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Abstract

Background

Dry eye is a multifactorial disease defined less than 30 years ago. It is a relatively common

disorder, affected by a number of well-known risk factors. Dry eye can be challenging to

diagnose because of the possible discrepancy between patients’ symptoms and clinical

signs, and its overlap with other ocular surface diseases. Literature-wise, dry eye is usually

associated with age and therefore investigated within older populations. Recently, studies

focusing on young adult and student populations have demonstrated a higher prevalence of

dry eye than previously expected.

Aim

The study aims to determine the frequency of dry eye symptoms in the student population,

and the impact of students’ activities and habits as potential risk factors.

Methodology

Our study involved 397 students from the medical school at the University of Belgrade, Ser-

bia. Students were asked to complete an online survey that addressed general information,

health, habits, and routine in everyday use of electronic devices. In addition, students com-

pleted a standard Ocular Surface Disease Index questionnaire.

Results

The prevalence of dry eye was 60.5% (240/397) in our study population. Contact lens wear

(p<0.001), allergies (p = 0.049) and increased number of hours per day using VD devices

for studying purposes (p = 0.014) were associtated with a higher risk of dry eye disease.

Risk factors that did not significantly impact dry eye were the use of oral contraceptives,

smoking, systemic diseases, year of study and sex.

Conclusion

In our study, the prevalence of dry eye disease was similar or slightly higher than in previous

studies among young adults. In addition, contact lenses, allergies and visual display devices

were associated with the development of the dry eye.
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Introduction

Dry eye disease (DED) is a common tear film disorder that has been documented worldwide

in all age groups and ethnicities. It was recognized as a disorder less than 30 years ago, with

progress being made in understanding the basis and impact of this disease. It is one of the

most common reasons for patient referral to an ophthalmologist [1].

Dry eye is a multifactorial disease of the ocular surface. It is characterized by a loss of

homeostasis of the tear film and accompanied by ocular symptoms, in which tear film instabil-

ity and hyperosmolarity, ocular surface inflammation and damage, and neurosensory abnor-

malities play etiological roles [2]. Symptoms of DED include eye dryness, ocular pain, a

burning sensation, visual problems, eye fatigue, sensitivity to light and itchy eyes [3–5]. The

definition of the DED through symptoms encompasses all stages of the disease, including the

initial stages when evident signs of disease are still nonexistent. Therefore, assessing individual

patients through questionnaires would give a better insight into morbidity. In addition to the

Ocular Surface Disease Index (OSDI), a reliable and validated method for measuring the sever-

ity of DED and its influence on visual function [6], numerous other tools are used to evaluate

the symptoms and their impact on every day life (Impact of dry eye on everyday life question-

naire, Dry Eye-Related Quality-Of-Life Score, Dry Eye Questionnaire, and the Standard

Patient Evaluation of Eye Dryness Questionnaire). Friedman reported that mild to severe

DED impacts the quality of life to a similar degree as mild to severe angina when examined

using utility assessment questionnaires [7].

The prevalence of DED ranges from approximately 5% to 50% [8]. It differs according to

the definition, classification, diagnostic criteria, and population of interest. DED has been

shown to be more prevalent among women and the elderly [9, 10]. However, several recent

studies investigated DED in the young adult population, and reported a prevalence up to

70.8% [11–15]. These findings indicate the possibility of a higher prevalence of DED in this

age group than previously thought. Most of these studies were conducted in Asia, South Amer-

ica, and Africa; to the best of our knowledge, there are not many studies on this topic amongst

the European population.

In addition to age and female sex, significant risk factors include Asian race, Meibomian

gland dysfunction, connective tissue diseases, Sjögren’s syndrome, computer use, contact lens

wear, androgen deficiency, environmental factors, hormone replacement therapy, hematopoi-

etic stem cell transplantation, use of medications (antihistamines, antidepressants, anxiolytics,

isotretinoin), and allergies [8]. Aside from these, already established factors, there is also the

recently reported problem of increased daily use of visual display (VD) devices, especially in

young adults [16]. Nowadays, young generations are exposed to VD devices from a very young

age. Moreover, this habit could be even more pronounced after the Covid-19 pandemic, where

most young adults had to study and socialize online more than in previous years. Therefore, it

is of great significance to determine the prevalence of DED and its risk factors in the young

adult population for better prevention and diagnosis of DED.

The aim of this study was to determine the prevalence of DED and its risk factors among

medical students at the University of Belgrade, Serbia.

Materials and methods

In total, 397 students attending the School of Medicine, University of Belgrade, Serbia, partici-

pated in this cross-sectional study. The median age of this population was 22.5 years (range,

18–34 years). The survey was conducted in August and September 2019. Students were asked

to complete an anonymous electronic survey which comprised of questions divided into three

sections. The link to the questionnaire was attached to the school’s website. This study was
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performed in accordance with The Declaration of Helsinki. Informed consent was obtained

from all participants by ticking the relevant box before beginning the survey.

In the first part of the questionnaire, students were asked to give general information: sex,

age, and the year of study that they were attending, followed by questions about their health

(allergies and systemic diseases) and habits (contact lens wear, smoking, use of contraceptive

pills) (S1 Fig). The second part comprised questions concerning their studying habits and

everyday use of computers, mobile phones, tablets, and similar digital devices, as well as their

use during their free time (S1 Fig). The questions were as follows: (1) How many hours per

day do you study? (2) How many hours per day do you study using hard copy sources of litera-

ture? (3) How many hours per day do you study from computers, laptops, and other digital

devices? (4) How many hours per day do you use a mobile phone, computer, laptop, or tablet

when you are not studying? For every question, students were asked to choose the answer: a) I

do not use, b) 0–3 h per day, c) 3–6 h per day, and d) more than 6 h per day.

The third part was the standard OSDI questionnaire (S2 Fig). The total OSDI score was cal-

culated for every student based on the formula: the sum of scores for all answered questions

multiplied by 25, divided by the total number of answered questions. Values of the OSDI score

range between 0 and 100, where a higher score indicates a more severe DED (S2 Fig). In this

study, the cut-off for symptomatic DED was an OSDI score greater than or equal to 13.

After analyzing the descriptive statistics, we established the OSDI score for each student

using the OSDI formula. According to our cut-off value, we divided them into two groups.

Students who had a score greater than or equal to 13 were recognized as having symptomatic

DED, and those who scored less than 13 did not have DED. We compared these two groups

according to each factor included in the first part of the questionnaire (S1 Fig). Finally, the

number of hours of electronic device use across different purposes was compared in the symp-

tomatic and asymptomatic students.

Statistical analysis

SPSS software (version 20.0, IBM, Armonk, NY, USA) was used for statistical analysis. Fre-

quency, mean, and standard deviation were used for descriptive statistics. For the comparison

of categorical variables between groups chi-square test was used. A logistic regression was per-

formed to ascertain the effects of different risk factors on the likelihood that participants have

DED. The odds ratio (OR) and 95% confidence intervals (CI) were calculated. The level of sig-

nificance for all statistical analyses was set at p<0.05.

Results

A total of 397 participants were included in this study, with an average age of 22.6 years ± 2.3

(range:18–34 years). The majority of the population were women and were not contact lens

users (Table 1). Further characteristics are displayed in Table 1.

The OSDI score for each student was determined through the OSDI questionnaire. The

average OSDI score for the examined population was 20.6 ± 16.5. After analyzing the data,

60.5% of the participants had a symptomatic DED (240 students). The majority of students

(45.4%, n = 109) had a mild form of DED, while 20.8% (n = 50) had a moderate presentation,

and 33.8% (n = 81) had a severe form. The prevalence of symptomatic DED among female and

male respondents was 62.8% and 53.1%, respectively (Table 2). The differences in prevalence

between sexes and age were not statistically significant (p = 0.092 and p = 0.283, respectively).

Contact lens users were significantly more often affected by DED symptoms (p<0.001). Other

possible factors that were analyzed had no significant relationship with DED (see Table 2).

Students’ recreational and studying habits are presented in Table 3.
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For further insight, univariate analysis was performed using logistic regression (Table 4).

Results showed that contact lens wear was associated with a higher risk of DED (p<0.001). Ini-

tially allergies were marginally associated with DED using chi square test (p = 0.066) (Table 2).

Additional logistic regression analysis demonstrated that students with allergies were more

likely to have DED (p = 0.049) (Table 4). Regarding students’ studying and free time habits,

the total number of hours per day spent studying did not significantly impact DED prevalence

(p = 0.083) (Table 4). Also, increasing number of hours studying using hard copy literature

and longer recreational VD devices use were not associated with increased likelihood of

Table 1. Epidemiological characteristics in the medical students population.

N Percentage %

Sex Male 96 24.2%

Female 301 75.8%

Contact lens use Yes 82 20.7%

No 315 79.3%

Allergies Yes 130 32.7%

No 267 67.3%

Systemic diseases Yes 15 3.8%

No 382 96.2%

Smoking Yes 90 22.7%

No 307 77.3%

Contraceptive pills Yes 27 6.8%

No 370 93.2%

https://doi.org/10.1371/journal.pone.0275624.t001

Table 2. General information of the students with and without DED symptoms.

Dry eye (OSDI� 13)

No N = 157 Yes N = 240

N % N % P-value

Sex Male 45 46.9% 51 53.1% 0.092

Female 112 37.2% 189 62.8%

Year of study First 29 49.2% 30 50.8% 0.367

Second 30 41.1% 43 58.9%

Third 32 42.7% 43 57.3%

Fourth 11 29.7% 26 70.3%

Fifth 14 31.8% 30 68.2%

Sixth 41 37.6% 68 62.4%

Contact lens use Yes 16 19.5% 66 80.5% <0.001

No 141 44.8% 174 55.2%

Allergies Yes 43 33.1% 87 66.9% 0.066

No 114 42.7% 153 57.3%

Systemic diseases Yes 6 40.0% 9 60.0% 0.971

No 151 39.5% 231 60.5%

Smoking Yes 30 33.3% 60 66.7% 0.170

No 127 41.4% 180 58.6%

Contraceptive pills Yes 11 40.7% 16 59.3% 0.895

No 146 39.5% 224 60.5%

A Chi-square test was performed, p<0.05 was considered as statistically significant.

https://doi.org/10.1371/journal.pone.0275624.t002
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exhibiting DED (p = 0.308 and p = 0.626, respectively). The results do indicate that the time

used to study using VD devices is associated with DED symptoms and that the more time was

used studying with VD devices, the higher the prevalence of DED symptoms was (p = 0.014).

Discussion

The prevalence of symptomatic DED in this study was 60.5%, which was slightly higher than

those reported in other studies including symptomatic DED with or without clinical signs in

the older population [8]. Most previous studies included a population aged 40 years and older.

Studies focusing on younger people, observed a relatively similar DED prevalence using the

Table 3. Habits of the students with and without DED symptoms.

Dry eye (OSDI�13)

No Yes

N % N % P-value

Total number of hours spent studying per day 0-3h 28 17.8% 26 10.8% 0.137

3-6h 75 47.8% 123 51.2%

>6h 54 34.4% 91 37.9%

Number of hours per day spent studying books and hard copy literature Not using 2 1.3% 2 0.8% 0.195

0-3h 34 21.7% 36 15.0%

3-6h 70 44.6% 131 54.6%

>6h 51 32.5% 71 29.6%

Number of hours per day spent studying using computers, laptops, and other VD devices Not using 69 43.9% 73 30.4% 0.007

0-3h 85 54.1% 148 61.7%

3-6h 2 1.3% 15 6.3%

>6h 1 0.6% 4 1.7%

Number of hours per day spent using mobile phones, computers, laptops, and other VD devices in their free time Not using 0 0.0% 0 0.0% 0.911

0-3h 75 47.8% 111 46.3%

3-6h 57 36.3% 87 36.3%

>6h 25 15.9% 42 17.5%

A Chi square test was performed, p<0.05 was considered as statistically significant.

https://doi.org/10.1371/journal.pone.0275624.t003

Table 4. Logistic regression analysis.

OR 95% CI for

OR

P-value

Sex 1.624 0.37–1.04 0.071

Year of study 1.100 0.97–1.24 0.123

Contact lens wear 3.832 2.06–7.11 <0.001

Allergies 1.637 1.00–2.67 0.049

Systemic disease 0.975 0.32–2.99 0.964

Smoking 1.498 0.89–2.53 0.132

Contraceptive pills 0.813 0.34–1.95 0.642

Total number of hours spent studying per day 1.753 0.93–3.31 0.083

Number of h/day spent studying books and hard copy literature 0.737 0.41–1.33 0.308

Number of h/day spent studying using computers, laptops, and other VD devices 1.616 1.10–2.37 0.014

Number of h/day spent using mobile phones, computers, laptops, and other VD

devices in their free time

1.075 0.80–1.44 0.626

OR- Odds ratio; CI- Confidence Interval

https://doi.org/10.1371/journal.pone.0275624.t004
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OSDI questionnaire: 50.6% among Korean university students [17], 48.1% among students in

Ghana [18], 62.6% among medical students and workers at a medical university and hospitals

in Dubai [19], 59.64% among undergraduate students in Brazil [20] and 50,5% among Ethio-

pian postgraduate students [21]. Other studies that involved student population included clini-

cal assesment and showed a lower DED prevalence [22–24]. A recent study in Thailand

observed a DED prevalence of 70.8% among medical students at Chiang Mai University. This

study recognized the impact of VD devices and the psychological stress on DED among stu-

dents during Covid-19 pandemic [11]. Similar studies conducted during Covid-19 pandemic

reported DED prevalence from 51,8% to 71,7%, using different criteria [12–15].

In many epidemiological studies, female sex is a risk factor for DED [24–29]. The preva-

lence of DED in our study was higher among women than in men, but the difference did not

reach statistical significance. The lack of statistical correlation between being female and DED

in our study could be explained by the younger average age of the participants. The Tear Film

and Ocular Surface Society, Dry Eye Workshop II indicated that the difference between sexes

in symptomatic patients becomes a statistically significant risk factor only in older populations

(50 years old and above) [9]. However, the Karachi Ocular Surface Study of 2433 non-clinical

individuals showed no significant relationship between being female and having DED, even

after excluding the younger population and analyzing only individuals aged 45 years and older

[30].

We found that people using contact lenses more frequently had DED (p<0.001). Many

studies among adults have shown a correlation between DED and contact lens use [10, 25].

Several studies among young adults reported similar results [11, 22, 24, 31–33]. DED occurs

up to four times more frequently in the population of contact lens users than in the general

population [10, 25, 31]. Contact lens use is also linked to a higher prevalence of more severe

forms of symptomatic DED [34]. Contact lenses mechanically stimulate the cornea, leading to

lower corneal sensitivity, relative hypoxia, and damage to nerve endings following prolonged

contact lens wear. These factors affect tear film quality, integrity, and metabolic functions,

reducing basal tear secretion [35]. In one study of 1844 contact lens users in Japan, symptoms

of DED associated with contact lens use were present in 78.6% of the cohort. Only one-third of

these cases were previously diagnosed by an ophthalmologist or an eye care provider. These

findings emphasize the importance of DED screening and prevention even among young con-

tact lens users [36].

Our logistic regression analysis results indicated that students with allergies were more

likely to have DED (p = 0.049). Allergic conjunctivitis and other eye surface diseases may be

associated with symptoms similar to DED, but they are considered separate clinical entities in

certain studies [1, 37]. There is evidence that allergic diseases, such as vernal and atopic kerato-

conjunctivitis and allergic conjunctivitis, correlate with a higher risk of DED. However, this

has not been proven in population studies [38–40]. These diseases should be distinguished

from primary DED due to their different risk factors and therapies. The significant overlap of

DED with other chronic disorders of the ocular surface, including allergies, has raised the

question of whether those disorders are risk factors or contribute to the development of DED.

Better understanding and recognition of the role and influence of allergies and other inflam-

matory diseases in developing DED could provide answers to this question in the future.

Smoking was not found to be a risk factor among the respondents of this study. In addition,

studies in Singapore and Palestine found no statistically significant correlation between smok-

ing and DED [5, 29]. However, one study in Turkey that included female smokers [41] and a

meta-analysis conducted over the past ten years concerning the general population [42] indi-

cated that smoking could be a risk factor. Therefore, further research is needed to understand

and establish the role of smoking in the onset of DED.
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The presence of systemic diseases and the use of contraceptive pills did not affect DED

symptoms in our study. Unfortunately, we could not acquire data about the specific type of

systemic disease present. Only a small fraction of students reported having a systemic disease

(3.8%) or using contraceptive pills (6.8%).

The majority of the students who met the criteria for DED reported studying for 3–6 h per

day. However, the total number of hours per day spent studying did not significantly impact

DED prevalence (p = 0.083). One of the disadvantages of diagnosing this disorder through a

questionnaire is recall bias among the participants. There is a chance that students could

underestimate or overestimate their time spent on specific activities.

Our results showed an association between longer VD device use for studying and likeli-

hood of developing DED (p = 0.014). Several studies have found a high prevalence of DED

symptoms in people exposed to VD screens for work, especially among younger professionals

[43–45]. A study conducted in Dubai indicated a significant association between screen time

of>6 h per day and DED [19]. A recent study taken among high school students in East Java,

Indonesia investigated the impact of mobile devices on evaporative DED and reported that the

risk of developing evaporative DED could be induced even with a minimal use of these devices

[46]. However, a study conducted in Saudi Arabia did not find a significant impact of longer

electronic device use on increased computer vision syndrome symptoms among health sci-

ences students [47]. Our results could be affected by the small sample of students who studied

for more than 3 h per day using electronic sources and the possibility that the students used

more than one type of literature medium (e.g., both electronic and paper). During Covid-19

pandemic several studies reported significant associtation between VD screen usage and DED

among students who studied online, as well as female sex and contact lens wear [12, 13, 48].

Studies taken in Spain and Poland showed intensified DED symptoms among student popula-

tion who studied online [49, 50]. In addition, one study investigated the effect of face mask

usage on DED during Covid-19 pandemic. They indicated female sex, basic science years,

allergy reporting, and spending more than 6h looking at screens being significantly associated

with symptomatic DED, however facemask wear was not associated with DED [14]. It is still

inconclusive whether the time spent studying using VD devices can exclusively increase the

frequency of DED symptoms. Further research is required to determine the association

between the duration of VD screen use and the development of DED symptoms. This is a

potential risk factor, especially with the increasing use of VD devices for professional or per-

sonal purposes.

One strength of this study was its reasonably large sample size. The electronic survey is a

more efficient and convenient means of data collection for the younger generation. In addi-

tion, information was obtained from symptomatic and asymptomatic individuals who may

not seek early medical consultation. The main limitation of this study was a possible selection

bias since students with DED symptoms may have been more motivated to participate in this

survey than others, resulting in a higher DED prevalence. Also, another previously mentioned

limitation of this type of study is recall bias.

Conclusion

This study reported that 60.5% of the students had DED symptoms. The significant risk factors

for DED were contact lens wear and allergies. Longer use of electronic devices for studying

purposes was associated with a higher risk of DED. Our study is in line with a growing pool of

evidence that DED symptoms are present more often and earlier in life than what was previ-

ously thought. However, additional research on the younger generation is needed to define the

prevalence, incidence, and risk factors of DED, especially knowing that DED affects the quality
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of everyday life. Educating the youth about DED and its symptoms could potentially help with

diagnosing and preventing this disease. Further research is needed to obtain a more detailed

analysis of the impact of screen use on DED among the younger population and in other age

groups as well.
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33. Garza-León M, López-Chavez E, De La Parra-Colı́n P. Prevalence of ocular surface disease symptoms

in high school students in Monterrey, Mexico. J Pediatr Ophthalmol Strabismus. 2021; 58:287–291.

https://doi.org/10.3928/01913913-20210308-01 PMID: 34180283

34. 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. Am J Ophthal-

mol.Ophthalmol. 2008; 146:925–9.e2. https://doi.org/10.1016/j.ajo.2008.06.030 PMID: 18723141

35. Yang WJ, Yang YN, Cao J, Man ZH, Yuan J, Xiao X, et al. Risk factors for dry eye syndrome: A Retro-

spective Case-Control Study. Optom Vis Sci. 2015; 92:199–205. https://doi.org/10.1097/OPX.

0000000000000541 PMID: 25756335

36. Inomata T, Nakamura M, Iwagami M, Midorikawa-Inomata A, Sung J, Fujimoto K, et al. Stratification of

individual symptoms of contact lens–associated dry eye using the iPhone app DryEyeRhythm: crowd-

sourcedcross-sectional study. J Med Internet Res. 2020; 22:18996. https://doi.org/10.2196/18996

PMID: 32589162

37. McCarty CA, Bansal AK, Livingston PM, Stanislavsky YL, Taylor HR. The epidemiology of dry eye in

Melbourne, Australia. Ophthalmology. 1998; 105:1114–1119. https://doi.org/10.1016/S0161-6420(98)

96016-X PMID: 9627665

38. Hu Y, Matsumoto Y, Dogru M, Okada N, Igarashi A, Fukagawa K, et al. The differences of tear function

and ocular surface findings in patients with atopic keratoconjunctivitis and vernal keratoconjunctivitis.

Allergy. 2007; 62:917–925. https://doi.org/10.1111/j.1398-9995.2007.01414.x PMID: 17620070

39. Villani E, Dello Strologo M, Pichi F, Luccarelli SV, De Cillà S, Serafino M, et al. Dry eye in vernal kerato-

conjunctivitis: across-sectional comparative study. Medicine. 2015; 94:1648. https://doi.org/10.1097/

MD.0000000000001648 PMID: 26496269

40. Chen L, Pi L, Fang J, Chen X, Ke N, Liu Q. High incidence of dry eye in young children with allergic con-

junctivitis in Southwest China. Acta Ophthalmol. 2016; 94:727–730. https://doi.org/10.1111/aos.13093

PMID: 27226346

41. Erginturk Acar D, Acar U, Ozen Tunay Z, Ozdemir O, Germen H. The effects of smoking on dry eye

parameters in healthy women. Cutan Ocul Toxicol. 2017; 36:1–4. https://doi.org/10.3109/15569527.

2015.1136828 PMID: 26822974

42. Xu L, Zhang W, Zhu XY, Suo T, Fan XQ, Fu Y. Smoking and the risk of dry eye: a meta-analysis. Int J

Ophthalmol. 2016; 9:1480–1486. https://doi.org/10.18240/ijo.2016.10.19 PMID: 27803868

43. 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; 115:1982–1988.

https://doi.org/10.1016/j.ophtha.2008.06.022 PMID: 18708259

44. Uchino M, Yokoi N, Uchino Y, Dogru M, Kawashima M, Komuro A, et al. Prevalence of dry eye disease

and its risk factors in visual display terminal users: the Osaka study. Am J Ophthalmol. 2013; 156:759–

766. https://doi.org/10.1016/j.ajo.2013.05.040 PMID: 23891330

45. 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; 99:1488–1492. https://doi.org/10.1136/bjophthalmol-2015-306640 PMID: 25883086

46. Loebis R, Subakti Zulkarnain B, Zahra N. Correlation between the exposure time to mobile devices and

the prevalence of evaporative dry eyes as one of the symptoms of computer vision syndrome among

PLOS ONE Dry eye symptoms and risk factors in young adults

PLOS ONE | https://doi.org/10.1371/journal.pone.0275624 October 24, 2022 10 / 11

https://doi.org/10.1186/1476-072X-13-31
http://www.ncbi.nlm.nih.gov/pubmed/25128034
https://doi.org/10.1097/OPX.0b013e318181a947
http://www.ncbi.nlm.nih.gov/pubmed/18677233
https://doi.org/10.1186/s12886-019-1290-z
http://www.ncbi.nlm.nih.gov/pubmed/31931756
https://doi.org/10.7759/cureus.9193
http://www.ncbi.nlm.nih.gov/pubmed/32821550
https://doi.org/10.1016/j.ajo.2013.12.023
http://www.ncbi.nlm.nih.gov/pubmed/24388838
https://doi.org/10.3109/09286586.2012.670742
http://www.ncbi.nlm.nih.gov/pubmed/22650150
https://doi.org/10.3928/01913913-20210308-01
http://www.ncbi.nlm.nih.gov/pubmed/34180283
https://doi.org/10.1016/j.ajo.2008.06.030
http://www.ncbi.nlm.nih.gov/pubmed/18723141
https://doi.org/10.1097/OPX.0000000000000541
https://doi.org/10.1097/OPX.0000000000000541
http://www.ncbi.nlm.nih.gov/pubmed/25756335
https://doi.org/10.2196/18996
http://www.ncbi.nlm.nih.gov/pubmed/32589162
https://doi.org/10.1016/S0161-6420%2898%2996016-X
https://doi.org/10.1016/S0161-6420%2898%2996016-X
http://www.ncbi.nlm.nih.gov/pubmed/9627665
https://doi.org/10.1111/j.1398-9995.2007.01414.x
http://www.ncbi.nlm.nih.gov/pubmed/17620070
https://doi.org/10.1097/MD.0000000000001648
https://doi.org/10.1097/MD.0000000000001648
http://www.ncbi.nlm.nih.gov/pubmed/26496269
https://doi.org/10.1111/aos.13093
http://www.ncbi.nlm.nih.gov/pubmed/27226346
https://doi.org/10.3109/15569527.2015.1136828
https://doi.org/10.3109/15569527.2015.1136828
http://www.ncbi.nlm.nih.gov/pubmed/26822974
https://doi.org/10.18240/ijo.2016.10.19
http://www.ncbi.nlm.nih.gov/pubmed/27803868
https://doi.org/10.1016/j.ophtha.2008.06.022
http://www.ncbi.nlm.nih.gov/pubmed/18708259
https://doi.org/10.1016/j.ajo.2013.05.040
http://www.ncbi.nlm.nih.gov/pubmed/23891330
https://doi.org/10.1136/bjophthalmol-2015-306640
http://www.ncbi.nlm.nih.gov/pubmed/25883086
https://doi.org/10.1371/journal.pone.0275624


senior high school students in East Java, Indonesia. J Basic Clin Physiol Pharmacol. 2021; 32:541–

545. https://doi.org/10.1515/jbcpp-2020-0478 PMID: 34214380

47. Altalhi A, Khayyat W, Khojah O, Alsalmi M, Almarzouki H. Computer vision syndrome among health sci-

ences students in Saudi Arabia: prevalence and risk factors. Cureus. 2020; 12:7060. https://doi.org/10.

7759/cureus.7060 PMID: 32226662

48. 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 Epidemiol. 2022; 29:245–251. https://doi.org/10.1080/09286586.2021.1943457 PMID:

34251964

49. Talens-Estarelles C, Garcı́a-Marqués JV, Cervino A, Garcı́a-Lázaro S. Online vs In-person education:

evaluating the potential influence of teaching modality on dry eye symptoms and risk factors during the

COVID-19 pandemic. Eye Contact Lens. 2021; 47:565–572. https://doi.org/10.1097/ICL.

0000000000000816 PMID: 34224445

50. Sterczewska A, Wojtyniak A, Mrukwa-Kominek E. Ocular complaints from students during COVID-19

pandemic. Adv Clin Exp Med. 2022; 31:197–202. https://doi.org/10.17219/acem/144199 PMID:

35077035

PLOS ONE Dry eye symptoms and risk factors in young adults

PLOS ONE | https://doi.org/10.1371/journal.pone.0275624 October 24, 2022 11 / 11

https://doi.org/10.1515/jbcpp-2020-0478
http://www.ncbi.nlm.nih.gov/pubmed/34214380
https://doi.org/10.7759/cureus.7060
https://doi.org/10.7759/cureus.7060
http://www.ncbi.nlm.nih.gov/pubmed/32226662
https://doi.org/10.1080/09286586.2021.1943457
http://www.ncbi.nlm.nih.gov/pubmed/34251964
https://doi.org/10.1097/ICL.0000000000000816
https://doi.org/10.1097/ICL.0000000000000816
http://www.ncbi.nlm.nih.gov/pubmed/34224445
https://doi.org/10.17219/acem/144199
http://www.ncbi.nlm.nih.gov/pubmed/35077035
https://doi.org/10.1371/journal.pone.0275624

