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Abstract

Purpose

To investigate the prevalence of dry eye disease (DED) and its associated risk factors
among Thai university students.

Methods

A cross-sectional study using an electronic survey was conducted in two Rajabhat universi-
ties in Bangkok, Thailand. The woman’s health study questionnaire was used to determine
students with DED. The prevalence of DED along with 95% confidence interval (Cl) were
calculated. Logistic regression model was used to identify the associated risk factors.

Results

A total of 4,111 university students joined and completed the survey questionnaires. Mean
age was 18.8 £ 1.1 years with female predominance (2874 students, 69.91%). Clinically
diagnosed DED was reported in 136 students (3.31%), while severe symptoms of eye dry-
ness and irritation were reported in 227 students (5.52%). The prevalence of DED among
Thai university students was 8.15% (95% Cl 7.33% to 9.02%). History of contact lens use
and high screen time (> 8 hours per day) were reported in 868 students (21.11%) and 2101
students (51.11%), respectively. Male gender, contact lens use and high screen time were
significantly associated with higher risk of DED with the adjusted ORs (95% ClI) of 1.39
(1.09,1.77),2.49 (1.96, 3.17), and 1.43 (1.14, 1.80), respectively.

Conclusions

DED is not rare among Thai university students. Contact lens use and high screen time are
two significant modifiable risk factors of DED in our students. These findings can raise
awareness of DED in youth population and provide valuable information for public health
promotion in university students.
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Introduction

Dry eye disease (DED) is a multifactorial disease characterized by a loss of homeostasis of tear
film and the ocular surface which results in the symptoms of eye irritation, dryness and deteri-
oration of vision [1]. Approximately 5-50% of world’s population is affected by this condition
[2]. DED prevalence varies upon different diagnostic criteria, geographical areas, age intervals
and gender [2]. Asian countries (e.g. Japan, Korea, Thailand, and China) have been found to
have higher prevalence of DED compared to other countries in America and Europe [3-9].
DED is more prevalent in the elderly population, especially amongst women [2]. A recent
meta-analysis on DED prevalence in Chinese population demonstrated that age was the only
significant covariate with the prevalence of DED by symptoms [10]. However, most of the
included studies focused on the adult population aged over 20 years.

To date, the study of DED prevalence in the youth population (age 15-24 years) is still lim-
ited. A small amount of studies has been conducted in high school and university students in
subtropical and warm temperate countries (i.e. Ghana, Mexico, Japan, and China) [11-15].
The reported DED prevalence was heterogeneous ranging from 10-70.4%. We have previously
demonstrated a high prevalence of DED (34%) in hospital-based survey among Thai adults
aged 40 years or more [5]. This current study aimed to investigate the prevalence of DED and
its associated risk factors in Thai university students using electronic questionnaires.

Methods

We conducted a cross-sectional study at two Rajabhat universities (Suan Sunandha Rajabhat
University; SSRU and Suan Dusit University; SDU) in Bangkok, Thailand, during July 2019 to
February 2020. Both universities were composed of six main faculties in Arts and Science
including the Faculty of Education, Faculty of Science and Technology, Faculty of Humanities
and Social Sciences, Faculty of Industrial Technology, Faculty of Fine Arts, and Faculty of
Management Science. This study was conducted under the approval of the Research Ethics
Committee of Navamindradhiraj University and Ramathibodi Hospital, Mahidol University
(no. MURA 2019/315) in accordance with the tenets of Declaration of Helsinki.

An online survey on dry eye symptoms using the Women’s Health Study Questionnaire
(WHS), which was developed by Schaumberg et al. [7]. A self-administered questionnaire was
introduced to students by university staffs and via school media advertising. All students who
were willing to participate in the survey could access the electronic survey by scanning the QR
code linked to the designated mobile Google Form. A total of 4111 students accessed and vol-
untarily completed the online questionnaire, which took approximately five minutes to com-
plete. The questionnaire consisted of three of the following questions; (1) have you ever been
diagnosed by a clinician as having dry eye syndrome? (2) how often do your eyes feel dry (not
wet enough)? and (3) how often do your eyes feel irritated? Possible answers to the two ques-
tions about symptoms included “constantly,” “often,”
determined according to WHS criteria; the presence of either a previous clinical diagnosis of

» «

sometimes,” or “never”. DED was

DED or severe symptoms of both dryness and irritation (either constantly or often). Demo-
graphics and associated risk factors including history of contact lens use and screen time per
day were obtained.

Statistical analysis

Demographic data and associated risk factors were described using descriptive statistics (i.e.
mean along with standard deviation for continuous data and counting numbers with percent-
age for dichotomous and categorical data) The prevalence of DED and corresponding 95%
confidence interval (CI) were calculated.
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Table 1. Participant characteristics between 2 universities.

Characteristics

No. of participants
Gender

Male

Female
Mean age (SD)
Faculty

Science

Arts
Contact lens user
Screen time (hours/day)

<8

> 8

https://doi.org/10.1371/journal.pone.0258217.t001

University 1 University 2 Total
N (%) N (%) N (%)
1526 (37.12%) 2585 (62.88%) 4111 (100%)
408 (26.74%) 829 (32.07%) 1237 (30.09%)
1118 (73.26%) 1756 (67.93%) 2874 (69.91%)
18.76 (1.15) 18.59 (0.80) 18.65 (0.95)
265 (17.38%) 473 (18.32%) 738 (17.97%)
1261 (82.62%) 2112 (81.68%) 3373 (82.03%)
359 (23.53%) 509 (19.69%) 868 (21.11%)
815 (53.41%) 1286 (49.75%) 2101 (51.11%)
711 (46.59%) 1299 (50.25%) 2010 (48.89%)

Logistic regression model was used to identify associated risk factors. Factors with statistical
significance from the univariate analysis, were subsequently included in the multivariate analy-
sis. Backward elimination was applied for model selection. Odd ratios (OR) along with 95% CI
were estimated to represent a magnitude of the identified associations. Two-tailed P values of
less than 0.05 were considered as statistically significantly different. All analyses were calcu-
lated using Stata version 16 (StataCorp, College Station, TX, U.S.).

Results

Of the 4111 students accessed, all students gave online informed consent (100%) and com-
pleted the short dry eye questionnaire. 1526 students (37.12%) and 2585 students (62.88%)
were from SDU and SSRU, respectively (Table 1). 2874 students (69.91%) were female. The
mean age was 18.8 £ 1.1 years. Most of students were studying in the Arts (3373 students,
82.03%) and 359 students (23.53%) were contact lens users. Approximately half of the students
(2010 students, 48.89%) had an average screen time over eight hours per day.

Prevalence of DED among university students

A total of 136 students (3.31%) reported a previous clinical diagnosis of DED, 400 students
(9.73%) reported feeling dry eye constantly or often, and 575 students (13.99%) reported feel-
ing irritated eye constantly or often (Table 2). Two hundred and twenty-seven students
(5.52%) experiencing both dry eye feeling and eye irritation either constantly or often. Of 4111
students, 335 were classified as having DED according to the definition of WHS criteria.
Therefore, the prevalence of DED among Thai university students was estimated at 8.15%
(95% CI 7.33% to 9.02%).

Table 2. Dry eye questionnaire (N = 4,111 students).
Questionnaire
1. Have you ever been diagnosed by a clinician as having dry eye syndrome?
Frequency
2. How often do your eyes feel dry (not wet enough)?

3. How often do your eyes feel irritated?

https://doi.org/10.1371/journal.pone.0258217.t1002

Yes No
136 (3.31%) 3,975 (96.69%)
Constantly Often Sometimes Never
33 (0.80%) 367 (8.93%) 2,481 (60.35%) 1,230 (29.92%)
20 (0.49%) 555 (13.50%) 3,053 (74.26%) 483 (11.75%)
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Table 3. Risk factors associated with dry eye disease (DED) in university students.

Risk factors

Contact lens users

Yes

No
Screen time

> 8 hours/day

< 8 hours/day
Gender

Male

Female
Faculty

Science

Arts
Seasons

Winter

Rainy

NA = not applicable

https://doi.org/10.1371/journal.pone.0258217.t1003

No DED
N=3776

743 (19.68%)
3033 (80.32%)

1816 (48.09%)
1960 (51.91%)

1124 (29.77%)
2652 (70.23%)

280 (18.11%)
3089 (81.89%)

75 (1.99%)
3701 (88.01%)

DED Odd ratios (95% CI) P values Adjusted odd ratios (95% CI) Adjusted p values

N =335
125 (37.31%) 2.43 (1.92, 3.07) < 0.001 2.49 (1.96, 3.17) < 0.001
210 (62.69%)
194 (57.91%) 1.48 (1.18, 1.86) 0.001 1.43 (1.14, 1.80) 0.002
141 (42.09%)
113 (33.73%) 1.20 (0.95,1.52) 0.130 1.39 (1.09, 1.77) 0.008
222 (66.27%)
55 (16.42%) 0.89 (0.66, 1.20) 0.441 NA NA
280 (83.58%)

8 (2.39%) 1.21 (0.58, 2.52) 0.617 NA NA

327 (97.61%)

Risk factors for DED among university students

History of contact lens use and high screen time (> 8 hours per day) were reported in 868 stu-
dents (21.11%) and 2101 students (51.11%), respectively. Most of students (4028 students,
97.98%) answered the questionnaires during rainy season (July 2019 to mid-October 2019).
From univariate analysis, contact lens use and high screen time were significantly associated
with higher risk of DED with the ORs (95% CI) of 2.43 (1.92, 3.07) and 1.48 (1.18, 1.86),
respectively. After multivariate analysis, we found that male gender, contact lens use and high
screen time were significantly associated with higher risk of DED with the adjusted ORs (95%
CI) 0f 1.39 (1.09, 1.77), 2.49 (1.96, 3.17), and 1.43 (1.14, 1.80), respectively (Table 3).

Discussion

Global prevalence of DED based on the TFOS DEWS II Epidemiology Report ranges from
approximately 5% to 50% and varies with the different definition of DED used and the charac-
teristics of the population studied [2]. Based on the results from our large cross-sectional sur-
vey, the prevalence of DED among Thai university students was estimated at 8.15% (95% CI
7.33% t0 9.02%). The current study used WHS questionnaire which is widely used and
accepted for epidemiological study in DED [2]. The major advantage of using this question-
naire is the short survey time and the very high response rate due to a fewer number of ques-
tions required. The prevalence of DED in Thai university students (8.15%) appeared to be
lower than those of previous studies from Japan and China (21-24%), using the same criteria
in similar populations (high school students) [11, 12]. However, the prevalence of clinically
diagnosed DED in Thai university students (3.31%) is fairly similar to that of Japanese high
school students (4.3% in boys and 8% in girls) [11]. In addition, the prevalence of DED in our
study was close to the age-adjusted prevalence reported among US women (7.8%) and the
overall prevalence among voluntary participants aged 20-94 years in the Netherlands (9.1%),
using the same DED questionnaire (WHS) [7, 16]. The variation of DED prevalence might be
occurred due to the differences in study timing and population among the studies. The

PLOS ONE | https://doi.org/10.1371/journal.pone.0258217  October 1, 2021 4/9


https://doi.org/10.1371/journal.pone.0258217.t003
https://doi.org/10.1371/journal.pone.0258217

PLOS ONE

Prevalence and risk factors of dry eye disease among university students

unmeasurably intrinsic or other extrinsic factors beyond geographical and environmental
components such as societal factors, lifestyle activities, and awareness of DED are also impor-
tant variables affecting the prevalence of DED. Furthermore, the prevalence of DED in young
Thai population was less than that reported in Thai adults (34%) [5]. This could be directly
explained by the effects of patients’ demographics and diagnostic criteria used.

Two cross-sectional surveys in university students from China and Mexico using the Ocular
Surface Disease Index questionnaire (OSDI) found that the prevalence of DED was 10% and
as high as 70.4%, respectively [13, 14]. Despite of using the same OSDI questionnaire in similar
population, the prevalence between the studies were largely different. We have retrieved all
available studies on DED prevalence in youth population from Medline database and have
summarized the data in Table 4. Most of studies were conducted in Asia. We observed a high

Table 4. A review of dry eye disease prevalence and risk factors in youth population retrieved from Medline database (last update December 2020).

Authors, Countries/
Year climate zone
Asiedu K, | Ghana/
2017 tropical zone
Garza- Mexico/
Le6n M, temperate and
2016 tropical zones
LiS§, 2018 | Shanghai,
China/
subtropical
zone
Uchino M, | Japan/
2008 temperate zone
Zhang Y, Shandong,
2012 China/

temperate zone

Study settings/ population

Undergraduate students of the
University of Cape Coast/ age
18-34 years (mean age 22+2.5
years), female 33.4%, non-CL
wearer, non-smoker

Students from the University of
Monterrey/age 17-33 years
(mean age 21.4+1.8 years),
female 59.8%, myopia 92%

Freshmen and sophomores on
the main campus of Shanghai
University/age 18-22 years,
female 50%

Private high school students in
Tokyo/age 15-18 years, female
25.6%, soft CL users 36.1%, hard
CL users 1.7%

Senior high school students in
Shouguang/ age 15-18 years,
female 49.2%

Sampling

techniques/ dry eye

questionnaires

Systematic random
sampling/SPEED
and OSDI*

Stratified sampling
according to
schools/OSDI

NA/OSDI & ocular
examinations

NA/WHS

multi-stage
stratified random
cluster sampling/
WHS

a. OSDI >13 and SPEED >6 were used to defined symptomatic dry eye.
b. Clinically diagnosed dry eye disease was present in 123 boys (4.3%) and 47 girls (8.0%). Severe symptoms of dry eye disease were observed in 599 subjects in boys
(21.0%) and 143 in girls (24.4%).
Abbreviations: CI = confidence interval, CL = contact lens, DED = dry eye disease, NA = not available, OR = odds ratio, OSDI = Ocular Surface Disease Index,
SPEED = Standardized Patient Evaluation of Eye Dryness, WHS = Women’s Health Study.

https://doi.org/10.1371/journal.pone.0258217.t1004

Number of Prevalence of
participants DED
650 out of 700 44.3% (95%
participants, CI 40.6%-
completed the 48.2%)
questionnaire (92.8%)
823 out of 860 students 70.4%
(response rate 95.7%)
901 students 10%
3,433 out of 3,433 NA®
students (100%
response rate)
1889 out of 1902 23.7%

students (99.3%
response rate), 1885
included in the
analysis

Risk factors for DED

Over-the-counter eye drop use (OR
4.20,95% CI 2.61-6.74), any
allergies (OR 2.46, 95% CI 1.42-
4.29), and oral contraceptives (OR
4.04, 95% CI 1.02-16.01)

No significant association with sex,
alcohol consumption and computer
work over one hour.

Female (OR 1.29,95% CI 1.13-
1.48), eye drop use (OR 2.00, 95%
CI 1.65-2.40), smoking (OR 1.24,
95% CI 1.06-1.46), and hours in
front of computer (OR 0.82, 95%CI
0.72-0.93)

No significant association with CL,
and history of refractive surgery.

A long time eye strain (p = 0.0407)
and a use of mobile phones and/or
computers for over eight hours daily
(p = 0.0129)

No significant association with sex,
age, near work, improper gesture
and anxiety.

CL (OR 4.14, 95% CI 3.42-5.00 in
male and OR 4.68, 95% CI 3.02-7.26
in female)

Inadequate refractive correction
(OR 1.98, 95% CI 1.58-2.49),
frequent self-administered topical
ophthalmic medications (OR 1.84,
95% CI 1.40-2.41), and poor sleep
quality (OR 1.34, 95% CI 1.05-1.71)

No significant association with sex,
myopia, and CL use.
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heterogeneity of DED prevalence among different geographical locations, therefore, further
well-designed studies with adequate sample size using the same standard questionnaire are
warranted for estimating the overall magnitude of DED in the youth population.

Several risk factors for DED are consistently identified, both non-modifiable (e.g. aging,
female gender, and Asian race) and modifiable factors (e.g. computer use, contact lens wear,
environment, and medication) [2]. This current study found a slightly higher proportion of
DED in male (9.13%) compared to female (7.72%) (adjusted OD 1.39 [95% CI 1.09, 1.77],
adjusted p-value = 0.008), which was in the same trend observed among high school students
in Shangdong, China (51.7% in male and 48.3% in female, p-value = 0.234) [12]. This might be
explained by environmental and lifestyle factors. Men tend to participate in outdoor activities
more frequently than women, exposing them to a variety of environmental stresses such as air
pollution, smoke, desiccating wind, intense ultraviolet and extreme temperatures. In addition,
our finding supports the previous systematic review which demonstrated inconsistent sex dif-
ferences in the prevalence of DED at ages lower than 40 years, though the female gender
becomes a consistent factor associated with DED at ages above 50 years [2]. Theoretically, sex-
related difference in DED prevalence is mainly attributed to the effects of sex steroids (e.g.
androgens and estrogens), hypothalamic-pituitary hormones, glucocorticoids, insulin, insulin-
like growth factor 1 and thyroid hormones, as well as to the sex-specific genetic and epi-genetic
factors [17]. Moreover, more prevalence of dry eye associated systemic conditions was also
found in female compared to male, such as autoimmune disorders, functional disorders, atopic
diseases and allergy, and most psychiatric disorders [16, 17]. The present study was conducted
in young and healthy population (university students), therefore this might be another reason
to support why the association of female on DED in young population was not prominent.

Climatic and environmental changes have differential adverse impacts on dry eye and likely
occur in tropical countries where sunlight and wind exposure is immense [2, 18-20]. Previous
evidence showed that low humidity (< 40%) increased tear evaporation and subsequently
worsened dry eye symptoms [21]. On the other hand, increasing local humidity could improve
dry eye symptoms through the mechanism of increasing tear lipid layer thickness [22, 23].
Additionally, tear evaporation rate was reduced to near zero at 70% humidity [21]. Thailand
has a tropical climate with 3 distinct seasons; 1) rainy or southwest monsoon season (mid-May
to mid-October), 2) winter or northeast monsoon season (mid-October to mid-February), and
3) summer or pre-monsoon season (mid-February to mid-May). Nevertheless, Bangkok is
located in the central part of Thailand, where temperature (25.9°C—28.0°C) and humidity
(63% - 81%) are constantly high throughout the study period even the season changes [24].
Therefore, we did not observe a significant association between seasons and DED in our
population.

Contact lenses divide the tear film into two layers (i.e. pre- and post-lens tear film). This
change can lead to instability and thinning of pre- and post-lens tear film, resulting in ocular
dryness and increased friction between the contact lens and the ocular surface [25]. We also
found that contact lens use associated with the higher risk of DED at the OR of 2.5, corre-
sponding to the results from Uchino M et al. studying in Japanese high school students [11].
Screen time per day was another modifiable factor of DED, which was identified from our
study. Students who used digital screens for more than eight hours per day were significantly
associated with DED at the OR of 1.4 compared to those who used digital screen equal or less
than eight hours per day, which was similar to the report in university students in Shanghai,
China by Li S et al. [26]. It has been proven that using digital screen create blink abnormalities
(incomplete blink and reduced blink rate) [27, 28]. These prolonged situations possibly con-
tribute to tear film instability, epithelial damage, and symptomatic dry eye. Additionally, dam-
aging high-energy visible blue light and the presence of inflammation found on the ocular
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surface of visual display terminal (VDT) users are considered as other mechanisms of VDT-
associated DED [29].

This study has several limitations. Participants were voluntarily recruited from two Rajab-
hat universities in Bangkok. Their socioeconomic status, lifestyle and environment might be
different from those in other universities in different locations. Additionally, as QR code scan-
ning was required for accessing to the questionnaire, students without smartphones could not
participate in this survey. These selection biases could interfere our estimated DED prevalence.
Some possible factors of DED including smoking status, underlying diseases and medications
were not considered. However, we expected that the prevalence of these omitted factors to be
very low in our target population because smoking is prohibited in every university and the
students in this age range are generally healthy.

Conclusion

In summary, DED among Thai university students is not uncommon. Based on the current
large survey, approximately 8 in 100 students are affected by this condition. Contact lens use
and high screen time of over eight hours are two significant modifiable risk factors of DED in
Thai university students. Our findings can raise awareness of DED in youth population and
provide valuable information for public health promotion among university students.
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