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Abstract

Background

Symptomatic dry eye disease is a growing public health challenge especially among those
who are visual display unit (VDU) users and other long-time near activity workers. Globally,
computer user adults experience a surge in the prevalence of dry eye. Data is insufficient on
the prevalence of dry eye disease among postgraduate students in Ethiopia. Therefore, the
present was aimed to assess the prevalence of dry eye and its associated factors among
postgraduate students at the University of Gondar, Northwest Ethiopia.

Methods

A cross-sectional study was conducted on a total of 423 postgraduate students who were
selected based on a simple random sampling technique. Data was collected through online
symptom-based ocular surface disease index questionnaire. Binary logistic regression was
used to test the association and p-value of <0.05 was considered to determine the signifi-
cance of the association.

Results

From the total postgraduate students, 404 completed the study with a response rate of
95.5%. The prevalence of symptomatic dry eye disease was 50.5% (95% Cl, 45.1%-
54.9%). Average continuous visual display unit use for 2-4hours per day[AOR = 2.57 (95%
Cl, 1.27-5.21)] and for> 4hours per day[AOR = 3.77 (95% CI 1.87—7.59)], duration of visual
display unit use for 3-5 years [AOR = 2.24 (95% Cl, 1.17-4.31)], 6-8 years [AOR = 2.46
(95% CI,1.31-4.62)] and > 8 years [AOR = 3.25 (95% Cl, 1.63-6.48)], average sleeping
hour < 7 hours/day within last week [AOR = 2.17 (95% ClI, 1.35-3.49)] and current known
allergic conjunctivitis [AOR = 5.42 (95% Cl, 2.43—-12.10)] were significantly associated with
symptomatic dry eye disease.
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Index; SDED, Symptomatic Dry Eye Disease;

SPSS, Statistical Package for Social Science; USD,

United States Dollar; VDU, Visual Display Unit.

Conclusion and recommendation

In this study, about half of postgraduate students faced symptomatic dry eye disease. Signif-
icant association was observed between symptomatic dry eye disease and average continu-
ous hours of visual display unit use, duration of visual display unit use in years, shortage of
sleep and current known allergic conjunctivitis. It is advisable for postgraduate students to
limit screen exposure hour and establish regular breaking time along their exposure. Itis
also advisable to have optimum sleep as possible. It is also important to explore dry eye dis-
ease on a large sample incorporating clinical tests.

Introduction

Symptomatic dry eye disease (SDED) is a multi-factorial ocular surface condition occurs
because of a disturbance in the tear film layers especially in the outer lipid layer [1]. It is mani-
fested by frequent symptoms of dryness, ocular pain, burning, visual disturbance, eye fatigue,
grittiness, photophobia, soreness, irritation & tearing [1].

Currently, SDED is a growing public health challenge especially among those who are visual
display unit (VDU) users and other long-time near activity workers. Based on a number of
population-based estimates worldwide the prevalence of SDED ranges from 12.3% to 62.4% in
the adult population [1].

A complicity of socio-demographic, behavioral, ocular & systemic factors such as; age [1-
3], sex [4], contact lens (CL) wear [5-8], VDU use [6,7,9,10], self -administered topical oph-
thalmic medication [8,11] shortage of sleep [8,12], systemic allergies [11,13], cataract surgery
[14], migraine [13], current smoking [15,16], diabetes mellitus (DM) [15,17], arthritis [12,13],
thyroid diseases [1], stress/depression, asthma [13], hypertension (HTN) [18] and anti-depres-
sant/anti-anxiety medications plays great role in the development of SDED [12,18,19].
Although SDED rarely leads to visual loss, it frequently reduces the quality of life by interrupt-
ing crucial daily activities [15,20-22].

The economic burden of SDED is very high [4,15,23,24]. In the United States alone, the
annual financial burden of dry eye is comparable with other potential ocular conditions like
refractive error and cataract. The overall annual cost of dry eye for the United States healthcare
system was $59.24 billion from a societal & payersperspective [24].

Using VDU and other prolonged near activities, especially in the adult population, are dra-
matically increasing through time [6,7,9,10,25]. Post-graduate university students are among
those who have extended exposure to VDUs like a computer and other long time near visual
activities. Published evidence on prevalence of symptomatic dry eye disease and its associated
factors in Ethiopia is scarce. Therefore, this study is aimed to fill this gap.

Methods and materials
Study design and period

A web-based cross-sectional study was conducted at the University of Gondar; Northwest
Ethiopia from June 21 to August 21, 2020.

Source and study population

University of Gondar is in the historic town of Gondar, Ethiopia, 738 km from the capital,
Addis Ababa. It is one of the oldest and largest higher education institutions in the country
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that was established in 1954 as a public health college and training center. The University has
five campuses namely College of Medicine and Health Sciences, Tewodros, Fasil, Maraki and
Tseda. According to the data got from the University of Gondar Registrar and Alumni Direc-
torate Office, currently, it has 3266 students in137 postgraduate programs. The university
mainly delivers the teaching process of the postgraduate program with the aid of VDU. Gon-
dar town has a tertiary eye care hospital and private clinics which are providing comprehensive
and specialty eye health care services by ophthalmologists, optometrists and ophthalmic
nurses.

Exclusion criteria

« Participants without institutional e-mails or having inactive emails were excluded.

Sample size calculation

A computer-generated simple random sampling technique was performed to select 423 sam-
ples from 3266 postgraduate students. A computer registered sampling frame was obtained

C

and Microsoft Excel function “= RAND ()” was used to generate simple random samples from
the total postgraduate students.

The sample size calculation was done using a single population proportion formula consid-
ering prevalence of SDED from a study done in Ghana 48.1% (p = 0.481)"", maximum allow-

able error d 5%, and 10% non-response rate, the final computed sample size was 423.

Ethical consideration

Ethical clearance was obtained from the Ethical Review Committee of University of Gondar,
College of Medicine and Health Sciences. The tool had an informed consent form telling the
participants about the aim of the study and their right to refuse participation. It had also a
form seeking for voluntarism of participation before heading to the questionnaire. For confi-
dentiality, the name of the participants was not documented and data was not disclosed. Gen-
erally, the study was conducted following the tenets of the Declaration of Helsinki.

Operational definitions

In this study, participants who had OSDI score > 13 were considered as they have symptom-
atic dry eye disease [26]. The use of VDU among participants was ascertained through an aver-
age continuous hour of exposure to visual display unit like a computer, television, and smart
phones per day [5,7]. Participants with any diagnosed systemic allergy in the past were consid-
ered as having systemic allergy [13]. Those who reported smoking at least 100 cigarettes during
their lifetime and who reported they smoke every day during data collection were designated
as current smokers [15]. Sleeping hour was estimated based on an average sleeping hour per
day within the last week [27,28].

If study subjects had any known depression/ anxiety which lasts for > 54 months, they
were considered as having depression/anxiety [29]. Study participants who claimed using pre-
scribed anti-depression/ anti-anxiety medications for > 18 months were classified as anti-
depression/ anti-anxiety medication users [29]. Participants who used an eye drops at least
once a week in the previous 3 months were grouped as self-administered topical ophthalmic
medication users [8].

PLOS ONE | https://doi.org/10.1371/journal.pone.0272808  August 22, 2022 3/9


https://doi.org/10.1371/journal.pone.0272808

PLOS ONE

Symptomatic dry eye disease and associated factors

Assessment of dry eye disease and risk factors

In this study, a single validated symptom based questionnaire was used to assess SDED: a stan-
dard ocular surface disease index (OSDI) questionnaire with 12 questions which is a validated
and repeatable tool [26].

The questionnaire has three sections. The first evaluates the frequency of symptoms, the
second evaluates the effect of symptoms on daily tasks and the third section evaluates the effect
of environmental factors such as windy conditions and air conditioning. The scores on the
three sections were summed up to arrive at a final OSDI score (sum of the 12 questions multi-
plied by 25 and divided by 12, and then rounded to next integer), which ranges from 0 to 100,
with higher values showing greater symptom severity [26].

Data regarding participants’ socio demography, behavioral, ocular and systemic factors
were also obtained through online questionnaire completed by study subjects. Because of the
current pandemic (Covid-19), the data were collected through an online English version stan-
dard OSDI questionnaire prepared with Microsoft forms and administered through students’
institutional e-mail. The tool was pretested on 5% of the sample at Bahir Dar University and
relevant amendment of the questionnaire was performed thereafter. Completeness and consis-
tency of the collected data were ensured.

The questionnaires which were filled within a short period (< 1/3 median average time)
were rejected and questions which should be filled were marked as ‘required’ that participants
couldn’t skip to the next question without filling it. This tool format was restricted as one par-
ticipant can’t fill greater than once.

Data processing and analysis

The online data collected with Microsoft form was downloaded as Microsoft excel (2010)
form. The data was then exported to statistical package for social science (SPSS) version 20, to
be cleaned, coded and analyzed. The prevalence of symptomatic dry eye with corresponding
95% CI was determined by using the OSDI score. The descriptive analysis was summarized by
frequency, percent and summary statistics. Both bi-variable and multivariable binary logistic
regression analyses were done to recognize factors associated with dry eye. Variables with a p-
value less than 0.2 at bi-variable analysis were considered for the multivariable analysis.

Finally, those variables with p< 0.05 at multivariable logistic regression were considered as
statistically significant. The magnitude of the association was determined using an adjusted
odds ratio with a 95% confidence interval.

Results
Socio demographic characteristics of postgraduate students

In this study, 404 post-graduate students were included with a response rate of 95.5%. The
median age was 29 years, with an inter quartile range of 4. Most of the participants were male
(75.2%), Orthodox Christianity followers (80.9%), and unmarried (63.1%). Half (50.2%) of the
participants were first-year students and the median net monthly income was 208.75$USD
with an IQR of 91.56$USD.

Behavioral characteristics of postgraduate students

Nearly half (46%) of the participants were using visual display units for an average of > 4 con-
tinuous hours per day, whereas from all participants, nearly three fourth (72.8%) were using a
hard copy for < 4 average continuous hours per day.
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Only 12 (3%) participants were current smokers and 148 (36.6%) participants slept < 7
hours per day on average within last week.

Clinical characteristics of postgraduate students

Of all 404 participants, 66 (16.3%) participants had a history of diagnosed current allergic con-
junctivitis. Thirty-seven (9.2%) participants had a history of self-administered eye drop at least
once a week within the last 3 months. Only 11 (2.7%) of participants had history of DM and
only 11 (2.7%) had a history of known thyroid disease. Of the total 100 female participants, 17
(17%) were oral contraceptive users.

Prevalence of symptomatic dry eye disease among postgraduate students

The prevalence of symptomatic dry eye disease among postgraduate students was found to be
50.5% (95% CI = 45.1% - 54.9).

Related factors to symptomatic dry eye disease among postgraduate
students

In bi-variable logistic regression, there was an association between SDED and average continu-
ous hours of VDU use per day, duration of using VDUs in years, average sleeping hours per
day with in the last week, using self-administered eye drop within the last 3 months, known
allergic conjunctivitis, known systemic allergy, known migraine headache and history of diag-
nosed HTN.

Upon a multivariable logistic regression, participants with an average sleep duration of < 7
hours per day in the last week (2.01, 95% CI: 1.24-3.26), use of VDU for an average continuous
hour of 2-4 (2.57,95% CI: 1.27-5.21)and > 4 (3.77, 95% CI 1.87-7.59), participants who have
been using VDU for 3-5 (2.24, 95% CI, 1.17-4.31), 6-8 (2.46, 95% CI, 1.31-4.62) and >8
(3.25,95% CI 1.63-6.48) and participants with a history of current known allergic conjunctivi-
tis (5.42, 95% CI 2.43-12.10) were significantly associated with symptomatic dry eye disease
(Table 1 in S1 Annex).

Discussion

The prevalence of SDED in this study was 50.5% (95% CI, 45.1-54.9) with a standard OSDI
score. This result was in line with studies done among Ghanaian undergraduate students
(48.1%) [11] and Mersin University Lecturers (52.8%) [9]. This consistency might be because
of the similarity of exposure factors to study populations. For instance, age level and average
hour exposure to VDU of this study were the same with the Ghanaian study and study among
Mersin university lecturers respectively. Additionally, Mersin University study employed a
similar tool with ours.

However, the present finding was lower compared to a hospital-based study on Mexican
medical resident students (56%) [30]. The higher prevalence in Mexican medical resident
students could be due to the difference in the exposure status of the study population to a
potential risk factor. Medical residents encounter a shortage of sleep because of their
extended night time duty more likely to experience SDED. Our finding was also lower com-
pared to a population-based study among Saudi Arabian populations within the age range of
6 to 40 years with reported prevalence of SDED (62.4%) [1]. This difference could be due to
the higher proportion of female study participants in Saudi Arabian study (65.4%). Females
are more likely to be vulnerable to dry eye because of the hormonal changes and oral con-
traceptive use [31-33]. Besides, in the former study there was a higher proportion of
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participants with a history of smoking, contact lens use, diabetes mellitus, and arthritis
which in turn increase the occurrence of SDED. Our study result was also lower than study
done in Santiago (77.5%). This highest result could be due to the fact that, factors that affect
SDED like being female, smoking history, thyroid disease, depression, antidepressant and
oral contraceptive were higher as compared to our study. This difference could also be due
the variety in the tool employed to assess dry eye; the previous study use DEQ-5 question-
naire with only 5 questions in contrast to our study’s OSDI tool with 12 questions, which
may inflate the result [34].

On the other hand, the prevalence of SDED in this study was higher compared to a hospi-
tal-based study on Mexico City patients attending tertiary care center (43%) [35], a popula-
tion-based study on Lebanon population (36.4%) [3] and another hospital based study on
Indian patients (29.25%) [2]. The higher result of this study might be due to a difference of
study populations. This study was done on participants with higher exposure status against to
the previous studies which were conducted on hospital and community-based study subjects,
who had relatively a lower exposure status for the important risk factors.

Moreover, our finding was also higher compared to a study on Iranian adult population
which found that the prevalence of SDED was 18.3% [4]. The observed difference could be
because the study on Iranian adult population had only considered severe and very severe dry
eye symptoms (OSDI > 23). The utilization of high cutoff value in the OSDI made the preva-
lence low.

In this study, shortage of sleep (participants sleeping < 7 hours on average within the last
week) have 2.01 times more likely to develop SDED as compared to those sleeping for > 7
hours per day. This might be due to the fact that, sleep deprivation reduces parasympathetic
tear secretion and tear hyper osmolality that could be linked to damage of surface epithelial
cells and repeated ocular surface inflammation ultimately leads to dry eye [8,36].

As compared to those participants who use VDU for < 2 average continuous hours per
day, those who use for 2-4 and > 4 hours have 2.4 and 3.2 higher chance of developing
SDED, respectively. This was consistent with researches done on Japanese VDU users [7]
Turkey lecturer [9] and Chinese medical students [10] found that, as the average time of
VDU uses increase the chance of developing SDED increases. The possible reason for the
association could be because, extended exposure to VDU has been linked with low blinking
rate (< normal 10-15 per minute) and increased tear evaporation eventually leads to SDED
[7].

Participants who have been using VDUs for 3-5 years, 6-8 years and > 8 years had 2.24,
2.46- and 3.25times increased risk of developing SDED respectively compared to participants
using VDU for < 3 years. This is because using VDU for a longer period leads to reduction in
blink rate which in turn leads to SDED [37].

Participants with the current known allergic conjunctivitis had 5.42 times more likely to
develop SDED. This could be explained in a way that, allergic conjunctivitis is an inflammatory
disorder of the conjunctiva which decrease goblet cell density & alter the lipid layer [38] and
increase meibomian gland duct distortion [39] ultimately leads to the occurrence of dry eye.
On top of that, medications for allergic conjunctivitis like antihistamine also has the potential
to cause dry eye [12].

Studies have reported SDED has an association with increasing age [1-3]. However, in our
study, we haven’t found any association. This could be probably due to the sole inclusion of
young adult study population (23-47 years) in the current study. Thus, age and age-related fac-
tors of the dry eye could not be shown. Moreover this is supported by a similar study in Ghana
[11].
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Limitation

As a limitation, using a single validated questionnaire instead of combined tool (OSDI and
other objective assessments) might have affected the estimates of dry eye and make a compari-
son with the former studies difficult. Urging participants to report their past exposure to the
risk factors such as, smoking cigarette, presence of anxiety and depression, use of eye drops
and years of VDU use would cause a recall bias. In addition, given the wide spread of COVID
19 pandemic, we haven’t assessed the effect of wearing masks on dry eye, which some current
studies conclude as an associated factor. Additionally, we believed that a larger sample size
would be required to make a robust analysis and arrive at a better estimate of dry eye and asso-
ciated factors among the vulnerable groups of population.

Conclusion

In conclusion, about half of postgraduate students at University of Gondar had symptomatic
dry eye disease. Average continuous VDU use hours of > 2 hours per day, > 3 years VDU use,
a sleeping hour which is < 7 hours per day within last week and current known allergic con-
junctivitis were the significantly associated factors.

Supporting information
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S2 Annex.
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(SAV)

Acknowledgments

We acknowledge light for the world non-profit non-governmental organization for the finan-
cial support during data collection.

Author Contributions

Conceptualization: Tarekegn Cheklie Zeleke, Nebiyat Feleke Adimassu, Abiy Maru Ale-
mayehu, Teshager Wondale Dawud, Getasew Alemu Mersha.

Data curation: Tarekegn Cheklie Zeleke.
Formal analysis: Tarekegn Cheklie Zeleke.
Methodology: Tarekegn Cheklie Zeleke, Nebiyat Feleke Adimassu, Abiy Maru Alemayehu.

Visualization: Nebiyat Feleke Adimassu, Abiy Maru Alemayehu, Teshager Wondale Dawud,
Getasew Alemu Mersha.

Writing - original draft: Tarekegn Cheklie Zeleke.

Writing - review & editing: Nebiyat Feleke Adimassu, Teshager Wondale Dawud, Getasew
Alemu Mersha.

PLOS ONE | https://doi.org/10.1371/journal.pone.0272808  August 22, 2022 7/9


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0272808.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0272808.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0272808.s003
https://doi.org/10.1371/journal.pone.0272808

PLOS ONE

Symptomatic dry eye disease and associated factors

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

Alharbi A, Alanazi N, Alhamad J, Alabdulgader R, Aliamea D, Alabdulgader S. Prevalence of symptom-
atic dry eye and its risk factors among coastal population in eastern province of Saudi Arabia. Journal of
Clinical and Experimental Ophthalmology. 2018; 9:34.

Gupta N, Prasad |, Jain R, D’'Souza P. Estimating the prevalence of dry eye among Indian patients
attending a tertiary ophthalmology clinic. Annals of Tropical Medicine & Parasitology. 2010; 104
(3):247-55. https://doi.org/10.1179/136485910X12647085215859 PMID: 20507698

Sherry A, Aridi M, Ghach W. Prevalence and risk factors of symptomatic dry eye disease in Lebanon.
Contact Lens and Anterior Eye. 2020; 43(4):355-8. https://doi.org/10.1016/j.clae.2019.08.001 PMID:
31405568

Hashemi H, Khabazkhoob M, Kheirkhah A, Emamian MH, Mehravaran S, Shariati M, et al. Preva-
lence of dry eye syndrome in an adult population. Clinical & experimental ophthalmology. 2014; 42
(3):242-8.

Uchino M, Dogru M, Uchino Y, Fukagawa K, Shimmura S, Takebayashi T, et al. Japan Ministry of
Health study on prevalence of dry eye disease among Japanese high school students. American journal
of ophthalmology. 2008; 146(6):925-992. https://doi.org/10.1016/j.2j0.2008.06.030 PMID: 18723141

Uchino M, Nishiwaki Y, Michikawa T, Shirakawa K, Kuwahara E, Yamada M, et al. Prevalence and risk
factors of dry eye disease in Japan: Koumi study. Ophthalmology. 2011; 118(12):2361-2367. https://
doi.org/10.1016/j.ophtha.2011.05.029 PMID: 21889799

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.0phtha.2008.06.022 PMID: 18708259

Zhang Y, Chen H, Wu X. Prevalence and risk factors associated with dry eye syndrome among senior
high school students in a county of Shandong Province, China. Ophthalmic epidemiology. 2012; 19
(4):226—-230. https://doi.org/10.3109/09286586.2012.670742 PMID: 22650150

Vayisoglu SK, Oncii E, Dursun O, Ding E. Investigation of dry eye symptoms in lecturers by ocular sur-
face disease index. Turkish journal of ophthalmology. 2019; 49(3):142. https://doi.org/10.4274/tjo.
galenos.2018.67915 PMID: 31245976

Yu-ping H, Wen-fang Z, Peng L, Ran Z, Jin-tao X, Ying F. Prevalence of symptomatic dry eye disease
among Chinese college students with associated risk factors. International Eye Science. 2016; 16
(6):1019-1025.

Asiedu K, Kyei S, Boampong F, Ocansey S. Symptomatic dry eye and its associated factors: a study of
university undergraduate students in Ghana. Eye & contact lens. 2017; 43(4):262—-266. https://doi.org/
10.1097/1CL.0000000000000256 PMID: 26963438

Zhang S, Hong J. Risk factors for dry eye in mainland China: a multi-center cross-sectional hospital-
based study. Ophthalmic epidemiology. 2019; 26(6):393—-399. https://doi.org/10.1080/09286586.2019.
1632905 PMID: 31218906

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

Guo B, Lu P, Chen X, Zhang W, Chen R. Prevalence of dry eye disease in Mongolians at high altitude in
China: the Henan eye study. Ophthalmic epidemiology. 2010; 17(4):234—241. https://doi.org/10.3109/
09286586.2010.498659 PMID: 20642346

Alshamrani AA, Almousa AS, Aimulhim AA, Alafaleq AA, Alosaimi MB, Algahtani AM, et al. Prevalence
and risk factors of dry eye symptoms in a Saudi Arabian population. Middle East African journal of oph-
thalmology. 2017; 24(2):67. https://doi.org/10.4103/meajo.MEAJO_281_16 PMID: 28936049

Ranjan R, Shukla SK, Singh CV, Mishra B, Sinha S, Sharma B. Prevalence of Dry Eye and its Associa-
tion with various risk factors in rural setup of Western Uttar Pradesh in a Tertiary care hospital. Open
Journal of Preventive Medicine. 2016; 6(01):57.

Muna’aim MA, Tey Y, Mohamad Zafarullah A, Saleh RM, Omar N. Dry eye among patients at the eye
clinic of a secondary referral hospital. Malays J Med Sci. 2016; 12:30-37.

Galor A, Feuer W, Lee DJ, Florez H, Carter D, Pouyeh B, et al. Prevalence and risk factors of dry eye
syndrome in a United States veterans affairs population. American journal of ophthalmology. 2011; 152
(3):377-384. https://doi.org/10.1016/j.aj0.2011.02.026 PMID: 21684522

Ferrero A, Alassane S, Binquet C, Bretillon L, Acar N, Arnould L, et al. Dry eye disease in the elderly in
a French population-based study (the Montrachet study: Maculopathy, Optic Nerve, nuTRition, neuro-
vAsCular and HEarT diseases): Prevalence and associated factors. The ocular surface. 2018; 16
(1):112—119. https://doi.org/10.1016/}.jtos.2017.09.008 PMID: 28939118

PLOS ONE | https://doi.org/10.1371/journal.pone.0272808  August 22, 2022 8/9


https://doi.org/10.1179/136485910X12647085215859
http://www.ncbi.nlm.nih.gov/pubmed/20507698
https://doi.org/10.1016/j.clae.2019.08.001
http://www.ncbi.nlm.nih.gov/pubmed/31405568
https://doi.org/10.1016/j.ajo.2008.06.030
http://www.ncbi.nlm.nih.gov/pubmed/18723141
https://doi.org/10.1016/j.ophtha.2011.05.029
https://doi.org/10.1016/j.ophtha.2011.05.029
http://www.ncbi.nlm.nih.gov/pubmed/21889799
https://doi.org/10.1016/j.ophtha.2008.06.022
http://www.ncbi.nlm.nih.gov/pubmed/18708259
https://doi.org/10.3109/09286586.2012.670742
http://www.ncbi.nlm.nih.gov/pubmed/22650150
https://doi.org/10.4274/tjo.galenos.2018.67915
https://doi.org/10.4274/tjo.galenos.2018.67915
http://www.ncbi.nlm.nih.gov/pubmed/31245976
https://doi.org/10.1097/ICL.0000000000000256
https://doi.org/10.1097/ICL.0000000000000256
http://www.ncbi.nlm.nih.gov/pubmed/26963438
https://doi.org/10.1080/09286586.2019.1632905
https://doi.org/10.1080/09286586.2019.1632905
http://www.ncbi.nlm.nih.gov/pubmed/31218906
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/10.3109/09286586.2010.498659
https://doi.org/10.3109/09286586.2010.498659
http://www.ncbi.nlm.nih.gov/pubmed/20642346
https://doi.org/10.4103/meajo.MEAJO%5F281%5F16
http://www.ncbi.nlm.nih.gov/pubmed/28936049
https://doi.org/10.1016/j.ajo.2011.02.026
http://www.ncbi.nlm.nih.gov/pubmed/21684522
https://doi.org/10.1016/j.jtos.2017.09.008
http://www.ncbi.nlm.nih.gov/pubmed/28939118
https://doi.org/10.1371/journal.pone.0272808

PLOS ONE

Symptomatic dry eye disease and associated factors

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Le Q, Zhou X, Ge L, Wu L, Hong J, Xu J. Impact of dry eye syndrome on vision-related quality of life in a
non-clinic-based general population. BMC ophthalmology. 2012; 12:22. https://doi.org/10.1186/1471-
2415-12-22 PMID: 22799274

Miljanovi¢ B, Dana R, Sullivan DA, Schaumberg DA. Impact of dry eye syndrome on vision-related qual-
ity of life. Am J Ophthalmol. 2007; 143(3):409—415. https://doi.org/10.1016/j.2j0.2006.11.060 PMID:
17317388

Tong L, Waduthantri S, Wong TY, Saw SM, Wang JJ, Rosman M, et al. Impact of symptomatic dry eye
on vision-related daily activities: the Singapore Malay Eye Study. Eye (London, England). 2010; 24
(9):1486-1491. https://doi.org/10.1038/eye.2010.67 PMID: 20489740

Waduthantri S, Yong SS, Tan CH, Shen L, Lee MX, Nagarajan S, et al. Cost of Dry Eye Treatment in an
Asian Clinic Setting. PLOS ONE. 2012; 7(6):37711.

Yu J, Asche CV, Fairchild CJ. The economic burden of dry eye disease in the United States: a decision
tree analysis. Cornea. 2011; 30(4):379-387. https://doi.org/10.1097/ICO.0b013e3181f7f363 PMID:
21045640

Viso E, Rodriguez-Ares MT, Gude F. Prevalence of and associated factors for dry eye in a Spanish
adult population (the Salnes Eye Study). Ophthalmic Epidemiol. 2009; 16(1):15-21. https://doi.org/10.
1080/09286580802228509 PMID: 19191177

Lu F, Tao A. Evaluation of Reliability and Validity of Three Common Dry Eye Questionnaires in Chinese.
2018;2018:2401213.

Hirshkowitz M, Whiton K, Albert SM, Alessi C, Bruni O, DonCarlos L, et al. National Sleep Foundation’s
sleep time duration recommendations: methodology and results summary. Sleep Health. 2015; 1
(1):40-43. https://doi.org/10.1016/j.sleh.2014.12.010 PMID: 29073412

Li S, Ning K, Zhou J, Guo Y, Zhang H, Zhu Y, et al. Sleep deprivation disrupts the lacrimal system and
induces dry eye disease. 2018; 50(3):451.

Mrugacz M, Ostrowska L, tazarczyk-Kirejczyk J, Bryl A, Mrugacz G, Stefanska E, et al. [Dry eye dis-
ease in patients treated with antidepressants]. Klin Oczna. 2013; 115(2):111-114. PMID: 24059025

Castellanos-Gonzélez JA, Torres-Martinez V, Martinez-Ruiz A, Fuentes-Orozco C, Renddn-Félix J,
Irusteta-Jiménez L, et al. Prevalence of dry eye syndrome in residents of surgical specialties. BMC Oph-
thalmology. 2016; 16(1):108. https://doi.org/10.1186/s12886-016-0292-3 PMID: 27422541

Chen SP, Massaro-Giordano G, Pistilli M, Schreiber CA, Bunya VY. Tear osmolarity and dry eye symp-
toms in women using oral contraception and contact lenses. Cornea. 2013; 32(4):423-428. https://doi.
0rg/10.1097/1C0O.0b013e3182662390 PMID: 23086364

Peck T, Olsakovsky L, Aggarwal S. Dry Eye Syndrome in Menopause and Perimenopausal Age Group.
Journal of mid-life health. 2017; 8(2):51-54. https://doi.org/10.4103/jmh.JMH_41_17 PMID: 28706404

Sriprasert I, Warren DW, Mircheff AK, Stanczyk FZ. Dry eye in postmenopausal women: a hormonal
disorder. Menopause. 2016; 23(3):343-351. https://doi.org/10.1097/GME.0000000000000530 PMID:
26529614

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 pandemic.
Ophthalmic epidemiology. 2021:1—7. https://doi.org/10.1080/09286586.2021.1943457 PMID:
34251964

Martinez JD, Galor A, Ramos-Betancourt N, Lisker-Cervantes A, Beltran F, Ozorno-Zarate J, et al. Fre-
quency and risk factors associated with dry eye in patients attending a tertiary care ophthalmology cen-
ter in Mexico City. Clinical Ophthalmology (Auckland, NZ). 2016; 10:1335. https://doi.org/10.2147/
OPTH.S106451 PMID: 27499613

Lee W, Lim S-S, Won J-U, Roh J, Lee J-H, Seok H, et al. The association between sleep duration and
dry eye syndrome among Korean adults. Sleep Medicine. 2015; 16(11):1327—-1331. https://doi.org/10.
1016/j.sleep.2015.06.021 PMID: 26498231

Blehm C, Vishnu S, Khattak A, Mitra S, Yee RW. Computer vision syndrome: a review. Surv Ophthal-
mol. 2005; 50(3):253-262. https://doi.org/10.1016/j.survophthal.2005.02.008 PMID: 15850814

Suzuki S, Goto E, Dogru M, Asano-Kato N, Matsumoto Y, Hara Y, et al. Tear film lipid layer alterations
in allergic conjunctivitis. Cornea. 2006; 25(3):277—-280. https://doi.org/10.1097/01.ico.0000178277.
29010.bc PMID: 16633026

Arita R, ltoh K, Maeda S, Maeda K, Furuta A, Tomidokoro A, et al. Meibomian gland duct distortion in
patients with perennial allergic conjunctivitis. Cornea. 2010; 29(8):858-860. https://doi.org/10.1097/
1C0O.0b013e3181ca3668 PMID: 20508507

PLOS ONE | https://doi.org/10.1371/journal.pone.0272808  August 22, 2022 9/9


https://doi.org/10.1186/1471-2415-12-22
https://doi.org/10.1186/1471-2415-12-22
http://www.ncbi.nlm.nih.gov/pubmed/22799274
https://doi.org/10.1016/j.ajo.2006.11.060
http://www.ncbi.nlm.nih.gov/pubmed/17317388
https://doi.org/10.1038/eye.2010.67
http://www.ncbi.nlm.nih.gov/pubmed/20489740
https://doi.org/10.1097/ICO.0b013e3181f7f363
http://www.ncbi.nlm.nih.gov/pubmed/21045640
https://doi.org/10.1080/09286580802228509
https://doi.org/10.1080/09286580802228509
http://www.ncbi.nlm.nih.gov/pubmed/19191177
https://doi.org/10.1016/j.sleh.2014.12.010
http://www.ncbi.nlm.nih.gov/pubmed/29073412
http://www.ncbi.nlm.nih.gov/pubmed/24059025
https://doi.org/10.1186/s12886-016-0292-3
http://www.ncbi.nlm.nih.gov/pubmed/27422541
https://doi.org/10.1097/ICO.0b013e3182662390
https://doi.org/10.1097/ICO.0b013e3182662390
http://www.ncbi.nlm.nih.gov/pubmed/23086364
https://doi.org/10.4103/jmh.JMH%5F41%5F17
http://www.ncbi.nlm.nih.gov/pubmed/28706404
https://doi.org/10.1097/GME.0000000000000530
http://www.ncbi.nlm.nih.gov/pubmed/26529614
https://doi.org/10.1080/09286586.2021.1943457
http://www.ncbi.nlm.nih.gov/pubmed/34251964
https://doi.org/10.2147/OPTH.S106451
https://doi.org/10.2147/OPTH.S106451
http://www.ncbi.nlm.nih.gov/pubmed/27499613
https://doi.org/10.1016/j.sleep.2015.06.021
https://doi.org/10.1016/j.sleep.2015.06.021
http://www.ncbi.nlm.nih.gov/pubmed/26498231
https://doi.org/10.1016/j.survophthal.2005.02.008
http://www.ncbi.nlm.nih.gov/pubmed/15850814
https://doi.org/10.1097/01.ico.0000178277.29010.bc
https://doi.org/10.1097/01.ico.0000178277.29010.bc
http://www.ncbi.nlm.nih.gov/pubmed/16633026
https://doi.org/10.1097/ICO.0b013e3181ca3668
https://doi.org/10.1097/ICO.0b013e3181ca3668
http://www.ncbi.nlm.nih.gov/pubmed/20508507
https://doi.org/10.1371/journal.pone.0272808

