odds ratio. VDT, visual display time; CI, Confidence interval; IV, Inverse variance.
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Fig 8. Forest plot of studies showing subgroup analysis of diagnostic tools. The random-effects model was used. The pooled estimate was reported as
prevalence as a percentage and CI. OSDI, ocular surface disease index; DEQ-5, dry eye questionnaire 5; other tools included visual functioning questionnaire-
25, women’s health study questionnaire, computer vision syndrome questionnaire; CI, Confidence interval.

https://doi.org/10.1371/journal.pone.0288523.9008
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Table 3. Heterogeneity test of subgroup analysis.

Subgroup Studies (n) | Prevalence (%) | 95%CI (%) | Heterogeneity | Heterogeneity between groups (P value)
across the
studies
1? (%) P
Average age >30 years old 3 56.1 37.7-74.5 97.00 | 0.00 0.00
<30 years old 6 61.6 46.8-76.4 99.51 0.00
Study population School children 3 60.8 49.6-72.1 98.88 | 0.00 0.00
University students 5 64.0 46.7-81.4 99.51 | 0.00
Occupational population 3 56.1 37.7-74.5 97.00 | 0.00
Diagnostic tools OSDI 6 64.8 55.1-74.5 97.42 | 0.00 0.00
DEQ-5 2 72.6 63.0-82.1 97.42 | 0.00
Others 3 46.6 28.1-65.1 99.28 | 0.00
Time of study execution Before January 2021 3 53.8 28.9-78.7 99.67 | 0.00 0.00
After January 2021 6 66.8 56.4-77.2 98.60 | 0.00

CI: Confidence interval.

https://doi.org/10.1371/journal.pone.0288523.t003

Subgroup analysis was performed based on average age [17, 19-22, 24-27], study popula-
tion [17-27], diagnostic tools [17-27], and time of study execution [17, 19-26], and heteroge-
neity did not change significantly. Although the prevalence varied between groups in the
subgroup analyses based on average age, study population, and time of study execution, there
were no significant differences (P = 0.649 among average age, P = 0.826 among study popula-
tions, and P = 0.344 among time of study execution).

However, in the subgroup analysis of diagnostic tools, we observed significant differences
(P =0.047) between the three diagnostic tools (OSDI, 64.8%, 95%CI: 55.1%-74.5%; DEQ-5,
72.6%, 95%CI: 63.0%-82.1%; and other tools, 46.6%, 95%CI: 28.1%-65.1%), which may weaken
the evidence strength of other results.

The 11 studies included in our analysis were inconsistent in terms of sample size, diagnostic
tools, and population characteristics; therefore, heterogeneity was considered significant, as
shown by the results in Tables 3 and 4. Simultaneously, considering the differences in these

Table 4. Summary of the leave-one-out sensitivity analysis.

Leave-one-out Prevalence (%) 95%CI (%) Heterogeneity
P(%) P

Allayed 2022 60.9 50.7-71.0 99.43 0.00
Rao 2022 61.0 50.8-71.2 99.29 0.00
Garcia-Ayuso 2022 60.0 50.0-69.9 99.38 0.00
Salinas-Toro 2022 60.3 50.2-70.4 99.34 0.00
Abdulmannan 2022 64.7 58.0-71.5 98.53 0.00
Lin 2022 60.0 50.1-70.0 99.18 0.00
Al-Dolat 2022 59.9 50.0-69.8 99.34 0.00
Tangmonkongvoragul 2022 60.0 50.1-69.9 99.39 0.00
Long 2020 63.2 54.3-72.0 99.27 0.00
Cartes 2022 59.3 49.8-68.9 99.26 0.00
Mohan 2021 62.1 52.2-71.9 99.40 0.00

CI: Confidence interval.

https://doi.org/10.1371/journal.pone.0288523.1004
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studies, the results of the random-effects model, even though considered more conservative,
were still used for statistical analysis to make our results more stable.

To sum up, the prevalence of dry eye during the COVID-19 pandemic is significantly
higher than before, which may mean that lifestyle changes affect our eye health. In this case,
protecting our eyes by changing lifestyles should be taken seriously, such as reducing visual
display time, increasing outdoor activities, quitting smoking, and avoiding the wearing of con-
tact lenses. Meanwhile, the government and medical institutions should also make more
efforts to disseminate information about dry eye prevention through the Internet and media.

There are some limitations in our study. Firstly, the 11 studies included in the analysis were
from 8 countries or regions in 3 continents and did not include studies performed in North
America, Oceania, and Africa, leading to the possibility that the results may differ from the
actual global prevalence of dry eye during the COVID-19 pandemic. Secondly, 8 of the 11
studies included in the analysis were based on school children and university students, result-
ing in low population representation. Finally, the 11 studies included in the analysis all used
diagnostic tools, and no study using TFOS DEWS II as a diagnostic methodology, which may
lead to an overestimation of the prevalence of dry eye. In addition, we found differences
between diagnostic tools, which may have led to less reliable results.

Therefore, we need to include more cross-sectional surveys on the prevalence of dry eye
during the COVID-19 pandemic from different countries and regions in the future. Mean-
while, studies using uniform diagnostic tools and forcing on more representative populations
are also needed.

Conclusion

The prevalence of dry eye during the COVID-19 pandemic is significantly higher than before,
and a higher prevalence is found among females and those having a visual display time of
more than 4 hours per day.

Supporting information

S1 Checklist. PRISMA 2020 checklist.
(DOCX)

S1 Fig. Forest plot of studies showing the prevalence of dry eye in terms of severity. The
random-effects model was used A, B and C refer to the prevalence of dry eye in mild, moderate
and severe during the COVID-19 pandemic, respectively. Pooled estimate was reported as
prevalence as a percentage and CI. CI, Confidence interval.

(TIF)

S2 Fig. Forest plot of studies showing the prevalence of dry eye in contact lens wearers and
non-contact lens wearers. The random-effects model was used. Aand B refer to the prevalence
of dry eye in contact lens wearers and non-contact lens wearers during the COVID-19 pan-
demic, respectively. Pooled estimate was reported as prevalence as a percentage and CI. CI,
Confidence interval.

(TIF)

S3 Fig. Forest plot of studies comparing the prevalence of dry eye between contact and
non-contact lens wearers. The random-effects model was used. Pooled estimate was reported
as odds ratio. CI, Confidence interval; IV, Inverse variance.

(EPS)
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S4 Fig. Forest plot of studies showing the prevalence of dry eye in smokersand non-smok-
ers. The random-effects model was used. A and B refer to the prevalence of dry eye in smokers
and non-smokers during the COVID-19 pandemic, respectively. Pooled estimate was reported
as prevalence as a percentage and CI. CI, Confidence interval.

(TTF)

S5 Fig. Forest plot of studies comparing the prevalence of dry eye between smokers and
non-smokers. The random-effects model was used. Pooled estimate was reported as odds
ratio. CI, Confidence interval; IV, Inverse variance.

(EPS)

S6 Fig. Forest plot of studies showing subgroup analysis of study population. The random-
effects model was used. Pooled estimate was reported as prevalence as a percentage and CL.CI,
Confidence interval.

(TIF)

S7 Fig. Forest plot of studies showing subgroup analysis of average age. The random-effects
model was used. Pooled estimate was reported as prevalence as a percentage and CI. CI, Confi-
dence interval.

(TIF)

S8 Fig. Forest plot of studies showing subgroup analysis based on time of study execution.
The random-effects model was used. Pooled estimate was reported as prevalence as a percent-
age and CI. CI, Confidence interval.

(TIF)

Author Contributions

Conceptualization: Xiehe Kong.

Data curation: Haiyang Ji, Yun Yang.

Formal analysis: Haiyang Ji.

Funding acquisition: Guang Yang.

Investigation: Yunqiong Lu.

Project administration: Jie Liu, Xuejun Wang, Xiaopeng Ma.
Supervision: Yanting Yang, Xiaopeng Ma.

Validation: Xuejun Wang.

Visualization: Xiaopeng Ma.

Writing - original draft: Haiyang Ji.

References

1. ChuDK, Akl EA, Duda S, Solo K, Yaacoub S, Schiinemann HJ, et al. Physical distancing, face masks,
and eye protection to prevent person-to-person transmission of SARS-CoV-2 and COVID-19: a system-
atic review and meta-analysis. Lancet. 2020; 395(10242):1973-1987. https://doi.org/10.1016/S0140-
6736(20)31142-9 PMID: 32497510

2. Naser AY, Al-Hadithi HT, Dahmash EZ, Alwafi H, Alwan SS, Abdullah ZA. The effect of the 2019 coro-
navirus disease outbreak on social relationships: A cross-sectional study in Jordan. Int J Soc Psychia-
try. 2021; 67(6):664—671. https://doi.org/10.1177/0020764020966631 PMID: 33103566

PLOS ONE | https://doi.org/10.1371/journal.pone.0288523 December 13, 2023 14/17


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0288523.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0288523.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0288523.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0288523.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0288523.s009
https://doi.org/10.1016/S0140-6736%2820%2931142-9
https://doi.org/10.1016/S0140-6736%2820%2931142-9
http://www.ncbi.nlm.nih.gov/pubmed/32497510
https://doi.org/10.1177/0020764020966631
http://www.ncbi.nlm.nih.gov/pubmed/33103566
https://doi.org/10.1371/journal.pone.0288523

PLOS ONE

Prevalence of dry eye during the COVID-19 pandemic

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Alyami HS, Naser AY, Dahmash EZ, Alyami MH, Alyami MS. Depression and anxiety during the
COVID-19 pandemic in Saudi Arabia: A cross-sectional study. Int J Clin Pract. 2021; 75(7):e14244.
https://doi.org/10.1111/ijcp.14244 PMID: 33876864

Abusamak M, Jaber HM, Alrawashdeh HM. The Effect of Lockdown Due to the COVID-19 Pandemic on
Digital Eye Strain Symptoms Among the General Population: A Cross-Sectional Survey. Front Public
Health. 2022; 10:895517. https://doi.org/10.3389/fpubh.2022.895517 PMID: 35812520

Bhattacharya S, Heidler P, Saleem SM, Marzo RR. Let There Be Light-Digital Eye Strain (DES) in Chil-
dren as a Shadow Pandemic in the Era of COVID-19: A Mini Review. Front Public Health. 2022;
10:945082. https://doi.org/10.3389/fpubh.2022.945082 PMID: 36033797

Regmi A, Suresh J, Asokan R. Changes in work patterns during COVID-19 lockdown and its impact on
the eyes and body. Clin Exp Optom. 2023; 106(3):331-337. https://doi.org/10.1080/08164622.2022.
2029682 PMID: 35157810

Talens-Estarelles C, Garcia-Marqués JV, Cervino A, Garcia-Lazaro S. Use of digital displays and ocu-
lar surface alterations: A review. Ocul Surf. 2021; 19:252—-265. https://doi.org/10.1016/}.jtos.2020.10.
001 PMID: 33053438

Rossi GCM, Scudeller L, Bettio F, Pasinetti GM, Bianchi PE. Prevalence of dry eye in video display ter-
minal users: a cross-sectional Caucasian study in Italy. Int Ophthalmol. 2019; 39(6):1315-1322. https://
doi.org/10.1007/s10792-018-0947-6 PMID: 29881936

Kaido M, Kawashima M, Yokoi N, Fukui M, Ichihashi Y, Kato H, et al. Advanced dry eye screening for
visual display terminal workers using functional visual acuity measurement: the Moriguchi study. Br J
Ophthalmol. 2015; 99(11):1488-1492. https://doi.org/10.1136/bjophthalmol-2015-306640 PMID:
25883086

Craig JP, Nichols KK, Akpek EK, Caffery B, Dua HS, Joo CK, et al. TFOS DEWS I Definition and Clas-
sification Report. The ocular surface. 2017; 15(3):276—283. https://doi.org/10.1016/j.jtos.2017.05.008
PMID: 28736335

Greco G, Pistilli M, Asbell PA, Maguire MG ,Dry Eye Assessment and Management Study Research
Group. Association of Severity of Dry Eye Disease with Work Productivity and Activity Impairment in the
Dry Eye Assessment and Management Study. Ophthalmology. 2021; 128(6):850-856. https://doi.org/
10.1016/j.ophtha.2020.10.015 PMID: 33068617

Patel VD, Watanabe JH, Strauss JA, Dubey AT. Work productivity loss in patients with dry eye disease:
an online survey. Curr Med Res Opin. 2011; 27(5):1041—1048. https://doi.org/10.1185/03007995.2011.
566264 PMID: 21417803

OkumuraY, Inomata T, Iwata N, Sung J, Fujimoto K, Fujio K, et al. A Review of Dry Eye Questionnaires:
Measuring Patient-Reported Outcomes and Health-Related Quality of Life. Diagnostics. 2020; 10
(8):559. https://doi.org/10.3390/diagnostics 10080559 PMID: 32764273

McDonald M, Patel DA, Keith MS, Snedecor SJ. Economic and humanistic burden of dry eye disease in
Europe, North America, and Asia: a systematic literature review. Ocular Surf. 2016; 14(2):144—167.
https://doi.org/10.1016/j.jtos.2015.11.002 PMID: 26733111

Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Preferred reporting items for systematic
reviews and meta-analyses: the PRISMA statement. Int J Surg. 2010; 8(5):336—341. https://doi.org/10.
1016/.ijsu.2010.02.007 PMID: 20171303

Munn Z., Moola S., Riitano D., Lisy K. The development of a critical appraisal tool for use in systematic
reviews addressing questions of prevalence. Int J Heal policy Manag. 2014; 3(3):123-128. https://doi.
org/10.15171/ijhpm.2014.71 PMID: 25197676

Allayed R, Ayed A, Fashafsheh I. Prevalence and Risk Factors Associated with Symptomatic Dry Eye
in Nurses in Palestine During the COVID-19 Pandemic. SAGE Open Nurs. 2022;
8:23779608221127948. https://doi.org/10.1177/23779608221127948 PMID: 36160691

Rao BV, Bandopadhyay S, Sharma VK, Mishra A, Ambiya V, Sharma N. Dry eye disease survey
among schoolteachers and children using visual display terminals during COVID-19 lockdown-CODE
study (Covid and dry eye study). Med J Armed Forces India. 2022: 10.1016/j.mjafi.2022.04.014.
https://doi.org/10.1016/j.mjafi.2022.04.014 PMID: 35937413

Garcia-Ayuso D, Di Pierdomenico J, Moya-Rodriguez E, Valiente-Soriano FJ, Galindo-Romero C,
Sobrado-Calvo P. Assessment of dry eye symptoms among university students during the COVID-19
pandemic. Clin Exp Optom. 2022; 105(5):507-513. https://doi.org/10.1080/08164622.2021.1945411
PMID: 34279190

Salinas-Toro D, Cartes C, Segovia C, Alonso MJ, Soberon B, Sepulveda M, et al. High frequency of dig-
ital eye strain and dry eye disease in teleworkers during the coronavirus disease (2019) pandemic. Int J
OccupSaf Ergon. 2022; 28(3):1787-1792. https://doi.org/10.1080/10803548.2021.1936912 PMID:
34082647

PLOS ONE | https://doi.org/10.1371/journal.pone.0288523 December 13, 2023 15/17


https://doi.org/10.1111/ijcp.14244
http://www.ncbi.nlm.nih.gov/pubmed/33876864
https://doi.org/10.3389/fpubh.2022.895517
http://www.ncbi.nlm.nih.gov/pubmed/35812520
https://doi.org/10.3389/fpubh.2022.945082
http://www.ncbi.nlm.nih.gov/pubmed/36033797
https://doi.org/10.1080/08164622.2022.2029682
https://doi.org/10.1080/08164622.2022.2029682
http://www.ncbi.nlm.nih.gov/pubmed/35157810
https://doi.org/10.1016/j.jtos.2020.10.001
https://doi.org/10.1016/j.jtos.2020.10.001
http://www.ncbi.nlm.nih.gov/pubmed/33053438
https://doi.org/10.1007/s10792-018-0947-6
https://doi.org/10.1007/s10792-018-0947-6
http://www.ncbi.nlm.nih.gov/pubmed/29881936
https://doi.org/10.1136/bjophthalmol-2015-306640
http://www.ncbi.nlm.nih.gov/pubmed/25883086
https://doi.org/10.1016/j.jtos.2017.05.008
http://www.ncbi.nlm.nih.gov/pubmed/28736335
https://doi.org/10.1016/j.ophtha.2020.10.015
https://doi.org/10.1016/j.ophtha.2020.10.015
http://www.ncbi.nlm.nih.gov/pubmed/33068617
https://doi.org/10.1185/03007995.2011.566264
https://doi.org/10.1185/03007995.2011.566264
http://www.ncbi.nlm.nih.gov/pubmed/21417803
https://doi.org/10.3390/diagnostics10080559
http://www.ncbi.nlm.nih.gov/pubmed/32764273
https://doi.org/10.1016/j.jtos.2015.11.002
http://www.ncbi.nlm.nih.gov/pubmed/26733111
https://doi.org/10.1016/j.ijsu.2010.02.007
https://doi.org/10.1016/j.ijsu.2010.02.007
http://www.ncbi.nlm.nih.gov/pubmed/20171303
https://doi.org/10.15171/ijhpm.2014.71
https://doi.org/10.15171/ijhpm.2014.71
http://www.ncbi.nlm.nih.gov/pubmed/25197676
https://doi.org/10.1177/23779608221127948
http://www.ncbi.nlm.nih.gov/pubmed/36160691
https://doi.org/10.1016/j.mjafi.2022.04.014
http://www.ncbi.nlm.nih.gov/pubmed/35937413
https://doi.org/10.1080/08164622.2021.1945411
http://www.ncbi.nlm.nih.gov/pubmed/34279190
https://doi.org/10.1080/10803548.2021.1936912
http://www.ncbi.nlm.nih.gov/pubmed/34082647
https://doi.org/10.1371/journal.pone.0288523

PLOS ONE

Prevalence of dry eye during the COVID-19 pandemic

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Abdulmannan DM, Naser AY, Ibrahim OK, Mahmood AS, Alyoussef Alkrad J, Sweiss K, et al. Visual
health and prevalence of dry eye syndrome among university students in Irag and Jordan. BMC
Ophthalmol. 2022; 22(1):265. https://doi.org/10.1186/s12886-022-02485-w PMID: 35698109

LinF, CaiY, Fei X, Wang Y, Zhou M, Liu Y. Prevalence of dry eye disease among Chinese high school
students during the COVID-19 outbreak. BMC Ophthalmol. 2022; 22(1):190. https://doi.org/10.1186/
$12886-022-02408-9 PMID: 35468756

Al-Dolat W, Abu-Ismail L, Khamees A, Alqudah N, Abukawan MM, Alrawashdeh HM, et al. Is wearing a
face mask associated with symptomatic dry eye disease among medical students during the COVID-19
era? An online survey. BMC Ophthalmol. 2022; 22(1):159. https://doi.org/10.1186/s12886-022-02377-z
PMID: 35392860

Tangmonkongvoragul C, Chokesuwattanaskul S, Khankaeo C, Punyasevee R, Nakkara L, Moolsan S,
et al. Prevalence of symptomatic dry eye disease with associated risk factors among medical students
at Chiang Mai University due to increased screen time and stress during COVID-19 pandemic. PLoS
One. 2022; 17(3):€0265733. https://doi.org/10.1371/journal.pone.0265733 PMID: 35320310

Long Y, Wang X, Tong Q, Xia J, Shen Y. Investigation of dry eye symptoms of medical staffs working in
hospital during 2019 novel coronavirus outbreak. Medicine (Baltimore). 2020; 99(35):€21699. https://
doi.org/10.1097/MD.0000000000021699 PMID: 32871886

Cartes C, Segovia C, Salinas-Toro D, Goya C, Alonso MJ, Lopez-Solis R, et al. Dry Eye and Visual Dis-
play Terminal-Related Symptoms among University Students during the Coronavirus Disease Pan-
demic. Ophthalmic Epidemiol. 2022; 29(3):245-251. https://doi.org/10.1080/09286586.2021.1943457
PMID: 34251964

Mohan A, Sen P, Shah C, Jain E, Jain S. Prevalence and risk factor assessment of digital eye strain
among children using online e-learning during the COVID-19 pandemic: Digital eye strain among kids
(DESK study-1). Indian J Ophthalmol 2021; 69(1):140—144. https://doi.org/10.4103/ijo.IJO_2535_20
PMID: 33323599

Stapleton F, Alves M, Bunya VY, Jalbert |, Lekhanont K, Malet F, et al. TFOS DEWS Il Epidemiology
Report. Ocul Surf. 2017; 15(3):334-365. https://doi.org/10.1016/j.jtos.2017.05.003 PMID: 28736337

Papas EB. The global prevalence of dry eye disease: A Bayesian view. Ophthalmic Physiol Opt. 2021;
41(6):1254—1266. https://doi.org/10.1111/0p0.12888 PMID: 34545606

CaiY, Wei J, Zhou J, Zou W. Prevalence and incidence of dry eye disease in Asia: a systematic review
and meta-analysis. Ophthalmic Res. 2022; 65(6):647—658. https://doi.org/10.1159/000525696 PMID:
35760054

Ryoo SW, Min JY, Lee DW, Choi BY, Choi J, Kim HY, et al. Telecommuting-related health outcomes
during the COVID-19 pandemic in South Korea: a national population-based cross-sectional study.
BMC Public Health. 2023; 23(1):549. https://doi.org/10.1186/s12889-023-15271-0 PMID: 36959592

Messmer EM. The pathophysiology, diagnosis, and treatment of dry eye disease. DtschArztebl Int.
2015; 112(5):71-82. https://doi.org/10.3238/arztebl.2015.0071 PMID: 25686388

Donthineni PR, Shanbhag SS, Basu S. An Evidence-Based Strategic Approach to Prevention and
Treatment of Dry Eye Disease, a Modern Global Epidemic. Healthcare (Basel). 2021; 9(1):89. https://
doi.org/10.3390/healthcare9010089 PMID: 33477386

Yu X, Guo H, Liu X, Wang G, Min Y, Chen SS, et al. Dry eye and sleep quality: a large community-
based study in Hangzhou. Sleep. 2019; 42(11):zsz160. https://doi.org/10.1093/sleep/zsz160 PMID:
31310315

Kawashima M, Uchino M, Yokoi N, Uchino Y, Dogru M, Komuro A, et al. The association of sleep quality
with dry eye disease: the Osaka study. Clin Ophthalmol. 2016; 10:1015-1021. https://doi.org/10.2147/
OPTH.S99620 PMID: 27330271

Ayaki M, Kawashima M, Negishi K, Tsubota K. High prevalence of sleep and mood disorders in dry eye
patients: survey of 1,000 eye clinic visitors. Neuropsychiatr Dis Treat. 2015; 11:889-894. https://doi.
org/10.2147/NDT.S81515 PMID: 25848288

Lee YB, Koh JW, Hyon JY, Wee WR, Kim JJ, Shin YJ. Sleep deprivation reduces tear secretion and
impairs the tear film. Invest Ophthalmol Vis Sci. 2014; 55(6):3525—-3531. https://doi.org/10.1167/iovs.
14-13881 PMID: 24833736

Napoli PE, Nioi M, Fossarello M. The "Quarantine Dry Eye": The Lockdown for Coronavirus Disease
2019 and Its Implications for Ocular Surface Health. Risk ManagHealthc Policy. 2021; 14:1629—-1636.
https://doi.org/10.2147/RMHP.S277067 PMID: 33907480

Fan Q, Liang M, Kong W, Zhang W, Wang H, Chu J, et al. Wearing face masks and possibility for dry
eye during the COVID-19 pandemic. Sci Rep. 2022; 12(1):6214. https://doi.org/10.1038/s41598-022-
07724-0 PMID: 35418586

PLOS ONE | https://doi.org/10.1371/journal.pone.0288523 December 13, 2023 16/17


https://doi.org/10.1186/s12886-022-02485-w
http://www.ncbi.nlm.nih.gov/pubmed/35698109
https://doi.org/10.1186/s12886-022-02408-9
https://doi.org/10.1186/s12886-022-02408-9
http://www.ncbi.nlm.nih.gov/pubmed/35468756
https://doi.org/10.1186/s12886-022-02377-z
http://www.ncbi.nlm.nih.gov/pubmed/35392860
https://doi.org/10.1371/journal.pone.0265733
http://www.ncbi.nlm.nih.gov/pubmed/35320310
https://doi.org/10.1097/MD.0000000000021699
https://doi.org/10.1097/MD.0000000000021699
http://www.ncbi.nlm.nih.gov/pubmed/32871886
https://doi.org/10.1080/09286586.2021.1943457
http://www.ncbi.nlm.nih.gov/pubmed/34251964
https://doi.org/10.4103/ijo.IJO%5F2535%5F20
http://www.ncbi.nlm.nih.gov/pubmed/33323599
https://doi.org/10.1016/j.jtos.2017.05.003
http://www.ncbi.nlm.nih.gov/pubmed/28736337
https://doi.org/10.1111/opo.12888
http://www.ncbi.nlm.nih.gov/pubmed/34545606
https://doi.org/10.1159/000525696
http://www.ncbi.nlm.nih.gov/pubmed/35760054
https://doi.org/10.1186/s12889-023-15271-0
http://www.ncbi.nlm.nih.gov/pubmed/36959592
https://doi.org/10.3238/arztebl.2015.0071
http://www.ncbi.nlm.nih.gov/pubmed/25686388
https://doi.org/10.3390/healthcare9010089
https://doi.org/10.3390/healthcare9010089
http://www.ncbi.nlm.nih.gov/pubmed/33477386
https://doi.org/10.1093/sleep/zsz160
http://www.ncbi.nlm.nih.gov/pubmed/31310315
https://doi.org/10.2147/OPTH.S99620
https://doi.org/10.2147/OPTH.S99620
http://www.ncbi.nlm.nih.gov/pubmed/27330271
https://doi.org/10.2147/NDT.S81515
https://doi.org/10.2147/NDT.S81515
http://www.ncbi.nlm.nih.gov/pubmed/25848288
https://doi.org/10.1167/iovs.14-13881
https://doi.org/10.1167/iovs.14-13881
http://www.ncbi.nlm.nih.gov/pubmed/24833736
https://doi.org/10.2147/RMHP.S277067
http://www.ncbi.nlm.nih.gov/pubmed/33907480
https://doi.org/10.1038/s41598-022-07724-0
https://doi.org/10.1038/s41598-022-07724-0
http://www.ncbi.nlm.nih.gov/pubmed/35418586
https://doi.org/10.1371/journal.pone.0288523

PLOS ONE

Prevalence of dry eye during the COVID-19 pandemic

40.

M.

42,

43.

44,

45.

46.

47.

48.

49.

Vehof J, Kozareva D, Hysi PG, Hammond CJ. Prevalence and risk factors of dry eye disease in a British
female cohort. Br J Ophthalmol. 2014; 98(12):1712-1717. https://doi.org/10.1136/bjophthalmol-2014-
305201 PMID: 25185440

Sharma A, Hindman HB. Aging: a predisposition to dry eyes. J Ophthalmol. 2014; 2014:781683. https://
doi.org/10.1155/2014/781683 PMID: 25197560

|'Y Hasan ZA. Dry eye syndrome risk factors: A systemic review. Saudi J Ophthalmol. 2022; 35(2):131—
139. https://doi.org/10.4103/1319-4534.337849 PMID: 35391807

Sullivan DA, Rocha EM, Aragona P, Clayton JA, Ding J, Golebiowski B, et al. TFOS DEWS |l Sex, Gen-
der, and Hormones Report. Ocul Surf. 2017; 15(3):284-333. https://doi.org/10.1016/j.jtos.2017.04.001
PMID: 28736336

Bahkir FA, Grandee SS. Impact of the COVID-19 lockdown on digital device-related ocular health.
Indian J Ophthalmol. 2020; 68(11):2378-2383. https://doi.org/10.4103/ijo.1JO_2306_20 PMID:
33120622

Portello JK, Rosenfield M, Chu CA. Blink rate, incomplete blinks and computer vision syndrome. Optom
Vis Sci. 2013; 90(5):482—4877. https://doi.org/10.1097/OPX.0b013e31828f09a7 PMID: 23538437

Golebiowski B, Long J, Harrison K, Lee A, Chidi-Egboka N, Asper L. Smartphone Use and Effects on
Tear Film, Blinking and Binocular Vision. Curr Eye Res. 2020; 45(4):428—-434. https://doi.org/10.1080/
02713683.2019.1663542 PMID: 31573824

Fjaervoll H, Fjaervoll K, Magno M, Moschowits E, Vehof J, Dartt DA, et al. The association between
visual display terminal use and dry eye: a review. Acta Ophthalmol. 2022; 100(4):357—-375. https://doi.
org/10.1111/a0s.15049 PMID: 34697901

Uchino M, Schaumberg DA, Dogru M, Uchino Y, Fukagawa K, Shimmura S, et al. Prevalence of dry
eye disease among Japanese visual display terminal users. Ophthalmology. 2008; 115(11):1982—
1988. https://doi.org/10.1016/j.ophtha.2008.06.022 PMID: 18708259

Thomas J, Jacob GP, Abraham L, Noushad B. The effect of smoking on the ocular surface and the pre-
corneal tear film. Australas Med J. 2012; 5(4):221-226. https://doi.org/10.4066/AMJ.2012.1035 PMID:
22848314

PLOS ONE | https://doi.org/10.1371/journal.pone.0288523 December 13, 2023 17/17


https://doi.org/10.1136/bjophthalmol-2014-305201
https://doi.org/10.1136/bjophthalmol-2014-305201
http://www.ncbi.nlm.nih.gov/pubmed/25185440
https://doi.org/10.1155/2014/781683
https://doi.org/10.1155/2014/781683
http://www.ncbi.nlm.nih.gov/pubmed/25197560
https://doi.org/10.4103/1319-4534.337849
http://www.ncbi.nlm.nih.gov/pubmed/35391807
https://doi.org/10.1016/j.jtos.2017.04.001
http://www.ncbi.nlm.nih.gov/pubmed/28736336
https://doi.org/10.4103/ijo.IJO%5F2306%5F20
http://www.ncbi.nlm.nih.gov/pubmed/33120622
https://doi.org/10.1097/OPX.0b013e31828f09a7
http://www.ncbi.nlm.nih.gov/pubmed/23538437
https://doi.org/10.1080/02713683.2019.1663542
https://doi.org/10.1080/02713683.2019.1663542
http://www.ncbi.nlm.nih.gov/pubmed/31573824
https://doi.org/10.1111/aos.15049
https://doi.org/10.1111/aos.15049
http://www.ncbi.nlm.nih.gov/pubmed/34697901
https://doi.org/10.1016/j.ophtha.2008.06.022
http://www.ncbi.nlm.nih.gov/pubmed/18708259
https://doi.org/10.4066/AMJ.2012.1035
http://www.ncbi.nlm.nih.gov/pubmed/22848314
https://doi.org/10.1371/journal.pone.0288523

